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Welcome 

We are glad and honoured to host the third episode of the international Convention on Rehabilitation 
Engineering & Assistive Technology (i-CREATe) in Singapore.  This year, i-CREATe is pleased to 
partner the International Conference on Accessible Toursim (ICAT) to bring you two conferences under 
one common banner – Assistive Technology & Accessible Tourism (AT&AT). All registered delegates 
will have free access to all the programme of the two conferences.

Follow our successful showings of the first two i-CREATe (Singapore 2007, Bangkok 2008), the 
programme for this year’s convention promises to be even more exciting. We have assembled 5 
plenary speeches by decorated award-winning domain expert, prominent industrial leader, experienced 
expert user of assistive technology and renowned academics and physicians. There are more than 100 
presentations, workshops and discussion forums covering a wide spectrum of topics, a comprehensive 
exhibition of the latest products and services by companies, research institutions and NGOs from more 
than 10 countries, and a showcase of more than 25 projects by the finalists of the IBM Assistive & 
Rehabilitative Technology Student Design Challenge. 

Unlike most academic conferences in the Asia Pacific region, i-CREATe is not an usual annual meeting 
of academics and professionals to share their latest studies and research, it provides a much needed 
but glaringly missing platform for all relevant stakeholders to share information and experience. 
These include the medical practitioners, NGO executives, end users & caregivers, policy makers & 
government officials, industrial players, academicians, researchers, students and anyone interested in 
this field. In the past two events, we have been trying hard to strike a balance among the interests of 
these stakeholders. We want scientific rigor, but do not wish to shut out the people that do not speak 
equations, algorithms or Latin medical lingos; we want social relevance, but do not wish to make the 
technologists and medical professionals feel out of place; we want industrial participation, but do not 
wish to turn it into a hard selling session; we want to provide content for every relevant domain, but we 
wish even harder for free interaction and cross fertilization. 

We wish that you will find i-CREATe 2009 enjoyable as it is useful.

Wei Tech ANG 
Conference Chair

Wantanee PhANTAChAT 
Deputy Chair

Ettiene Burdet
Program Co-Chair

Ian Gibson
Program Co-Chair

Bala Rajaratnam
Program Co-Chair
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General Information

Convention Date: 22-26 April 2009

Convention Venue: Singapore Management University, City 
Campus 
School of Accountancy 
60 Stamford Road 
Singapore 178900 
Tel:  + 65 6828 0610 
Fax: +65 6828 0600 

Opening Hours: 0830 hr to 1730hr daily

Exhibition Admission: Open to trade and public. All visitors are 
to register at the Registration Counter to 
exchange for visitor passes.  

Registration: 1400hr to 1730hr  (22 April 09)
0800hr  to 1300hr (23 April 09) 
0800hr to 1200hr (24 & 25 April 09)
Basement 1 (Exhibition area) 

Keynote & Plenary Sessions: Ngee Ann Kongsi Auditorium, Level 2&3

Workshops & Paper Presentations: Seminar rooms 2.1, 2.2, 2.3 & 2.5 (Level 2);  
3.1, 3.2,& 3.3 (Level 3)

Exhibition: Concourse Level

Lunch and Tea Break: Koufu Food Court, Basement 1
Exhibition Area, Basement 1
Foyer Level 2

Gala Dinner: Grand Park hotel, Level 2, Grand Ballroom

Student Design Challenge: 
-  Presentations:
-  Prototype exhibition:

Seminar room 3.4, Level 3

Conference Contact i-CREATe 2009 Conference Secretariat

Vera YANG, Singapore
Program & Operation Manager, START 
Centre, Singapore 
vera_yang@start-centre.com

Giana GODOY, Singapore
Rehab Technologist, START Centre, 
Singapore
giana_godoy@start-centre.com



3

Venue Information 

Singapore Management University (SMU)

Singapore Management University (SMU), City Campus is situated in the prime Singapore land and is 
designed, integrated and constructed in the heart of the city.

SMU is surrounded by museums, theatres, educational institutions, art galleries, cafes, restaurants, a 
range of retail outlets and hotels. The campus comprises six buildings – the six schools, the Li Ka Shing 
Library and the Administration Building. The buildings between Bras Basah and Stamford Roads are 
fronted by trees, with the park landscape of the Campus Green right in the centre, and have glazed 
facades shaded by a veil of plants growing at each storey.

Session Information 

All Chairpersons and Speakers are requested to be in their respective session rooms at least 10 
minutes prior to the commencement of each session.

A total of 15 minutes has been allocated for each oral presentation, including time for questions 
(12 minutes presentation + 3 minutes question and answer.) Session chairpersons will strictly 
enforce this limit. Presenters are requested to keep their presentations within the time limits 
stated.

Presentations must be carried out using either Microsoft PowerPoint OR Overhead Projector 
(OHP).  No slide projector will be provided.

For presenters using Microsoft PowerPoint, they are encouraged to bring their files in a CD 
ROM or USB flash drive (thumb drive) and upload their files from 08:00 – 08:30 hrs daily, 
during the daily tea breaks or lunch time directly onto the laptop or desktop computer provided 
in the designated room of the presentation. Presenters may also use their own laptops if their 
presentations require special software or codec.
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Conference Floor plan
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Conference Floor plan
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Conference Organization
i-CREATe 2009 Organizing Committee

Conference Wei Tech ANG (Chair) 
Nanyang Technological University, Singapore
Wantanee PHANTACHAT (Deputy Conference Chair)  
Rehabilitative Engineering & Assistive technology Institute, 
National Electronics and Computer Technology Center 
(NECTEC), Thailand

Finance Ronny THAM (Chair) 
Singapore Polytechnic (SP CARE), Singapore

Programme Etienne BURDET (Co-Chair)  
Imperial College London, UK
Ian GIBSON (Co-Chair)  
National University of Singapore, Singapore
Bala S RAJARATNAM (Co-Chair) 
Nanyang Polytechnic, Singapore

Publication Kee Hao LEO (Chair) 
Singapore Polytechnic, Singapore

Publicity Yvonne FOO (Co-Chair) 
The Spastic Children’s Association of Singapore, Singapore
Yasaharu Koike (Co-Chair) 
Tokyo Institute of Technology, Japan
Hong-liu YU (Co-Chair) 
University of Shanghai for Science and Technology, China

Student Design Challenge Ian GIBSON (Chair) 
National University of Singapore, Singapore
Kaya TOTONG (Co-Chair) 
Ngee Ann Polytechnic, Singapore
Prakasith KAYASITH, (Co-Chair) 
Assistive Technology Center (ASTEC), National Electronics and 
Computer Technology Center (NECTEC), Thailand

Workshop Pasin ISARASENA (Co-Chair) 
National Electronics and Computer Technology Center 
(NECTEC), Thailand

Conference Secretariat Giana M GODOY 
START Centre, Singapore
Vera YANG 
START Centre, Singapore

Webmaster Cheng Yap SHEE
 Nanyang Technological University, Singapore
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Conference Organization
i-CREATe 2009 International Advisory Committee Members

Pairash THAJCHAYAPONG (Chair), National Science and Technology 
Development Agency (Thailand)
Cecilia Sik LANYI, University of Pannonia (hungary)
Bruce MILThORPE, University of New South Wales (Australia)
Andrew NEE, National University of Singapore (Singapore)
Eric TAM, The hong Kong Polytechnic University (hong Kong)
Osamu TANAKA, Yokohama Rehabilitation Center (Japan)
Shigeru TANAKA, International Uni of health & Welfare (Japan)
Lloyd WALKER, NovitaTech (Australia)
Ying-Tai WU, National Taiwan University (Taiwan)

i-CREATe 2009 Programme Committee

Francesca ANThONY (Malaysia)
Tasneem BASRAI (Singapore)
Stephen BAUER (USA)
Stephane BRESSAN (Singapore)
I-Ming ChEN (Singapore)
Libby COhEN (Singapore)
Ilana DUVDEVANY (Israel)
Fabrizio FEA (Italy)
Montri KARNJANADEChA (Thailand)
Soon Low KAY (Singapore)
Keng he KONG (Singapore)
Siriphan KONGSAWAD (Thailand)
Georgios KOUROUPETROGLOU (Greece)
Kevin KWONG (hong Kong)
Michelle LANGE (USA)
Cholwich NATTEE (Thailand)

Kok Tee PhUA (Singapore)
Bala S RAJARATNAM (Singapore)
Lynette SIM (Singapore)
Atiwong SUChATO (Thailand)
Pichaya TANDAYYA (Thailand)
Poj TANGAMChIT (Thailand)
Ashvin ThAMBYAh (New Zealand)
Thanaruk ThEERAMUNKONG (Thailand)
Kaya TOTONG (Singapore)
Kanokvate TUNGPIMOLRUT (Thailand)
Dinesh VERMA (Singapore)
Panupong WANJANTUK (Thailand)
Judy WEE (Singapore)
Kevin WONG (Singapore)
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Exhibition
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Exhibitors Booth

Advanced Biomedical Rehabilitation (ABR)

ABR is a biomechanically-based rehabilitation method for the motor impaired 
or developmentally delayed individuals.  Its main mission is to improve 
weight-bearing and functions by strengthening the internal myofascia. 
 

93 holland Road  #01-01 hollandia, Singapore 278537
Fax: +65 6898 9857
Website:  www.miraclekidz.com; www.blyum.com

#A4

Adaptive Instruments and Services
 
Showcasing our very new product - GLUCODER: A fully accessible talking 
blood glucose meter with display, to help with monitoring of diabetes blood 
sugar level to help in slowing down of diabetes retinopathy blindness; and 
slowing down of onset of other complications caused by diabetes.  A product 
designed for the mainstream market with the blind in mind so that cost is 
compatible with ordinary glucose meters!

Marine Parade Post Office Box 654, Singapore 914406
Tel: +65 9694 9496

#A2

ARIAN Corporation Pte Ltd

The Company supplies, install and service in Singapore and South East Asia a 
range of Specialist Access Equipment specifically engineered for the Physically 
Challenged and Home use comprising Stannah Stairlifts – for both curved 
and straight stairs, Wheelchair Platform Lifts, Vertical Platform Lifts, Electro 
Hydraulic Chairs and Wheelchair Lifts for Vehicles.

22  Sungei Kadut Way , Singapore 728777  
Tel: +65 6755 1155  Fax: +65 6755 1156   
Website: www.arian.com.sg

#A7
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Exhibitors Booth

Asia Travel Group
Asia Travel Group is the first niche travel in Singapore to offer 
accessible tourism. We customise accessible tour packages to suite 
customers’ expectation and needs. 

101 Upper Cross Street, #03-68 People’s Park Centre, Singapore  058357
Tel : +65 6438 0038  Fax : +65 6438 8987
Website: www.asiatravelgroup.com.sg

#A8

Daedalus Technologies Inc. 

Daedalus Technologies Inc is the designer and manufacturer of DAESSY 
Mounting Systems.  DAESSY Mounts are used to support an augmentative 
communication device or laptop on a wheelchair, desk or independently. 
 

 
 
2491 Vauxhall Place, Richmond, BC V6V 1Z5 Canada
Tel. +1.604.270.4605    Fax +1.604.244.8443
Website: www.daessy.com

#A5

DYNAFORCE International Pte Ltd

Dynaforce is the leader in functional training of frail and deconditioned clients, 
using the Kinesis movement system, the Fitvibe whole body vibration equipment 
and the Flexability machine. 

12 Tannery Road #09-06, hB Centre, Singapore 347722
Tel: +65 6842 3166  Fax: +65 6842 3066
Website: www.dynaforceintl.com

#A10
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Exhibitors Booth

Exploit Technologies Pte Ltd 

Exploit Technologies is the strategic marketing and commercialisation arm of 
the Agency for Science, Technology and Research (A*STAR). Its mission is to 
support A*STAR in transforming the economy through commercialising R&D. 
Exploit Technologies enhances the research output of A*STAR scientists by 
translating their inventions into marketable products or processes. 

30 Biopolis Street, #09-02 Matrix , Singapore 138671  
Tel: +65-6478 8420 Fax: +65-6873 7192
Website: www.exploit-tech.com
Media Enquiries:  Seeto Wei Peng, Assistant Vice President, Corporate 
Communications 
DID:  +65 6478 8443       
Email: weipeng@exploit-tech.com

#B2b

HumanWare Australasia

HumanWare's products are having a profoundly positive impact on the lives of 
people who are blind or visually impaired. These are the tools that empower 
them to live independently and compete effectively in a sighted world. See 
BrailleNote, GPS, myReader & the SmartView range of magnifiers.

Suite 2, 7-11 Railway St.,, Baulkham hills  NSW  2153 
Australia
Phone: +61 2 9686 2600   Fax: +61 2 9686 2855 
Website: www.humanware.com

#B1

HOCOMA

Hocoma is the leader in robotic rehabilitation therapy for neurological movement 
disorders. The Swiss medical technology company develops innovative therapy 
solutions working closely with leading clinics and research centers. 

hocoma AG, Switzerland, Industriestrasse 4, Ch-8604 Volketswil 
Tel. +41 43 444 22 00    Fax +41 43 444 22 01 
Website: www.hocoma.com

#A3
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Exhibitors Booth

IBM 
 
Innovation in Corporate Citizenship. Innovation - joining invention and 
insight to produce important, new value - is at the heart of what we are as a 
company. And, today, IBM is leading a revolution in corporate citizenship by 
contributing innovative solutions and strategies that will help transform and 
empower our global communities.

IBM Singapore, Corporate Citizenship and Corporate Affairs, 9 Changi 
Business Park Central 1, Singapore 486048
Fax:: +65 65871284 
Website: www.ibm.com/sg/

#A11

LabRehab Pte Ltd.

Lab Rehab, an ISO 13485 certified local medical device manufacturer develops 
products that are easy to operate, simple and functional for rehabilitative use. 
Its principle product, Pro.balance, a project originated from NTU and SGH, 
keeps track of the balance performance for the user. A new feature includes a 
gaming module that provides interactive balance training. Since its launch in 
2007, Pro.balance has been well received and fast gaining recognition among 
rehabilitative centres in Singapore.

211 holland Ave #04-03, Singapore 278967
Tel  : +65 6469-8224    Fax : +65 6466-0987
Website: www.lab-rehah.com

#A1

National Electronics and Computer Technology Center (NECTEC)

National Electronics and Computer Technology Center, NECTEC is a dynamic 
organization which is responsible for the development of Information Technology 
in Thailand. Its mission is to ensure Thailand’s competitiveness in Electronics 
and Computer and the use of IT to stimulate economic and social impact through 
own R&D programs as well as R&D funding services to universities. NECTEC 
is an organization under the National Science and Technology Development 
Agency (NSTDA). 

National Electronics and Computer Technology Center, National Science and 
Technology Development Agency, Ministry of Science and Technology
112 Thailand Science Park, Phahon Yothin Rd, Klong 1, Klong Luang, 
Pathumathani 12120, Thailand
Tel: +66 0 2 564 6900 Fax: +66 0 2 564 6876
Website : www.astec.nectec.or.th

#B2
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Exhibitors Booth

OTTO BOCK 

For over 90 Years, Otto Bock has stood for innovation and entrepreneurial 
success.  We are the global leader in Prosthetics and Rehabilitation Products. 
Our technology sets standards for the entire industry. It is people-orientated 
and serves one main purpose: “Quality for Life”. 

Otto Bock South East Asia Co., Ltd., Singapore Representative Office, 7 Bukit 
Pasoh Road, Singapore 089821
Tel: +65 6576 4280     Fax: +65 6576 4299
Website: www.ottobock.com

Atrium

Singapore Action Group of Elders (SAGE)         
                
It is a non profit voluntary welfare organisation (VWO) affiliated to the 
National Council of Social Service (NCSS). They have programmes such as:
Social Enterprise projects and Employment, Community projects include 
Roadshows., Public Education programmes &, Training programmes like 
SAGE-CDAC IT Centre for Senior. .

 
19 Toa Payoh West Singapore 318876
Tel: +65 6353 7159  Fax: +65 6353 7148 
Web: www.sage.org.sg

#A9

Singapore Association of the Visually Handicapped

“SAVH is the only national voluntary welfare organization that provides 
comprehensive rehabilitation and aftercare services to the blind with the 
mission ‘To Help The Visually Handicapped Help Themselves.”

47 Toa Payoh Rise, Singapore 298104
Tel: +65 6251 4331   Fax: +65 6253 7191
Website: www.savh.org.sg

#A5b & 
#B1b
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Exhibitors Booth

START Centre Pte Ltd 

START Centre is a service provider of technological aids that enable people 
of all ages and disabilities improve their quality of life. With special focus in 
Assistive, Rehabilitative & Therapeutic (ART) Technology applications and 
solution, START Centre’s range of service includes evaluation; custom design 
and installation of AT tools to assist people with disabilities achieve their 
independence, education and vocational living goals.  For more information 
about START Centre, please visit our website at www.start-centre.com.

49 Kaki Bukit View, Kaki Bukit Techpark II, Singapore 415973
Tel: + 65 6473 0262   Fax: +65 6473 0263
Website: www.start-centre.com

Atrium

VIEWPLUS TECHNOLOGIES   
                 
ViewPlus is recognized throughout the world as a leading innovator in the 
R&D of assistive technology products for people with print and sensory 
disabilities. They bring braille printers to a new level. See SpotDot, Iveo & 
Premier embossers at stand B2. 

ViewPlus Technologies, Inc. World headquarters, 1853 SW Airport Avenue  
Corvallis, Oregon 97333, U.S.A.
Tel + 541 754 4002 Fax: 541 738 6505  
Website: www.viewplus.com

#B1
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Technical Program Overview
DAY ONE - 23rd APRIL 2009 (THURSDAY)

Time Room 3.1 Room 3.2 Room 3.3 Room 3.4

0800hr – 
0830hr

Registration (B1 Exhibition Area) 

0830hr – 
1030hr

Paper Presentation
A1

Mobility Aids & 
Seating

Paper Presentation
B1

Rehabilitation 
Technology

Paper Presentation
C1

Special Education 
and Augmentative 

& Alternative 
Communications

Student Design 
Challenge 

1030hr – 
1100hr

Tea Reception (B1 Exhibition Area)

1100hr – 
1230hr 

Paper Presentation
A2

Silver Industry 
Technology

Paper Presentation
B2

Rehabilitation 
Technology

Paper Presentation
C2

Assistive 
Technology and 

Society

Student Design 
Challenge

Prototype Judging
1230hr – 
1330hr

Lunch

Time Ngee Ann Kongsi Auditorium

1320hr – 
1345hr

i-CREATe 2009 Opening Ceremony 

1345hr– 
1415hr

Plenary 1
Mr Kua Cheng Hock on “Towards More Rewarding and Accessible Tourism —  Experiences 

and Expectations Of a Blind Traveller””
1415hr – 
1445hr

Plenary 2
Prof. Etienne Burdet on “Human Centered Rehabilitation Robotics

1445hr – 
1515hr

Plenary 3
Dr. Kong Keng He on “The Role of Technology in Rehabilitation — Perspective from a 

Rehabilitation Physician”

1430hr
Arrival of Guest of Honor 

Her Royal Highness Princess Maha Chakri Sirindhorn, Kingdom of Thailand
Dr Vivian Balakrishnan, Minister for Community Development, Youth and Sports, Singapore 

1515hr– 
1545hr

Tea Reception (L2 Foyer)

1600hr – 
1630hr

Plenary 4
Dr Therdchai Jivacate on “ The Prostheses Foundation of H.R.H. the Princess Mother” 

1630hr– 
1700hr

Plenary 5
Dr Gery Colombo on “Advanced Neurorehabilitation Technology”

1700hr End of i-CREATe 2009 Day 1 Conference

1800hr– 
2200hr

i-CREATe 2009 GALA DINNER at Grand Park, City Hall 
Registration & Cocktail reception at 6.00pm

All guests to be seated at 6.30pm 
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Technical Program Overview
DAY TWO - 24th April 2009 (Friday)

Time Room 2.1 Room 2.2 Room 2.3 Room 2.5
Ngee Ann 

Kongsi 
Auditorium

0830hr – 
0930hr HW1

Assistive Technology
by

Augmentative and 
Alternative Communication 

Institute (AACI), USA

HW2
Special Education

by
National Institute of 

Education, SINGAPORE

HW3
Workshop for Visually 

Impaired
by

ViewPlus Technologies, 
AUSTRALIA0930hr– 

1000hr

F1
Disability & Employment 

Forum
(in conjunction with 

ICAT2009)

1000hr – 
1030hr

Tea Reception (B1 Exhibition Area)

1030hr – 
1230hr

 
HW1

Assistive Technology
by

Augmentative and 
Alternative Communication 

Institute (AACI), USA 

HW2
Special Education

by
National Institute of 

Education, SINGAPORE

QW1
Workshop on Special 

Seating
by

Spastic Children’s 
Association of Singapore, 

SINGAPORE

HW3
Workshop for Visually 

Impaired
by

ViewPlus Technologies, 
AUSTRALIA

1230hr – 
1330hr

Lunch

1330hr – 
1530hr

QW2
Augmentative and 

Alternative Communication 
(AAC) Systems in the 

Classroom 
by

Augmentative and 
Alternative Communication 

Institute (AACI), USA

HW4
Workshop on Motion 

Capture
by

Nanyang Polytechnic, 
SINGAPORE

QW3
Workshop on Power 
Mobility & Seating

by
Tan Tock Seng Hospital, 

SINGAPORE & Otto Bock, 
HONG KONG

1530hr – 
1600hr

Tea Reception  (B1 Exhibition Area)

1600hr– 
1730hr

F2
Assistive Technology (AT) 

in Classroom Forum

HW4
Workshop on Motion 

Capture
by

Nanyang Polytechnic, 
SINGAPORE

QW4
Workshop on Prosthesis 

& Orthosis
by

Tan Tock Seng Hospital, 
SINGAPORE & Otto Bock, 

SINGAPORE

1800hr– 
2100hr

Night Program
(Optional tours available at Asia Travel Group)
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Technical Program Overview
DAY THREE - 25th April 2009 (Saturday)

Time Room 2.1 Room 2.2
Ngee Ann 

Kongsi 
Auditorium

 Lee Kong 
Chian School of 

Business 
Room 1.2

0830hr – 
1000hr

HW5
Workshop on Advanced 

Augmentative 
& Alternative 

Communications (AAC) 
Intervention

by
Augmentative 
and Alternative 

Communication Institute 
(AACI), USA

HW6
Workshop on Neuro 

Rehabilitation
by

Tan Tock Seng Hospital, 
SINGAPORE

1000hr – 
1030hr

Tea Reception (B1 Exhibition Area)

1030hr – 
1230hr

HW5
Workshop on Advanced 

Augmentative 
& Alternative 

Communications (AAC) 
Intervention

by
Augmentative 
and Alternative 

Communication Institute 
(AACI), USA

HW6
Workshop on Neuro 

Rehabilitation
by

Tan Tock Seng Hospital, 
SINGAPORE 

1230hr – 
1330hr

Lunch

1330hr – 
1530hr

 

QW5
Workshop on Gym for 

Elderly
by

Dynaforce, 
SINGAPORE

F3
Assistive & 

Rehabilitation 
Technology 

Alliance 
Forum

1530hr– 
1600hr

Tea Reception (B1 Exhibition Area) Meeting on 
Commercialization

by
Fellowship of 

Inventors

1600hr– 
1800hr
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Plenary Speakers

 

Mr. Kua Cheng Hock

President, Independent Society for the Blind, Singapore

Plenary 1 : 13.45 - 14.15
Ngee Ann Kongsi Auditorium, SMU

Topic: TOWARDS MORE REWARDING AND ACCESSIBLE TOURISM- Experiences and 
Expectations of a Blind Traveller

Abstract

The audience will get to hear of the challenges he encountered, the hurdles crossed, his experiences and 
expectations as a blind traveller. Service providers in the travel/tourism sectors will pick up valuable 
ideas if they intend to provide a high level of quality service to blind guests/patrons.

Those in the social-service sectors will appreciate that travelling for the blind can be fulfilling, rewarding 
and can be done successfully by blind persons alone or in a group; and can provide more tips and hints 
to their clients when preparing them for their travels.

Biography

Blind from birth, Mr Kua Cheng hock picked up the skills of travelling alone within Singapore since 
the age of fifteen, with only his white cane, and sometimes, sighted help along the roads. he now also 
travels with his guide dog; and a braille/talking GPS system. he made his first trip out of Singapore by 
himself at the age of twenty (in 1975) by train to Kuala Lumpur, then met up with a group and travelled 
to Cameron highlands; and then took a flight by himself back to Singapore. his work and voluntary 
contributions required him to travel to many more countries since 1991. These include many cities in 
Malaysia; and amongst other places include Bangkok, Cairo, Colombo, Samoa, Cambodia, and many 
other developed cities and countries in Europe - Portugal, Lulea, Stockholm, France, cities in the U.S. 
and Canada; Caracas (Venezuela) and the Dominican Republic. 
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Plenary Speakers

 

Professor Etienne Burdet

Senior Lecturer, Department of Bioengineering, Imperial 
College London, UK 
Senior Research Fellow, National University of Singapore, 
Singapore

Plenary 2: 14.15 – 14.45
Ngee Ann Kongsi Auditorium, SMU

Topic: Human Centered Rehabilitation Robotics

Abstract 

This talk will first describe our human-centred approach to robot-assisted rehabilitation of hand and 
finger functions, critical to ADL. We designed a family of robotic devices to train the tasks stroke 
survivors need to recover most, which consider subjects’ specific biomechanical constraints and their 
needs for safety and comfortable interaction. These compact and transportable devices are easy to use 
and adaptable to various levels of impairments. Motivating game-like exercises enable subjects to 
interact with the robot, actively performing movements or generate force while receiving appropriate 
visual, sensorimotor and psychological feedback to enhance motivation and concentration.

We will then examine the experiments done with this robotic system in Vancouver, Canada, and at 
Tan Tock Seng hospital (TTSh) in Singapore. In Vancouver, a few chronic stroke patients could 
perform a personalized robot-assisted therapy at all levels of the arm, i.e. arm, hand and fingers, and 
significantly improved their motor performance in the 8 weeks of the robot-assisted therapy. A larger 
study, involving 15 chronic patients at TTSh, demonstrated long lasting improvement of the hand, 
wrist and arm functions, while patients reported using the affected limb more after the therapy.

Though these results are preliminary, they suggest that cost-effective robot-assisted rehabilitation 
can be developed at decentralized rehabilitation centres or at home (monitored remotely), which will 
contribute to increasing the wellness, activity and life quality of stroke survivors.

Biography 

Professor Etienne Burdet is Senior Lecturer at Imperial College London since 2005 and a Senior 
Research Fellow at the National University of Singapore. his group uses an approach integrating 
neuroscience and robotics to investigate human motor control and design efficient assistive devices 
and virtual reality based training for rehabilitation and surgery. This approach has generated significant 
achievements from basic neuroscience and technology to clinical translation

 

Dr. Kong Keng-He

Senior Consultant, Tan Tock Seng hospital Rehabilitation Centre, 
Singapore

Plenary 3: 1445hr – 1515hr 
Ngee Ann Kongsi Auditorium, SMU

Topic: The role of technology in rehabilitation – perspective from a rehabilitation physician
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Plenary Speakers
Abstract

Rehabilitation is the process of optimizing function within the context of one’s potential.  Key 
components to successful rehabilitation are task-specific activities, g, frequent and intensive repetition 
of such activities, an appropriate and contextually relevant learning environment and ability and 
motivation to learn. however, for various reasons, most rehabilitation programmes, especially those 
involving adults with neurological disabilities do not address these issues adequately.  Rehabilitation 
technology can be used to overcome some of these inadequacies.  For example, robotics can be used 
to improve upper limb strength and function in a manner that is consistent, reliable and many times 
more that what is achievable than conventional rehabilitation.  Similar technology exists for training of 
ambulation.  Advances in tele-rehabilitation will also mean that one day, rehabilitation can be conducted 
in the comfort of the patient’s home – the most contextually relevant of environment.   

Biography

Dr. Kong Keng-he is a leading local rehabilitation physician specializing in neurorehabilitation.  he 
was formerly the head of, and currently, senior consultant at Tan Tock Seng hospital Rehabilitation 
Centre, which is the largest tertiary rehabilitation centre in Singapore.  he has established research 
interests and publications in the area of functional outcomes and spasticity in stroke.  More recently, he 
is involved in research evaluating the role of computer gaming and assistive technology and robotics in 
stroke rehabilitation.  he is currently the chairperson of the Specialists Training Committee, Ministry 
of health, overseeing the training of rehabilitation physicians, and members of several committees, 
including that of Ministry of health Advisory Committee on National Stroke Strategy, Nanyang 
Polytechnic School of health Sciences Occupational Advisory Panel and National healthcare Group 
Stroke Disease Management Workgroup.

 

Dr. Therdchai Jivacate

Secretary General, Prosthesis Foundation, Thailand

Plenary 4 : 1600hr – 1630hr 
Ngee Ann Kongsi Auditorium, SMU

Topic: The Prostheses Foundation of H.R.H. the Princess Mother

Abstract 

The Prostheses Foundation was founded in 1992 by the Princess Mother. She was the honorary 
Chairman and the Princess Galayani Vadhana was the Chairman. One of the significant aims is to 
provide artificial legs free of charge to the underprivileged regardless of religion and nationality. 

In order the underprivileged to have the artificial legs as quick as possible, the Foundation set up a 
mobile prosthetic unit to the rural area. Since 1992, the Foundation has provided 22,679 artificial legs, 
20,182 through mobile units and 2,497 at the Foundation office. Normally, each mobile unit will take 
for 5 days this can be served 300 of amputees. Also, the Foundation established the village and district 
hospital prosthetic workshop so the amputees in the rural area can have artificial leg immediately when 
they need. 
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Plenary Speakers
Biography

Dr Therdchai Jivacate, a graduate of Chulalongkorn hospital Medical School who also studied 
rehabilitation medicine at Northwestern University, began to experiment with cheap and sturdy 
alternatives to the prosthetic limbs available at his hospital, all of them made from costly imported 
materials. An early breakthrough involved recycling plastic yogurt bottles to fabricate artificial legs. 
Using his own money and time taken from his private practice, Dr Therdchai tinkered constantly to 
simplify the fabrication process and to adapt his devices to local circumstances, creating a “farmer’s 
foot” for working in wet, slippery fields, and another foot for wearing flip-flops. To poor patients, he 
provided these devices free.
  
In time, Thailand’s late Princess Mother Sri Nagarindra came to know of Dr Therdchai’s generous 
project. In 1992, she lent her patronage to create the Prostheses Foundation in Chiang Mai under 
his direction. With support from the royal family, private donors, and the Thai national lottery fund, 
Therdchai was able to expand his work. 

 

Dr. Gery Colombo

President, hocoma, Switzerland

Plenary 5: 1630hr – 17:00hr 
Ngee Ann Kongsi Auditorium, SMU

Topic: Advanced Neurorehabilitation Technology

Abstract 

Within the field of rehabilitation for patients with neurological movement disorders (for example after 
stroke, spinal cord injury, multi sclerosis or cerebral palsy) there have been significant changes within 
the last 10 years. As physiotherapists used to support the patients manually during their movement 
training, patients can nowadays profit from new technology and more intensive training. Today robotics 
and virtual reality are being applied. The presentation will give an overview on the actual technology!

Biography

Dr Gery Colombo is the founder and CEO of hocoma Switzerland, a leader in robotic rehabilitation 
therapy for neurological movement disorders and a globally active medical technology company based 
near Zurich, Switzerland. hocoma develops innovative therapy solutions working closely with leading 
clinics and research centres.      
 
Dr Colombo completed his Studies of Electrical Engineering at the technical university (Swiss Federal 
Institute of Technology/ETh) Zurich and graduated in 1992.   he became the head of Research at the  
Research department of the Spinal Cord Injury Centre, University Clinic Balgrist, Zurich from 1993 – 
2001.  he was then promoted to the Dr Sc Techn at the Institute for Biomed Technology of ETh (Swiss 
Federal Institute of Technology) Zurich in 2001. In 2004, Dr Gery Colombo was awarded the “Ernst & 
Young” Entrepreneur of the year in the Start-Ups Category.  The awards were made to businessmen in 
recognition of their outstanding entrepreneurial record. 
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Workshops
DAY TWO – 24th April 2009 (Friday)

HW1: Assistive Technology – Assistive Technology Intermediate Course: Evidence, Principles 
and Measurement

0830hr-1230hr
Seminar Room 2.1, School of Accountancy

by Mr. Barry Romich, Engineer by training and a registered Professional Engineer in Ohio. Co-
founder, Chairman and CEO of Prentke Romich Company, USA

by Professor Katya Hill, Research Associate, University of Pittsburgh School of health and 
Rehabilitation Science, USA

Synopsis  

This half day workshop uses an evidence-based practice (EBP) approach to review the principles and 
practices applied in making clinical decisions about matching persons with assistive technology (AT). 
The ICF (International Classification of Disabilities and Functions) model will be the foundation to 
discuss the goal of assistive technology – maximizing the potential of individuals with disabilities. In 
delivering AT services, practitioners follow a code of ethics and scope of practice in recommending and 
advocating for what is in the best interest of the client.
 
Once decisions about the AT equipment and instructional methods have been made, teams are faced 
with monitoring progress to achieve the identified goals. Quantitative and qualitative data are needed to 
support intervention and drive clinical decisions to modify or change treatment. One or a combination 
of data collection procedures such as pre and post testing, probing, alternative treatments may be used 
to look at progress. A demonstration and discussion of the various automated data collection tools used 
with wheelchairs, computer access and augmentative and alternative communication (AAC) systems 
follows. The use of outcome surveys to support a consumer-centered service delivery environment will 
conclude the day. 

QW2: AAC Systems in the Classroom – Building Language with No-Tech to High-Tech

1330hr-1530hr
Seminar Room 2.1, School of Accountancy

by Mr. Barry Romich, Engineer by training and a registered Professional Engineer in Ohio. Co-
founder, Chairman and CEO of Prentke Romich Company, USA

by Professor Katya Hill, Research Associate, University of Pittsburgh School of health and 
Rehabilitation Science, USA

Synopsis

This workshop will discuss how to select and organize vocabulary to build language competence and 
meet educational goals using the full range of aided AAC systems. 

The first half of the workshop focuses on using no and low tech communication boards and strategies. 
The new Pixon Project Kit is a low-tech communication approach created by Gail Van Tatenhove and 
a team of speech pathologists from around the world. Pixon offers a low cost, accessible approach to 
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AAC that promotes the use of core vocabulary in manual communication board formats. The unique 
symbol set is currently available in both English and Chinese Mandarin languages!

In the second component of this workshop we will introduce the new Vantage Lite speech generating device. 
You will see how this device utilizes all three AAC language representation methods: single meaning 
pictures, alphabet-based methods, and multiple meaning symbols or Minspeak. The Vantage offers a 
seamless transition from Pixon manual boards and continued growth to more effective language competence 
and independent communication. The Vantage Lite has the latest developments in assistive technology, 
including Bluetooth phone capability, extended battery life and exceptional in-built teaching tools. 

F2: Forum Discussion – Assistive Technology (AT) in Classroom

1600hr-1730hr
Seminar Room 2.1, School of Accountancy

Moderator: Dr Melissa Wettasinghe, Assistant Professor, National Institute of Education, Singapore
 
Synopsis
In this meeting, special education teachers, therapists and parent of a special need child will come 
together to discuss how assistive technology (AT) can be effectively used in classroom for teaching 
and promote independent participation in classrooms. As educational reforms include the application 
of technology to support and expand classroom curricula, assistive technology can provide both routine 
and customized access to the general curricula for students with disabilities. Does assistive technology 
has the potential to augment abilities and, bypass or compensate for barriers that disabilities create? 

HW2 – Special Education – Imagination, Inventions, and Ingenuity

0830hr-1230hr
Seminar Room 2.2, School of Accountancy

by Professor Libby Cohen, NIE Visiting Scholar, “Professor Emerita” at the University of Southern 
Maine, United States

by Dr. Meng Ee Wong, Assistant Professor, National Institute of Education, Singapore

by Dr Marissa Wettasinghe, Assistant Professor, National Institute of Education, Singapore

Synopsis

This workshop will showcase new and existing technologies for people with disabilities, including 
technologies for persons with visual impairments, physical disabilities, and learning difficulties. The 
session will also explore computer software and web sites which can be used by educators and support 
staff when teaching students with disabilities. Dialogue and conversations among presenters and session 
participants are strongly encouraged.

Other presentations during the session : 
-Inventing technology for facilitating social interactions among children with autism 
Dr. Goh Wooi Boon, Nanyang Technological University (Singapore), and 
Dr. Libby Cohen, National Institute of Education (Singapore)
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--Inventing technology to aid individuals who have had a stroke
Dr. John heng, Nanyang Technological University (Singapore), and 
Mr Subhasis Banerji, Nanyang Technological University (Singapore)

--Applying RFID in assistive devices and technology in education and learning
Mr. Chin Swee Jean, Gaishan Technology Pte Ltd (Singapore)

--Software and hardware applications for individuals with visual impairments
Dr. Wong Meng Ee, National Institute of Education (Singapore)

--Supporting students with disabilities using software  
Mr. Mazlan hasan, National Institute of Education (Singapore)
Dr. Marissa Wettasinghe, National Institute of Education (Singapore)

QW1: Workshop on Special Seating 

1030hr-1230hr
Seminar Room 2.3, School of Accountancy

by Mr. Pampi Ghosh, Department head of Occupational Therapy, The Spastic Children’s 
Association of Singapore (SCAS).

Synopsis  

The special seating workshop will provide an overview pertaining to the principles of seating and 
positioning. Through lecture and case study presentation participants will understand the complex 
decision making processes and learn how to address those through problem solving and measuring 
the desired outcomes for special seating. The workshop participant will be introduced to the Seating 
Assessment Form and to use it in translating the assessment findings towards identifying the right 
seating system.  In addition participants will get hands on experience of the common modular seating 
systems available in Singapore. 

HW4 – Workshop on Motion Capture – Transcranial Magnetic Stimulation (TMS): 
Fundamental Method and Practice

1330hr-1730hr
Seminar Room 2.3

By Dr Bala S Rajaratnam, Lecturer, School of health Science, Nanyang Polytechnic, Singapore

Synopsis  

The following hand-on workshop will provide Therapist, health and Medical Professionals, 
Biomechanics and IT specialists with in-depth exposure of how to use technologies to quantify human 
interaction and deliver rehabilitation services in a novel format. Technologies that participants will be 
exposed include motion analysis, electromyography, pressure sensor technology and augmented virtual 
reality.  Areas of exposure include stroke rehabilitation, design of ergonomic devices for relieve of low 
back pain, facilitation of motor recovery, to name a few.

HW3: Workshop on Visually Impaired – Creating Effective Graphics for Classroom 

0830hr-1230hr
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Seminar Room 2.5, School of Accountancy

by Ms Kayleen Hagen, Marketing Coordinator for ViewPlus Technologies, Australia

Synopsis

Participants will learn how to create, on a computer using Tiger software, meaningful tactile graphics 
to aid in teaching math, science and other graphical concepts. This hands-on workshop will include 
drawing graphics, scanning existing images, and learning how to convey important concepts. Graphics 
will then be labelled with braille, print and speech so that students can better interpret tactile graphics 
with access from the IVEO Talking Touch Tablet.

The Tiger Software works within the Microsoft Office environment to help you create, label and emboss 
tactile graphics with the Tiger embossers. 

QW3: Power Mobility & Seating- Power Mobility - Plug it in!

1330hr-1530hr
Seminar Room 2.5, School of Accountancy

by Ms Susanna Koh, Senior Prosthetist / Orthotist, Tan Tock Seng hospital, Singapore
by Mr Benjamin Ng,  Manager , Ottobock, hong Kong 

Synopsis

This workshop will focus on the clinical applications of power mobility, covering four areas
- Why the need for power mobility,
- Power Vs manual chairs, 
- What are the considerations for using power mobility, and
- Control input devices for power chairs
 
There will be a short presentation and participant interaction afterwards from Otto Bock, the leading 
rehabilitation company in the world, on their range of power chairs.

QW4 – Workshop on Prothesis & Orthosis - What you didn’t expect an amputee could do!

1600hr-1730hr
Seminar Room 2.5, School of Accountancy

by Mr Trevor Binedell, Senior Prosthetist / Orthotist,   Tan Tock Seng hospital, Singapore
by Mr Daryl Lim, Business Manager, Otto Bock South East Asia Co, Singapore
 
Synopsis

Discussion conducted by leading Prosthetists in Singapore’s only Prosthetic Department will centre 
on the anatomy of a prosthetic limb, highlighting the different components and their advantages. This 
introductory presentation will incorporate a live demonstration of an amputee walking as well as a 
Q&A session to answer any queries the participants have. The attendees will also be able to experience 
what it is like to be an amputee simulating walking as well as controlling a myoelectric hand.
 
There will also be a small presentation on the latest technology in computer controlled prosthetic knee 
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(C-leg) conducted by Otto Bock - the worlds leading prosthetic company.

F1: Forum Discussion – Disability & Employment Forum: Accessible Business 

0930hr-1030hr (combined with ICAT2009)
Ngee Ann Kongsi Auditorium, SMU

Moderator: Mr Ian Leo, President of Disabled People’s Association   

Synopsis
Many people associate disability with mobility problems. Making an organisation accessible to 
disabled employees means more than ramps and lifts, although these are important. It’s about looking 
at disability as it affects every aspect of the business. This means, for example, making sure our 
staff is disability trained; ensuring basic physical requirements for your disabled employees are met, 
researching the need for any special equipment for our   disabled employees, who supplies it and how 
it is maintained.

Ministry of Community Development, Youth and Sports set up “The Open Door Fund” to promote 
employment of people with disabilities.  This is supported by the Singapore Workforce Development 
Agency, and administered by the Singapore National Employers Federation. The term “Open Door” 
encapsulates the role of employers in opening doors for persons with disabilities to secure employment. 
It also signifies the effort needed on the part of persons with disabilities to acquire the necessary skill 
sets for work to walk through the open door.

In this meeting, the panel will discuss on whether companies are ready for this accessible business 
and provide them with equal opportunities in employment? 

DAY THREE – 25th April 2009 (Saturday)

F34: Forum Discussion – Assistive & Rehabilitation Technology Alliance

1030hr-1230hr
Ngee Ann Kongsi Auditorium, School of Accountancy

Moderator: Prof Ang Wei Tech, Assistant Professor, Nanyang Technological University, Singapore

In this meeting, the stakeholders in this field will discuss the important issues faced by the community 
in Singapore. These people include technologists & engineers, medical practitioners, policy makers, 
industrial players, executives of Voluntary Welfare Organizations, and end users (elderly and people 
with disability (PWD)). The primary goal of this meeting is to unite the community and work towards 
forming an alliance in the near future to tackle longer term issues.   The ultimate goal of this effort is 
to grow a healthy ecosystem for the use of technology to empower the needy elderly and PWD to lead 
quality independent lives. When our work become profitable businesses, more jobs will be created, 
more talents will be drawn into this field to provide better technology, and the needy people will be the 
eventual beneficiaries.  

Meeting: Commercialisation

1530hr-1830hr
Lee Kong Chian, School of Business Seminar Room 1.2
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Presenter: Dr Ting Choon Meng and Fellowship of Inventors (FOI)

The winning teams of IBM Assistive & Rehabilitative Technology Student Design Challenge 2009 
will showcase and present their projects during the FOI meeting.  The members of FOI will assess 
and comment on their creations and will judge them basing on the products’ innovation and market 
potential.

HW5: Advanced Augmentative & Alternative Communications (AAC) Intervention – Evidence-
Based Language Interventions and Children who use AAC 

0830hr-1230hr
Seminar Room 2.1, School of Accountacy

by Professor Katya Hill, Research Associate, University of Pittsburgh School of health and 
Rehabilitation Science, USA

Synopsis

AAC service delivery for children who need augmentative and alternative communication (AAC) 
represents a wide range of interventions and complex decision-making. This workshop will review 
the variety of variables that need to be considered before treatment regarding instructional approaches 
and AAC system features. A systematic review of the research evidence on teaching methods to build 
language skills includes: aided language stimulation, peer-mediated instruction, parent training, and the 
four-block literacy model. how to select and collect performance and outcome measures to monitor 
progress of treatment will be discussed. Case study data will be presented to identify and compare the 
effectiveness of treatment for building language competence with children using a wide range of AAC 
methods and systems. 

HW6: Neuro Rehabilitation – The role of rehabilitation technology in neurorehabilitation – the 
Tan Tock Seng Hospital Rehabilitation Centre experience

0830hr-1230hr
Seminar Room 2.2, School of Accountancy

by Dr Kong Keng He, Senior Consultant Tan Tock Seng hospital Rehabilitation Centre, Tan Tock 
Seng hospital (TTSh), Singapore 

Synopsis 

The aim of this interactive workshop is to share with participants some of the modes of rehabilitation 
technology used at Tan Tock Seng hospital Rehabilitation Centre. These include the use of Lokomat for 
gait training, upper limb robotics and video gaming. The strengths and limitations of these adjunctive 
rehabilitation tools will be presented and discussed.
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QW5: Gym For Elderly Introduction to Whole Body Vibration Therapy Workshop  

1330hr-1530hr
Seminar Room 2.2, School of Accountancy

by Mr. Ruben Stuivenberg, Whole Body Vibration (WBV) expert,  Netherlands.

Synopsis 

Whole Body Vibration (abbreviated as WBV) is a specialist form of vibration training, which is 
becoming increasingly popular. Initially, vibration training was mainly used in the fitness industry, 
but the use of vibration equipment is expanding quickly. It is now widely used in physical therapy, 
rehabilitation and professional sports. 
Upon completing of the workshop, the participants will be able to understand the principle of Whole 
Body Vibration (WBV) training and ensure safe application of Whole Body Vibration training.  They 
will be able to get acquainted with all basic exercises used with Whole Body Vibration training and 
learn how to use a Whole Body Vibration platform on a basic level
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Student Design Callenge

Introduction

The IBM Assistive & Rehabilitative Technology Student Design Challenge 2009

It targets to give our next generation a better understanding on disabilities and on how the use of assistive 
and rehabilitative technologies can help improve the quality of life of persons with disabilities. 

It will focus on the creative, innovative and systematic application of technologies and engineering 
methodologies to meet the needs of people with disabilities and help improve their quality of life in 
areas which include education, rehabilitation, employment, transportation, independent living, and 
recreation.

Categories are, but not limited to the following: 

q  Communication aids 
q  Computer access aids 
q  Daily living aids 
q  Education and learning aids 
q  Environmental aids 

q  hearing and listening aids 
q  Recreation and leisure aids 
q  Prosthetics and orthotics 
q  Seating and positioning aids 
q  Vision and reading aids 

 
The teams will present their design concept using PowerPoint slides, poster and a working prototype.  
They will be assessed on the exposition of methodology, the originality of design, and ability to 
communicate the proposed solution to the reviewers and the judges. There will be fantastic cash 
prizes to be won. 

Presentation

All teams are required to do a presentation covering the key ideas of the project. The presentations are 
scheduled at 8:30am, 23 April 2009 (Thursday), in Seminar Room 3.4, School of Accountancy. Each 
presentation is 5 min.

Poster & Prototype Display

All teams are required to display their posters at the Student Design Challenge Exhibition Area, from 
23 April 2009, 8:30am to 25 April 2009, 3:00pm. 

At least one team members must be present with their posters and prototypes during the above 
sessions.

Judging and Awards

A panel of international judges of different professional backgrounds will be invited to judge on the 
projects. All judges’ score based on the judging criteria will carry equal weights and decision of winners 
need not to be unanimous. The panel will judge the project entries during the presentation session, 
followed by a tour to visit and assess the prototypes.

The judges will select the top three teams as well as two teams that deserve merit. 
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Student Design Callenge
Champion•	  – S$2000 and certificate for all members

Runner-up•	  – S$1000 and certificate for all members

2nd Runner-up•	  – S$500 and certificate for all members

2 Merit awards•	  – Special gift and certificate for all members

Peer’s choice award•	  – certificate for all members 
The award is to be decided by the IBM Assistive & Rehabilitative Technology Student 
Design Challenge 2009 participants. Each team is allowed to cast one vote on the most 
deserving team entry but cannot vote for their own team. The votes have to be casted at the 
end of the presentation session.

Public’s choice award•	  – certificate for all members 
The award is to be decided by the public visiting the exhibition. Upon registering for 
the exhibition, each visitor will be given a voting sheet where they have to complete 
and drop into the voting box at the registration booth after visiting the IBM Assistive & 
Rehabilitative Technology Student Design Challenge 2009 booths.

Industry’s choice award•	  – certificate for all members 
The award is to be decided by the companies participating in the exhibition. The voting 
sheet will be provided on the first day of exhibition. Each company will have one 
representative and will be invited to visit the IBM Assistive & Rehabilitative Technology 
Student Design Challenge 2009 booths and cast their top three choices. The voting sheet 
will be collected at the end of the day.

Best presentation award•	  – certificate for all members 
The award will be decided by the panel of judges based on the presentation part of the 
judging criteria.

Best poster award•	  – certificate for all members 
The award will be decided by the panel of judges based on the poster part of the judging 
criteria.

Gala Dinner

The top three teams will be invited to the Gala Dinner. The invitation will be made by the organizer at 
23 April 2009, 3:00pm. The results will be announced at the Gala Dinner.
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IBM Assistive & Rehabilitative Technology Student Design Challenge Entries

SDC-01  Bus Flagging System                                                                                                                                           
Muthukumaran Rangaswamy, Lin Liang,                                                                                                                                           
Nanyang Polytechnic, Singapore

SDC-02  Mini Intelligent Terminal for Child & Elderly Fitness Development                                                                                                                    
Ong Eng Piao, Leong Jian Jie, Ng Kim heng, Peter, Koh Wan Fen, Josephine                                                                                                                          
ITE College West ( Dover Campus), Singapore

SDC-03  The “Readable” Syringe 
Yan Lin, Li Ying Ying, Guo Jun                                                                                                                                              
Nanyang Polytechnic, Singapore

SDC-04  Control the Prototype of Prosthesis Arm with EMG Signal 
Patinya Tipmabute                                                                                                                                        
King Mongkut’s University, Thailand 

SDC-05  An Automatic Page Flipping System for Disabled Readers                                                                                                                              
Danuporn Prommin, Thanawut Thongdangkayasit                                                                                                                                 
Chiangmai University, Thailand

SDC-06  Tru-Light                                                                                                                                        
he Jia hao, Jeremy, Tee Zee Ching, Joyce                                                                                                                                            
Nanyang Polytechnic, Singapore

SDC-07  Shower Room for the Disabled and the Elderly                                                                                                                         
Pakpoom Bhumimala, Arnupharp Martmoon, Anupark Martmoon, Supawadee Keawkum, Parimon 
Chutimakorn                                                                   
King Mongkut’s University, Thailand

 
SDC-08  Bright Sight                                                                                                                                            
Rapeeporn Pimup , Pakaporn Thisayakorn                                                                                                                                      
Chulalongkorn University, Thailand

SDC-09  SmartGuide System to Assist Visually Impaired People in a University Environment                                                                          
Tee Zhi heng , Kong Jia hao , Rocky Lo , Khor Ming Yeang                                                                                                                                            
The University of Nottingham, Malaysia Campus, Malaysia

SDC-10  Portable Wheelchair 
Lifter                                                                                                                                                                           
Goh Yong Ren, Abdul Rauf Bin Abdul Rahim, Azhar Bin Ismail, Muhammad Norhafiz Bin Samsudin, 
Tan En hui                                                                                                                                                                      
National University of Singapore, Singapore

SDC-11  Rotary Table for Wheelchair                                                                                                                                       
hoi Ka hou , Roy Nathan                                                                                                                                           
ITE East, Singapore

SDC-12  Sheltered Wheelchair                                                                                                                                       
Chua Yong An, Zulfadhli Zameer, Ivy Goh hui Fang, Gwee Wee Siang                                                                                                                                          
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ITE College West (Balestier Campus), Singapore
SDC-13  Semi-Power Standing Wheelchair                                                                                                                                       
Nirun Maipothi Anusit  Srichanya                                                                                                                                        
Thammasat University, Thailand

SDC-14  Head Controlled Electric Wheelchair                                                                                                                                       
Lew Kee Wan, Chong Chun Ming, Xiong Qui Lin                                                                                                                                              
Ngee Ann Polytechnic, Singapore
 
SDC-15  Multi-Purpose Wheelchair 
Muhammad Yusof B Sulaiman, Muhammad AL Matin B Sarjali                                                                                                                                          
ITE East, Singapore

SDC-16  Gripless Mouse for Rehabilitation of RSI                                                                                                                                          
Chan Jun hong, Chua hui Ling                                                                                                                                             
Nanyang Polytechnic, Singapore

SDC-17  Health Care Monitoring Based on Wireless Sensor Networks                                                                                                                
Jirasak Raksachum, Sunisa Julrat                                                                                                                                           
Prince of Songkla University, Thailand

SDC-18  Foot Mouse                                                                                                                                            
huang Zhi Xiong, Tham Jih Yew, Nur Ashikin Bte Mohd Daud                                                                                                                                            
ITE College Central (Tampines Campus), Singapore

SDC-19  Say It Aloud                                                                                                                                            
Eng Shu Xia, Goh Ying Wei, Berlinda, Ong Yen Ting, Aileen                                                                                                                                           
Temasek Polytechnic, Singapore

SDC-20  PolyEcomm                                                                                                                                        
Chen Xi, Li hoi Man, Iu hoi Yan, ho Yin Ling, Chan Wing Yin 
The hong Kong Polytechnic University, hong Kong
                                                                                                       
SDC-21  SmartScreen                                                                                                                                      
Sunny Neo, Chua Wen Chuan, Peng Jian Zhang, Randall Ong, Brandon Lum                                                                                                                   
Temasek Polytechnic, Singapore

SDC-22  Throat Muscles Strengthening Device                                                                                                                                           
Lee Khai Ping, Alvin, Chen Wei jie, Eddie, Lee Yuit Woon                                                                                                                                             
Ngee Ann Polytechnic, Singapore

SDC-23  VirtualStroke                                                                                                                                    
Chaya Chansmitmas, Wannaporn Dechpinya , Noppawat Sirinimnualkul                                                                                                                   
Chulalongkorn University, Thailand     
      
SDC-24  EZ Opener Woo                                                                                                                                              
Qi Yang, Muhd Farhan B Ahmad Washi, Muhammad Taufiq B Abdul Majib                                                                                                          
ITE East, Singapore

SDC-25  FantaStick                                                                                                                                       
Foo hao Shen, Daniel, Mohamed Taufiq B Mohamed Noor                                                                                                                               
ITE College Central (Tampines Campus), Singapore
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Paper Presentations 

A1
Mobility Aids & Seating
Seminar Room 3.1, School of Accountancy

08:30 – 
08:45

A1-1

SmartGuide System to Assist Visually Impaired People in a University 
Environment
Zhi Heng Tee, Li-Minn Ang, Kah Phooi Seng, Jia Hao Kong, Ricky Lo, Ming Yeang 
Khor
University of Nottingham, Malaysiaa
 
This paper presents a caregiver monitoring system for assisting visually impaired 
people. The objective of this system is to assist blind and low vision people to walk 
around independently and safely in a university environment by providing speech 
guidance on their current location and navigation information on how to move to a 
particular location.

08:45 – 
09:00

A1-2

Design and Development of a Navigation Assistance System for the Visually 
Impaired
J. Zhang, S. K. Ong, Y. C. Nee
National University of Singapore, Singapore
 
In this paper, the design of a navigation assistance system for the visually impaired 
is discussed, and the development of such a prototype system is presented. The 
motivation of this research is to develop a navigation system without the necessity 
of continuous user localization. Navigational information is only provided when 
necessary at decision-making locations. Absolute spatial information is stored for 
these locations, and ZigBee technology is applied for wireless data communication 
between the location node and the user module. Infrared, computer vision, and inertial 
technologies are applied in the system to transform the absolute spatial information 
into user-centric destination orientation data. 

09:00 – 
09:15

A1-3

Adapting Motorbikes for Independent Use by People with Disability 
Jesse Owens
University of Alaska Anchorage, USA
 
In much of the world motorbikes are the dominant means of transportation. In the 
developing world motorbikes are often the only form of motorized transportation 
affordable to the majority of the population. Unfortunately this method of 
transportation has not been widely exploited anywhere in the world for use by people 
with severe mobility impairments, especially those who must use wheelchairs. To 
provide affordable transport for a wide range of mobility-impaired people I have 
developed an inexpensive sidecar adaptation for motorbikes, capable of transporting a 
wheelchair user. This adaptation is referred to as the SideScooter. The SideScooter can 
be operated independently with hand controls from the sidecar or from the motorbike 
seat, depending on the needs of the operator. Given the vast number of motorbikes 
in the world and the scarcity of independent transportation for wheelchair users this 
device has the potential to improve the quality of life for many disabled people in 
developing as well as the more affluent regions of the world. 
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09:15 – 
09:30

A1-4

Low-cost Stereo Vision System for Supporting the Visually Impaired’s Walk 
Thanathip Limna, Pichaya Tandayya, Nikom Suvanvorn
Prince of Songkla University, Thailand
 
This paper presents an obstacle detection system for the visually impaired to use 
with a walking stick. The system in this work can find obstacles applying the depth 
discontinuities Pixel-to-Pixel (P2P) stereo algorithm which is one of the Intensity-
based Stereo Matching (ISM) techniques in stereo vision that can find objects with 
featureless surface such as whiteboard, door, etc. however, the ISM technique is time 
consuming and not fast enough for real-time usage. Applying parallel computing using 
Message Passing Interface (MPI) helps reduce the computing time and enable real-
time usage. In this work, we estimate the distance between objects and the visually 
impaired by applying the V-disparity. Our system can accurately detect objects within 
the range of 5 meters using 12-centimeter based-line low-cost webcams.

09:30 – 
09:45

A1-5

A Novel Design and Development on Bioimpedance-Based Wheelchair Control 
Yunfei Huang, Pornchai Phukpattaranont, Booncharoen Wongkittisuksa, Sawit 
Tanthanuch
Prince of Songkla University, Thailand
 
This article presents a novel design and development on bioimpedance-based 
wheelchair control for the disabled people and the elderly. We use three electrodes 
to measure two channels of bioimpedance from the trapezius muscle. Bioimpedance 
changes when there is a movement in the segment of trapezius muscle. We can classify 
six types of motions resulting in six operation capabilities for wheelchair control based 
on six types of shoulder movements, i.e. left shoulder up, right shoulder up, and both 
shoulder up for short time and long time.

09:45 – 
10:00

A1-6

Electric Motor Based Head Controller for Power Wheelchairs with Joy Stick 
Input
Prapon Jitkreeyarn, Niyom Nulek, Kanokvate Tungpimolrut, Nattapon Chayopitak
National Electronics and Computer Technology Center, Thailand

In this paper, a design of a head controller and an adapting unit for interfacing 
with a power wheelchair is presented. The proposed controller is based on a servo 
mechanism of stepper motors, which provide motion in the x- and y-axis to actuate 
a modified joystick-controlled power wheelchair. The technical design aspects of the 
proposed head controller, adapting unit as well as the microcontroller implementation 
are discussed.
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10:00 – 
10:15

A1-7

Performance Evaluation Method of Alternating Pressure Air Mattresses Using 
FSA Pressure Mapping System 
Pasu Sirisalee, Danu Prommin, Pataravit Rukskul
National Metal and Materials Technology Center, Thailand
 
Pressure ulcers are among the most common complication found in bed-ridden 
patients. In Thailand, Alternating Pressure Air Mattresses (APAMs) have been used 
both in hospitals and home settings to prevent pressure ulcers. Various types of APAMs 
are commercially available at a variety of prices and features. The performance 
of these APAMs is still questionable to the users. Pressure Relief Index (PRI) is a 
promising indicator that can be used to compare the performance of APAMs. This 
paper presents a simple procedure to evaluate the performance of APAMs based on the 
concept of PRI by using FSA pressure mapping system. This procedure can be used 
to relatively compare the performance of APAMs and assist the users in justifying the 
cost-effectiveness of APAMs.
 

10:15 – 
10:30

A1-8

Development Issues of Seating Systems and A proposed Framework for a 
Therapeutic Seat 
Yaqun Wu, Yoke San Wong, Han Tong Loh
National University of Singapore. Singapore
 
Prolonged sitting duration can have an adverse effect on elderly people, especially 
those with limited mobility and sensation. It usually results in many medical problems 
and complexities. Pressure ulcers have got most concerned as its prevalence, harm 
and high cost for treatment. Various seating systems have been developed to enhance 
functional ability, provide protection from tissue breakdown (pressure ulcers) and 
relieve the concentrated interface pressure for these patients. Air inflated cushion has 
been evaluated and verified to be efficient in pressure management and is adaptive 
for other functional extensions. Some key issues in developing effective air-inflated 
cushions are identified in this paper, including the interface pressure, sitting conditions 
discrimination, inflation pressure, alternating pressure and some other problems. The 
general design and development process of an intelligent air cushion will also be 
briefly introduced, and the main design idea was validated with prototype testing.
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A2
Silver Industry Technology
Seminar Room 3.1, School of Accountancy

11:00 – 
11:15

A2-1

Fall Detection and Activity Monitoring System using Dynamic Time Warping 
for Elderly and Disabled People 
Sasiwan Paiyarom, Poj Tangamchit, Rachoporn Keinprasit*, Prakasith Kayasith*
King Mongkut’s University of Technology Thonburi, Thailan
*National Electronics and Computer Technology Center (NECTEC), Thailand
 
We present a new system that both tracks human movements and detects falling in 
elderly and disable people. We applied Dynamic Time Warping(DTW) to recognize 
human activities of daily living. Seven different movements, stand, sitt, walk, run, 
stand-to-sit, sit-to-stand and lyings were considered and were kept to reference 
databases signals. Our system consists of two parts: transmitter and receiver. 
A transmitter part is the device mounted at the user’s waist within a pager case 
measuring 90x40x20 mm. A sensor used in this device is a 3-axial accelerometer 
(hitachi h48C). The signals from the accelerometer are transmitted wirelessly to a 
personal computer in receiver part using Zigbee Pro 2.4Ghz. A personal computer 
only requires MATLAB7 program to recognize our system. The experiment shows 
98.6 percent accuracy in recognizing these behaviors and fall detection. 

11:15 – 
11:30

A2-2

An Exploratory Study on Senior Citizens’ Perceptions of the Nintendo Wii: A 
Case of Singapore 
Yin-Leng Theng 
Nanyang Technological University, Singapore
 
Recent developments in digitally mediated games such as the Nintendo Wii aim to 
encourage exercise. This paper focuses on assessing the efficacy of the Nintendo Wii, 
popular in the United States and Japan, in promoting regular exercise among senior 
citizens in Singapore (aged 65 years and above). Adapting from the Technology 
Acceptance Model (TAM), this exploratory study examines senior citizens’ 
perceptions of the Nintendo Wii. Twenty-eight participants took part in this pilot 
study conducted at a senior citizens centre in Singapore. Data collection was carried 
out via a self-reported questionnaire and video observation. Findings indicate that 
senior citizens perceived the Nitindo Wii usable with realistic depictions of games 
and had positive engagement with the Wii games. however, contrary to prior belief, 
findings did not show that perceived usefulness has a significant influence on senior 
citizens’ intention to use the Wii for improving social interaction, health and exercise. 
The paper concludes with a discussion on the design and impact of digitally mediated 
games for elderly users.
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11:30 – 
11:45

A2-3

Evaluation of Fall Detection for the Elderly on a Variety of Subject Groups 
Patimakorn Jantaraprim, Pornchai Phukpattaranont, Chusak Limsakul, 
Booncharoen Wongkittisuksa
Prince of Songkla University, Thailand
 
This paper presents a fall detection algorithm based on the threshold value of the 
maximum peak resultant acceleration to classify falls and Activity of Daily Live 
(ADL). Two types of the experiments were investigated. Type A) ten young subjects 
performed both falls and ADL. Type B) ten young subjects performed falls whereas 
ten elderly subjects performed ADL. In the experiment, tri-axial accelerometer was 
mounted on the trunk. There were four categories of falls: forward fall, backward 
fall, left and right side fall and six categories of ADL: sit-stand, stand-sit, sit-lie, lie-
sit, bend down, and walking 2 m. For the threshold of the maximum peak resultant 
acceleration at 1.9g, falls could be distinguished from ADL with 100% sensitivity 
in both Type A and B while specificity for Type A and B were 96.11% and 98.33%, 
respectively. Results indicate that the trend in classification of fall from ADL in the 
elderly could gain the increase in error. Therefore, more sophisticated algorithms for 
the classification of fall from ADL in the elderly are needed to improve performance 
of detection.

11:45 – 
12:00

A2-4

Adult Children’s Perceptions of Intelligent Home Systems in the Care of 
Elderly Parents 
Joseph Coughlin, Lisa D’Ambrosio, Bryan Reimer, Jasmin Lau*
 Massachusetts Institute of Technology AgeLab, USA
*Singapore Ministry of Manpower, Singapore
 
Smart home technologies and services are widely researched and being 
commercialized for use in the homes of older adults throughout the world. however, 
widespread adoption by older adults of even the most affordable and simple systems 
has been mixed. While older adults may be the “users” of such technologies, we seek 
to understand the perceptions held by key “influencers” in the buy and use decisions – 
the adult child. We present an exploratory study based upon a convenience sample of 
adult children most likely to embrace intelligent home systems and services. Survey 
respondents are highly educated technology savvy, middle to high-income adult 
children ages 35 and older. This group represents possible “lead adopters” that might 
advance the commercialization of these potentially useful technologies. Findings 
suggest that trust in the accuracy of the system, privacy concerns and willingness to 
intervene in a parent’s home may present challenges to adoption even among tech-
savvy adult children.
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12:00 – 
12:15

A2-5

The Gator Tech Smart House: Enabling Technologies and Lessons Learned 
Sumi Helal, Chao Chen
University of Florida, USA
 
In this paper, we describe the Gator Tech Smart house (GTSh), an assistive 
environment for independence and wellbeing, with focus on the elderly population. 
We give a quick overview of the GTSh and its services before presenting our 
experience and some of the lessons we learnt in this real world deployment project. 
We present the Atlas architecture – a key enabling technology for the automatic 
integration of devices and sensors and show how can Atlas be used to develop smart 
environments without requiring a team of engineers or system integrators. Finally, 
we discuss ongoing related Atlas developments.

B1
Rehabilitation Technology
Seminar Room 3.2, School of Accountancy

08:30 – 
08:45

B1-1

An Affordable, Computerized, Table-based Exercise System for Stroke 
Survivors 
Marcus King, Leigh Hale*, Anna Pekkari**, Martin Persson**
Industrial Research Ltd, New Zealand
*University of Otago, New Zealand
**Uemå University, Sweden
 
Loss of hand function as a result of upper limb paresis after a stroke leads to a loss of 
independence and the strength of the paretic upper limb is strongly related to measures 
of activity. Robotic-assisted therapy with virtual reality, leads to improvements in 
motor function, but, there is a need to improve the cost-to-benefit ratio of these 
therapies. This case series study investigated an augmented reality computer game 
which provided a rewarded, goal-directed task to upper limb rehabilitation via a 
reaching task motivated by a computer game. A device was developed to increase 
the exercise effort for the table-based therapy. Of the 4 participants in the case study, 
2 showed improvement in ability to play the game and in arm function. Participants 
felt that the system provided a worthwhile exercise that they would carry out in a 
home rehabilitation setting.
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08:45 – 
09:00

B1-2

Computer Vision Technologies for Monitoring System in Tele-Physiotherapy 
Panachit Kittipanya-ngam, Xinguo Yu, How Lung Eng
Institute for Infocomm Research, Singapore
 
Physiotherapay exercise is a vital medical treatment process as it helps bringing 
a normal life back to patients. Therefore the concept of tele-physiotherapy 
was created to improve the quality of physiotherapy services. The objective of 
tele-physiotherapy is to allow patients and medical experts carrying on their 
sessions through telecommunication networks as if they are in the same place. 
Computer vision technologies, then, can be useful and helpful in monitoring 
process of system because the quality assessments of physiotherapy exercise 
are mainly based on vision. This article is discussing the feasibility of applying 
computer vision technolgies in tele-physiotherapy while showing an example 
of using computer vision in fall detection. The study shows that computer 
vision has some potential in enhancing and improving the telephysiotherapy 
system but the study of some considerations is needed before implementing.  

09:00 – 
09:15

B1-3

Design of a Myoelectric Glove for Upper Limb Stroke Rehabilitation 
Sangit Sasidhar, Sanjib Kumar Panda, Jianxin Xu
National University of Singapore, Singapore
 
Physiotherapy is an inherent component of stroke rehabilitation. It is important for 
the patient to be self motivated in physiotherapy sessions for a better and faster 
recovery. This paper presents a simple design of an orthotic glove which will be 
controlled by the myoelectric signals of the stroke patient. A real time control scheme 
using a linear discriminant classifier is used to process and classify the myoelectric 
signals acquired from different muscle groups. These control signals are used to 
actuate servo motors to facilitate elbow movement. A position and velocity sensor 
ensures that there are no sudden movements or jerks in the movement path of the 
orthotic glove.
 

09:15 – 
09:30

B1-4

A Method for Measuring Human Arm’s Mechanical Impedance for 
Assessment of Motor Rehabilitation 
Hossein Mousavi Hondori, Shih Fu Ling
Nanyang Technological University, Singapore
 
This research work aims to develop a new tool for assessment of human motor 
function with a focus on the upper limb. For that purpose, Simultaneous Sensing 
cum Actuating technology (SSA) will be used for measuring force, velocity, and 
especially mechanical impedance of the limb. Impedance measured at the hand 
point while the upper limb performing a motion task is a quality indicator of the 
limb’s motor function. here an electrical motor is used as sensor-actuator which 
carries a mechanical load (here human’s limb); the motor plays the role of a sensor 
as well, so we calibrate the “transduction matrix” of the motor and will measure 
the mechanical impedance of the load through measuring the electrical impedance 
of the electrical motor. In this paper we explain how the appropriate apparatus was 
designed and tailored for this application and how the method was validated. At the 
end experimental result of measuring mechanical impedance of a human subject is 
presented.
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09:30 – 
09:45

B1-5

Improving Performance of Asynchronous BCI by Using a Collection of 
Overlapping Sub Window Models 
Nakarin Suppakun, Songrit Maneewongvatana
King Mongkut’s University of Technology Thonburi, Thailand
 
Asynchronous Brain Computer Interface (BCI) has become an interesting topic 
in the present days because it provides the simulation of realistic usage of BCI. 
This paper addresses on achieving to better performance by using a collection of 
overlapping sub windows models. A model is referred to a primitive classification 
model which consists of common spatial patterns (CSP) with linear discriminant 
analysis (LDA). Each primitive model was trained with the corresponding 
sub window indexes. We had 3 collections of models: task1 vs. task2, task1 vs. 
relax, and task2 vs. relax. These binary classification results were then fused 
together with Mahalanobis distance to gain better performance. The results 
were measured by mean square error (MSE), and their performance is better 
compared to the primitive model. Furthermore, the results on the test set were 
achieved comparable to the 3 leading scores of BCI Competition IV dataset 1.  

09:45 – 
10:00

B1-6

Exercises for Rehabilitation and Assessment of Hand Motor Function with the 
Haptic Knob 
Olivier Lambercy, Ludovic Dovat, Teo Chee Leong, Hong Yun*, Seng Kwee Wee*, 
Christopher Kuah, Karen Chua*, Roger Gassert**, Theodore Milner***, Etienne 
Burdet****
National University of Singapore, Singapore
*Tan Tock Seng Hospital, Singapore
**ETH Zurich, Switzerland
*** McGill University, Canada
****Imperial College, London, United Kingdom

 
This paper investigates robot-assisted rehabilitation and assessment of hand 
function after stroke using the haptic Knob, a 2 degrees-of-freedom end-e 
ffector based robotic device to train grasping and wrist pronation/supination.  
 
Nine chronic stroke subjects trained over a period of 6 weeks, with 3 one-hour 
sessions of robot-assisted therapy per week, consisting in two exercises requiring 
active participation promoted by therapeutic games. Behavioral data collected 
by the haptic Knob were analyzed to evaluate motion control, smoothness and 
precision over the therapy. Subjects progressively improved their performances in 
the proposed functional exercises, suggesting improvement in hand motor function. 
This was confirmed by results of standard clinical assessment as subjects improved 
a mean of 4.3 points in the Fugl-Meyer assessment scale, accompanied by a decrease 
in spasticity. These results illustrate the positive effect of therapy with the haptic 
Knob and the possibility to use it as an assessment tool to evaluate and monitor hand 
motor function during rehabilitation therapy.
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10:00 – 
10:15

B1-7

Interactive Robot-Assisted Training System using continuous EMG signals for 
Stroke Rehabilitation 
Raymond K. Y. Tong, Wallace W. F. Leung, X. L. Hu, R. Song
The Hong Kong Polytechnic University, Hong Kong

Active initiation and participation in the rehabilitation is a key of success for stroke 
rehabilitation. To patients with stroke, the interactive robotic system would motivate 
them to actively interact with the system during the task-related training regime. The 
system used muscle activation from affected limbs as control signal. The system was 
designed to train the wrist, elbow, knee and ankle joints in vertical and horizontal positions. 
Results from wrist and elbow training on persons after stroke had shown improvement 
in reduced spasticity on the joint, better coordination on the wrist and elbow joints.  

10:15 – 
10:30

B1-8

Leveraging Retained Physical Capabilities to Support Persons with Severe 
Motor Impairments 
Torsten Felzer, Rainer Nordmann
Darmstadt University of Technology, Germany
  
This paper deals with two novel applications of an alternative method of interacting 
with a computer which enables persons with very severe motor impairments to 
leverage retained capabilities in order to independently control certain parts of their 
daily lives. The input strategy is based on tiny intentional contractions of a single 
muscle of choice (requiring minimum of physical contribution) which are used as 
“selection marker” in the context of *scanning*. The first application turns the PC 
into a *Universal Remote Control* (URC), while the second one is a *Text-To-
Speech* (TTS) module. A simple experiment requesting the speed of the scanning 
scheme shows that the theoretical concept works and therefore has the potential of 
being of great help for its target population.
 

 B1-9

No 
presen-
tation

Analysis and Comparison of Intelligent Control Methods for Computer-
controlled Artificial Leg 
Hong-liu Yu, Xing-san Qian, Ling Shen,
University of Shanghai for Science and Technology, China

The computer-controlled artificial legs, which mostly are above-knee prostheses 
(AKP) can better adapt to the human gait and walking modes, automatically 
distinguishing terrain and coordinate the symmetry of gait. Due to the complexity 
and non-linearity of AKP control, it is required to design a kind of controller being 
intelligent enough for it. Research and product development of computer-controlled 
AKP is discussed in the here. The expert controller based on finite-state machine 
method and BP neural network controllers based on PD supervision are especially 
analyzed. The major intelligent control methods applied for existing AKP products 
are also compared. The development of intelligent control technology in the future 
is pointed out.
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B2
Rehabilitation Technology
Seminar Room 3.2, School of Accountancy

11:00 – 
11:15

B2-1

Hand Rehabilitation based on Augmented Reality 
Y. Shen, S. K. Ong, A. Y. C. Nee
National University of Singapore
 
This paper presents an augmented reality based system for hand rehabilitation. In 
this system, digital data gloves are used to detect the movements of the patients’ 
hands and collect the physical information from the patients. Using augmented 
reality technology, a highly controllable environment with tasks of different levels of 
difficulty is provided to the patients for them to perform the rehabilitation exercises 
gradually. The targets of the exercises can be adjusted dynamically with respect to the 
physical conditions and progress of the patients. Multimodal feedbacks are provided 
to facilitate and encourage the patients during the rehabilitation sessions.

11:15 – 
11:30

B2-2

Interactive Rehabilitation

Lu Dong, Mui Suan Tan, Wei Tech Ang*, Chee Kiat Ng**,
Hwa Chong Institution, Singapore  
*Nanyang Technological University, Singapore 
**Lab Rehab Pte Ltd, Singapore 

In the detection of ankle injuries, the Cumberland Ankle Instability Tool (CAIT) has 
been widely used. Despite its validity and reliability as acclaimed by some therapists, 
certain inadequacies are still present due to the differences in judgements made by 
the physiotherapists and human subjects. This project investigates the possible use of 
the Pro.BalanceTM as a tool to detect potential ankle injuries. Preliminary results have 
shown that the CAIT score and the Overall Performance Index obtained from Pro.
BalanceTM are correlated. Balancing tests should be done on difficulty levels 2 and 3 
so as to achieve a more reliable and accurate diagnosis. Future work includes having 
a larger sample size to further verify the results.
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11:30 – 
11:45

B2-3

Detailed Spine Modeling with LifeMOD 
Shih Kwang Tay, Ian Gibson, Bhat Nikhil Jagdish,
National University of Singapore, Singapore
 
Patients sitting in a wheelchair may spend hours in a relatively fixed position, with 
their lower back forced away from its natural lordotic curvature. This prolonged 
sitting was reported to be linked with low back problems. The aim of this study was to 
develop a design system that can simulate the kinematics behavior of musculoskeletal 
forms and generate a human-wheelchair interface to provide accurate means of 
designing effective seating solutions for wheelchair users preventing long-term 
spinal deformities. This virtual simulation platform aims to aid clinicians in their 
analysis to ensure higher degree of accuracy and consistency in the prescriptions.  
 
LifeMODTM was used as the base simulation software package to build a detailed 
spine multi-body model. The presented model can be applied to understand the 
complex spine biomechanics and clinically important analysis such as contact forces 
between each vertebrae and wheelchair model, load acting on the intervertebral disc 
joints, corresponding angles between vertebrae in the seated position and tension in 
the spine muscles. These results aid clinicians to develop mechanical design of back 
support, such as placing conventional pillows and towels at appropriate positions 
which can be an effective and convenient alternative to expensive special seating.  

11:45 – 
12:00

B2-4

Evaluation on the Methods to Identify Muscle Fatigue Changes after Focal 
Cortical Ischemia in Rats 
Wei Rong, Le Li, Zheng Ke, Xiaoling Hu, Kai Yu Tong
The Hong Kong Polytechnic University, Hong Kong
 
The extent of the restoration of limb functions after stroke is highly associated with 
the time of rehabilitation intervention and the corresponding workload prescription. 
Physical practice of the affected limbs in the relatively early stages after stroke could 
achieve a more significant motor functional recovery than the post-stroke training 
introduced in the chronic stage; however, the recovering brain would face more risks 
of further damage in response to over-exercise during the early stages than in the 
chronic period. In this study we have developed a platform to investigate fatigue 
change after stroke in rat. Results on 10 stroke rats showed decreases in mean power 
frequency (MPF) after stroke surgery and larger co-contraction in the EMG signals, 
which were related to fatigue changes. This understanding could help to generate 
suitable workload prescription for post-stroke rehabilitation.
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12:00 – 
12:15

B2-5

Spatial Filtering and Single-Trial Classification of EEG during Vowel Speech 
Imagery 
Charles DaSalla, Hiroyuki Kambara, Makoto Sato, Makoto Sato, Yasuharu Koike
Tokyo Institute of Technology, Japan
 
With the purpose of providing assistive technology for the communication impaired, 
we propose a control algorithm for speech prostheses using vowel speech imagery. 
Electroencephalography was recorded in three healthy subjects during the performance 
of three tasks, imaginary speech of the English vowels /a/ and /u/, and a no action 
state as control. Speech related potentials were visualized by grand averaging in 
the time domain. Feature data was obtained by filtering the time series data using 
optimal spatial filters designed through the common spatial patterns method. The 
resultant feature vectors were classified using a nonlinear support vector machine. 
Overall classification accuracies ranged from 68 to 78%. Results indicate significant 
potential for the use of vowel speech imagery as a speech prosthesis controller.

12:15 – 
12:30

B2-6

A Comparison of Dimensionality Reduction Techniques for the P300 Response 
Sercan Taha Ahi, Hiroyuki Kambara, Yasuharu Koike,
Tokyo Insititute of Science and Technology, Japan
 
Although P300 is a fairly stable response and utilized in a wide variety of Brain 
Computer Interface (BCI) applications, the problems of feature selection and 
dimensionality reduction still constitute a major setback for the applications. In 
this study, we focus on the selection of best features of P300 data for decreasing 
the computation time, improving accuracy and visualizing both the underlying 
classifcation process and neurophysiological mechanism. The performances of 
three feature selection techniques are evaluated. The three techniques are Principle 
Component Analysis, Spatial Filters for Event Related Potentials and Recursive 
Channel Elimination. They are applied on the data set acquired through 4-class 
P300 experiments conducted on 5 subjects. The accuracy profiles along with the 
computational issues are discussed. 

C1
Special Education and Augmentative & Alternative Communications
Seminar Room 3.3, School of Accountancy

08:30 – 
08:45

C1-1

Generating JSL Gloss Messages for the Deaf 
Kazuo Kamata, Masahiro Fujii, Yu Watanabe
Utsunomiya University, Japan
 
This paper presents the experimental results of generating indirect JSL (Japanese 
Sign Language) messages in emergency situations for deaf people. We have various 
restrictions in using information media such as voice, text, movies and others in 
emergency situations. In this paper, the indirect messaging method that uses JSL 
glosses in text form instead of the medium of movie that JSL essentially requires for 
transmission. From the results of experiments with deaf people and signed language 
interpreters, we can say JSL-gloss based messaging method is one of candidates for 
information transmission in certain situations with restrictions in resources. We show 
certain experimental results and issues to be further considered for practical use.
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08:45 – 
09:00

C1-2

Preliminary Vocabulary Frequency Findings for Mandarin Chinese AAC 
Treatments 
Ming-Chung Chen, Katya Hill*, Tianxue Yao**
National Chiayi University, Taiwan
*University of Pittsburgh, USA
**Carnegie Mellon University, USA
 
In this paper, we describe the preliminary results of a study to identify the vocabulary 
frequency of native Mandarin Chinese speakers during a didactic conversation. The 
language samples based on twelve participants were analyzed to report the total 
number of words, total number of different word roots (TND), and number of spoken 
words used to make up 50%, 60%, 70% and 80% of the sample. Reported are the 
top 10 most frequently used MC words for each participant. The results will provide 
a high frequency or core vocabulary for MC to use for augmentative and alternative 
communication (AAC) interventions. 

09:00 – 
09:15

C1-3

Core Vocabulary of Thai Language for Thai Picture Based Communication 
System
Sarinya Chompoobutr, Monthika Boriboon, Wantanee Phantachat, Puttachart 
Potibal,
National Electronics and Computer Technology Center National Science and 
Technology Development Agency, Thailand

This paper demonstrates how to obtain core vocabulary in Thai. They were collected 
from writing languages across four sources: BEST corpus (2009), Thai dictionary 
of the Royal Institute of Thailand: RI (1982), Lexicon of preschool and elementary 
student (1988) and “Khlang Kham” of Nawawan Phanthumetha (2001). The total 
corpora were analyzed for core vocabulary of Thai language. The results indicate 
that the first 100 words, core vocabulary accounting for 49.92 per cent of the corpora. 
Almost all of them can play two or more parts of speech, depending on their position 
and context in sentences.
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09:15 – 
09:30

C1-4

Using Advanced Encryption Standard to Secure the Content Dissimination of 
Electonic Braille Books 
Eakachai Charoenchaimonkon, Paul Janecek, Vatcharin Hamratanaphon*,
Asian Institute of Technology, Thailand
*Centre for Educational Technology, Thailand
 
The scarcity of accessible information mediums for visually impaired people 
is recognized by many and the situation is make worth for those students 
with visual impairment who have integrated themselves into the mainstream 
schools with few online information services available like Braille and 
digital talking books to serve the needs of visually impaired school students; 
this information services faced numbers of restrictions, such as accessing 
contents of the book with minimal cost of investment, handling omplicated 
transcribing and brailing task, and some link to the issue of legal distribution. 
 
This research aims to develop an application named “CET Embossing Manager”. 
With the aid of this software, Electronic Braille producers and consumers can access 
various types of electronic Braille file formats, view the content of the file, and handle 
various tasks of embossing. To make the content of the book secured, Advanced 
Encryption Standard (AES) or Rijndael is used to protect the file from modifications 
made by unauthorized parties and limit the number of republishing.
 

09:30 – 
09:45

C1-5

Supportive Reading System for Students with Special Educational Needs in 
Taiwan 
Ming-Chung Chen, Chien-Chuan Ko, Chi-Ren Huang
National Chiyi University, Taiwan, R.O.C.
 
Reading is one of the important activities that all students should participate. 
This paper describes a supportive reading system which provides the teachers 
a convenient program to edit the supportive material and the students a 
supportive reading environment. The results of a single subject experiment 
which recruited four students with learning disabilities also demonstrated that 
students could gain higher score when reading with supportive environment.  

09:45 – 
10:00

C1-6

Educational Improvement: A Case Study of Good Practice of IT Infusion in 
the Classroom for Student with Deafness 
Onintra Poobrasert, Nick Cercone
York University, Canada
 
In order to develop a useful system for teaching and learning, the system should be 
designed for the needs and capabilities of the users. Before developing any systems a 
User-Centered Design Process is always foremost to carry out. Therefore this paper 
will summarize main principles of user-centered design and process. This paper will 
also detail the design and development of a multimedia system for students with 
deafness.
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10:00 – 
10:15

C1-7

Behavior Modification Strategy for Motivating Children with Attention 
Deficiency Disorder 
Ravichandran Subbaraman, Jacklyn Huang Qunfang*,
Temasek Polytechnic, Singapore
*Singapore Management University, Singapore
 
Attention-Deficit hyperactivity Disorder (ADhD) is a neurobehavioral developmental 
disorder and its manifestation during childhood is characterized by a persistent pattern 
of inattention and/or hyperactivity. Teaching these children is more challenging 
than teaching normal children in the same age group and is always considered as 
one of the most important and challenging functions of special education. ADhD 
is currently considered a persistent and chronic condition. Though a common 
behavior modification strategy is not always useful in dealing with neurobehavioral 
development, it may be more appropriate to design strategies based on the cognitive 
ability of the subject undergoing treatment. The strategy discussed in this paper is 
mostly focused on educating children with attention deficit disorder than treating 
hyperactivity. The behavior modification strategy suggested is based on the fact that 
children below 12 years have strong interest in specific activities involving audiovisual 
stimulus. The strategy aims in motivating the children to learn a specific act such as 
learning subjects like mathematics. The protocol basically motivates the children to 
focus and concentrate on solving a problem in order to be rewarded with audiovisual 
stimulus. The paper provides a fairly comprehensive picture on the neuro-cognitive 
modifications associated with this treatment protocol in treating these children.  

10:15 – 
10:30

C1-8

E-learning for People with Cognitive Disabilities on a Web-Accessibility 
E-learning Platform 
Yao-Ming Yeh, Chih-Ching Yeh
National Taiwan Normal University, Taiwan, R.O.C.
 
The purpose of this study is to develop the accessibility of e-learning courses based on 
ADDIE procedure on a web-accessibility e-learning platform. There were “Basics of 
Microsoft Excel”, “Basics of Microsoft PowerPoint” and “Interpersonal relationship 
in organizations”. The participants in this study were 16 cognitive disability students. 
The results showed that the cognitive disability students like to spend time on more 
intelligible content. And they spent more time on topic webs than illustration. Few 
students had problems on interface and hardware, and they would not overcome by 
themselves or obviate problems by illustration. This demonstrated that the cognitive 
disability students still need some assistance and support regarding on-line learning 
and the further direction of this study will also be discussed. 
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C2
Assistive Technology and Society
Seminar Room 3.3, School of Accountancy

11:00 – 
11:15

C2-1

Cultural-Heritage-Friendly without Barriers (CHF-Bs) 
Budsakayt Intarapasan
King Mongkut’s University of Technology Thonburi, Thailand
 
Set within Greater Mekong Subregion (GMS), there are six comprising countries: 
Cambodia, The People’s Republic of China, Lao People’s Democratic Republic, 
Myanmar, Thailand, and Viet Nam. In this connection, the paper is based on three 
scenarios namely wonders of nature, urban, and historical heritage. Physical evidence 
of cultural-heritage-friendly sometimes may be found in the form of cultural-
crossing borders in the application and practices of Universal Design. Consideration 
is given not only to physical access but also to alternative method of providing the 
tourism services. It is important that such changes are accounted for accurately so 
that the physical and human processes at work can be fully understood. The lack of 
consultation with two groups of respondents, experts referring to those stakeholders 
with professional role to play in relation to the survey of spaces and non-experts 
who are the general public, is a contributing factor. Consequently, the methodology 
of this study involves the preference judgment scale, open-ended questions and 
illustrations.
 

11:15 – 
11:30

C2-2

iPSL: Enabling Rehabilitation of Deaf Community in Pakistan 
Hassan Afzal, Sheheryar Nafees,  Saad Nasir, Amina Tariq,
FAST National University Islamabad, Pakistan
 
This paper presents an initiative taken in Pakistan for the rehabilitation of deaf 
community, enabled by use of technology. iPSL is a system that primarily aims at 
facilitating communication between the hearing and the deaf community in Pakistan. 
There is a twofold approach to achieve that, first to implement a system that can 
translate signs made by deaf into natural language sentences. Second is to implement 
tools that enable hearing people to understand and learn sign language by converting 
natural language sentences into sign language. This paper presents the progress made 
in the project so far in terms of design, implementation and evaluation.
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11:30 – 
11:45

C2-3

Accessible Market: A Prototype for People with Disabilities in Thailand 
Benjamas Kutintara, Sayomphu Chaengsri, Supattra Suanlim, Keshanon Phankong, 
Theerayut Chumnanprai, Worawut Sonsiri, Amaraporn Wongma, Pornpun 
Somboon*

King Mongkut’s Institute of Technology Ladkrabang, Thailand
*Mahidol University, Thailand
 
Most Thai like to purchase food at local markets; however, research studies on 
accessibility to local markets were still limited. The objective of this study was to 
develop a prototype of an accessible market in Thailand by using Salaya market 
as a case study. Participants in this study consisted of a market owner, food stall 
owners, assistive technology specialists, general customers, and customers with 
disabilities. Data were collected by observing environmental features in Salaya 
market and interviewing several participants. Major findings indicated that people 
with disabilities could not access the market because of lack of handicap accessible 
parking zone, no ramps, walkways with obstacles, unsuitable public restrooms, no 
zoned area for the food court, and no standards for food stalls. All inaccessible data 
were analyzed and a prototype for parking spaces, ramps, walkways, public restroom, 
food court, and food stalls were designed to make the market accessible.

11:45 – 
12:00

C2-4

On Thailand’s REAT Institute’s Experience in Developing Digital Hearing Aids 
for Rural Usage
Pasin Israsena, Apit Hemakom, Anukool Noymai

National Electronics and Computer Technology Center (NECTEC), Thailand
 
This paper discusses REAT institute’s experience in developing alternative digitals 
hearing aids targeted for rural usage, where desirable features such as cost-
effectiveness, ease of use and maintenance, and fully digital processing capability 
are imperative. The result shows that modern technology has reached the point where 
locally developed solutions that are complementary to existing products are feasible. 
Technological capability, however, is only part of the solution. Any successful hearing 
rehabilitation program, however, will also need strong leadership from doctors and 
audiologists, who are the professional experts, and a good servicing model.
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12:00 – 
12:15

C2-5

The Implementation Status of Thailand’s National Social Equality in ICT 
Master Plan
Proadpran Punyabukkana, Suchai Thanawastien*, Songporn Komolsuradej**

Chulalongkorn University, Thailand
*Sripatum University, Thailand,
**Ministry of Information and Communication Technology, Thailand

The National Social Equality in Information and Communication Technology Master 
Plan provides a three-year road map for bridging the digital divide, supporting the use 
of assistive technology and promoting the creation of an assistive technology industry 
so that the disabled in Thailand will be able to afford the acquisition of the assistive 
technology. After the first year of implementation, 42% of the Year 1 projects have 
been implemented, with satisfactory results. The main output has been the training of 
150 web designers who can handle the redesign of government websites to conform 
to the WCAG 1.0 standard at an AA conformance level. Three government websites 
have been transformed to attain AA conformance as initial pilot projects.

12:15 – 
12:30

C2-6

Model development of Assistive Technology Centers in Thailand

Phatcharaporn Kongkerd, Salin Ruangsri, Terdkiat Shaijarung, Daranee Suwapan

Sirindhorn National Medical Rehabilitation Centre (SNMRC), Thailand
 
The model development of assistive technology centers illustrates a new innovation of 
assistive device provision in Thailand as they provide services specialized in assistive 
devices for people with disabilities. The services delivery process emphasizes on the 
assessment, prescription and training. Eleven assistive technology centers have been 
developed as a network which could increase the accessibility for assistive devices 
for disabled people living in all regions of Thailand. however, knowledge and skills 
of staff are the main limitation of the provision which need to be strengthened in this 
specialized field. For further development, wheelchair service and seating provision 
has been considered as the main theme of the next step as wheelchairs are the main 
type of devices needed for people with disabilities.
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ABSTRACT 
In this paper, the design of a navigation assistance system for the 
visually impaired is discussed, and the development of such a 
prototype system is presented. The motivation of this research is 
to develop a navigation system without the necessity of 
continuous user localization. Navigational information is only 
provided when necessary at decision-making locations. Absolute 
spatial information is stored for these locations, and ZigBee 
technology is applied for wireless data communication between 
the location node and the user module. Infrared, computer vision, 
and inertial technologies are applied in the system to transform 
the absolute spatial information into user-centric destination 
orientation data.  

Categories and Subject Descriptors 
C.3 [Special-purpose and Application-based Systems]: 
Microprocessor/microcomputer applications. K.4.2 [Social 
Issues]: Assistive technologies for persons with disabilities.  

General Terms 
Design, Performance, Experimentation. 

Keywords 
Assistive Technology, Navigation Assistance, Visual Impairment 

1. INTRODUCTION 
Persons with visual impairment have lost the most important 
perceptive sensory ability in the vision-dominate world. 
Navigation assistance for the visually impaired (NAVI) has been 
an active research topic in the last two decades. Technologies, 
such as computer vision, local and global positioning systems, 
and RFID (radio-frequency identification) technologies, have 
been incorporated in NAVI systems to enhance the mobility of 
these users in everyday life. 

The motivation of this research is to develop a system that can 

assist a user to navigate to his destination without the necessity of 
continuous user localization. Positioning systems (such as GPS), 
dead beaconing techniques, and intensively installed RFID tags 
have been used to locate the user continuously. However, this is 
not necessary as the user should have learned basic techniques to 
move along a path. Hersh and Johnson  [1] argued that any 
navigation assistance devices, though incorporated with advanced 
technologies, should still be considered as a secondary means of 
navigation. The user must have the basic knowledge, such as 
using a white cane or a guide dog, to navigate himself in an 
unfamiliar environment. 
Hence, in this research, the NAVI system developed provides 
helpful instructions only at those locations where navigational 
instructions are necessary, and that the user is able to navigate 
independently on the paths between these locations. Path 
generation is not the focus of this research. Instead, it is assumed 
that when a user starts a trip, he knows a sequence of sub-
destinations. In order to assist the user to find the relative 
direction from one sub-destination to the next, the system has to 
retrieve data from these sub-destinations and synthesize them into 
user-centric orientation instructions.  
The paper is organized as follows. Section 2 provides a brief 
recent review on the related research. Section 3 presents the 
design of the prototype system. Section 4 discusses in details the 
methodologies applied in the prototype system. Section 5 
concludes the paper and brings forward future works. 

2. RELATED RESEARCH 
The research on navigation assistance systems for the visually 
impaired has been quite active recently. A survey of research on 
NAVI in the past decade has been reported  [2]. The review here 
focuses on the design and architecture of a few navigation 
systems developed in the recent years.  
Navigation systems for individuals with cognitive impairment 
have been developed [3, 4]. Liu et al [3] designed a system that 
includes three parties, the user, a location wizard who follows the 
user, and a navigation wizard who sends instructions to the user 
based on communications with the location wizard. Passive RFID 
technology was applied in the research reported by Chang et al 
 [4], where the user approaches the passive RFID tags to retrieve 
the pre-stored coordinate data. Tags are placed at positions where 
decisions have to be made. Wi-Fi and GPRS technologies were 
applied for the user to retrieve navigational instructions. Szeto 
and Sharma  [5] discussed embedding reader antennas inside a 
jacket to promote the reading range in an application of 
navigation aids for visually impaired individuals.  
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There is research that focused on user localization using wireless 
sensor networks. For example, an indoor user localization system 
based on ZigBee technology  [6] was developed using the dynamic 

 [7] utilized the ZigBee 
technology to determine user orientation. Orientation is first 
categorized into three groups, namely, front, side, and back. 
Fingerprinting algorithm and path loss (PL) model are applied in 
the calculation. These research works focused on continuous user 
localization. As a result, the number of ZigBee modules in the 
environment must be large enough to achieve satisfactory 
performance. At least three reference nodes are needed to 
calculate the relative location and orientation.  
Some researchers focused on the development of NAVI systems 
using cell phones  [8] and PDAs  [9] so that the system can be 
light-weight and easy to carry by the user. These systems take 
advantage of some embedded functionalities in those handheld 
devices, such as Bluetooth and GPS, for navigation. 

3. SYSTEM DESIGN 
The developed system consists of two components. The first 
component is the location node (Figure 1(a)) and includes a 
marker and a wireless data transmission unit. This component is 
installed at several locations in the environment. Thus, there are 
multiple location nodes in the environment to be navigated. 
Navigation data will be programmed into the data transmission 
unit and accessible when a user approaches these location nodes. 
The second component is the user module (Figure 1(b)), which is 
on the user side. It includes a computing unit and an environment 
data retrieval device. In the current prototype system, a notebook 
is used as the computing unit, and the environment data retrieval 
device includes a camera, an inertial sensor and a wireless data 
transmission unit. The data retrieval device will retrieve 
information from the environment and the user behavior, and send 
the data to the notebook for analysis to synthesize proper stimuli 
accordingly.   

4. METHODOLOGIES  

4.1 Vision-based Tracking 
The prototype system incorporates the ARToolKitPlus tracking 
method  [10]. There is a need to apply tracking in the prototype 
system to convert the absolute spatial data from the local 
coordinate system into the user-centric coordinate system.  

Assume that one location node is installed near a landmark, and 
its position is ( , , )n n nX Y Z , which is defined in the Node 
Coordinate System (NCS) with reference to the center of the node 
(Figure 2). The location data is stored in this location node and 
ready to be retrieved by an approaching user. Using the 
ARToolKitPlus tracking method, the rotation matrix and the 
translation matrix, 3 3 3 1[ , ]× ×R T , from the NCS to the Camera 
Coordinate System (CCS) can be determined. Hence, the location 
of the landmark in the camera coordinate system ( , , )c c cX Y Z  can 
be calculated according to Eq. (1). Assume that the camera has 
been aligned such that its optical axis is along the forward 
direction of the user, the pair of data {Xc, Zc} indicates the 
orientation of this landmark from the user’s point of view. 

3 3 3 1

1 30 1
1 1

× ×

×

⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥⎡ ⎤⎢ ⎥ ⎢ ⎥= ⎢ ⎥⎢ ⎥ ⎢ ⎥⎣ ⎦⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

c n

c n

c n

X X
R TY Y

Z Z
    (1)  

To enhance the tracking performance, particularly in poor lighting 
conditions, the marker is made from an infrared (IR) reflective 
material  [11], and an IR transmitter board is attached onto the 
Dragonfly2 camera  [12]. The LEDs on the transmitter board are 
placed around the camera and aligned along the optical axis of the 
camera (Figure 3). 

    
(a) The location node 

 
(b) The user module 

Figure 1. Two components in the system design 

4.2 Orientation Adjustment  
The orientation in the CCS is defined as θ , which can be 
calculated using Eq. (2). The user can orientate himself according 
to this orientation to move towards the next sub-destination. 

arctan( )c

c

Z
X

θ =     (2) 

However, when a user is adjusting his orientation towards the 
next sub-destination, the location node may sometimes be out of 
the camera’s view such that the relative spatial information will 
be lost as the vision-based tracking fails to deliver the translation 
and rotation matrices. To solve this problem, a 3-DOF inertial 
sensor, InterTrax2 from InterSense Inc.  [13], is integrated into the 
prototype system. The sensor is installed with the camera (Figure 
4) such that the yaw axis is parallel to the Y-axis in the CCS. 
Hence, the yaw data from the sensor can be used to estimate the 
orientation of the user in the XZ plane of the CCS.  

Assume the marker is out of the field of view of the camera at the 
time instance T and the system records the orientation Tθ  as the 

Marker Side view 

Data trans-
mission unit 

Camera and inertial 
sensor

Notebook

Data transmission 
unit
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initial data. At the same time, the system activates InterTrax2 and 
starts reading the yaw data iY  ( 0Y  is the initial yaw data at the 
time instance T). Hence, the system is able to continue to provide 
the orientation information as 0( )T iY Yθ + − .  

 

 
Figure 2. An illustration of the coordinate system transformation 

from the location node to the camera on the user module  

  
Figure 3. The IR transmitter board on Dragonfly2 camera 

Figure 4. Relation of the InterTrax2 and the Camera 

4.3 ZigBee-based Data Retrieval 
When a user approaches a location node, the spatial information 
stored in that node will be transmitted to the data retrieval device 
on the user module. The ZigBee technology requires lower power 
consumption and provides a longer communicating distance. 
Hence, it is applied in the prototype system for wireless data 
retrieval from the location node to the user module. A pair of 
XBee Pro chips from Digi  [14] (Figure 5) are incorporated in the 
prototype system. The XBee Pro chip in the location node is 
connected to an Arduino Pro Mini 8MHz microcontroller  [15]. 
The XBee Pro chip on the user module is connected to the 
notebook via a USB port.  

Spatial data are stored in the microcontroller as a list of strings. 
Each string indicates one landmark or amenity, which includes 
the name and the coordinates in the NCS, ( , , )n n nX Y Z . The string 
will be decoded into data by the user module, and it will identify 
the next sub-destination from the list.  

  
Figure 5. A pair of XBee modules for wireless data retrieval 

4.4 System Flowchart 
Figure 6 shows the system flowchart. The stimuli activator has 
not been included in the current prototype system. Simple audio 
stimuli via earphones and vibration motors are used to deliver 
audio and haptic feedbacks. Visually augmented signs can also be 
considered for those who still have certain levels of eyesight.  

 

 
Figure 6. System flowchart 

4.5 Experiments 
Indoor experiments were carried out to validate the approach of 
orientation adjustment when the location node is out of view. In 
this experiment, the location data of two research laboratories 

Tracking 
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near a location node have been stored in the node. Figure 7 shows 
two screen captures when the user is approaching the location 
node. The orientation results are augmented on the real scene 
when the marker can and cannot be detected, respectively. It was 
observed during the experiments that the system can provide 
qualitative orientation information to the user.  

 

(a) Marker can be detected 

(b) Marker cannot be detected 
Figure 7. Experiments  

5. CONCLUSION AND FUTURE WORK 
This paper presents an NAVI system design and the development 
of the prototype system. This system assists the user to navigate 
from one sub-destination to another, helping him to orientate 
towards the correct directions. Infrared, computer vision, and 
ZigBee technologies have been incorporated in the system. A 
prototype system has been developed. A preliminary indoor 
experiment to verify the system performance has been carried out. 
In future, networks will be set up based on the ZigBee nodes so 
that the environmental data in the location nodes can be manually 
updated in real-time to support dynamic changes in the 
environment. This will be especially useful to help the user avoid 
paths that are crowded or blocked for certain reasons. 
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ABSTRACT 

This paper presents a caregiver monitoring system for assisting 

visually impaired people. The objective of this system is to assist 

blind and low vision people to walk around independently and 

safely in a university environment by providing speech guidance 

on their current location and navigation information on how to 

move to a particular location. 

Categories and Subject Descriptors 

K.4.2 [Computers and Society]: Social Issues - Assistive 

technologies for persons with disabilities.  

General Terms 

Design. 

Keywords 

Visually Impaired, SmartGuide, Wireless Sensor Network, 

Intelligent Navigation. 

1. INTRODUCTION 
Visually impairment can result from damage at anytime in the life 

cycle of human beings. Severe visual impairment leads to a person 

being totally blind. Less severe cases cause a person to have 

partial vision loss that cannot be corrected called low vision. This 

system, “SmartGuide System to Assist Visually Impaired People 

in a University Environment” is a robust system to provide care 

and aids to assist blind and low vision people to walk around 

independently and safely in an indoor and outdoor university 

environment. 

Several researchers have proposed technological solutions similar 

to this system. Amongst the assistive systems which have been 

reported are Drishti [1] and SESAMONET [2]. The Drishti 

system could only operate in outdoor environments and the system 

is heavy and bulky. SESAMONET may be prone to failure as 

the derivation from the navigation path is not tolerable to dynamic 

changes in the user environment. Our system does not have these 

drawbacks as it is designed to work in both indoor and outdoor 

environments and is capable of handling dynamic environment 

changes. Furthermore, our system is designed to be compact and 

light weight for ease of use. A comparison of the above discussed 

interactive assistive technologies can be summarized as in Table 

1. 

Table 1. Comparison of Assistive Technology. 

 SmartGuide SESAMONET Drishti 

Localization 

Method 

RFID RFID Differential 

GPS 

Localization 

Data 

Storage 

Server 

Database 

RFID Tag + 

Mobile 

Database 

- 

Information 

Source 

Server 

Database 

Replenishing 

PDA Mobile 

Database with 

main source in 

external server 

GIS 

Database in 

an external 

server 

Information 

Behavior 

Static and 

Dynamic 

Static and 

Dynamic 

Static and 

Dynamic 

Server 

Connectivity 

Wireless 

Sensor 

Network 

Any Internet 

Connection ( 

Wifi / GPRS 

etc.) 

Wifi 

(802.11b) 

Usage Indoor & 

Outdoor, 

Restricted 

Area 

Indoor & 

Outdoor Not 

restricted 

Outdoor 

only, Area 

Not 

Restricted 

Drawbacks RFID tags 

needs to be 

predefined. 

Definitive 

characteristic 

causes failure 

during 

deviations from 

path 

Heavy,  

Can only 

operate in 

outdoors 

2. SYSTEM OVERVIEW 
The system consists of SmartGuide devices, a wireless sensor 
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software. These components make up the four core layers of the 

system (Hardware Layer, Wireless Sensor Network Layer, Speech 

Layer and Software Layer) as shown in Figure 1. The system 

utilizes way points for navigation. These way points are 

programmed RFID tags installed at strategic locations around the 

university. By virtually connecting all the way points, a 3D map is 

formed.  

The user requests a destination by talking into the microphone.  

The speech layer will handle the request by performing speech 

synthesis. The current location of the user is obtained via the 

SmartGuide Reader in the hardware layer. The SmartGuide 

devices utilize various technology and sensors to achieve the 

localization, navigation and extraction of positional data. Location 

and speech data are then relayed to the central server via the 

wireless sensor network layer. The software layer on the central 

server then performs further processing, utilizing an algorithm to 

obtain the shortest path the requested destination. The path is a 

string of way points predefined in the system which the user has to 

travel. Throughout  the navigation process the user’s positition 

will be monitored there will  be  real-time  and  fault-tolerant  data  

communication  between  all  the  four layers. 

SmartGuide System to Assist Visually Impaired People in 

a University Environment

Hardware 

Layer

Wireless Sensor 

Network Layer

Speech Module Layer

Software 

Layer

 

Figure 1.System Overview 

2.1 Hardware Layer 
The hardware layer is the physical backbone of the system. It 

consists of two parts, the SmartGuide Reader (attached to the cane 

tip) and the SmartGuide Tracker (housed in the belt/backpack of 

the visually impaired user). These two parts are wirelessly 

connected via Bluetooth. The SmartGuide Tracker is designed to 

be as compact as possible, ensuring ease of travelling.  

The core processing unit for the hardware layer is a PIC 

Microcontroller located in the SmartGuide Tracker Device. The 

PIC handles data extraction, data procession and data 

communications between various modules in the hardware layer.  

The communication and navigation modules on the SmartGuide 

Tracker utilize RFID technology, Bluetooth, Global Positional 

System (GPS) and Dead Reckoning Module (DRM) [3] for 

functionality enhancement. Wireless communication provides 

linkage between the SmartGuide Reader and Tracker Device 

without the need of laying physical wires.  Real-time navigation 

can be achieved by extracting and processing data obtained from 

the on board GPS and DRM.  

The wireless sensor network and speech interfacing module 

controlled by the PIC is responsible of external interfacing 

between the respective external layers. A detailed illustration of 

the hardware layer can be seen in Figure 2. 

Hardware Layer

SmartGuide Tracker

SmartGuide Reader

Communications Module

Bluetooth 

Transceiver/

Receiver

Chip

Antenna

Core Processing Module

Microcontroller 

Unit

(MCU)

Power 

Section

RFID Reader Module

Radio Frequency 

Identification Tag 

Reader

Patch 

Antenna

Communications Module

Bluetooth 

Transceiver/

Receiver

Chip

Antenna

Navigation Module

Dead 

Reckoning 

Module 

(DRM)

Global 

Positioning 

Module 

(GPS)

Digital 

Compass 

Module

EXTERNAL

Core Processing Module

Microcontroller 

Unit

(MCU)

Dual UART

Power 

Section

WSN Interfacing Module

Wireless 

Sensor 

Mote

Whip 

Antenna

Speech Interfacing Module

VR Stamp 

Speech Chip
Microphone

WSN Layer Speech Layer

Software Layer

RFID Tag

 

Figure 2. The Hardware Layer. 

2.2 Wireless Sensor Network Layer 
The wireless sensor network layer shown in Figure 3 plays a 

major role in the data transferring mechanism of the system in real 

time. The end point of the wireless sensor network (WSN) is a 

centralized server where the software layer is located. 

The WSN operates under a multi-hop, ad hoc and decentralized 

mesh networking protocol called XMesh which utilizes the 

ZigBee communication protocol. The mesh topology setup of the 

WSN provides fault-tolerance for data transfer. The node has a 

coverage area up to 30m line of sight. The nodes are able to 

cascade among each other to effectively extend the radio 

communication range and the coverage area of the WSN, at the 

same time reduces the power required to transmit data.  

The wireless sensor network layer is handles transportation of 

critical data. Data such as user requested destination and user 

current location used for navigation, path finding and monitoring 

is relayed to and fro between the hardware and software layer.  

During real-time implementation, the coverage area of the node is 

being setup at 15 to 20m apart as there are walls and obstacles in 

the university environment that caused degradation of 

transmission signals. Data transmission speed was fast (<1s) 

regardless of data hop count from cascading nodes. 
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WSN Layer

Wireless Sensor Network Module

Mesh 
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Central 
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Figure 3. The Wireless Sensor Network Layer 

2.3 Speech Layer 
The speech layer as shown in Figure 4 enhances the user 

friendliness of the system. It inputs user speech for destination and 

outputs direction for navigation assistance. Speech recognition is 

applied when the user issues a command via the microphone. The 

voice is further processed by the microcontroller to perform 

speech synthesis by mapping to the speech command database. 

After the speech is converted into machine understandable data, it 

is then relayed to the software layer via the wireless sensor 

network layer. 

 

Figure 4. The Wireless Sensor Network Layer 

2.4 Software Layer 
The software layer, “Intelligent Navigation 2.0”, is developed 

using C# .NET is installed on the central server. The main 

advantage is that the software will be able to work on any PC or 

workstation running on the Windows platform.  

The software is responsible to perform calculations to find out the 

shortest path between the user’s current position to the requested 

destination. At the same time, the software is also responsible for 

navigation monitoring. The user’s current location can be known 

via the location data obtained from the hardware layer via the 

WSN. The software is multithreaded thus it can support 

simultaneous navigation request and monitoring by multiple users 

at one time. The software is event triggered which only processes 

whenever there are navigation request(s), thus minimizing the use 

of computer resources. The software also enables the system 

administrator/caregiver to perform user administrative work 

(add/remove/edit users) and system administrative work (add/view 

nodes). The overview of the software layer can be seen on Figure 

6. 

3. Tag Mapping 
The position of all the tags acts as a way point scattered around in 

an area. All these points are defined using 3D coordinates with 

their X, Y & Z positions stored in a MySQL database. The tag 

also holds information whether it is a tag that can provide access 

to different levels (tag positioned at stairs, escalators or elevators). 

The information that stores in the “tagmap” table in the database 

acts as a virtual map which maps out all the waypoints in a real 

world 3D environment. This information is essential in order for 

the search algorithm to be performed. Figure 5 shows an example 

of the tag map when apply to real world floor plans.  

By convention, the origin of the 3D coordinates is set at the 

northwest point of the floor map. This will then give us the 

coordinates of points A to F respectively as shown in Figure 5. As 

all the discrete points are located at the ground floor, they all have 

a Y coordinate of 0. The adjacent tag defined in the database is an 

important parameter that is required to perform the search 

algorithm. For instance from point C & E. in Figure 5, because the 

points are not adjacent to each other, it is not possible for one to 

travel directly from C to E. In the real world, it would be 

impossible for the user to penetrate through the wall to reach point 

E from point C, thus the user will need to go to point D before 

getting to point E. A user cannot travel to a new point unless it is 

an adjacent point. This rule enables the travel path to be more 

complete when obstacles such as objects, furniture and walls 

come into the picture in the real world.  

By joining adjacent tags of a single tag, a “virtual rail” travel path 

will be formed. Eventually, a complete state space and a search 

tree will be formed.  This search tree is used by the shortest travel 

path search algorithm to perform calculations while the “virtual 

rail” will indicate the travel path to be taken. With a complete and 

detail tag mapping implemented via the database the performance 

and results of the search algorithm for navigation is guaranteed.  

 

Figure 5. The Wireless Sensor Network Layer 

4. SEARCH ALGORITHM 
As all the position of the tags are mapped properly, the A* search 

algorithm is chosen as the backbone for the system’s search 

algorithm. In the current scenario, the algorithm is optimal (cost to 

the destination tag is never overestimated) and complete (all the 

tags and its positions are known) making it the best choice which 

minimizes the total estimated solution cost. The algorithm is 

enhanced further so that it will be able to perform search in a 3D 

environment as typical buildings consists of multiple floors. [4]  

The A* is a form of informed heuristic search that obtains the 

cheapest path from the current stage to the goal. The heuristic cost 

function is defined as: f(n) = g(n) + h(n), where g(n) is the path 
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cost (total distance travelled), and h(n) is the straight-line distance 

from tag n to the goal. For instance if a user request to travel from 

the main door (point A) to the telephone (point F), the shortest 

travel path using the A* algorithm would be A -> D -> F. The 

search algorithm will check on the current tag (point A) and all its 

adjacent tags (in this case the adjacent tags will be B,C and D). 

The algorithm will then apply the heuristic function calculation 

and expand the nearest path as the one with the smallest heuristic 

distance (in this case it will be D). Similarly, the algorithm will 

repeat itself by exploring all the adjacent tags of the subsequent 

state and perform the heuristic calculation to decide which tag to 

expand until it reaches the goal state. All the expanded tags will 

form the shortest path to the destination tag requested.  

The 3D A* search comes into action when the destination 

requested is not on the same floor as the current position of the 

user. The algorithm will perform a search to locate the nearest 

gateway that provides access to different floors, in this case, stairs, 

escalators or elevator. The system will then provide the user 

navigation either up or down to the appropriate floor. The search 

will then continue to guide the user from the particular exit point 

of the gateway till the final destination which on the same floor. 

The search algorithm provides a complete and optimal solution to 

the problem as the heuristic function is an admissible heuristic 

which never overestimates the cost. Figure 7 shows a diagram of 

the hardware prototype. 

Software Layer

MySQL Server

Microsoft .NET Framwork

Database Module

MySQL Database

Navigation Table:

- User Current Position

- User Destination Position

- User Travel Path

- User Distance

Staging Table:

- Pending Request

Tag Map Table:

- 3D Mapping of Node

- Node Attributes

- Node Location Information

User Profiles Table:

- User Account Information

- User Info Data

- User Attributes

Application Software Module

ADO .NET 

C# .NET 

Navigation Class:

- Handle Navigation Request

- Display Current Position

- Display Travel Path

- Display Distance

Algorithm Class:

- Path Finder Algorithm

- Outputs Travel Path

- Calculates Distance

File System Watcher Class:

- Database Change Check

- Event Triggering 

Database Admin Class:

- Add / Remove Users

- User Data Management

 
Figure 6. The Software Layer 

VR Stamp Speech Chip

SmartGuide 

Tracker

WSN

SmartGuide 

Reader
 

Figure 7. Hardware Prototype of the System. 

5. CONCLUSION 
We have presented a windows based intelligent assistive 

navigation management system. RFID tags planned in the 

infrastructure monitors the location of the users while relaying 

information to and fro via the tags in the wireless sensor network 

to the intelligent assistive navigation management system. The 

user friendly windows based system enables the caregiver or the 

system administrator to access and manage the system with ease. 

The wireless sensor network is designed to be very low-power and 

fault tolerant by using a mesh network topology.   Experiments 

carried out indicate that the wireless sensor network has minimal 

delay in data relaying even with walls and obstacles, thus it is 

concluded the system would work reliably in indoor 

environments. In the future, we plan to implement the system in 

all the buildings in the university. 
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ABSTRACT 
In much of the world motorbikes are the dominant means of 
transportation. In the developing world motorbikes are often the 
only form of motorized transportation affordable to the majority 
of the population. Unfortunately this method of transportation 
has not been widely exploited anywhere in the world for use by 
people with severe mobility impairments, especially those who 
must use wheelchairs. To provide affordable transport for a 
wide range of mobility-impaired people I have developed an 
inexpensive sidecar adaptation for motorbikes, capable of 
transporting a wheelchair user (Figure 1). This adaptation is 
referred to as the SideScooter.  The SideScooter can be operated 
independently with hand controls from the sidecar or from the 
motorbike seat, depending on the needs of the operator. Given 
the vast number of motorbikes in the world and the scarcity of 
independent transportation for wheelchair users this device has 
the potential to improve the quality of life for many disabled 
people in developing as well as the more affluent regions of the 
world. 

1. INTRODUCTION 
There are numerous benefits that could result from the use of 
motorbikes for transporting people with mobility impairments. 
Given the ever–increasing cost of fuel for large vehicles that are 
presently required for the transport of wheelchair users, 
motorbike transport would present a major reduction in fuel 
cost. 

 
Figure 1. The SideScooter operated by a wheelchair user. 

 
In addition, adapted motorbikes present an opportunity to enjoy 
additional recreational and social activities with other motorbike 
riders. Perhaps most importantly, independent transport can 
make many people with disabilities much more employable. 
Although many wheelchair users would likely enjoy the use of a 
motorbike, very few could ever afford those that are currently 
available. Although there are examples of custom-built sidecars 
or three-wheel vehicles available for use by wheelchair users, 
but there are few manufacturers of these devices. The two most 
prominent wheelchair-adapted motorbikes commercially 
available are the Chariot* and the Conquest*. The cost of these 
devices ranges from about $14,000 to $30,000. Such expense 
renders these devices unattainable for the vast majority of 
potential customers. 
 Expense is an especially prominent barrier in developing 
countries where the income of people with disabilities is 
extremely low [7]. The World Health Organization reports that 
up to 10% of the world’s population has a disability, and the 
vast majority (80% of those people) live in developing countries 
[8].  
Location or socio-economic status notwithstanding, disability 
has a devastating effect on quality of life, with negative effects 
on marriage, education, employment, emotional well-being, and 
economic status [6,9,16]. There are multiple factors linking 
these problems with disability, but in many countries lack of 
transportation is a fundamental one [11,14]. 
Even in affluent countries the lack of transportation is a 
grievous problem for the rural disabled [11,14]. In less 
prosperous regions of the world this problem is even more 
severe because appropriate transportation is generally difficult 
or impossible to find. This deficit is a major barrier to gaining 
access to vocational training, rehabilitation, or even  meager 
employment [4,9,10,11,12]. 
Perhaps the most ubiquitous means of motorized transport is 
small inexpensive motorbikes. Unfortunately many people with 
severe disabilities can not use a two wheeled motorbike in spite 
of the obvious advantage of exploiting these devices for 
personal transport. 
To address this problem I devised a specialized sidecar (the 
SideScooter that attaches to a small motorbike (Figure 1). A 
Honda Chaly motorbike from Cambodia was used for the 
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development of the SideScooter prototype. However, there are 
many  other different motorbikes that could be adapted with the 
SideScooter. The Chaly was chosen because it is abundant and 
inexpensive in several SE Asian countries. 
The SideScooter can be used by people who have severe 
mobility impairments. The side car allows a wheelchair user to 
push the wheelchair onto the floor of the side car, using the 
tailgate as a ramp (Figure 2). The SideScooter can be used not 
only by full time wheelchair users but also by others who need a 
stable vehicle, including amputees and those with balance 
problems or weakness due to polio, leprosy, or various other 
debilitating conditions.  Some people with severe disability may 
not have the capacity to drive the device by themselves. With 
that consideration in mind the SideScooter permits an able-
bodied person to operate the motorbike and transport a disabled 
person in the sidecar. 

 
Figure 2. Front view of the SideScooter. A. Hand Grips with 
brakes and throttle. B. Tie rod connecting steering arms. C. 
Shifting transfer bar. D. Ramp folded up against rear of the 
cage. E. Rear gate.  

 
Figure 3. Folding ramp and rear view of SideScooter A. 
Front receptacles for wheelchair. B. Folding ramp deployed. 
C. Deck. 

2. DESIGN RATIONALE 
The SideScooter will accommodate the range of riders described 
below and allow: 

• A disabled person in a wheelchair to independently 
operate the motorbike from the sidecar. 

• A disabled person who does not use a wheelchair full 
time (amputee, etc) to operate the SideScooter with 
hand controls from the seat of the motorbike. 

 

• An able-bodied person to operate the motorbike with 
normal foot and hand controls from the seat of the 
motor bike to ferry a disabled person in the side car. 

The guiding principles that governed the design and 
construction of the SideScooter were: 

• It must be possible to manufacture the SideScooter 
within the targeted countries. 

• It must be repairable locally. 
• It can accommodate a variety of mobility 

impairments. 
• It must be safe at reasonable speeds. 

 
Figure 4. Two people can ride the SideScooter; one disabled 
and the other able-bodied. The SideScooter can be operated 
from either the motorbike seat or the SideScooter. 

2.1 Design goals 
The overall goal pursued in the development of the SideScooter 
was to create a safe, easy-to-operate, versatile, and economical 
device. To achieve that goal the following elements were 
included in its design. The SideScooter possesses: 

• A simple wheelchair securing system that can be 
easily deployed as the wheelchair enters the sidecar. 

• A system to provide steering from either the sidecar or 
the seat of the motorbike. 

• A method to readily switch controls between sidecar 
and motorbike. 

• Options that permit the SideScooter to be operated by 
hand from sidecar or motorbike, without eliminating 
foot control of those components that are ordinarily 
operated by foot.  

2.2 Functional  elements of the SideScooter 
In the prototypes the motorbike depicted above is the Honda 
Chaly. The Chaly is a small motorbike found in abundance in 
SE Asia. Although ubiquitous they have not been in production 
for more than 20 years. They possess 50cc-70cc 4-stroke 
engines,    semiautomatic transmissions, and unibody frames. In 
general, they travel at less than 40 mph (without the sidecar). 
This motorbike was chosen due to its availability and its 
relatively low cost as used merchandise. The sidecar is attached 
at three places on the body of the motorbike; the rear shock 
absorber mount, behind the engine, and on the upper front end 
of the frame. Although the SideScooter was constructed to fit 
this particular motorbike it will be easy to adapt it to a variety of 
other motorbikes, as required.  
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The dimensions of the base of SideScooter at its maximum 
length and width are 49” and 44” and the wheel base of the 
combination  SideScooter and the motorbike is 54” and 53” 
between the rear wheels and between the right rear and the front 
wheel of the motorbike,  respectively. The construction of the 
SideScooter is from welded mild steel square tubing, available 
almost everywhere. This material can be easily welded with arc, 
gas, MIG, and TIG welders. The wheel mounted on the 
Sidescooter matches those on the motorbike (10” scooter 
wheels). Any competent steel fabrication facility could produce 
or repair the device. 
To enter the SideScooter the wheelchair user lowers the ramp 
from the upright position and places it on the ground and rolls 
on to the deck of the sidecar. (Figure 3) The ramp is raised with 
an attached chain and locked in place by reattaching the chain to 
the frame of the sidecar. When entering, the wheelchair user 
rolls forward until the chair comes to rest within the adjustable 
receptacles for the upright elements of the wheelchair’s footrests 
(Figure 3 and Figure 5). These secure the front of the wheelchair 
from moving in any direction. The rear wheels are locked down 
by the rear entry gate being rotated and locked down against the 
upper rear quadrant of the rear wheels (Figure 2). This provides 
a very secure and convenient method for securing the 
wheelchair within the sidecar compared to the hold-down 
mechanism for wheelchairs found in public transit devices or 
“accessible” custom vans. 

 
Figure 5. Front receptacle for wheelchair. View from above. 
C. Upright member on the front of the wheelchair. D. Front 
receptor detail. 
To switch controls between the sidecar and the motorbike the 
handgrips can be quickly moved between handle bar receptacles 
on the sidecar to the motorbike handle bars by depressing the 
detent in the grips, removing the handgrips and transferring  
them to those on the motorbike and vice versa (Figure 4 ). Both 
the motorbike and the SideScooter have handlebar receptacles 
for the hand grips. 

 
Figure 4. Switching hand controls. A. Receptacle on 
handlebars for the hand grip. B. Spring-loaded locking bead 
allows for quick insertion and removal 
Braking and throttle controls are mounted on the handgrips and 
provide hand control of both functions. Braking of the rear 
wheel can also be done by foot control if the driver is sitting on 

the motorbike seat instead of riding in the sidecar. Shifting is 
through a linkage from the sidecar frame to the shift lever on the 
motorbike. No clutch is required for shifting the 3-speed 
transmission. 
Steering from the sidecar is provided by an adjustable tie rod  
connecting a steering arm attached to the front forks of the 
motorbike with the steering arm on the sidecar (Figure 2, B.). 
The devices depicted in the figures are prototypes and it is 
obvious that the cosmetic appearance can be improved in future 
production models. 

3. DISCUSSION 
This project demonstrates it is possible to harness the power of 
small motorbikes to provide an affordable, practical means of  
personal transportation for people with disabilities. A unique 
feature of the SideScooter is the ability to rapidly switch 
controls from the SideScooter to the motorbike handle bars. This 
maximizes the potential application of the device because it 
permits the transport of a disabled person by an able-bodied 
assistant if necessary. 
The price of the SideCar/motorbike combination will of course 
vary among locations. The major expense will be the motorbike. 
In wealthy countries the cost of a suitable motorbike will 
undoubtedly be over $2500 (new) with the speculative price of 
the sidecar adaptation over $1000. This would be reasonably 
affordable for many people in the western world; however, in 
other less affluent regions it would be too expensive to be 
purchased by disabled people at that price. Fortunately, the cost 
of motorbikes and the labor for SideScooter construction is 
much lower in many countries. For example a new 50cc-125cc 
motorbike can be purchased in SE Asia for $800-$1300, and the 
labor and parts needed to fabricate the sidecar would likely be 
less than $300.  
Although this price would make the device more affordable, 
there will be many deserving people who will need an 
alternative means to purchase the device other than outright 
purchase with personal funds. Alternative mechanisms to place 
the SideScooter into the hands of those that need them include 
the following: 

• Donations from philanthropic sources 

  Financial aid from Non-Governmental Organizations 
(NGOs)  

• Organizations providing  microfinance in developing 
countries. 

The first option is the simplest and most direct. Funds can be 
raised specifically for the purchase of these devices and each 
SideScooter purchased can be donated to a worthy individual 
within the mobility-impaired population.   
Secondly, there are a number NGOs that provide prosthetics and 
wheelchairs to needy people with mobility impairments free of 
charge. From personal inquiries it seems likely that some NGOs 
may be willing to purchase and provide SideScooters to 
deserving disabled individuals that have the potential for 
improved employment or to use them in the establishment of a 
small business. 
The third mechanism could be through micro-finance. Providing 
poor people with small re-payable loans is a successful method 
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for assisting people out of poverty in a number of countries [2]. 
A persuasive argument could be made that acquisition of the 
SideScooter could allow an unproductive disabled individual to 
become financially self-sufficient through newly attainable 
opportunities for social integration, employment, developing a 
small business enterprise, or obtaining vocational or other 
education[10,11, 14]. The SideScooter could enhance the quality 
of life for those with mobility impairments around the globe. 
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ABSTRACT 
This paper presents an obstacle detection system for the visually 
impaired to use with a walking stick. The system in this work can 
find obstacles applying the depth discontinuities Pixel-to-Pixel 
(P2P) stereo algorithm which is one of the Intensity-based Stereo 
Matching (ISM) techniques in stereo vision that can find objects 
with featureless surface such as whiteboard, door, etc. However, 
the ISM technique is time consuming and not fast enough for real-
time usage. Applying parallel computing using Message Passing 
Interface (MPI) helps reduce the computing time and enables real-
time usage. In this work, we estimate the distance between objects 
and the visually impaired by applying the V-disparity. Our system 
can accurately detect objects within the range of 5 meters using 
12-centimeter based-line low-cost webcams. 

Categories and Subject Descriptors 
I.2.10 [Vision and Scene Understanding]: video analysis 

General Terms 
Experimentation 

Keywords 
Stereo Vision, Parallel computing, the visually impaired, Pixel-to-
Pixel stereo algorithm, Intensity-based Stereo Matching 
technique, Message Passing Interface, Calibration. 

1. INTRODUCTION 
Normally, a visually impaired person walks to places using a 
walking stick for checking obstacles, especially which lie on the 
floor. However, visually impaired people still often get accidents 
because of hung signs, floating objects, a protection extending 
from the eaves against rain or sun usually found in Asia, tree 
branches sticking out into the walk way, etc. A walking stick with 
an ultrasonic sensor detecting obstacles was made to warn the 
visually impaired [1]. However, it can only detect whether there 
are obstacles ahead but cannot inform the distance, size and 
position of the objects.  

There are several inventions using ultrasonic or infrared devices 
attached to walking sticks and glasses, in order to find the object 
distance. Although they can detect whether there are obstacles in 
the current surrounding environments and find the distances, they 
do not provide sufficient information to enable the visually 
impaired to continue their journey. The important information 
lacked is the size.  

Stereo vision technology can help solving the problem by finding 
the distance between the object to the stereo cameras, and the 

object’s size and position. The accuracy of information depends 
on the light condition and stereo vision technique.  

Electro Neural Vision System (ENVS) [5] is an application of 
stereo vision for the visually impaired that presents the obstacles 
and distances via different signals alerting at their ten figures. If 
the object is close, a high frequency signal will be used. Likewise, 
if the object is far away, a lower frequency signal will be sent. By 
this way, the visually impaired can walk to places and avoid 
obstacles by themselves. However, the Feature-based stereo 
matching (FSM) techniques [5] used in the ENVS, although can 
be quickly processed, cannot detect objects with featureless 
surface which cause dangers to the visually impaired. 

On the other hand, the Intensity-based Stereo Matching (ISM) 
[10] techniques can detect featureless objects. However, there are 
also problems in applying the techniques in real time due to 
complex and time consuming image processing techniques and 
processes, especially when more accuracy is required. However, 
no reports about using parallel computing with the ISM 
techniques to reduce computing time have been found. 

Parallel computing technology can help reducing the processing 
time at some parts of stereo vision, i.e., finding the image edges 
and scan line matching. Message Passing Interface (MPI) [12] 
offers a parallel programming interface specification that supports 
several platforms and can specify the number of processes at run 
time.  

Our work applies parallel computing using MPI and of-the-shelf 
multi-core computers with the Intensity-based Stereo Matching 
(ISM) techniques [10] in order to reduce computing time. We also 
investigate for suitable calibration of our low-cost stereo cameras 
using webcams for supporting walking journeys of the visually 
impaired. 

This paper presents an obstacle detection system for the visually 
impaired to use with a walking stick. The system finds obstacles 
applying the depth discontinuities Pixel-to-Pixel (P2P) stereo 
algorithm [7][8] of the ISM techniques that can detect featureless 
surface objects and estimate the object distance using V-disparity 
[9].  

The next section presents the background knowledge of stereo 
vision. The third section describes system design including system 
overview, low-cost stereo cameras, object distance estimation, 
enhancing P2P using MPI, and limitations. The final section will 
be conclusions and future work.  
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2. STEREO VISION 
The stereo vision system imitates the visual perception of human 
being by processing images from a pair of cameras. The human 
being’s vision is 3-Dimentional (3D). Human being
the object’s size and position, and the distance
and themselves. Likewise, in the stereo vision system, the 3D 
images can be processed in order to find an 
and distance. 

In this work, we apply stereo disparity to find the depth of the 
images. The method to find the images’ disparity can be classified 
into two categories [11].  

• Intensity-based Stereo Matching techniques

• Feature-based Stereo Matching techniques

In ISM techniques, the matching process is directly 
intensity profiles of the two images. In FSM
are first extracted from the images and the matching process is 
applied to the features. In this research, we are interested in the 
ISM techniques as they match corresponding 
image intensity that can find the disparity even
featureless surface objects. For our work, the most appropriate 
and recognized algorithm for processing the image disparity in the 
ISM techniques is the Depth Discontinuities 
Stereo (P2P) by Birchfield and Tomasi [7][8]
of the OpenCV functions [14] and the source code can be down 
loaded freely. 

In the P2P algorithm, there are two processes, 
and post-process. Scan line matching is a
corresponding pixels on left and right images on the same scan 
lines. In each scan line, processes match 
independently from one another. The post-process
exchange data between the scan lines in order to select the best 
disparity image. This post-process concerns 
across rows and columns and is not suitable for applying parallel 
programming. When running the P2P algorithm 
computer with the following specification, Intel
6320 1.86 GHz 1010.7 MB RAM, running on the Linux operation 
system kernel 2.6.26, at the maximum disparity of 100 and the 
image size 320x240 pixels, the average computing times a
seconds for the scan line matching process and 0.165 second for 
the post-process. As a result, the scan line matching process took 
most computing time or about 70%. Therefore, we focus on scan 
line matching in this work. 

3. SYSTEM DESIGN 
This section describes our stereo vision system for the visually 
impaired as follows. 

3.1 System Overview  
For the safety of the visually impaired, this 
system is required to give warnings to the visually impaired when 
there are obstacles in the distance of 10 meter
Figure 1. However, the most critical distance is between 1 meter 
and 6 meters that is out of the walking sti
enough to cover dangerous areas while walking so that the 
visually impaired can avoid obstacles. This system is not to 
replace the walking stick but aims to be used with the walking 
stick in order to provide more confidence with 
used to. 
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meters ahead as shown in 
. However, the most critical distance is between 1 meter 
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stick in order to provide more confidence with 

Figure 1. System usage overview.

Figure 2. Stereo vision processes

Figure 2 shows the stereo vision processes. First, the color images 
from left and right cameras will be transformed into gray level 
image for faster processing and reducing unnecessary information. 
The disparity image created by the P2P algorithm is a binary 
image containing pixels that inform the relationship between left 
and right images. The disparity image is used to find the V
disparity image which is the summary of the disparity values in 
each scan lines. After that, the next process is finding depth lines 
from the V-disparity image using the Hough transform algorithm. 
Then, comparing the lines with
object distances. 

3.2 Low-cost Stereo C
As normal standard stereo cameras for general stereo vision 
systems are rather expensive, we appl
web cams to be stereo cameras
however, are less accurate than the standard ones and ma
produce more noises. 

Our stereo cameras are Logitech QuickCam 
Notebooks Pro [15]. As we want to attach the s
the head of the visually impaired
the distance of the base line should not be more than the diameter 
of the head. In our work, we specify the maximum diameter to be 
not more than 12 centimeters which is the average head size. The 
design of the stereo cameras is as shown in Figure 3 and Figure 4 
shows how they look like.   

Figure 3. Design of our
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Stereo Cameras 
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. As we want to attach the stereo cameras at 

the head of the visually impaired like wearing glasses or a helmet, 
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Figure 4. Our stereo cameras using webcams

3.3 Object Distance Estimation
disparity 
The disparity image created by the P2P algorithm is a binary 
image that contains corresponding pixels of left and right images. 
The V-disparity image is calculated from the summation of the 
disparities in each scan line. Each vertical straight
disparity image presents a depth distance. The Hough transform 
algorithm is then used for finding depth lines from the V
image. Finally, the distance information in the depth line will be 
compared with the V-disparity in order to find the object di

4. RESULT AND DISCUSSION
4.1 Calibration and Distance Estimation

4.1.1 Stereo camera calibration 
The V-disparity image transformed from the 
contains several straight lines. Each straight line has its length 
equals to the height of the associated object from the disparity 
image and is far from the left edge with an inverse 
distance from the stereo cameras to the object. We can find the 
distance to the object from the straight line from the
by comparing with the distance of the object measured for 
comparison in prior experiments.  

Table 1 shows the relationship between the 
V-disparity line pixel positions (minimum, medium and 
maximum). Each distance range refers to the prior
The data is processed to find the medium for distance estimation. 
The matches between object distances and pixel positions in the 
V-disparity can be estimated by the 6th order polynomial equation 
shown in Equation 1. Figure 5 shows a graph
Equation 1 using the medium dataset. In 
distance to the obstacle and x is the value of 
the x axis in the V-disparity. 

Figure 5. Graph shows the medium dataset
polynomial equation.   
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sparity image presents a depth distance. The Hough transform 
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RESULT AND DISCUSSION 
Calibration and Distance Estimation 

image transformed from the disparity image 
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object from the disparity 

distance to the object from the straight line from the 

e of the object measured for 

object distances and 
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the prior testing dataset. 
for distance estimation. 

The matches between object distances and pixel positions in the 
order polynomial equation 
s a graph plotting to fit 
In Equation 1, d is the 

is the value of the vertical line from 

 

the medium dataset fit for a 6th order 

Table 1.  Matches between real object distances and pixel
positions from the V-disparity

Object distance (meters) 
Minimum

1 

1.5 

2 

2.5 

3 

3.5 

4 

4.5 

5 

5.5 

6 

6.5 

7 

 

� � 1.7938 	 10��� � 2.9101

0.67064� � 12.925� � 131

4.1.2 Object distance estimati
In order to estimate the object distance, we use the V
from the P2P algorithm to find straight lines using the openCV 
function cvHoughLine that gives 2 sequen
beginning and ending sequence pairs of the straight lines. The 
value in the x axis represents the object depth and is used for 
replacing the variable x in Equation 1 in order to find the object 
distance. Currently, our system
the range of 5 meters from the stereo cameras.

4.2 Enhancing P2P using MPI
Nowadays, multi-core computers are produced 
the market, i.e., Intel Core 2 Duo, Intel CORE i7,
AMD Athlon64 X2, etc. In order to fully utilize the CPU, parallel 
computing technique is needed. In this work, we applied
parallel computing using MPI (MPICH implementation) to help 
reduce the computing time. In our work, we use the 
device of the MPICH [13] that is suitable for the symmetric 
multiprocessors (SMPs) architecture used in the 2
notebook.   

The workflow of scan line matching process is suitable for 
parallelism because it independently 
Figure 6 shows the example of the data distribution 
line matching process of the P2P 
in the scan line matching process
data into two segments and then 
processed in two processes. The first process compute
and right image data, and the second process compute
left and right. After we combine 
image. 

Matches between real object distances and pixel 
disparity by finding the medium 

Pixel Position 

Minimum Medium Maximum 

42 43 44 

31 32 34 

26 26 27 

21 23 24 

20 21 21 

19 19 20 

18 18 18 

17 17 17 

16 16 16 

16 16 16 

15 15 15 

15 15 15 

15 15 15 

9101 	 10��� � 0.019294� �

131.57 � 559.10  …(1) 

Object distance estimation 
In order to estimate the object distance, we use the V-disparity 

algorithm to find straight lines using the openCV 
that gives 2 sequence pairs which are the 

beginning and ending sequence pairs of the straight lines. The 
value in the x axis represents the object depth and is used for 

in Equation 1 in order to find the object 
our system can find object distances within 

meters from the stereo cameras. 

Enhancing P2P using MPI 
core computers are produced and sold widely in 

Intel Core 2 Duo, Intel CORE i7, AMD Phenom, 
order to fully utilize the CPU, parallel 

s needed. In this work, we applied the 
parallel computing using MPI (MPICH implementation) to help 

the computing time. In our work, we use the ch_shmem 
that is suitable for the symmetric 

multiprocessors (SMPs) architecture used in the 2-core PC 

The workflow of scan line matching process is suitable for 
independently computes each scan line. 

shows the example of the data distribution in the scan 
the P2P algorithm. For each image frame 

in the scan line matching process, we divide left and right image 
then distribute them to be separately 

. The first process computes the top left 
and the second process computes the bottom 

combine the outputs and create a disparity 
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Figure 6. Overview diagram of data distribution 

The parallelized P2P algorithm can reduce the total response time 
of the program to 0.79 second at the maximum disparity of 100, 
320x240 pixels when applying two processes on a 2-core 
computer. The total computing time of the sequential algorithm 
was 1.365 second per frame. The parallelized version can reduce 
the computing time to about a half. Using more processes than the 
number of CPU cores is not recommended since it is not faster.  

4.3 Limitations 
Using the P2P algorithm which is an algorithm using ISM 
techniques requires the most parallel images so that the algorithm 
can accurately detect obstacles. Our prototype of stereo cameras is 
made of webcams that have the maximum based line diameter not 
more than 12 centimeters in order to enable the attachment to the 
head of the visually impaired. Consequently, the prototype can 
accurately detect obstacles only within the range of 5 meters. For 
further distances than 5 meters, the accuracy of the system is 
variable. It can detect an object of 65x65 centimeters at the 
distance of 10 meters but the object appeared so small that may be 
mixed up with noises.  However, using better quality cameras will 
increase the detecting distance and accuracy. 

The speed of the program is 0.790 second for the image of 
320x240 pixels at the maximum disparity of 100. It can be used to 
detect objects with slow movement, i.e., human being’s walk. It 
cannot properly detect objects with fast movement, i.e., car, in 
real time.  

5. CONCLUSION 
Our obstacle detection for the visually impaired using stereo 
vision and parallel computing reduces the response time of the 
depth discontinuities P2P stereo algorithm in the part of scan line 
matching using MPI running on a 2-core computer. The object 
distances are found by applying the V-disparity.  

Our system can accurately detect objects with slow movement 
within the range of 5 meters using 12-centimeter based-line low-
cost webcams. However, more development and detail 
experiments are needed to provide more information to the users. 

The possible future work can be building a suitable interface for 
the visually impaired and a warning system in case of getting 
close to dangerous objects. Applying stereo vision with pattern 
recognition can also help informing more details of the 
environment to the users. In the future, when prices allow, using 
more processes up to the number of cores on a higher 
performance multi-core computer, says 4-core or 8-core, will 
certainly reduce much of the computing time. 
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ABSTRACT 
This article presents a novel design and development on 
bioimpedance-based wheelchair control for the disabled people 
and the elderly. We use three electrodes to measure two channels 
of bioimpedance from the trapezius muscle. Bioimpedance 
changes when there is a movement in the segment of trapezius 
muscle. We can classify six types of motions resulting in six 
operation capabilities for wheelchair control based on six types of 
shoulder movements, i.e. left shoulder up, right shoulder up, and 
both shoulder up for short time and long time. Our system is 
composed of the modified Howland current bridge circuit, which 
supplies the 0.5 mA ac current to the measurement system at the 
frequency of 50 kHz. NI PCI-6250 DAQ board was adopted to 
collect the data and Labview 8.2 was used to implement the signal 
processing and control system. Algorithms applied in the system 
are an automatic threshold value adjustment, which adapt its 
value to the measured signal. Pump value detection is used to 
detect the unexpected large change of the signal to avoid the 
wrong operation. Results indicate that the change of signal 
according to the shoulder movement is very stable. Moreover, we 
can use the shoulder movement to control LED on Labview8.2 
with an accuracy of 100%.   

Categories and Subject Descriptors 
C.3 [Special-purpose and application-based systems]: Signal 
processing systems 

General Terms 
Algorithms, Design, Experimental. 

Keywords 
Bioimpedance, wheelchair, motion design, shoulder movement. 

1. INTRODUCTION 
Recently, a large amount of rehabilitative devices is required by 
many populations who have diseases such as myelopathy, upper 
limb disabled, lower arm disabled, loss of skeletal muscle control 

from below the shoulders, and hand amputees. The limitations 
imposed by these diseases deprive the injured individuals from 
operating electronic devices. Besides the drastic quality of life 
reduction directly imposed by the impairments, individuals also 
face a communication shutdown as they are often incapable of 
operating devices that make possible to communicate with others 
(computer, cell phone, and PDA etc.). It is a worldwide concern 
to restitute disabled users communicative and control skills to 
improve their quality of life. Therefore, human machine interface 
comes with these reasons.  
As we know, the main studies in this field are prosthesis and 
wheelchair. Prosthesis is the most important and is in commercial 
application. However, wheelchair is also a very useful application. 
In this paper, we are focusing on human machine interface for 
disabled people applied on a wheelchair control. There are 
researchers who studied the EMG-based electric wheelchair 
control [1]-[4]. In the recent few years, researchers have started to 
study the use of bioimpedance on movement analysis [7]-[10]. 
However, none of these studies have examined a bioimpedance-
based wheelchair control. In our study, we proposed to use the 
bioimpedance from shoulders to analyze the human movement 
and develop a hand-free wheelchair control to help the disabled 
people with the high level spinal cord injury, quadriplegia and 
others who can not use their hands. In order to complete the basic 
function of the wheelchair operation, four classes of motions are 
required, i.e. run, stop, turn left, and turn right. 
The main characteristics of segment movement analysis using 
bioimpedance are as follows: 
1) When we excite a constant current, the bioimpedance change 
between the measuring electrodes is directly proportional to the 
intensity of segment movement. 
2) Bioimpedance signals are time and spatial invariant on a given 
segment of limbs and the chest for healthy subjects at rest [5]. 
3) Bioimpedance almost can be considered as the kinematic 
information because its change follows the segment movement [6]. 

2. THEORY 
2.1 Four electrodes system  
The four electrodes method is a widely accepted technique used 
to measure the bioimpedance. The four electrodes method uses 
two electrodes to supply current to the tissue and another two 
electrodes to measure the bioimpedance. As a result, the bio-
impedance z can be calculated by 
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,Vz
I

=        (1) 

where V is the voltage and I is the current.  

2.2 The effective factor of bioimpedance 
The human tissue can be seen as the parallel conductor model, 
which consists of muscle and blood. Bioimpedance can be 
expressed by 

           /m m b b m m b b

L Lz
S S S V Lσ σ σ σ

= =
+ +              (2)  

where σm is conductivity of muscle, σb is conductivity of blood, 
Sm is sectional area of muscular tissue, Sb is sectional area of blood 
vessel, L is length of measured part, and Vb is volume of blood. 
Because L, σm, and σb are almost constant, bioimpedance is 
mainly determined by Vb and Sm [6]. It is reasonable that the 
change in bioimpedance is proportional to the movement. 

3. MATERIALS AND METHODS 
3.1 Measurement system configuration 
Figure 1 shows the block diagram of bioimpedance measurement 
for the control system. Voltage to current converter circuit 
converted the 50 kHz signal generated by a function generator to 
0.5 mA ac current. Then, this current was injected to human tissue. 
NI PCI-6250 DAQ board was used to acquire the data at a 
sampling frequency of 600 kHz for each channel. The signal was 
stored and then processed with Labview8.2 software. Finally, we 
used the classified signal to control LEDs on labview8.2 software 
simulating the wheelchair control.  

3.2 Electrodes configuration and motion 
design 
As the disabled people, such as myelopathy, upper limb disabled, 
lower arm disabled, loss of skeletal muscle control from below the 
shoulders, and hand amputees,  cannot use their hands to operate 
the wheelchair, it is necessary to design the electrode location to 
be convenient use by these populations. As a result, the locations 
on the trapezius muscle are chosen as shown Figure 2. The 
electrode number 1 and 2 are used to supply the current to the 
tissue. In addition, each of them also is used as the voltage 
detecting electrode for a certain channel. Electrode no. 3 is the 
common end of the two channels.  
 

 

Figure 1. Block diagram of the bioimpedance measurement for the 
control system. 

 

 

Figure 2. Electrodes configuration   

Although the measurement is based on the four-electrode method, 
we made some improvement according to our specific application 
and the specific tissue segment. The conventional four electrodes 
method needs six electrodes for two channels but we design the 
new electrode configuration using just three electrodes as shown 
in Figure 2.   
Bioimpedance can be nearly considered as the kinematic 
information because the bioimpedance change follows the 
segment movement [6]. This is an advantage of bioimpedance 
over EMG signal. Therefore, we can achieve more benefit when 
utilizing bioimpedance as a control signal compared to EMG.  

 
Table 1. Motion design for wheelchair control 

Electrodes’ No. Muscle Segment Action hold time ( Thold ) Motion No. 

300 ms < Thold < 1000 ms 1 (1,3) Left trapezius muscle Left shoulder 

Thold > 1000 ms 

300 ms < Thold < 1000 ms 3 (2,3) Right trapezius muscle Right shoulder 

Thold > 1000 ms 4 

300 ms < Thold < 1000 ms 5 (1,3) and (2,3) Left and right trapezius muscles Left and right shoulder 

Thold > 1000 ms 6 
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Table 2. Operation descriptions of motion design 

 
In our design, two measurement channels of bioimpedance from 
three electrodes can make six types of motions resulting in six 
operation capabilities. The design of motions related to the 
segment and electrode configuration is shown in Table 1. In 
addition, Table 2 describes the operations related to each design of 
motions.  

3.3 Motion classification algorithm 
Motion classification algorithm based on bioimpedance consists of 
four steps: 

1. Collect 50000 raw bioimpedance signals. 
2. Filter the collected signals with a bandpass filter at the 

49 kHz low cutoff frequency and 51 kHz high cutoff 
frequency. 

3. Calculate the root mean square value of the 50000 
filtered signals.  

4. Classify motions using automatically adjusted threshold 
value. 

Figure 3 shows the details of motion classification algorithm in 
the forth step. Details of the classification algorithm are as follows.  

• First, the algorithm will judge if the current root mean 
square value is a pump value, i.e. an unexpected large 
change of the signal. If yes, the value cannot be used to 
determine the command signal and it will be discarded. 
If no, the current value is kept for classification.  

• Second, the algorithm will check if the current period is 
preceded by a no movement period. If no, the nature 
threshold value will be the system threshold value. If yes, 
the no movement period threshold value will be 
transferred to the system threshold value.  

• Third, the system threshold value will be used to 
compare with the current root mean square signal value 
to determine the command signal.  

• Finally, the duration of the movement will be used to 
determine the command signal whether is a short period 
command signal or long period command signal. These  

 

two signals are the final command, which will be used to 
control the LED on software Labview8.2.  

 

No

No

Yes

Short motion

Yes

Yes

No action happen 
in previous period?

Unexpected pump value?

No 

Use threshold_auto_adjust

Long motion

Detect  shoulder action

Record action hold time (T_hold)

1000 ms > T_hold > 300 ms T_hold > 1000 ms

Use threshold_no_action

Current value<Threshold value?

Start

End

 

Figure 3. Flow chart of motion classification 

Motion No. Wheelchair operation Operation description  

1 Turn left 10 degree If there is a small curve corner, in order to adjust the running direction smoothly during 
wheelchair running, this command signal makes a 10 degree left side turn. 

2 Stop  
Turn left 90 degree 

Run 

If there is a sharp angle corner, in order to change the direction rapidly, this command 
signal will control wheelchair to do serial operation: stop, turn left 90 degree, and run. 

3 Turn right 10 degree If there is a small curve corner, in order to adjust the running direction smoothly during 
wheelchair running, this command signal makes a 10 degree right side turn. 

4 Stop  
Turn right 90 degree 

Run 

If there is a sharp angle corner, in order to change the direction rapidly, this command 
signal will control wheelchair to do serial operation: stop, turn right 90 degree, and run. 

5 Stop/Run (Toggle) This motion is used to toggle between stop and run the wheelchair. 

6 Stop  
Turn 180 degree 

This motion will make the ‘turn round’ operation conveniently. Command signal will 
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4. RESULTS 
 

 

Figure 4. Line A: The RMS value of filtered bioimpedance signal 
from left shoulder. Line 1: Left shoulder up with short hold time 

(Motion No. 1). Line 2: Left shoulder up with long hold time (Motion 
No. 2).  Line B: The RMS value of filtered bioimpedance signal from 

right shoulder. Line 3: Right shoulder up with short hold time (Motion 
No. 3). Line 4: Right shoulder up with long hold time (Motion No. 4). 

Line 5: Both shoulders up with short hold time (Motion No. 5). Line 6: 
Both shoulders up with long hold time (Motion No. 6)   

 
Figure 4 shows the RMS values and the classified control 
command of filtered bioimpedance signal from six shoulder 
motions. The numbers (1, 2, 3, 4, 5, 6) placed in Figure 4 are from 
the motion’s number appeared in both Table 1 and Table 2. We 
can clearly visualize and identify the shoulder movement from the 
RMS values. Obviously, the classified control command was 
preceded by the shoulder movement. In addition, we can use the 
shoulder movement to control LED on Labview8.2 with an 
accuracy of 100%. 

5. CONCLUSIONS AND DISCUSSION 
Impedance property of human tissue offers a promising possibility 
for detecting the segment movement. This opens an opportunity to 
enable bioimpadance-based wheelchair control to practical 
applications. We proposed to develop a novel human machine 
interface for the wheelchair control. Three electrodes are used two 
acquire two channels of bioimpedance from the trapezius muscle. 
Three shoulder movements, i.e. left shoulder up, right shoulder up, 
and both shoulders up, are used to generate control signals. In 
addition, bioimpedance almost can be considered as the kinematic 
information. Its change follows the segment movement. Therefore, 
it is possible to keep the change of impedance signal for certain 
duration. We make use of the time characteristic of bioimpedance 
to make more motions, i.e. short action (300 ms < Thold < 1000 
ms) and long action (Thold > 1000 ms). As a result, six operation 
capabilities for wheelchair control are feasible. The proposed 
system is evaluated by controlling LED on a computer. Results 
show that 100% accuracy is obtained. Moreover, it is possible to 
make the proposed system to be a portable device. For example, 

the system and algorithm can be implemented in a FPGA chip or a 
microcontroller. Actually, the classified motion can be 
implemented in not only for the wheelchair control but also for 
other devices such as computers and some other portable 
electronic devices. 
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ABSTRACT 
In this paper, a design of a head controller and an adapting unit 
for interfacing with a power wheelchair is presented. The 
proposed controller is based on a servo mechanism of stepper 
motors, which provide motion in the x- and y-axis to actuate a 
modified joystick-controlled power wheelchair.  The technical 
design aspects of the proposed head controller, adapting unit as 
well as the microcontroller implementation are discussed.   

Keywords 
Head controller, power wheelchair, motor drive system, joy stick, 
microcontroller, paralysis, hands-free control  

1. INTRODUCTION  
In Thailand, the number of disabled people surveyed in 2007 is 
1,871,860 and 474,967 of them have disabilities related to 
mobility, which is the biggest group of disabled in Thailand.  
With limited budget supported by the government, there are very 
few supports available for these people. Each year, only a few 
thousand units of wheelchairs are donated to the Department of 
Public Welfare, Ministry of Labor and Public Welfare for the 
disabled in  Thailand.  However, very low number of those 
wheelchairs is power wheelchairs which are needed for severely 
disabled individuals. Most of those power wheelchairs have to be 
imported because Thai local wheelchair makers are only adept in 
mechanical design but lack skills and expertise in electronic 
system design required for designing and manufacturing reliable 
power wheelchairs.  

Quadriplegics and paraplegics suffer from traumatic spinal cord 
injury and high degree of paralysis of their body. They are 
confined to a wheelchair and depend on others for performing 
even the most basic activities for living. In order to allow the 
severely disabled people to be able to move and to facilitate their 
social, cognitive, perceptual and functional development, an 
intelligent interfacing unit with high flexibility is proposed as a 
suitable solution.     With modern power wheelchair, their life 
expectancy may be improved to 80-90 % of able–bodied people 

and their increased independence adds value and purpose to their 
lives.   

In general, proportional interfaces such as joy sticks are widely 
used as interface units for most existing commercial power 
wheelchairs because of their simplicity in control the direction 
and speed of the power wheelchairs. However, various non-
proportional interfaces such as toggle switches, sip-and-puff 
switches or chin/head controllers are applied instead for severely 
disabled patients with high level spinal cord injury and similar 
neurological disabilities who have difficulty in controlling the 
interface unit precisely by hands [1]. However, the cruising 
performance of power wheelchairs with simple controllers and 
non-proportional interface unit is usually not smooth due to large 
jerks. Consequentially, safety has become a concern for the users 
and various types of interface for generating input signals such as 
voice interface [2], vision interface [3] or ultrasonic head 
controller [4] have been proposed. Nonetheless, such systems are 
expensive and system dependent that can not easily be adapted to 
other existing power wheelchairs. Since the donated power 
wheelchairs usually come in wide varieties from different makers, 
the modification for each unit to suite each individual is a very 
difficult and time consuming task with a risk of costing the 
system not operating at its full performance.  In this paper, an 
adapting unit that works as an interface between an existing joy 
stick –controlled power wheelchair and a simple non-proportional 
push-button switch head/chin interface unit is proposed. This 
proposed adapting unit may be adapted  to any commercially 
available joy-stick power wheelchairs so that a custom-built non-
proportional switch interface such as toggle switches  or sip-and-
puff switches can easily be installed. 

2. MECHANICAL DESIGN 
The block diagram of the overall system is shown in Fig. 1.  The 
proposed adapting unit composes of microprocessor-based 
controller and two electric motors as indicated inside the dashed 
box. The adapting unit is installed between the existing joy stick 
based controller and conventional non-proportional interfacing 
unit which can be designed as a head/chin or sip-and-puff 
controller.  In this paper, a head controller is chosen as an 
example. The motion commands from user are sent from the head 
controller to the adapting unit that will generate motion 
commands in x or y direction to control the power wheelchair as 
if being controlled by a joy stick. Consequently, the wheelchair 
will move in the desired direction and its speed can be adjusted by 
pressing the switch with proper duration. 
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Fig.1 Block diagram of the overall system. 

 

 
Fig.2 Diagram of the head controller. 

 

 
Fig. 3 Diagrams of the adapting unit which acts as an interface 

between the head controller and the power wheelchair. 

The lay out of the head controller is shown in Fig. 2. There are 
four push-button switches installed on the headset. The headset is 
designed for easy installation onto any generic power 
wheelchairs.  The switch located in the front of the user is for 
operating mode selection. When the front push-button is pressed 
each time, the operating mode will change from “Neutral”  
“Forward”  “Neutral”  “Reverse” mode sequentially.  The 
“Neutral” mode between the “Forward” and “Reverse” mode is 
inserted in order to prevent the abrupt change of direction of the 
motor. 

 

Fig. 4 Schematic of the microcontroller-based control system. 

 

The switch locating at the middle of the headrest is the go/stop 
switch. By installing a single go/stop switch on the headrest, the 
user can change the operating mode of the wheelchair without 
making mistake compared with the system that has many switches 
at the headrest position. Whenever the go/stop switch is activated, 
the speed of the wheelchair is regulated by the microcontroller 
that increases or decreases the position command every sampling 
time until the position command reaches the setting maximum 
position. Similarly, the position command will be decreased every 
sampling time after the go/stop button is released. The other two 
switches located at both side of the user are used for turning left 
or right, respectively.   

The proposed servo mechanism of the adapting unit for 
controlling the movement of the joystick is shown in Fig. 3. The 
joy-stick pole is attached to the head cap and placed between the 
slots of two axes that can move in perpendicular directions of 
each other. The head cap is initialized at the middle of both axes 
when the system is turned on. The movement in each axis is 
realized by a stepping motor and a ball-screw transmission. The 
proposed servo mechanism can be easily adapted to any standard 
joystick or mini-joystick interface by modifying the control 
parameters in the microcontroller.  This simple structure can be 
directly applied to different powered wheelchair models from 
different makers which usually use different control circuit and 
programs. The advantages of the proposed design are lighter 
weight, easy maneuverability, less cost with cost-effective 
components, and easy adaptability for different users with 
different mobility disabilities.  
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Fig. 5 A stepping motor used in the proposed adapting unit. 

3. ELECTRICAL DESIGN  
The schematic of the microcontroller based control system of the 
proposed adapting unit is shown in Fig. 4. The electronic control 
board is based on a 8 bit low-cost micro-controller Microchip 
PIC16F628. The commands from four switches are sent to the 
microcontroller which operates as a central processing unit. The 
microcontroller then calculates the number of steps and drives the 
x- and y-axis stepping motor via a driving IC: ULN2803A. The 
status of the operating mode: “Forward”, “Neutral” or “Reverse” 
are indicated by LED L1, L2 and L3, respectively. The energy for 
the control board is supplied by the main battery system 24 Vdc 
of the power wheelchair, regulated to 12 Vdc and 5 Vdc by an IC 
regulator.  

An electric motor which is selected as a prime actuator for the 
servo mechanism in the proposed adapting unit is shown in Fig. 5. 
To achieve desired accuracy and repeatability of the servo system, 
a high-torque, low-noise, high-stability stepper motor model 
MP24GA is used for each x- and y-axis. This chosen model is an 
industrial grade motor, used primarily in automobile applications 
such as controlling car mirror and automatic door windows. The 
motor is 12 Vdc, unipolar with four phases and step angle of 7.5 
deg, and it can be easily bought from most local supplier with 
reasonable cost. With compact dimension of 24 mm in diameter 
and 32 mm in height, this small but powerful unit is ideal for 
these types of applications.          

The flow chart of the microcontroller that mainly consists of the 
main program and the interrupted service routine (ISR) are shown 
in Fig. 6 (a) and 6(b), respectively.  In Fig. 6 (a), after power on 
the system, the microcontroller configures the Input/Output port 
and initiates all controlled parameters. Then, the status of pressing 
the function switched is checked.  Then, the pressing of the run 
(go/stop) switch, left turning switch and right turning switch are 
checked. In Fig. 6 (b), the sampling time in ISR is set at 1 ms 
which corresponds to the response time of the selected stepper 
motor. Note that this sampling time must be carefully chosen for 
each chosen stepper model. Whenever, a switch on the headset is 
pressed, the microcontroller flag is detected and sent to ISR in 
order to move the motor of the corresponding axis. In a case that 
the function switch is not pressed, the drive command is set to the 
middle value, corresponds to the dead zone of the joy stick, and  
there is no movement for the wheelchair.  After the function 
switch is selected and the go/stop switch is pressed in 
combination with either the left-turning or right-turning switch, 
the movement of the corresponding stepper motor of each axis is 
increased or decreased at every some integer number of the 
sampling time interval. This integer number is a pre-selected  

 
(a)  

 
(b) 

Fig. 6 Flow chart of operation for the microcontroller circuit in 
the proposed adapting unit: (a) the main program and (b) the 
interrupted service routine. 
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Fig. 8 Testing powered wheelchair 

control parameter that can be adjusted for each disable individual 
for desired response time. Once the maximum command is 
reached (in this case the maximum number of steps corresponding 
to the maximum stroke of the joy-stick), the motor is kept running 
at its pre-set maximum speed for safety. When “Neutral” mode is 
selected or neither the go/stop switch nor the left/right switch is 
pressed, the stepper motors return to the center position. For 
safety reason, the user can also manually set the maximum 
cruising speed. In case of emergency, the user can hold the 
function switch for 5 s to reset the microcontroller. Also the 
buzzer sound will be turned on simultaneously for warning. Note 
that other protection circuits are assumed to be available on the 
main controller of the original power wheelchair.  The proposed 
adapting unit has an optional feature that a failure signal can be 
generated, in case of emergency, to acknowledge and shutdown 
the power circuit of the power wheelchair.  

4. TESTING PLATFORM 
The proposed headset and adapting unit are developed and 
installed to a conventional power wheelchair as shown in Fig. 8.  
The power wheelchair is driven by two 24 V 250 W permanent 
magnet DC motors and powered by a pair of 12 V 35 Ah sealed 
lead acid batteries. The main controller of the wheelchair is 
Suzuki MC15 mounted beside the seat. A standard joystick is 
used as an interface unit of the original power wheelchair. The 
proposed system is installed on a power wheelchair intended for a 
user with severe paralysis. The initial test of the proposed 
adapting unit for use as an interface between the custom-built 
headset and the commercial wheel-chair is satisfactory with 
functionalities as previously discussed. 

5. CONCLUSION 
The design of the head controller for general power wheelchair 
has been presented.  The proposed system composed of  simple 
on-off  switches for the headset, which can be simply operated by 
pressing each switch with difference time duration to vary the 
wheelchair speed. The adapting unit acts as an interface between 
the headset to control the movement of the joystick that originally 
control the power wheelchair.  With microcontroller circuit, the 
adapting unit is very flexible for control parameter adjustment for 
different wheelchairs and user needs without having to modify the 
circuit or the program of the original controller. The system is 
based on modular construction, so that each part can be applied to 
most conventional power wheelchairs available in the market. The 
selected high performance and cost-effective components permits 
low modification cost and satisfactory performances.  
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ABSTRACT 

Pressure ulcers are among the most common complication found 

in bed-ridden patients. In Thailand, Alternating Pressure Air 

Mattresses (APAMs) have been used both in hospitals and home 

settings to prevent pressure ulcers. Various types of APAMs are 

commercially available at a variety of prices and features. The 

performance of these APAMs is still questionable to the users. 

Pressure Relief Index (PRI) is a promising indicator that can be 

used to compare the performance of APAMs. This paper presents 

a simple procedure to evaluate the performance of APAMs based 

on the concept of PRI by using FSA pressure mapping system. 

This procedure can be used to relatively compare the performance 

of APAMs and assist the users in justifying the cost-effectiveness 

of APAMs. 

Keywords 

Alternating pressure air mattress, Interface pressure, Pressure 

relief index, Pressure mapping, Pressure ulcer 

1. INTRODUCTION 
Unrelieved pressure on particular parts of the body can cause a 

lesion which is called pressure ulcer, also known as decubitus 

ulcer and pressure sore. Bed-ridden patients such as spinal cord 

injury patients, critically ill patients and elderly patients are 

vulnerable to have pressure ulcers because of their immobility. An 

incidence rate of pressure ulcers of immobilized patients in long-

term care facilities is up to 33% [1]. Pressure ulcers cause patients 

longer hospital stays and additional treatment. Treatment cost for 

pressure ulcers in Thailand is estimated around 50,000 Baht per 

patient [2]. 

Various clinical support surfaces have been used for preventing 

pressure ulcers. They can be categorized into 2 groups based on 

their functional features; static and dynamic support surfaces. 

Static support surface uses the concept of pressure distribution to 

minimize the interface pressure between the body and the support 

surface as much as possible. Static support surfaces deform to 

envelope the body as much as possible, thus maximize the support 

area. The examples of static support surfaces are gel mattress, 

viscoelastic foam mattress, air overlay, and air fluidized bed as 

shown in Figure 1 

  

Figure 1. Static support surfaces1 

Another type of the support surface is dynamic support surface. 

Their function is on the basis of periodically pressure 

redistribution to shift the peak pressure points on the body in a 

same manner as body movement in able people. The examples of 

dynamic support surfaces are alternating pressure air mattress 

(APAM) and turning assisted bed as shown in Figure 2 

 

Figure 2. Dynamic support surfaces

effectiveness of these support surfaces in preventing pressure 

ulcers. However, there are still gaps in comparing the performance 

among these support surfaces [3]. Randomized controlled trial 

(RCT) is the best practice to compare the effectiveness of the 

support surfaces [4]. Nonetheless, it is difficult to control and 

time-consuming. One of the key factors of pressure ulcer 

prevention is pressure relief or pressure reduction. Interface 

pressure (IP) measurement has been the most common technique 

used in order to evaluate the pressure reduction [5]. IP is usually 

measured by placing pressure transducer between the body and 

                                                                 

1 http://www.therohogroup.com, http://www.abledata.com   

2 http://www.gaymar.com, http://www.arjohuntleigh.com  
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support surface [6].  IP measurement by using pressure mapping 

systems such as FSA, Tekscan, or Xsensor, is simple and 

convenient. Despite using IP measurement to evaluate the 

effectiveness of APAMs is still controversial [7], IP measurement 

is still the best available alternative other than the RCT. Pressure 

relief index (PRI) is a technique to assess the ability of APAMs 

that can sustain IP below specific threshold IP [6]. A number of 

APAM evaluation based on IP measurement can be found in the 

literature [7, 8]. However, there are only a few articles reported 

the comparison based on the PRI [6]. This study aims to present a 

procedure to evaluate the PRI of APAM using the FSA pressure 

mapping system. 

2. ALTERNATING PRESSURE AIR 

MATTRESS 
Alternating Pressure Air Mattress (APAM) is one of clinical 

support surfaces widely used to prevent pressure ulcers in both 

hospital and home settings. It has been in clinical use for more 

than 50 years [9]. Various types of APAMs have been developed 

over the past decades.  

2.1 Type of APAMs 
APAMs can be classified into 2 main groups: the overlay and the 

mattress replacement.  

Overlay APAMs usually have the cell height lower than 10 cm. 

This type of APAM usually lay on the standard mattress. The cost 

of the overlay type is usually much lower than the mattress 

replacement type. Most of APAMs commercially available in 

Thailand are in this category. Examples of overlay APAMs are 

shown in Figure 3 

 

Figure 3. Overlay APAMs3 

Mattress replacement APAMs usually have a cell height more 

than 20 cm to match the height of standard mattress. The mattress 

replacement APAMs usually claim to provide better performance 

than the overlay ones. However, the evidence is still weak due to 

lack of RCT results [3]. Examples of mattress replacement 

APAMs are shown in Figure 4 

 

Figure 4. Mattress replacement APAMs4 

                                                                 

3 http://www.abledata.com  

4 http://www.karomed.com, http://www.abledata.com 

2.2 Performance evaluation methods of 

APAMs 
Various performance evaluation methods of APAMs have been 

used as reviewed in [9, 10]. Some examples of these methods are 

shown in Table 1 

Table 1 Methods for evaluating APAMs 

Methods Drawback 

Minimum and 

Maximum IP 

No information about the variation of 

IP over the time  

Average IP No information about extreme IP 

Time cumulative IP 
Difficult to calculate and relate to 

clinical practice 

PRI Compare only APAMs 

Selected methods in the table above are based on the IP 

measurement. Since the design concept of APAMs is different 

from the static support surfaces, typical evaluation methods, e.g. 

minimum and maximum or mean IP may not show the true 

performance of the APAMs. Pressure Relief Index (PRI) is a good 

merit index in comparing the performance of APAMs because it 

represents both key factors: IP and time. Rithalia used the 

computerized system to monitor PRI and a number of key 

indicators, e.g. transcutaneous gases, as described in [6]. 

However, only the IP under some vulnerable parts of the body 

such as the sacrum and heel are measured. We developed a 

procedure to monitor PRI using FSA pressure mapping system 

which can measure IP of the whole body simultaneously. 

3. PROPOSED PROCEDURE 

3.1 Pressure mapping system 
In this study, FSA pressure mapping system from Vista Medical, 

Ltd has been used to measure the IP. The system is comprised of 

the FSA Softflex Mat, a system base and a laptop installed FSA 

software to display the measured results as shown in Figure 5 

 

 Figure 5. FSA pressure mapping system 

The FSA Softflex Mat contains 1,024 pressure sensors. The 

sensors are arranged in 32 rows (A,B,C,…,a,b,c,d,e,f) x 32 

columns (1,2,…,32). The sensors are then designated as A1, 

B1,…., e32 and f32. The FSA software presents the IP of each 

sensor in colour shades The FSA4 Software can present the 

minimum, maximum, and average IP for either entire the mattress 

or the selected areas, as shown in Figure 6 
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Figure 6. FSA Software Display 

However, the software does not provide any feature to analyse the 

pressure relieving index. The following procedure has been 

carried out in order to analyse the data and calculate the pressure 

relieving index from the recorded IP data. 

3.2 Test Procedure 
A straightforward test procedure can be done as the following 

steps: 

• Record the subject data: gender, weight, and height. 

Calculate the BMI of the subject. 

• Fill up the air mattress and operate them without a 

subject on the mattress for at least 30 minutes. The air 

mattress should complete 2-3 operating cycles before 

start testing. 

• Let a subject lie supine on the FSA mat and then adjust 

the position of the subject. The subject must lie without 

a pillow. Record the position of the sensor (a sensor 

number) under the sacrum of the subject. 

• Record the IP for 30 minutes at a rate of 3 frames per 

minute. This frequency is selected to prevent an error 

while exporting the data to Microsoft Excel due to 

insufficient memory. 

• Generate the chart between the IP versus time and 

calculating the PRI and the average PRI (APRI).  

3.3 Analyse the data and calculate PRI 
The recorded IP data can be imported from the FSA software. In 

FSA software, the data is recorded as a frame. Each frame 

contains IP measured at each sensor. The data is then converted 

into a tabular format in Microsoft Excel as shown in Table 2 to 

generate the charts and calculate the PRI.  

Table 2:  Example of recorded IP data from FSA software 

Frame Index 1 2 

Time  10:04:16 10.04:36 

Minimum (mmHg) 0 0 

Maximum (mmHg) 26.15 28.9 

Average (mmHg) 2.02 1.89 

Variance (mmHg²) 16.9 14.25 

Standard deviation (mmHg) 4.11 3.78 

Coefficient of variation (%) 203.83 199.55 

Horizontal center (cm) 34.01 34.09 

Vertical center (cm) 81.92 82.2 

Sensing area (cm²) 12908.14 12908.14 

Regional distribution (%) 100 100 

A1 3 0.05 

B1 0 0 

C1 0 0 

The chart between the IP (mmHg) and the time (minutes) at any 

pressure sensor can be generated as shown in Figure 7. A 

characteristic of alternating pressure can be clearly observed from 

the chart. 
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Figure 7. IP versus time at the sensor number P17  

According to Rithalia and Gonsalkorale [6], they used a 

was below the specific threshold values. The PRI is reported in 

minutes per hour below given threshold. Alternatively, PRI can be 

calculated from a number of record points that have lower IP than 

the threshold values since the record intervals are equal. The PRI 

can then presented as a percentage of total contact time that a 

particular part of body has lower IP than the threshold values. 

According to Rithalia [10], 30 mmHg, 20 mmHg and 10 mmHg 

have been used as threshold values. This is based on their clinical 

relevance that mean arteriolar operating pressure is about 30 

mmHg, mean capillary operating pressure is about 20 mmHg and 

mean venule operating pressure is about 10 mmHg [11]. The PRI 

of each sensor on the FSA pressure mat can be presented as in 

Figure 8 
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Figure 8. Example of PRI at the sensor number P17  
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According to Rithalia and Gonsalkorale [6], only the PRI with 30 

mmHg threshold (PRI30), 20 mmHg threshold (PRI20) and 10 

mmHg threshold (PRI10) under the sacrum were presented. With 

the FSA pressure mapping system, the PRI of each sensor that 

contacts with the subject’s body can be calculated. The percentage 

of active sensor defined as a percentage of the sensors that 

measure the maximum IP more than 10 mmHg during the test 

period. The percentage of active sensors, the minimum PRI and 

the maximum PRI can be reported as shown in Table 3. 

Table 3: Example of the percentage of active sensors, 

minimum PRI and maximum PRI reported 

Active sensors 16.3% 

PRI Minimum PRI Maximum PRI 

30 62% 100% 

20 43% 100% 

10 16% 99% 

The average pressure relief index (APRI) can be calculated from 

the PRI of all active sensors. The APRI30, APRI20 and APRI10 

can be calculated as shown in Figure 9.  
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Figure 9. Example of Average Pressure Relief Index (APRI) 

APAMs that have higher APRI, especially higher APRI10, 

indicate better pressure relieving ability of APAMs. We can use 

APRI as a merit index to compare different APAMs. The 

minimum PRI and maximum PRI are also important because they 

reveal the range of pressure relief that APAM can perform. In this 

paper, only single subject (gender: male, height: 168 cm, weight: 

69 kg, BMI: 24.4) and single APAM (Alphabed Trancell) were 

tested in order to demonstrate the proposed procedure. Further 

work will be carried out to collect more evidence. 

3.4 Further research 
We plan to use this procedure to evaluate a number of APAMs 

that are commercially available in Thailand, both local and 

imported products. More subjects will be recruited in order to 

give significant evidence. A number of RCTs of APAMs will be 

also carried out to determine the clinical relevance of PRI to 

pressure ulcer prevention. 

4. CONCLUSIONS 
APAMs are one of widely used clinical support surfaces in 

preventing pressure ulcers. However, the information of 

comparing the performance of APAMs is still lacking. 

Randomized controlled trial is the best way to compare the 

effectiveness of APAMs. Nonetheless, it is difficult to execute, 

time-consuming and costly. Interface pressure (IP) is one of the 

key factors leading to pressure ulcer occurrence. Since the design 

concept of APAMs differs from other static support surfaces, 

different performance index is needed. Pressure relief index (PRI) 

can clearly represent the performance of APAMs in relieving the 

interface pressure. Calculating PRI from the data measured by 

FSA pressure mapping system is simple and convenient, 

following our proposed procedure. The interface pressure of the 

whole body can be recorded and calculated for PRI at each sensor. 

We plan to use average PRI (APRI) as a merit index to compare 

the performance of APAMs and justify their cost effectiveness in 

our further research. 
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ABSTRACT 
Prolonged sitting can have an adverse effect on elderly people, 

especially those with limited mobility and reduced sensation. It 

usually results in various medical problems and complexities, 

with formation of pressure ulcer being one of the most concerned 

due to its prevalence, harm and high cost for treatment. Various 

seating systems have been developed to enhance functional 

ability, provide protection from tissue breakdown (arising from 

pressure ulcers) and relieve the concentrated interface pressure for 

these patients. A design based on air inflation of the cushion has 

been evaluated and verified to be efficient in pressure 

management and is adaptive for other functional extensions. Some 

key issues in developing effective air-inflated cushions are 

identified in this paper, including the interface pressure, sitting 

condition discrimination, inflation pressure, alternating pressure 

and some other problems.  Efforts made in these aspects and some 

novel achievements are summarized. The framework of a 

Computer Controlled Adjustable Seat System (CCASS) is 

proposed. Specifically the CCASS adopts a structure with 

multiple air cells incorporating a sensing system.  It is suitable as 

a research tool to identify the various seating factors for the 

design of a therapeutic seat. The general design and development 

process of an intelligent air cushion will also be briefly 

introduced, with the main design concept validated with prototype 

testing. 

Keywords 
Air inflated cushion, pressure, elderly, wheelchair. 

 

1. INTRODUCTION 
Elderly and disabled people who have limited mobility spend 

much of their time in sitting, which will give rise to problems of 

pressure ulcers[1], spasticity, instability and even deterioration in 

some physical functions. In particular, due to its prevalence and 

significant harm, pressure ulcers have been extensively studied in 

the past decades. The factors causing pressure ulcers are 

complicated, and they mainly include the pressure under bony 

prominences, shear forces, temperature, moisture, nutrition, sitting 

position and daily life routine [2]. And it is generally agreed that 

concentrated interface pressure is the major cause of pressure 

ulcers [3, 4]. 

In order to prevent the pressure ulcer, various seating systems 

have been designed and developed to relieve the interface 

pressure in sitting. These include modified wheelchairs, attached 

seating aid devices, and use of various types of cushions. 

Different cushion systems are most popular among the seating 

systems due to its low cost and superiority in pressure relieving. 

The most commonly used cushions are foam, gel, and air cushions 

and they all have their pros and cons[5]. Although an air cushion 

can not provide good stability in sitting, it can realize the highest 

degree of immersion[6], and the inflation pressure of the air 

cushion can be conveniently adjusted. Due to such advantages, 

air-type cushion is adopted in our research to systematically 

explore the intricate relationships between cushion parameters and 

pressure relieving performance. 

The objective of this paper is primarily to review some key issues 

and main achievements in the research of air inflated seating 

system. As some basic problems involved remain to be solved or 

better understood, a computer controlled adjustable seat system 

(CCASS) is proposed for the study of seating issues and 

problems. The initial framework of the development process and 

the preliminary prototype testing of the system are presented.  

 

2. STUDIES ON AIR CUSHION SYSTEMS 

2.1 Interface Pressure Interpretation 
As interface pressure is a principal indicator of subject’s sitting 

conditions; Interface pressure measurement is suggested as the 

primary task in research of pressure ulcers [3, 7]. The region 

around the ischial tuberostities (IT) has been identified as the most 

prevalent site of pressure ulcers resulting from weight 

concentration there during sitting [8, 9]. Various methods have 

been used to quantitatively analyse the interface pressure data.  

The most adopted method is to select some representative 

parameters to express the interface pressure distribution. The 

commonly used parameters include maximum pressure, average 

pressure, peak pressure, pressure distribution quality and some 

other analytical parameters [10, 11].  Eitzen I. used a frequency 

analysis approach instead and took the time of sitting into 

analysis[12]. Shelton F. et al proposed a Pressure Index (Pindex) to 

compare the measured interface pressure with the ideal pressure 

defined as a homogenously distributed pressure of 10mmHg 
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magnitude[13]. Additionally, as the present pressure measurement 

technologies can provide vivid pressure distribution pattern, 

Aissaoui R. described a deformable contour algorithm which can 

segment the pressure distribution image to estimate the IT 

region[14].  

Although these methods are developed at different levels of 

complexity, it can be made more robust by integrating them 

together to get a more comprehensive characterization of the 

pressure distribution data. 

2.2 Sitting Conditions Discrimination 
Discrimination of sitting conditions from interface pressure 

feedback is vital for control of the proposed air cushion.  

The physiological response of different area of human buttock is 

different when external pressure is exerted. More specifically, the 

tissue on the thighs can sustain more than 80 mmHg without 

injury, whereas that value for ischia is less than 40 mmHg and for 

coccyx, it is only 14 mmHg[4]. Therefore, shifting pressure to the 

area more endurable is a better solution. Furthermore, the muscle 

deforms more than skin and fat [15]. This observation supports 

the views that pressure ulcer formation begins in the deep muscle 

tissue. In prolonged sitting, an inverse relationship between the 

magnitude and the duration of interface pressure that the soft 

tissues can tolerate was reported[11]. This indicates that 

moderately high pressure for a long period of time may be as 

damaging as high pressure for a short period of time.  

Except for the tissue deformation, the vessels in the tissue are also 

influenced by stresses. Prolonged immobilized sitting leads to 

ulceration if the interface pressure exceeds the capillary closing 

pressure as determined by Landis as 4.3 kPa [16]. The relationship 

between the duration and the extent of pressure-induced 

insufficiency of blood flow is inverse and follows a parabolic 

curve[13].  Tissue gas level has also been studied as indicators of 

physiological response. It was found that the oxygen level was 

lowered in soft tissues subjected to applied pressure of between 

5.3 kPa and 16.0 kPa[17].   

2.3 Inflation Pressure Control 
Suitable inflation pressure is important for the air cushion to 

ensure its pressure relieving capacity. Many researchers have 

made efforts to find the most advantageous inflation pressures for 

targeted types of cushion, and a summary of their results is listed 

in Table 1. The variation of results may be due to different 

cushions tested, different group of subjects investigated, and 

different experimental methods adopted.  The latter also points to 

the need for some form of benchmarked testing system or 

approach. 

Table 1. Studies on optimal inflation pressure of air cushion 

Optimal 

inflation 

pressure 

Cushion Subjects Researchers  

35 mmHg 
Gaymar 

Cushion 

14 able-bodied 

&SCI patients 

Krouskop T.A. 

et al. (1986)[18] 

27 mmHg 
ROHO 

cushion 
18 SCI patients 

Tanimoto Y. 

et al. (2000)[19] 

17-42 

mmHg 

ROHO high 

profile 
36 SCI patients 

Hamanami K. 

et al. (2004)[9] 

 

More general studies focused on exploring the relationship 

between the interface pressure and the inflation pressure. The 

experiments done by Koo T.K. et al indicated that when 

alternating inflation pressure applied, an in-phase change of 

interface pressure was observed on the air cell [11]. However, this 

is different from an earlier study done by Krouskop T.A. et al. 

Their result showed that as the inflation air pressure increased, the 

maximum interface pressure first decreased rapidly and then 

gradually increased [18].  

Another control approach for air cushion is to apply alternating 

pressure. To prevent ulcer occurrences, a regular task of the 

caregiver is to reposition a patient with limited mobility to shift 

the pressure concentration so as to avoid prolonged compression. 

In the design of an alternating pressure air mattress (APAM), care 

needs to be taken on the inflation pressure, cycle time, and 

inflation sequence as pressure relief is sensitive to these 

properties[20]. With proper design, an APAM can be effective in 

preventing pressure ulcers. However, with the lack of sufficient 

fundamental study, the development of alternating pressure device 

has been greatly hindered.  

 

3. DEVELOPMENT OF CCASS 

3.1 Broad Objectives 
Both clinical applications and laboratory studies have verified that 

a multi-cell type of air cushion has superior pressure relieving 

effect[9], and a typical commercial product of this type is ROHO® 

cushion (ROHO Inc.). The general literature review in previous 

part outlines the main efforts and methods that have been done on 

study of air-inflated cushions. However, no common 

methodological guidelines and procedures can be summarized for 

cushion development applications. Moreover, systematic studies 

about the air cushion are limited and more in-depth fundamental 

study is still lacking [12].  The growing numbers of reports also 

indicate conflicting results and make the design of such cushions 

more difficult. For a systematic and objective evaluation of the 

relationships between air cushion parameters and prolonged 

seating health, a computer controlled adjustable seat system 

(CCASS) is proposed. It will serve as a research and development 

platform consisting of a suitable configuration of a measurement 

system, a data processing unit, and a control system. Results from 

this system can be used for further design and development of an 

air-inflated therapeutic seat. 

3.2 Development of CCASS 
The CCASS will adopt a multi-cell configuration as shown in 

Figure 1(a), which is comprised of several individual air-inflated 

cells. This design is similar with ROHO cushion in appearance, 

but its internal structure is different. The cells in ROHO cushion 

are inter-connected, but the cells of CCASS can be individually 

inflated to different pressure. The inflation pressure in each cell 

can be continuously monitored and adjusted independently.  

Selected interface pressure measurement devices will be 

integrated in the cushion to “sense” the interface pressure in 

sitting. And the connected computer will process the acquired data 

and make inflation/deflation pressure adjustment order, which is 

executed by opening or closing the corresponding valves. The 

control configuration of CCASS is shown schematically in Figure 

1(b). 
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                 (a)                                           (b) 

Figure 1. The design of CCASS (a) The multi-cell design of 

CCASS,(b) The control architecture of CCASS 

More specifically, after setting the initial pressure of the system, a 

subject will be guided to sit on the CCASS. The connected 

computer will measure the pressure distribution at the buttock-

cushion interface simultaneously via the pressure mapping 

system. The obtained pressure distribution data need to be pre-

processed first. Tasks involved in this step include 

standardization, normalization, data enhancement and other 

supplementary tasks necessary for efficient analysis. Then the 

interface pressure data will go through further processing, such as 

feature extraction to identify the most significant and 

representative elements for sitting conditions discrimination in the 

following step. If the acquired interface pressure is identified as 

satisfactory, new interface pressure measurement will be 

conducted after a certain time interval; if not, the system will 

proceed to adjust the inflation pressure to appropriate target based 

on characterised relationship between the interface pressure and 

inflation pressure. The interface pressure will change accordingly 

to the adjustment of inflation pressure, and adjustment will be 

checked again to determine whether the desired interface pressure 

has been achieved.  

Briefly, through the control of air inflation pressure in the multi-

cells, CCASS aims to realize a desired interface pressure 

distribution which corresponds to an identified healthy sitting 

condition in real time. If the study were extended to cover comfort 

evaluation of prolonged sitting of office workers and drivers, the 

derived results will be useful for the design of a modified air 

cushion system for them.  

3.3 Prototype Testing of CCASS 
A prototype was firstly built to verify the main design concept of 

CCASS. The hypothesis to be tested is that a cushion with 

variable pressure, providing a different inflation pressure in each 

air cell, is better in pressure relieving capability in comparison to 

the air cushion with uniform pressure.   

For the prototype, the ROHO low profile cushion, modified for 

control of the cells in the cushion, was selected as equivalent of 

the multi-cell supporting surface in CCASS. Eight Tekscan 

Flexiforce® sensors were used to measure the interface pressure 

between human buttock and the cushion. All the sensors were 

calibrated and evaluated for the performance of linearity, 

repeatability, hysteresis and drift before human testing [21, 22].  

The eight sensors were attached to areas of the ROHO cushion 

supporting the IT region. The reason for the choice is that the IT 

region is subjected to the highest pressure and thereby the highest 

risk for pressure ulcer development hence it should be made the 

priority area for the prototype study [8, 9]. The entire prototype is 

shown in Figure 2, which mainly contains the chair, cushion, 

sensors, computer and some other accessories [23].  

 

Figure 2. Prototype Setup 

Eight healthy subjects (5 men and 3 women with age of 

23.2±1year; weight of 61.25±14kg; height of 1.68±0.08m; body 

mass index [BMI] of 21.34±3.09kg/m2) were recruited for the 

experiment. 4 inflation pressure levels were examined: 1.6kPa, 

1.8kPa, 2.0kPa and 2.2kPa. [Written informed consent was 

obtained from all subjects. The procedures for the study were 

reviewed by NUS Institutional Review Board (NUS-IRB).] 

For the testing of the hypothesis, the subjects were firstly guided 

to sit down in the chair and maintain the same posture for 5 

minutes while their interface pressure was being recorded for 

every 30 seconds. Next, the cushion was adjusted to realize 

variable pressure, and then the subjects sat down for further 5 

minutes to have the pressure recorded again. This process 

accounted for a set of reading and was repeated for 4 times for the 

4 initial inflation pressure levels. 

A total of 8 sets of readings were done for each initial air pressure, 

with a total of 32 sets of readings collected. Paired t-test was 

adopted to compare the significance of the differences between 

the two cushion configurations. The average sensor pressure of all 

the 8 subjects undergoing experiments with uniform cushion 

pressure and variable cushion pressure were compared. Thus the 

cushion with variable inflation pressure having significant 

pressure relieving effect, then the one with uniform pressure, can 

be verified at 95% confidence level for 1.8kPa and 2.0kPa 

inflation level. For 1.6kPa and 2.2kPa, the difference of pressure 

relieving effect of different cushions is not significant.  

Table 2.  The Result of the Paired t-test 

Inflation pressure 1.6kPa 1.8kPa 2.0kPa 2.2kPa 

t (t0.025(7) = 2.365) -0.3672 -5.7194 -3.1074 -2.1662 

 

The concept of the cushion with variable inflation pressure to 

provide better pressure relieving effect has been demonstrated to 

be promising. However, the present prototype can only realize a 

pressure difference between the anterior part and the posterior part 

of the cushion. Experiments in next step aims at individual 

pressure control for different zones of the cushion and more 

reliable interface pressure measurement device will be used. 
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4. CONCLUSIONS 
Prolonged sitting may give rise to problems of pressure ulcers. To 

prevent these problems, various seating systems, especially in the 

form of supporting surfaces, have been put forth. Among these, 

the air-inflated cushions have advantages in facilitating pressure 

control crucial for relieving pressure ulcers. Research has been 

made with regard to the interface pressure interpretation of sitting, 

sitting conditions discrimination of subject and inflation pressure 

control of air cushion. Although the results from the research 

vary, they generally reveal the important aspects in the study of an 

air-inflated sitting system. However, there is still lack of data or 

conflicting data about the sitting health for the development of air-

inflated cushions. 

For the purpose of studying the various relationships between air 

cushion parameters and prolonged sitting health, a CCASS is 

proposed to be developed as a research platform for conducting 

controlled experimental studies. The system comprises of 

interface pressure measurement, air inflated multi-cell as support 

surface, and computer as processing and control units. A 

preliminary prototype of the multi-cell cushion for the CCASS 

was built and the main design idea of CCASS was examined. The 

prototype testing indicated that the cushion with variable inflation 

pressure can provide better pressure relieving effect. 
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ABSTRACT 
We present a system that both tracks human movements and detects 
falling in elderly and disable people. We applied Dynamic Time 
Warping (DTW) to recognize human activities in daily living. Seven 
different movements, stand, sit, walk, run, stand-to-sit, sit-to-stand 
and lyings were considered and recorded as reference database 
signals. Our system consists of two parts: transmitter and receiver. A 
transmitter part is a device mounted at the user's waist with a size of 
a pager case measuring 90x40x20 mm. A sensor used in this device 
is a 3-axial accelerometer (Hitachi H48C). The signals from the 
accelerometer are transmitted wirelessly to a personal computer in 
receiver part using Zigbee Pro 2.4GHz. DTW is used to match the 
signals from different behaviors online with the databases and 
classify the data to a known activity. Falls are detected with a rule-
based approach, in which the signal values are over thresholds 
following by the lying activity. Thresholds are computed from the 
minimum and maximum value in each axis of acceleration in the 
reference databases. The experiment shows 98.6 percent accuracy 
in recognizing these behaviors and in detecting fall. 
 

Keywords 
Accelerometer, activity monitoring system, activity classification, 
fall detection, Dynamic Time Warping 
 

1. INTRODUCTION 
Falling is a frequent and dangerous event for the elderly. It is 
estimated that over a third of adults ages 65 years and older fall each 
year [1], making it the leading cause of non-fatal injury for that age 
group. Measurement of activities of daily living in elderly subjects 
for the detection and prediction of falls. Classification of activities 
requires a totally different approach. Measurement should not be 
limited to a small measurement duration, but should be performed 
over long periods of time. These sensors should be sufficiently 
small and light,  in that they can be easily mounted on the body by a 
  

clinician, and stay reliably in place for the duration of the 
measurement. So, an accelerometer has been proposed as a 
practical, inexpensive, and reliable device for monitoring 
ambulatory motions. Robust classification of motions and postures 
from accelerometer data should allow the development of more 
reliable methods for monitoring long term change in physiological 
indicators such as parameters of 

[3]. The research in movement classification from accelerometer 
ating a range of classification 

methodologies, including Neural Networks Model, Markov chains 

detection from acceleration is not flexible for other users because 
they had fixed thresholds [4], [5]. Previous researches only cover 
either activity recognition or fall detection. In this paper, we present 
a system that both tracks human movements and detects falling in 
elderly and disable people. We applied Dynamic Time Warping 
(DTW) to recognize human activities in daily living. We used 

repetition after the signal is over 
thresholds to detect falling. 
The remainder of the paper is organized as follows: Section 2 
describes Dynamic Time Warping (DTW) methods and software 
implementation for human behavior interpretation and fall 
detection. Sections 3 shows hardware implementation include 
system components. Section 4 presents an experiment, several 
results illustrating the efficiency of the proposed approach and 
discussion. Finally, we made a conclusion in section 5. 
 

2. DYNAMIC TIME WARPING AND SYS-  
  TEM COMPONENTS 
Dynamic Time Warping (DTW) [6] is a technique that finds the 
optimal alignment between two time series. Time axis may be 
“warped” non-linearly by stretching or shrinking. This alignment 
can indicate corresponding regions or determine the similarity 
between two time series. The optimal alignment is found by 
calculating the minimal path between two time series. Suppose 
that we have two time series, T=t1,t2,…,ti,…,tn  and R=r1,r2,…rj,…,rm     

 

 

and we want to align two sequences using DTW. We construct an 
n-by-m matrix, where the (ith,jth) element of the matrix contains 
the distance d(ti,rj) between the two points ti rj, which can be 
written as Eq.(1) 
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Figure 1. A cost matrix with a warp path [6].  
 
 

                                                      (1) ( ) ( )2, jiji rtrtd −=

A distance measurement is required to determine the similarity and 
classification between two time series T and R. So, the Euclidean 
distance is an efficient metric that can be used. The Euclidian 
distance between two equal length time series is simply the sum of 
the distances from each n-th point in one time series to the m-th 
point in the other. However, if two time series are identical, but one 
is shifted slightly along the time axis, then the Euclidean distance 
will be large. Two time series will be treated as different. Therefore, 
Dynamic time warping (DTW) was introduced to overcome this 
limitation and give intuitive distance measurements between time 
series by ignoring both global and local shifting of the time 
dimension. Each matrix element (i,j) corresponds to the alignment 
between the points ti and rj. This is illustrated in Fig.1. A warping 
path W, is a contiguous set of matrix elements that defines a 
mapping between T and R. The k-th element of W is defined as wk = 
(i,j)k so we have W = w1,w2,…,wk,…,wK, max(m,n) < K < m + n -1. 
The K in the denominator is used to compensate for the fact that 
warping paths may have different lengths. The optimal warp path 
was a minimum distance. If two signals were identical, the warp 
path would be a straight diagonal line (a linear warp path). This path 
can be calculated by filling every cell in the cost matrix, and search 
for a minimum cost path. The rationale behind using dynamic 
programming is that if the solutions are already known for all 
slightly smaller portions of that time series that are a single data 
point away from lengths i and j, then the value at g(i,j) is the 
minimum distance for all these smaller time series, plus the distance 
between the points ii and jj. Since the warp path must either increase 
by one or stay the same along the i and j axes, the distances of the 
optimal warp paths one data point smaller than lengths i and j are 
contained in the matrix at g(i,j + 1), g(i,j), and g(i + 1,j). So the 
value of a cell in the cost matrix is the cumulative distances, which 
can be written as Eq. (2) 
      

 
                          

The warp path to g(i,j) must pass through one of those three cells, 
and since the minimum warp path distance is already known for 
them, all that is needed is to add the distance between the current 
pair of points, g(i,j), to the smallest value in those three cells.  
A warp path must be found from  g(1,1)  to  g(n,m). The warp path is 

 
 
Figure 2. The block diagram of our system was used to 
classify activities and detect falling. 
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Figure 3. The block diagram of our algorithm was used to      
recognize human activities in daily living. N, the window size, 
is number of data that was considered using DTW, and n is 
number of reference databases. 
 
calculated forwards, starting at g(1,1). A greedy search evaluates 
three nearby cells: to the right, top, and diagonally to the top-
right. Whichever of these three cells has the smallest value is then 
added to the beginning of the warp path, and the search continues 
from that cell until g(n,m) is reached. 
 
Our system has two functionalities, activities recognition and fall 
detection as shown in Fig.2. First, we applied DTW method to 
recognize human activities. We prepared two data sets to the 
classifier i.e. databases and test data. We recorded signals to the 
reference databases from a healthy, female of 23 years old. 
References databases were recorded from seven human activities 
(stand, sit, stand-to-sit, sit-to-stand, walk, run and lyings: lying on 
the left side, lying on the right side, lying supine, lying prone, sit-to-
lying, lying-to-sit). Each activity was recorded for three seconds (N 
data, sampling time 70ms). In addition, the test data were the test 
signals inputs, which were an acceleration (X,Y,Z axis). Each test 
signal has a period of three seconds (N data, sampling time 70ms). 
Each test signal was compared online using the DTW method with 
the reference databases to recognize activity as shown in Fig.3. 

ActivityTest
Data

( ) ( ) ( ) ( ) ( )( ).,1,,,1,min,, jigjigjigrtdjig ji +++= (2) 
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Figure 4. Fall detection algorithm. 
 
Second, the fall detection algorithm checks the amplitude of 
acceleration every sampling data with thresholds in each signal 
axis. The threshold in each axis is ranged between a minimum to 
a maximum values of acceleration in the databases. When the 
amplitude of the test signal in either x , y or z-axis rises over the 
threshold, the system will check the previous activity, and the 
activity after that to see whether it is lying or not. Lying is 
considered as the activity that comes after falls. Therefore, if the 
previous activity is not lying, and the action after an over range is 
lying for 3 periods consecutively, then the system will decide as a 
fall in Fig.4. 
 

3. HARDWARE IMPLEMENTATION 
Our hardware consists of two parts: transmitter and receiver, 
illustrated in Fig.5. The transmitter part has an accelerometer sensor 
(Fig.5a), a microcontroller (Fig.5b) and a wireless module (Fig.5c). 
This part is a device mounted at the user's waist with a size of a 
pager case measuring 90x40x20 mm (Nokia N73 mobile-phone). 
The whole device weighs approximately 50 g including two mobile-
phone batteries (STV N.5140-5B Li-ion 950 mAH, 3.7 V) as in 
Fig.7. The sensor is a tri-axial accelerometer. The Hitachi H48C 3-
Axis Accelerometer is an integrated module that can sense 
gravitational (g) force of ±3g on three axes (X, Y, and Z). The 
module contains an onboard regulator to provide 3.3-volt power to 
the H48C, analog signal conditioning, and an MCP3204 (four 
channel, 12-bit) analog-to-digital converter to read the H48C 
voltage outputs. All components are mounted on a breadboard-
friendly, 0.7 by 0.8 inch module. Acquiring measurements from 
the module is simplified through a synchronous serial interface. 
After that, the acceleration from this sensor are transmitted 
wirelessly to receiver part by microcontroller (Philip ARM7 
lpc2103) with sampling rate 70ms. The LPC2103 microcontrollers 
are based on a 32-bit ARM7TDMI-S CPU with real-time 
emulation that combines the microcontroller with 32 kB of 
embedded high-speed flash memory, which offers high 
performance and very low power consumption (3.3-volt power). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. The overview of hardware implementations. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. The block diagram of system components. 
 

        
 
Figure 7. A transmitter part mounted at the user's waist 
within a case, Nokia N73 mobile-phone. 
 
Second, a receiver part, shown in Fig.5, consists of a personal 
computer and a wireless receiver (Fig.5d). Both the wireless 
transmitter and the receiver use Zigbee Pro 2.4GHz (Maxstream). 
The XBee-PRO OEM RF Modules were engineered to meet IEEE 
802.15.4 standards and support the unique needs of low-cost,  
low-power wireless sensor networks. The block diagram of all 
components is shown in Fig.6. 
 

4. EXPERIMENTAL SETUP, RESULT AND 
       DISCUSSION 
Our system has two functionalities: activity recognition and fall 
detection. First, we applied DTW to online classification in 
sequences of activities in a home environment, except up and 
down stairs. To evaluate the proposed system, we compared the 
input test signals with the activity database signals. The signals 
used in our system were the acceleration from an accelerometer. 
There are two steps in the experimental result setup: Recording 
and Testing. First, we recorded seven human activities and kept 
them as reference databases signals. Seven different postures, 
stand, sit, stand-to-sit, sit-to-stand, walk, run and all lying were 
recorded. We used different reference database amount in each 
activity. Stand and sit signals were recorded twenty times each, 
because their signal are short. Stand-to-sit and sit-to-stand were 
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recorded twenty times. Walk and run are recorded for twenty 
times, because they can be classified with their oscillation signal. 
In addition, all lying were recorded twenty times, because we 
would like to consider this activity together with fall detection. 
We do not consider recognizing of each lying. Each posture was 
recorded for three seconds per time (N data). N, the window size 
of forty, is the data number that was considered in the 
classification. This window size was defined to cover all 
transition activities, sit-to-stand, stand-to-sit, sit-to-lying and 
lying-to-sit. After that, we tested a capability in recognizing these 
behaviors of our system as shown in Table 1 (row:1-7). The tester 
has to wait for a beep sound, which is a start command of the 
recognition system before doing each activity. These signals were 
recorded and computed by our algorithm to classify the activity 
every three seconds (N data). Activity classification experiments 
were performed seven times. Each experiment was run for ten 
cycles with different postures. The result of fall detection 
experiment is shown in Table 1 (row:8-10). Fall action is a non-
repetition action, it can not be sample and kept in the database. 
We are interested in falling by taking other actions such as sit to 
stand, run and walk. The complete result on classification 
accuracy is presented in Table 2. Most postures were classified 
correctly. Only one sit-to-stand activity were classified as 
walking, because this test action is to much different from the sit-
to-stand database. However, the experiment shows 98.6 percent 
accuracy in recognizing these behaviors and fall detection. 
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Figure 8. 3-axial acceleration signal of seven activities, stand, 
sit, stand-to-sit, sit-to-stand, walk, run and all lying were 
recorded to reference database signals of tester. 
 

5. CONCLUSTION 
This system used a three-axial accelerometer to recognize human 
activities in daily living based on DTW and to detect falls using a 
threshold based method. Seven different movements, stand, sit, 
walk, run, stand-to-sit, sit-to-stand and lyings are considered. Our 
system can classify these behaviors online and learn new 
behaviors by adding them to the database signals. The experiment 
showed 98.6 percent accuracy in recognizing these behaviors and 
fall detection. However, the system has a limitation in testing 
transition activities, because these activities need the start 
command in order to obtain accurate transition points. 

Table 1. The activities test: T-stand, I-sit, TI-stand-to-sit, IT-
sit-to-stand, R-Run, W-Walk, F-Fall, L-Lying, IL-sit to Lying,  
LI-Lying to sit, LR-lying on the right side, LL-lying on the left 
side, LP-Lying prone and LS-Lying supine. 
 

 

 

 

 

 

 

 

 

 
 
 

Table 2. The accuracy of the system. 
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ABSTRACT 
Recent developments in digitally mediated games such as the 
Nintendo Wii aim to encourage exercise. This paper focuses on 
assessing the efficacy of the Nintendo Wii, popular in the United 
States and Japan, in promoting regular exercise among senior 
citizens in Singapore (aged 65 years and above). Adapting from 
the Technology Acceptance Model (TAM), this exploratory study 
examines senior citizens’ perceptions of the Nintendo Wii. 
Twenty-eight participants took part in this pilot study conducted 
at a senior citizens centre in Singapore. Data collection was 
carried out via a self-reported questionnaire and video 
observation. Findings indicate that senior citizens perceived the 
Nitindo Wii usable with realistic depictions of games and had 
positive engagement with the Wii games. However, contrary to 
prior belief, findings did not show that perceived usefulness has a 
significant influence on senior citizens’ intention to use the Wii 
for improving social interaction, health and exercise. The paper 
concludes with a discussion on the design and impact of digitally 
mediated games for elderly users. 

Categories and Subject Descriptors 
K.4.2 [Social Issues]: Computers and Society - Assistive 
technologies for persons with disabilities, Handicapped 
persons/special needs. 

General Terms 
Design, human factors. 

Keywords 
Senior citizens, elderly, Wii, Technology Acceptance Model, 
perceived usability and perceived usefulness. 

1. INTRODUCTION: THE CASE OF 
SINGAPORE 

Worldwide, the growing number of senior citizens is a major 
source of concern in many countries. Recent developments in 

digitally mediated games aim to encourage exercise and healthy 
food consumption among the elderly. For example, the Nintendo 
Wii has created a phenomenon among senior citizens especially 
those in the United States and Japan in improving the health and 
social interaction among the elderly. The positive implications of 
playing Wii seem plenty and they range from improving the 
health of the elderly through console gaming, to improving social 
interactions among family members and so on. Similar stories 
such as this are heard: A 72-year-old grandmother who has never 
been into video gaming found out that playing video games 
proved to be very addictive (DailyTech, 2007). Wii seems like a 
fun way for seniors to get some exercise, stimulate their minds, 
and have a jolly good time (Geeksugar, 2007). In addition, mental 
stimulation postpones the onset of dementia and might actually 
reverse the process. New evidence from the Alzheimer's Society 
suggests that the progression of Alzheimer's can be slowed by the 
use of computer-based puzzles. Therefore, Wii could be an ideal 
toy for the elderly because its controller tracks spatial movement, 
which allows game play with normal human movements.  
The population in Singapore is also ageing rapidly. In Singapore, 
the middle ages of 50 to 59 years old for 2007 have superceded 
those of 1997 by 50 percent (Department of Statistics, 2008). A 
study on the local ageing population, conducted by Committee on 
Ageing Issues (CAI), discussed the different issues which will be 
faced by the elderly in Singapore and how the government plans 
to deal with them. The issues range from housing, accessibility of 
amenities such as transportation, affordable healthcare, and active 
lifestyles. It is also recognised that active ageing will lead to 
social integration and healthy living among the elderly.  For 
example, the Peace-Connect Community Centre, in Singapore has 
introduced the Nintendo Wii to create social cohesion for the 
elderly within the area (GameFrontz, 2008). Everyday about 30 to 
40 elderly residents from the Peace-Connect community center 
participate or commune to watch the elderly play a game of tennis 
or bowling, and that having fun with Wii has helped the elderly to 
improve their motor skills and hand-eye coordination. 

2. THE STUDY 
To the best of our knowledge, Peace-Connect Community Centre 
is the only centre presently to have introduced the Nintendo Wii 
for the elderly, and no known study has been conducted to 
investigate senior citizens’ perceptions of Wii in Singapore. 
Hence, this paper reports a pilot study to investigate the efficacy 
of the Nintendo Wii among senior citizens in Singapore (aged 65 
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years and above), and find out if social integration and active 
ageing are encouraged with the use of the Wii. 
Since the aim of the study was to find out senior citizens’ 
perceptions of Wii, the Technology Acceptance Model (TAM) 
(Davis, 1989) derived from the Theory of Reasoned Action 
(TRA) is appropriate in that it has been proven robust in 
predicting users’ acceptance of a technology, and has been 
applied widely in understanding the motivational issues in 
computer and software adoption, as well as usage of information 
systems (Igbaria et al., 1997). TAM states that Perceived 
Usefulness (PU) and Perceived Ease of Use (PEOU) determine 
the Behavioral Intention (BI) to use a system, and it assumes that 
this behavioral intention can predict the actual use. Some 
terminologies: PU is defined as “the prospective user’s subjective 
probability that using a specific application system will increase 
his or her job performance within an organizational context” 
(Davis 1989). PEOU is defined as “the degree to which a person 
believes that using a particular system would be free of effort” 
(Davis 1989). BI is defined as “a measure of the strength of one’s 
intention to perform a specific behavior”. PU and PEOU are 
hypothesized to jointly decide users’ intention to accept an IT 
application.  

Figure 1 shows our research model adapted from the TAM model. 
In our research model, external factors to PU include game 
characteristics such as ‘realistic gaming experiences’, ‘making 
sense through interactions’ and ‘perceived benefits’. For PEOU, 
two factors include ‘environment and support’, and ‘player’s 
profile’. In ‘environment and support’, sub-factors involve 
‘facilitating conditions’ and “Wii and game difficulty’; and in 
‘player’s profile’, sub-factors include ‘self-efficacy’, ‘prior 
experiences’, ‘IT knowledge’ and awareness of Wii’. The 
constructs formulate two main and high-level research questions 
namely RQ1 and RQ2 to address the overall aim of investigating 
perceptions of senior citizens on the Nintendo Wii with respect to 
two main constructs of PU and PEOU:  
 RQ1. To what extent do game characteristics affect senior 

citizens’ perception of PU? 

 RQ2. To what extent do environment, support and player’s profile 
affect senior citizens’ perception of PEOU? 

3. METHODOLOGY 

3.1 Selection of Participants 
We approached a couple of elderly community centres and 
selected Retired and Senior Volunteer Programme (RSVP, 2008) 
mainly because the schedule of the study suited them, and they 
were willing to be participate in the study with good 
administrative support provided in contacting members via email 
and/or telephones.  
RSVP (Retired and Senior Volunteer Programme) is a non-profit 
organization with charity status launched by the preceding Prime 
Minister Mr Goh Chok Tong in October 1998.  It focuses on 
providing community-based services to the elderly, particularly in 
the areas of education, health, IT and inter-generation integration. 
Its mission statements are to be a premier entity of active seniors 
serving and enriching their lives through volunteerism.  
Most elderly at RSVP are conversant in English, making it easier 
for the research team to communicate with the participants. In 

addition, the centre already had a Wii set and had conducted a 
programme using Wii among the elderly in 2007/2008. Good 
amenities such as a large air-conditioned hall with a proper 
projector and sound system made it easier for the study to be 
conducted.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Research Model 
 

3.2 Survey and Video Observation 
Data collection was carried out via a self-reported questionnaire, 
and video observation.  

The observation was carried out by all the group members. 
During the observation we monitored the reaction, perception and 
responses before, during and even after the Wii interaction. But 
the observation was not limited to the individual playing using the 
console; but also surrounding individuals watching peers playing 
the Wii. Questions in the survey instrument were designed to 
address the research questions. Participants were asked to indicate 
the extent of their agreement or disagreement using a seven-point 
Likert-type scale. The survey (in English and Mandarin) was 
administered after the participant played with the Wii, and 
supermarket vouchers were given in appreciation of participation  
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4. DATA ANALYSIS  

4.1 Descriptive Statistics 
Twenty-eight senior citizens at RSVP took part in this pilot study 
conducted in September/October 2008 with more than 50% of 
participants 60 years and above. About 32.1% of participants go 
to RSVP three to four times a week and 57.1% less than 2 times a 
week, indicating active engagement of these participants with 
activities at the RSVP. 

Of the twenty-eight participants, 67.9% attained secondary school 
education, confirming our initial observation that this group of 
elderly was fairly well-educated and able to understand and 
communicate in English. In terms of Wii awareness, about 14.3% 
of participants used Wii at least once. About 32.1 percent goes to 
RSVP for three to four times a week and another 57.1 about less 
than 2 times a week. Means and standard deviations of the model 
variables are shown in Table 1. On a scale from 1 to 7, from 
“strongly disagree” to “strongly agree” respectively, the range of 
means of the constructs ranged from a low of 4.35 to a high of 
5.83, all above the “neutral” or middle of the Likert scale. 

Due to space constraints, we report only some of our findings in 
this paper. 

 

4.2 Test of Measurement Model 
The measurement model links each construct in the theoretical 
model to indicators of the constructs. In our research model, we 
were interested in the indicators of the PU and PEOU constructs. 
The strength of measurement model is determined by conducting 
convergent and discriminant validity tests of the instrument items.  
Convergent validity reflects the extent to which the indicators of a 
construct are similar to the other indicators of the same construct. 
The convergent validity of each construct was assessed by 
computing Cronbach’s alpha. Except for ‘Prior experience’, 
‘making sense’, ‘facilitating conditions’, awareness of Wii’, 
Cronbach's alpha for the rest of the constructs were above 0.7, 
which is a commonly acceptable level for judging the reliability. 

0.50 which indicates that 50% of the variance has been accounted 
for. 

4.3 Chi-Square Tests 
We tested the research model with all 28 records. Figure 2 
illustrates the relationships of the factors within the TAM model. 
Solid line denotes a fully supported relationship while a dotted 
line denotes an unsupported relationship. The number indicated 
above each line is the significant value for that measure. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Chi-Square Tests of Research Model 
 

Game Characteristics 
Game realism refers to the ability of Wii sports/games to mimic 
real-life activities. It has a significant effect on PU (χ2=85.704, 
df=54, p=0.004). The fact that Wii games resembled real-life 
activities seemed to indicate the PU of Wii. Even though the 
relationship between “making sense” and PU is statistically not 
significant (χ2=81.676, df=81, p=0.458). The relationship 
between perceived benefits and PU is statistically significant 
χ2=1.255, df=81, p=0.001). The findings suggest that 

respondents believed that Wii might provide opportunities to 
improve one’s health (p < 0.001) and create a new entertainment 
option with Wii (p=0.017). We observed how enthusiastic the 
participants were during the entire experiment. Not only were 

 
Table 1     Descriptive Statistics 
Construct Code # of 

Indicators 
Mean SD 

Perceived Usefulness PU 3 5.83 0.87 
Perceived Ease of Use PEOU 5 5.64 0.96 
Behavioral Intention BI 3 5.40 1.16 
Making Sense MS 3 5.24 0.93 
Game Realism GR 2 5.64 0.99 
Perceived Benefits PB 3 5.73 0.81 
Facilitating Conditions FAC 3 4.71 1.06 
Wii and Game 
Difficulty 

WGD 2 5.68 1.19 

Self-efficacy SEC 7 5.27 0.92 
Prior Experience EXP 4 4.35 123 
IT Knowledge IT 1 4.93 1.63 
Awareness of Wii AWA 3 5.45 0.93 Awareness of Wii

Making sense 

Facilitating conditions

Wii and game 
difficulty 

Perceived 
Usefulness 

Perceived 
Ease of Use 

Behavioural 
Intention 

Player’s Profile 

self-efficacy

IT knowledge

Environment and 
Support 

Game realism

P=0.458 

P=0.004 

P=0.001 

P=0.261 

P=0.003 

Perceived benefits 

P=0.001 

P=0.067 

prior experiences

P=0.146 

P=0.071 

P=0.061 

P=0.116 

P=0.100 
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they being positive and receptive to Wii, they also admitted that 
the short and brief interaction was helpful as a form of healthy 
workout. Perhaps the Wii was seen as a form of assistive 
technology that it could be useful to place a system at home to 
assist the elderly. In terms of entertainment option, Wii seems to 
have captured the interest and attention of the elderly that not 
only was Wii an assistive device, it can also be a very enjoyable 
companion.  

Environment and Support 
Facilitating conditions in this context refer to elderly perceptions 
of the availability of resources required to be able to use Wii. 
Previous studies show that individual’s perception of available 
resources has an effect on the behavioural intention. However, 
inconsistent with this, our hypothesis on facilitating conditions 
with PEOU was not supported (χ2=1.357, df=126, p=0.261). The 
possible explanation for this could be that most of the respondents 
were not aware of the availability of Wii system in the center. Our 
findings suggest that Wii was perceived easy to be easy to use, 
supporting a significant relationship with PEOU (χ2=2.914, 
df=210, p=0.001). 

Players’ Profiles 
Only the ‘self-efficacy’ shows a significant relationship with 
PEOU (χ2=2.914, df=210, p=0.001). This may suggest that 
elderly might have a low level of confidence when dealing with a 
new technology. Thus, the existence of help from others will 
definitely help them to get started with Wii. The other three 
indicators (prior experiences, IT knowledge, awareness of Wii) 
showed no significant effect on PEOU, indicating that previous 
experiences, if any, do not give elderly the perceptions that Wii is 
easy to use.  Our findings contrast with study by Martins and 
Kellerman (2004) who suggested that prior experience in using a 
technology often resulted in greater perceived ease of use. This is 
perhaps because of the majority of the participants in our study 
were the first time users of Wii and thus, they were unable to give 
perception of ease of use based on prior experience.  

4.4 Observations 
Observations of the elderly participants were based on several 
dimensions: mental perception; motor skills, confidence level, and 
ability to learn/adapt to a whole new experience (see Table 2).  

Table 2. Dimensions Used for Observation Data 
Category Details Tentative Deduction 

Mental 
perception 

Were not apprehensive 
after introducing Wii 

Indicating that this generation 
of elderly may not be afraid, 
but open-minded and willing to 
try new things.  

Motor 
skills 

Did not have any 
noticeable difficulty in 
holding the controller. 

Suggesting that their motor 
health is still in a good state 
and shape. 

 
In general, the elderly participants seemed to show positive 
responses and reactions towards Wii. In our observations, we 
noticed that the friendly visual and auditory aspects of Wii played 
a big part in getting the elderly participants fairly comfortable 
after a period of time. Zajicek. (2003) has detailed some basic 
patterns for encapsulating speech interface design solutions for 
elderly in which some were present in Wii itself. These include: 
(i) presence of context sensitive help message; (ii) presence of 

confirmatory message; (iii) keeping output messages as short as 
possible; and (iv) reducing choices wherever possible. 

5. CONCLUSION AND ON-GOING WORK  
In summary, findings in this pilot study suggest that a number of 
implications for Wii usage among elderly. First, based on 
observations, it seemed that Wii had high acceptance level among 
elderly and it could be used as a tool to encourage them to interact 
with each others, make them happy as well as improve their 
health.  In order to encourage elderly to use Wii, it would be 
important to convince the elderly that Wii is easy to use. As 
elderly might have some physical disabilities such as motor skills 
and vision, ease of use is an important factor. Second, the findings 
suggested that to increase the ease of use perceptions, the games 
or activities used with Wii should mimic real-life activities. 
Elderly should not feel that the games were difficult to play. 
Third, the study showed that perceptions of usefulness of Wii did 
not significantly affect intentions to use it. However, it should be 
noted that most of the respondents for this study were the first 
time users of Wii and thus, they might not be fully aware of the 
usefulness of Wii.  
We propose the following recommendations to address constraints 
faced in the pilot study. First, more studies to be conducted with a 
larger sample, different races and more diversified backgrounds. 
Second, the questionnaire can be improved by using simpler 
sentences for the elderly, as we found out during the data 
collection that some of the respondents did not really understand 
the meaning of certain words. Third, this study did not explore the 
suitability of Wii games/sports for elderly. Further research might 
expand the possibility to investigate the usability of Wii 
games/sports as perceived by the elderly.  
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ABSTRACT 
Falls in the elderly are a major problem for today’s society. If the 
elderly could get help immediately after the fall, the severity of 
the injury could be reduced. Also, it results in decreasing the rate 
of death and the medical cost. This paper presents a fall detection 
algorithm based on the threshold value of the maximum peak 
resultant acceleration to classify falls and Activity of Daily Live 
(ADL). Two types of the experiments were investigated. Type A) 
ten young subjects performed both falls and ADL. Type B) ten 
young subjects performed falls whereas ten elderly subjects 
performed ADL. In the experiment, tri-axial accelerometer was 
mounted on the trunk. There were four categories of falls: forward 
fall, backward fall, left and right side fall and six categories of 
ADL: sit-stand, stand-sit, sit-lie, lie-sit, bend down, and walking 2 
m. For the threshold of the maximum peak resultant acceleration 
at 1.9g, falls could be distinguished from ADL with 100% 
sensitivity in both Type A and B while specificity for Type A and 
B were 96.11% and 98.33%, respectively. Results indicate that the 
trend in classification of fall from ADL in the elderly could gain 
the increase in error. Therefore, more sophisticated algorithms for 
the classification of fall from ADL in the elderly are needed to 
improve performance of detection. 

Categories and Subject Descriptors 
C.3 [Special-purpose and application-based systems]: – Real-
time and embedded systems.  

General Terms 
Algorithms, Design, Experimental 

Keywords 
Fall detection, accelerometer, the elderly 

1. INTRODUCTION 
The improvement in medical technologies for health and the 
decrease in the rate of birth result in increasing the population of 
the elderly. One important problem often found in the elderly is 
falling. Jitapunkul [1] reported that 4,480 Thai elders at the age of 

60 and over had a falling incident within the last 6 months 18.7% 
on average (male 14.4%, female 21.5%). Often, the falls occurs 
outside. Although most of the falls cause minor injury but there 
also be long term effects. The major problem caused by falls is 
hip bone fracture due to bone thinning, which already exists in the 
elderly. It is found that the elderly at the age of 65-69 have hip 
bone fractures one out of two hundred falls. In addition, this rate 
increases when the age increases. Apart of that, if the fall results 
in head trauma, it might lead to partial or full paralysis. If the 
elderly can get help immediately after the fall, the severity of the 
injury can be mitigated. It also results in decreasing the risk of 
paralysis and death.  
Most studies in fall detection algorithm were usually carried out 
using a threshold value from the maximum peak resultant 
acceleration. Other parameters such as the change in orientation 
[6] or posture detection after the fall [5] are also investigated. 
Bourke’s studies [3]-[4] used a single threshold of the resultant-
magnitude acceleration signal from a tri-axial accelerometer 
located at the trunk. For ten young male and ten elderly in his 
studies, the performance could be achieved 100% both in 
sensitivity and specificity. However, only fall in the young was 
classified from ADL in the elderly. Although various falls and 
ADL were performed in his studies, the elderly often move 
differently compared to younger people as they typically have less 
control over the speed of their body movements. Some studies 
used threshold from the maximum peak resultant acceleration as 
main method to detect falls and only young subjects perform both 
falls and ADL [5]-[7]. These studies also obtain high 
performance. However, the number of subjects is not high (not 
exceed 5 subjects) and the categories of ADL were not various.  
Even though no study has used elderly subjects to perform the 
simulated falls because of moral reasons, the effects of using 
different subject groups to perform falls are still attractive to 
investigate. This paper presents the comparison of fall detection 
using the threshold value of the maximum peak resultant 
acceleration from a variety of subject groups and activities to 
perform falls and ADL. Tri-axial accelerometer mounted at the 
trunk was used to detect falls and ADL. While ten young subjects 
performed both falls and ADL, ten elderly subjects performed 
only ADL. The rest of paper is organized as follows. Section 2 
describes materials and method. Section 3 presents the results. 
Discussion and conclusion are given in Section 4.  
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2. MATERIALS AND METHOD 
2.1 Experimental Setup 
 

 
Figure 1. Block diagram of system. 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 2. Position of accelerometer at the trunk. 

 
Figure 1 shows the block diagram of the system used for data 
acquisition. Two dual-axis MEMS accelerometers (Analog 
Devices ADXL321) were mounted at right angles to each other in 
order to measure three orthogonal axes of acceleration. Position of 
the accelerometer at the trunk was shown in Figure 2. The signals 
from each axis were processed by a second-order low-pass 
Butterworth digital filter with a cut-off frequency of 20 Hz. These 
signals were calibrated to generate acceleration signals. Data were 
acquired with 12-bit resolution at 1-kHz sampling frequency. 
Subsequently, data were recorded and saved for offline processing 
by a computer. 
 

2.2 Subjects 
In the experiment, the subjects were divided into 2 groups:  

1) Ten young subjects (7 male and 3 female, age 27.3 ± 4.6 
years, body mass 63.8 ± 11.2 kg, and height 169.6 ± 
7.7cm)  

2) Ten elderly subjects (7 male and 3 female, age 69.7 ± 
4.3 years, body mass 63.3 ± 10.3 kg, and height 161.6 ± 
9.4cm).  

To compare the results of detection tested by a variety of subject 
groups to perform falls and ADL, the experiments were divided 
into 2 types: 

• Type A: Young subjects performed both ADL and 
simulated falls.  

• Type B: The young subjects in Type A performed 
simulated falls whereas the elderly performed ADL. 

Four categories of falls performed on the large crash mats are 
composed of forward fall (FF), backward fall (BF), left (LF), and 
right (RF) side fall. Six categories of ADLs were performed with 
normal speed in their familiar environment, including sit-stand 
(ST), stand-sit (TS), sit-lie (SL), lie-sit (LS), bend down (BD), 
and walking for 2 m (WA). Each scenario was repeated 3 times 
for each subject. Therefore, total data were 300 sequences (120 
fall data and 180 ADL data). 
  

2.3 Fall Detection Algorithm 
After all acceleration signals in three axes were acquired, they 
were converted to the resultant acceleration by           
 
                                                
where Ares was the resultant acceleration of tri-axial 
accelerometer. Ax  , Ay and Az were acceleration in x, y and z axis, 
respectively. The threshold value based on the maximum peak 
resultant acceleration was used for classifying falls and ADLs in 
two types of data, i.e. type A and type B from the experiment. 
 

2.4 Performance Evaluation 
The sensitivity and specificity were used to evaluate the 
performance [2]. There are 4 possible cases for fall detection: 

True positive (TP) : A fall occurs and the algorithm detects the 
fall. 

False positive (FP) : An ADL movement is performed but the 
algorithm detects it as a fall. 

True negative (TN) : An ADL movement is performed and the 
algorithm detects it as the ADL. 

False negative (FN): A fall occurs but the algorithm detects it as 
an ADL. 

Based on TP, FP, TN, FN values, sensitivity, i.e. the capability to 
detect a fall, can be expressed as 

          ,TPsensitivity
TP FN

=
+

        

  
and specificity, i.e. the capability to detect an ADL, is given by 

          .TNspecificity
TN FP

=
+

       

 

3. RESULTS  
Figure 3 shows example waveforms of the resultant accelerations 
from six categories of ADLs and four categories of falls. We can 
clearly see that generally the maximum peaks of resultant 
acceleration from falls are higher than those from ADLs. As a 
quantitative measurement, an example of resultant acceleration 
waveform acquired from backward fall is shown in Figure 4. The 
maximum peak of resultant acceleration is 9g, which is much 
higher than those from ADLs shown in Figure 3.  
The maximum peak of resultant accelerations of total data from 
Type A and Type B are shown with quartile box plots in Figure 5 
and Figure 6, respectively. All falls from both experimental types 

( ) ( ) ( )22 2 ,res x y zA A A A= + +
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are detected when the threshold value of the maximum peak 
resultant acceleration is set at 1.9g (FN=0). As a result, the 
sensitivity values of both types are 100%. Although most ADLs 
are distinguished from falls for Type A and B, there are some 
false positives for both types. Seven false positives of Type A 
were produced by all ADLs whereas three false positives of Type 
B were produces by sit-lie. As a result, the specificities of Type A 
and B were 96.11% and 98.33%, respectively. 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. An example of resultant acceleration waveforms 
from six categories of ADLs and four categories of falls (BD: 

bend down to pick up the object, LS: lie-sit, SL: sit-lie, ST: sit-
stand, TS: stand-sit, WA: walking 2 m, BF: backward fall, FF: 

forward fall, LF: left side fall, and RF: right side fall).  
 

 
Figure 4. Resultant acceleration of backward fall. 

 
Figure 5. Quartile box plot of the maximum peak resultant           

acceleration of Type A. 
 

 
 

 
Figure 6. Quartile box plot of the maximum peak resultant          

acceleration of Type B. 
   

4. DISCUSSION AND CONCLUSIONS  
We present and compare results of fall detection algorithm based 
on a threshold value from the maximum peak of resultant 
acceleration. Two types of data are investigated. While in Type A 
data the classification of fall and ADL in the young is performed, 
in Type B data the classification of fall from the young and ADL 
from the elderly is carried out. At the threshold of 1.9g we can 
achieve 100% sensitivity from both types. That is, all falls from 
both types of data are correctly detected when the threshold is 
1.9g. On the other hand, the specificity from Type A and Type B 
are 96.11% and 98.33%, respectively. In other words, seven 
ADLs are detected as falls in Type A and three ADLs are detected 
as falls in Type B. Our accuracy is slightly different from other 
publications, which can get 100% correctly detection because we 
carry out experiment with more subjects. Therefore, we have 
greater variations in data.  

FP = 7 

max peak 

FP = 3 

young elderly 

  1.9g

   1.9g
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Figure 7. Quartile box plot of the maximum peak resultant          

acceleration of ADL for each scenario.  
 

Table 1. Mean of the maximum peak resultant acceleration of 
ADL for each scenario.  

ADL Mean 
Young Elderly 

BD 1.61 1.41 
LS 1.35 1.28 

SL 1.45 1.44 
ST 1.54 1.41 
TS 1.47 1.36 
WA 1.45 1.36 

 
Moreover, accuracy of Type B classification is better than that 
from Type A. This indicates that it is easier in the classification of 
fall in the young from ADL in the elderly compared to the 
classification of fall in the young from ADL in the young. This is 
due to the fact that the speeds of movements in the young are 
faster than those in the elderly. Consequently, the maximum peak 
resultant acceleration of ADL for each scenario in the young is 
higher than that from the elderly. This observation is confirmed 
by median and mean values resulting from experimental data 
shown in Figure 7 and Table 1. Due to this difference in 
maximum peak resultant accelerations of ADL, classification rate, 
i.e. specificity, of the fall and the ADL in Type B is higher than 
that from Type A.   
For reliable operation of the fall detection system, fall events 
should not be missed while false positives should be minimized. 
A good way to protect false alarms is that we should add other 
algorithms to provide better classification between fall and ADL 

data. The algorithm should employ the characteristic of signal 
waveform both in time and frequency domains, which is ongoing 
research. Results will be reported in the near future. 
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ABSTRACT 
Smart home technologies and services are widely 
researched and are being commercialized for use in 
the homes of older adults throughout the world. 
However, widespread adoption by older adults of even 
the most affordable and simple systems has been 
mixed. While older adults may be the “users” of such 
technologies, we seek to understand the perceptions 
held by key “influencers” in the purchase and use 
decisions – the adult child. We present an exploratory 
study based upon a convenience sample of adult 
children most likely to embrace intelligent home 
systems and services. Survey respondents are highly 
educated, technology savvy, middle to high-income 
adult children ages 35 and older. This group represents 
possible “lead adopters” who might advance the 
commercialization of these potentially useful 
technologies. Findings suggest that trust in the 
accuracy of the system, privacy concerns and 
willingness to intervene in a parent’s home may 
present challenges to adoption even among tech-savvy 
adult children. 
 
General Terms 
Management, Design, Economics, Human Factors, 
Legal Aspects 
 
Keywords 
aging, innovation, smart houses, ambient intelligence, 
caregiving, assistive technology, home services, 
technology adoption, baby boomers 
 
1. INTRODUCTION 
The use of information technology in the home and 
other settings to support the independence, well-being, 
and care of older adults has received considerable 
attention and generated optimistic forecasts for its 
demand worldwide. These technologies, and related 
services, seek to integrate smart technology and other 
applications of ambient intelligence to monitor, 

manage and motivate older adult behaviors and assist 
caregivers in achieving optimal health, safety and 
independence [1].  
 

and integration of these systems into the home. What 
is less known, or understood, are the perceptions and 
decision processes of those who choose to use 
intelligent home services themselves and of adult 
children who may seek to install these technologies 
into the homes of their parents. 
 
2. OLDER ADULT ATTITUDES 
TOWARD INTELLIGENT HOME 
SYSTEMS & SERVICES 
Currently available technology provides the capacity 
to monitor older adult behaviors in the home. From 
talking toasters to an explosion of smart devices, 
Internet connectivity to emerging platforms in 
entertainment and health, it is now possible for us to 
monitor when a person wakes, how they walk, and 
what they do in their own home. Technology can be 
used even to retrospectively check, with the aid of an 
intelligent but tattletale toilet, whether the user has 
adhered to their diet and has maintained the weight 
prescribed by their physician.  
 
These same technologies and related services can 
remind the same person to take their medication or to 
eat foods that aid in chronic disease management.  The 
ubiquitous application of sensors inside and outside 
the home (or on the body) promise to provide the 
safety and security that many older adults may require 
to stay in their homes.  
 
The 2008 Healthy@Home Study conducted by the 
AARP indicated that nearly 60% of adults 65+ would 
be willing to use technology to support their ability to 
stay in their own home, e.g., use of an activity monitor 
[2]. Another Aging-in-Place survey  65% 
of respondents over 65 years old were willing to 
consider use of intelligent systems, and 54% were 
willing to consider the adoption of sensors to monitor 
their health and safety [3]. Clearly, it would seem that 
any support to stay at home would be desirable. 
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3. ADOPTION OF SMART HOME 
TECHNOLOGIES 
Despite the availability of these technologies, their 
considerable promise, and the reported willingness of 
older adults to use them, their adoption in today’s 
homes has been lacking. The translation of countless 
technological inventions into innovations in people’s 
lives has been remarkably slow. For example, personal 
emergency response systems, or social alarms, have 
existed for decades and are generally affordable and 
simple to use, yet they have been less than successful 
in their widespread adoption.  
 
One study indicates that less than 3% of the older 
adult population in the United States who could 
benefit from such systems actually uses them.  Even in 
countries such as the United Kingdom, where the 
systems are heavily subsidized by the National Health 
Service, adoption rates are little more than 15% of the 
population who could benefit from such technologies 
[4].  
 
Research examining older adult perceptions of these 
technologies suggests that there may be multiple and 
compound reasons for their slow adoption. One 
significant barrier is concern about cost. Other barriers 
include older adult knowledge that such systems exist 
or where to purchase them. Many of these systems are 
viewed as a possible threat to personal privacy and, in 
some instances, dignity. In other cases, users feel a 
sense of stigma, perceiving the system to symbolize 
frailty and functional loss rather than the 
independence it supports. Finally, some older users 
have reported a lack of trust that the system will work 
when needed or that the information collected will be 
used judiciously and as promised [5].  
 
Finally, there may be a difference between concern for 
one’s lifelong independence and the belief that it is 
actually at risk. Clarity’s Aging-in-Place survey of 
adults 65 and older showed that 89% believed that 
aging-in-place is very important – but only 53% were 
concerned that they would be unable to do so without 
assistance, e.g., with family support, technology or 
home services [3]. 
 
4. USERS & INFLUENCERS: ROLE 
OF ADULT CHILDREN IN 
TECHNOLOGY & SERVICE 
ADOPTION 
While older adults may be the users and direct 
beneficiaries of intelligent home technologies and 
services, they are not necessarily the sole decision 
makers in the purchase of these systems. The 
incongruity between older adult concern for remaining 
independent and the confidence that they can manage 
alone often becomes a family matter. As parents 
become elderly and frail, their adult children play an 
increasingly prominent role in advising, decision-
making and caregiving [6].  

 
Both parent and adult child have a shared interest in 
independence and well-being. However, adult children 
(mostly middle-aged baby boomers born between 
1946-1964) may be more likely to perceive their 
parents as increasingly frail and will look for strategies 
that will support them as caregivers, as well as help 

experienced the efficacy of technology in the home, 

logical next step in their life stage as caregivers. 

5. METHOD 
This paper reports the results of an exploratory survey 
of the attitudes and perceptions of adult children 
toward the potential use of intelligent systems and 
services in their parents’ homes. 
 
An on-line and paper survey using a convenience 
sample of 148 adult children ages 35+ was drawn 
from the metropolitan Boston area. Respondents were 
recruited through the region’s larger employers, 
accessing employee populations both on-line and 
through the distribution of paper surveys. Paper 
surveys were circulated at employer worksites to be 
completed by employees or family members.  
 
Nearly 70% of the respondents were female. It is 
generally recognized that women are more likely to be 
caregivers [6]. Women are also overwhelmingly 
responsible for the majority of health and wellness 
purchase decisions for both immediate and extended 
families. 
 
More than 50% of the respondents had a college or 
graduate degree. 75% of the respondents were 
employed, and more than 50% had household incomes 
over $100,000.  
 
The sample is relatively technology-savvy. Nearly 
90% report using a cellular or digital telephone and 
over 65% had high-speed Internet service in their 
homes. The perceptions of this educated, tech-savvy, 
higher income group should provide insight into what 
might be ‘adult child lead adopters’ of smart 
technologies in the care of their parents. This survey 
begins to inform how these ‘lifestyle leaders in 
caregiving’ might perceive, and be willing to adopt, 
intelligent home technologies and services for their 
parents. 
 
6. FINDINGS 
The survey findings are organized to examine the 
degree of alignment between the concerns articulated 
by older adults in previous studies and baby boomer 
adult child caregivers. These include concern for 
overall wellbeing and maintenance of independence, 
types of desired services, willingness to use 
technologies, and perceptions of trust as they relate to 
the efficacy of the technology, as well as concerns 
surrounding privacy.  
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6.1 Parents’ Safety & Health 
As anticipated, more than 70% “strongly agreed” or 
“agreed somewhat” with the statement that I worry 
about the safety of my parents. Health concerns 
resonated more strongly than safety. Almost 90% of 
the adult children “strongly agreed” (51.4%) or 
“somewhat agreed” (37%) with the statement that they 
worry about the health of my parents. 
 
6.2 What Technology-Enabled 
Eldercare Home Services Are Useful?  
A technology-enabled home services architecture was 
described to the survey respondents. The description 
included the capacity to: monitor daily activities and 
provide predictive insights into a future event (e.g., a 
fall); report food intake and eating habits; facilitate 
food shopping and kitchen inventory; track medication 
adherence; and automatically order prescription refills. 
 

 Not 
Useful 

Not 
too 

Useful 

Somewhat 
Useful 

Very 
Useful 

Activity 
Monitoring 

5.4% 18.9% 51.4% 24.3% 

Diet Habits 8.1% 24.3% 43.2% 24.3% 
Shopping & 

Food 
Inventory 

2.8% 13.9% 52.8% 30.6% 

Medication 
Adherence 

2.7% 5.4% 18.9% 73.0% 

Prescription 
Refills 

0.0 2.7% 27% 70.3% 

Figure 1. How useful do you think each type of 
service would be? 
 
There is clear desire for technology-enabled services 
to support elders and caregivers. The survey data show 
that 67% of respondents were “very or somewhat 
willing” to use a sensor system in the home of their 
parents. Only 21% indicated that they were “not at all 
willing” or only “somewhat unwilling” to adopt the 
technology. The remaining respondents, nearly 12%, 
selected “don’t know.” 
 
Figure 1 shows the system functionalities the 
respondents found most useful. More than 70% of 
respondents found systems that support medication 
adherence and prescription refills to be “very useful.” 
While still positive, only half of respondents viewed 
services that monitored daily activities such as diet or 
assistance with food shopping as “somewhat useful.” 
  
6.3 Two Faces of Trust 
Lee and See [7] define trust as an “attitude that an 
agent will achieve an individual’s goals in a situation 
characterized by uncertainty and vulnerability.” 
Although an older adult may see their home of many 
decades as a safe haven, an adult child may now view 
the family house as an extreme environment of 
hazards, inaccessibility, and isolation contributing to 

poor adherence to diet and medication regimens. To 
resolve this fear, trusted home services and automation 
must be seen as managing or minimizing this threat. 
Respondents highlighted two dimensions of trust that 
would be important when using technology-enabled 
eldercare home services.  
 
The first dimension addressed the capacity of home 
technologies to provide accurate and actionable 
information about the wellbeing and behavior of the 
residents. More than 36% of respondents “strongly 
agreed” or “agreed somewhat” with the phrase a home 
system...would not provide information that would be 
accurate enough to be useful. Even though an equal 
proportion (36%) of respondents disagreed or strongly 
disagreed with this statement – believing such a 
system was likely to work accurately – nearly 28% 
neither agreed nor disagreed. The findings suggest that 
some questions remain about the technical efficacy of 
such services to address adult children’s concerns. 
 
The second dimension of trust relates to privacy, 
protection, and the appropriate sharing of information. 
Nearly 50% of respondents “strongly agreed” or 
“agreed somewhat” with the statement: information 
like this could not be protected from computer 
hackers, government, or other companies or 

Only 31% “disagreed somewhat” or “strongly 
disagreed” with the statement and almost 20% neither 

respondents seemed confident or had no opinion, the 
data suggest that there is considerable intensity and 
concern around privacy and appropriate data sharing.  
 
Perhaps the most compelling response indicating the 
challenge privacy and data protection pose to 
intelligent home services is the response to the 
statement: I would never have a system like this 
installed because I would not want information like 
this to be collected. The direction and intensity of the 
response shows that despite the potential benefits and 
desire for services, the concern for privacy remains a 
powerful barrier. More than 22% “strongly agree” 
while another 25% “agree somewhat.” In contrast, 
nearly 14% “strongly disagreed” and 22% 
“disagreed.” Another 17% neither agreed nor 
disagreed with the statement. 
 
7.0 DISCUSSION 
The findings suggest that the desire for assistance and 
the belief that intelligent home services can support 
eldercare needs is strong. Although services to 
monitor general well-being are attractive, these 
findings suggest that support of critical medical needs 
around medication adherence are perceived as most 
important.  
 
Despite the desire for these services, this survey of 
possible lead adopters of home technologies suggests 
that there remains some apprehension in their practical 

48



use. First, trust in the efficacy of the services remains 
a barrier to adoption. Half of the tech-savvy boomers 
responding to this survey have some concern that the 
system may not be accurate enough to be useful, e.g., 
generating false alarms or sensor failures. It appears 
that adult children fully appreciate the need for high 
system reliability to adequately protect their parents 
from potentially high-risk conditions and events. 
Adult children may also be concerned with ensuring 
that the information provided is accurate and 
actionable. 
 
Second, protection of privacy remains a significant 
challenge to adult children adopting technology. The 
findings suggest that trust in how the data are 
collected, protected and used may be barriers to 
widespread adoption. Recent glitches and hacker 
successes in accessing retail credit card databases may 
only cause these fears to grow. In addition to 
technology offerings, the brand of the service provider 
may be as important as the effectiveness of the 
technologies and services to be offered. This may 
present an opportunity for strategic partnerships with 
trusted affinity groups (e.g. disease associations such 
as the Alzheimer’s Association or American Diabetes 
Association) to provide home services. 
 
Finally, even this highly technology-savvy, educated 
and relatively affluent sample of boomer adult 
children suggests that there is some conflict between 
the hope for technology services and the trade-off of 
personal as well as parental privacy. This underlying 
concern may only exacerbate the natural role conflict 
between being a child –now an adult – and intervening 
in your parent’s most personal affairs. 
 
8.0 FUTURE RESEARCH 
This research has limitations. By design this 
exploratory sample was biased to understand the 
perceptions and attitudes of what might be lead 
adopters of intelligent home eldercare technologies. 
Future research should include a larger, representative 
sample to account for differences in education, income 
and cultural variations in caregiving roles, e.g., 
caregiving styles in Hispanic, African American and 
Asian households. The data also suggest that parent 
health and medical adherence were key concerns. 
Future research should examine the health status of 
parents as a predictor of the willingness of adult 
children and parents alike to adopt selected 
technologies and services.  
 
Finally, this work begins to identify the role strain of 
adult children intervening in the lives and lifestyles of 
their parents. Future research in the adoption of home 
technologies may benefit from understanding how 
family discussions and conflicts are managed in other 
difficult eldercare domains such as driving cessation 
and end-of-life planning. While technology 
applications offer considerable benefit, the ‘soft’ 
issues of trust, privacy and family dynamics may 
continue to be a barrier to adoption. 
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ABSTRACT 
In this paper, we describe the Gator Tech Smart House (GTSH), 
an assistive environment for independence and wellbeing, with 
focus on the elderly population. We give a quick overview of the 
GTSH and its services before presenting our experience and some 
of the lessons we learnt in this real world deployment project. We 
present the Atlas architecture – a key enabling technology for the 
automatic integration of devices and sensors and show how can 
Atlas be used to develop smart environments without requiring a 
team of engineers or system integrators. Finally, we discuss 
ongoing related Atlas developments.  

Categories and Subject Descriptors 
C.3.3 [Special-Purpose and Application-Based Systems]: Real-
time and embedded systems; J.3.2 [Computer Applications]: 
Life and Medical Sciences – health. 

General Terms 
Design. 

Keywords 
Pervasive Computing Middleware, Smart Spaces, Assistive 
Environments, Programmable Pervasive Spaces, System 
Integration, Sensor Networks. 

1. Introduction 
With nearly 80 million baby boomers in the US just reaching their 
sixties, the demand for senior-oriented devices and services will 
explode in the coming years. Managing the increasing healthcare 
costs for such a population requires developing technologies that 
will allow seniors to maintain active, independent lifestyles. 
Pervasive computing environments, such as smart homes, 
combine assistive technologies and especially designed 
architectural and home furnishing elements to provide healthcare 
and well-being services to its residents. However, for such 
environments to be commercially viable, we require a system that  

 

allows technology to be easily utilized and included as it enters 
the market place. Also we require new technology to be 
introduced in a plug-and-play fashion, and applications that are 
developed by programmers, not engineers or system integrators. 

 
Figure 1. The Gator Tech Smart House (GTSH) 

1.1 The GTSH Project 
In collaboration with the university’s College of Public Health 
and Health Professions, and with federal funding as well as 
donations and gifts, we have created a programmable space 
specifically designed for the elderly and disabled. The Gator Tech 
Smart House (GTSH), shown in Fig. 1, located in the Oak 
Hammock Retirement Community in Gainesville, Florida, is the 
culmination of more than seven years of research in pervasive and 
mobile computing. The project’s goal is to create assistive 
environments that can provide special services to the residents to 
compensate for cognitive, mobility, health, and other age-related 
impairments [4]. The GTSH project was a second attempt at 
creating assistive environments for the elderly, utilizing the 
lessons we learned from our first deployment in Matilda’s house. 
It was the test-bed in which we deployed and tested our 
programmable pervasive space systems. 

1.2 Assistive Technologies 
Fig. 2 shows most of the ”hot spots” that are currently active or 
under development in the Gator Tech Smart House. An interactive 
3D model available at www.icta.ufl.edu/gt.htm provides a virtual 
tour of the house with up-to-date descriptions of the technologies 
arranged by name and location. This section will describe several 
of the major services and features provided in this assistive 
environment [5]: 
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Figure 2. The Gator Tech Smart House floor plan 

Entry Assistant. The front door of the house makes use of several 
devices and services that together comprise the Entry Assistant. A 
radio-frequency identification (RFID) system built into the wall of 
the entranceway recognizes residents as they approach the house 
by means of passive RFID tags attached to their key rings. Two 
devices, an electronic deadbolt and an automatic door opener, 
work together to allow the residents effortless access to the house 
and to secure the premises when the door is closed. 

Location Tracking and Activity Monitoring. The primary location 
tracking system used in the house is the Smart Floor, which 
consists of residential-grade raised platform. Each platform is 
approximately one square foot, and underneath each we installed a 
force sensor.  Unlike other tracking methods, the Smart Floor 
requires no attention from the residents, and there are no cameras 
that invade the residents’ privacy. This allows for constant but 
inoffensive monitoring throughout the day and night. More 
importantly, the Activity Monitor is able to record a resident’s 
typical amount of movement in a day.  If a significant decrease in 
activity is detected, the house is able to automatically notify 
caregivers. 

SmartWave. The SmartWave is a collection of devices and 
services that facilitates meal preparation. An RFID reader in the 
cabinet below the microwave allows appropriately tagged frozen 
meals to be recognized by the SmartWave. Any instructions 
necessary to prepare the food will be provided to the resident. The 
SmartWave will set the power level and cooking time 
automatically.  

Real-world Modeling for Remote Monitoring.  To provide a 
remote presence in the house for the resident’s caregivers who 
usually live off-site, a smart house should be able to recognize the 
devices and services it has available, interpret their status, and 
generate a model of the space. It should also recognize the 
residents and their activities, and include a representation of these 
in the model. To support this remote presence, we developed a the 
concept of Smart Plug, Robotic based floor plan scanning and 
identification, and “pervision” a set of pervasive-assisted 
computer vision algorithms for the identification of objects based 
on computer vision and RFID technology. 

2. Lessons Learned 
The entire design and development process of the Gator Tech 
Smart House project provided valuable experiences in building a 
first generation “assistive environment” - a pervasive space 
designed for older and disabled people. In this section, we focus 
on several important lessons we learned and how they shaped our 
research agenda for a new generation of pervasive systems. 

2.1 Heterogeneity in Technology 
Building a real-world smart space requires the utilization of a 
large number of technologies that are either developed in-house or 
obtained commercially-off-the-shelf (COTS). However, 
introducing such a collection of devices obtained from multiple 
sources, each adhering to different protocols and/or standards 
easily leads to a chaotic situation. Figuring out not only how to 
interact with and control each device but how to operate them in a 
collaborative and coherent manner is a challenging task. In our 
experience, smart spaces research also tends to rely on a lot of 
devices which are still in early stages of maturity thereby 
compounding the problem in a large way. We found that simply 
choosing the specific set of devices to introduce into the smart 
space and working out their specific operational details is a 
Herculean task and can easily account for a large portion of the 
development time and budget. 

2.2 The Hard-wired Integration Problem 
When developing smart spaces using a typical, ad-hoc system 
integration strategy, technology integration proves to be a 
laborious process. The most time-consuming and error-prone task 
proves to be the connection phase, which requires linking the 
numerous and heterogeneous devices into the I/O ports of 
computers and the application development phase which 
associates those devices with specific applications.  

Traditional integration requires hard-wiring the device operational 
logic into the application. While this approach might seem 
straight-forward, it introduces a number of problems. Firstly, 
hardwiring device operations into applications implies that 
whenever devices are added or removed from the space, one must 
revisit all existing applications to ensure that nothing is broken 
due to the current modification to the space. This is certainly a 
time consuming and thankless task, which is extremely 
susceptible to errors.  

2.3 Coping with Changing Requirements 
The “hard-wiring” problem becomes even more acute when we 
consider the fact that the initial deployment of the smart space is 
only the beginning and it must have the capability to evolve 
throughout its life-  Moreover, since 
the concept of a “one-size-fits-all” smart space is infeasible hence, 
it must be capable of undergoing rapid iterative improvements and 
customization with minimum effort and cost. We have learned 
what we call the 20/80 rule in which we concluded that we should 
budget 20% of our effort into building the smart space, and 80% 
additional efforts in personalization, customization, and iterative 
improvements to satisfy usability and user acceptability.  
Furthermore, hard-wiring device access and operations to specific 
applications can also lead to complex conflict issues in the smart 
space when multiple applications simultaneously attempt to share 
the same set of device resources. This can lead to non-
deterministic behavior in the space making it hard to debug the 
problem and pin down its exact cause.  
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3. Atlas: The Enabling Technology 
Our early experience and lessons learned in the GTSH (2001-
2004), shaped our then future research agenda (2004-present) to 
create the next version of the GTSH deployment, addressing 
aforementioned areas of concerns. We developed a reference 
architecture for a service oriented sensor platform that we call 
Atlas. As Fig. 3 shows, it contains physical, sensor platform 
(node), service and application layers. We have implemented most 
of the architecture and deployed it in the GTSH [3]. 

 
Figure 3. The Atlas Reference Architecture 

The Atlas Platform is a combination of hardware nodes and 
firmware running on the hardware, and a software middleware 
running in the network, that provides services and an execution 
environment. Together these components allow virtually any kind 
of sensor, actuator, or other devices to be integrated into a 
common data / services bus, all of which can be queried or 
controlled through an interface specific to that device. This 
significantly facilitates the development of applications that use 
the devices. Each Atlas node is a modular hardware device 
composed of stackable, swappable layers, with each layer 
providing specific functionality. The modular design and easy, 
reliable quick-connect system allow users to change node 
configurations on the fly.  

3.1 The Atlas Hardware 
A basic Atlas node configuration (Fig. 4.) consists of three layers: 
the Processing Layer, the Communication Layer, and the Device 
Connection Layer. 

 
Fig. 4. A three-layer Atlas node  

(Left: a Wi-Fi node, Right: an Ethernet node) 

3.1.1 Processing Layer 
The Processing Layer is responsible for the main operation of the 
Atlas node. Our design is based around the Atmel ATmega128L 
microcontroller. The ATmega128L is an 8MHz chip that includes 
128KB Flash memory, 4KB SRAM, 4KB EEPROM, and an 8-
channel 10-bit A/D-converter. We chose this chip for its low 
power consumption, plethora of I/O pins, ample SRAM and 
program space, and the readily available tools and information 
resources. 

3.1.2 Communication Layer 
For a sensor and actuator network platform to be useful, users 
must be able to access the data being produced by sensors, and 
must be able to send commands to the actuators. With Atlas, the 
Communication Layer handles data transfer over a network. 
Several communication options are currently available including 
wired Ethernet, Wi-Fi, ZigBee and USB. 

3.1.3 Device Interface Layer 
The Interface Layer is used to connect the various sensors and 
actuators to the Atlas platform. Interface Layers are available for a 
variety of devices including analog sensors, digital sensors and 
actuators, servos and devices that can be connected using RS232 
serial port connectors.  

3.2 The Atlas Middleware 
The Atlas middleware is a service-oriented platform that 
”converts” the various sensors and actuators in a pervasive 
computing environment into software services. It is responsible 
for obtaining this service representation from connected devices, 
and for managing the services in such a way that applications are 
easily able to obtain and use the services and associated 
knowledge. 

Two layers of the Atlas architecture, the services layer and the 
application layer comprise the majority of the middleware.  In our 
implementation, the services layer is built on top of the OSGi 
framework. It holds the registry of the software service 
representation of all sensors and actuators connected to the 
hardware nodes. The layer provides the service discovery, 
composition, and invocation mechanisms for applications to 
locate and make use of particular sensors or actuators.  It also 
supports enhancement of reliability and automatic service 
composition of sensor services. 

Each sensor or actuator is represented in the Atlas middleware as 
an individual OSGi service bundle. These bundles implement a 
uniform service interface specified by the Atlas API. Initially, we 
used to manually write Java code for these bundles. Currently, we 
have developed a Device Description Language (DDL) [2] and a 
DDL Bundle Generator. Using the Bundle Generator, the creation 
of service bundles is currently done automatically: a descriptor 
file that specifies the device interface written according to the 
DDL specifications is converted by the Bundle Generator into a 
an OSGi Java Bundle.  

After a device bundle is created, it is uploaded to the Bundle 
Repository that manages the various device service bundles 
required by physical sensors and actuators deployed in the sensor 
network. The Bundle Repository eliminates the need for devices 
to locally store their drivers. Instead, the Configuration Manager 

when new devices join. A web-based front-end allows users to 
view and modify lists of the available service bundles. Users are 

52



able to add, delete and update service bundles, and synchronize 
with other repositories.  

Once a device powers up and joins the network, the Network 
Manager, which listens on a variety of network interfaces, will 
identify the device and handshakes with it (by exchanging a 
configuration file). The device configuration is then passed on to 
the Configuration Manager, which accesses the Bundle 
Repository to retrieve the references for service bundles required 
by the device. Once a reference for a device bundle is loaded in 
the Atlas middleware, applications and other services are able to 
dynamically discover and access it using OSGi provided 
mechanisms. 

3.3 Ongoing Atlas Development 
We are currently working on efforts to standardize and increase 
community adoption of the DDL language. DDL allows for the 
automatic integration of a variety of devices, and provides an 
elegant separation of roles where sensor/device vendors, who 
know best about their products, provide the DDL description, 
allowing application developers to utilize them effortlessly. This 
allows developers to focus on the applications not any integration 
tasks.  

Once the Atlas platform was ready, we had a system that enabled 
automatic management of device services - OSGi bundles that 
implement a uniform service interface. However, the creation of 
these bundles did not happen automatically. For each model of 
sensors and actuators, we needed to read the datasheet, examine 
the interface and study the communication protocols. 
Furthermore, whoever writes the bundle has to be a proficient 
Java programmer and expert in OSGi framework. What seemed 
like a trivial step turned out to be a complicated issue where a 
variety of knowledge and expertise intersects. The Device 
Description Language has been proposed to address this issue. By 
providing a language schema that is capable of describing the 
interface of devices and a language processor that automatically 
converts a DDL device descriptor to a service bundle, 
responsibilities among device manufacturers, system integrators 
and applications programmers can be clearly separated. For each 
device, its manufacturer will provide the DDL descriptor, 
essentially a digital “datasheet” that specifies its interface; a 
system integrator can then run the ATLAS-DDL language 
processor to create an OSGi bundle for the device, and upload it 

to the device repository to make the service readily available for 
application programmers. To invite and encourage discussions 
and participations from the research communities, we proposed 
DDL to the SODA standard Alliance [1] and released the DDL 
schema and source code of the language processor online [2].  

4. Conclusion 
In this short paper we presented the Gator Tech Smart House, a 
real life research facility for R&D of pervasive technology in the 
domain of elder care and proactive health. We shared some of the 
hard lessons we learned in our early development, which have 
shaped our further research agenda and motivated us to define and 
develop the Atlas sensor platform architecture. We presented 
Atlas and showed how it empowers application developers to 
design and implement such smart spaces without the need for any 
engineering background or system integrator services or 
involvement. We presented the Device Description Language that 
we are currently working on standardizing through a community 
effort led by relevant industries.  
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ABSTRACT 

Loss of hand function as a result of upper limb paresis after a 

stroke leads to a loss of independence and the strength of the 

paretic upper limb is strongly related to measures of activity. 

Robotic-assisted therapy with virtual reality, leads to 

improvements in motor function, but, there is a need to improve 

the cost-to-benefit ratio of these therapies. This case series study 

investigated an augmented reality computer game which provided 

a rewarded, goal-directed task to upper limb rehabilitation via a 

reaching task motivated by a computer game.  A device was 

developed to increase the exercise effort for the table-based 

therapy.  Of the 4 participants in the case study, 2 showed 

improvement in ability to play the game and in arm function.  

Participants felt that the system provided a worthwhile exercise 

that they would carry out in a home rehabilitation setting.  

Categories and Subject Descriptors 
J.3 [Computer Applications]: Health 

General Terms 
Measurement, Performance, Design, Experimentation,  

Keywords 
Augmented reality, stroke, rehabilitation, computer. 

1. INTRODUCTION 
The hand is the principal means by which an individual interacts 

with objects and the environment, so the effect of loss of hand 

function on day to day activities is severe.  Loss of hand function 

as a result of upper limb paresis after a stroke greatly reduces the 

probability that an individual can return home and to premorbid 

activities [1, 2]. Strength of the paretic upper limb is strongly 

related to measures of activity, although grip strength showed a 

moderate relationship with measures of activity and was not able 

to explain poor performance in ADL [3]. Unfortunately, the 

outcome of rehabilitation for an impaired upper limb is generally 

poor: fifty percent of stroke survivors have impairment of upper 

limb function, and of these only 15% can expect to regain 

function from a “traditional” physiotherapy program [4]. 

 

From the point of view of neuroplasticity, sensorimotor cortical 

representations and other signs of reorganization are most likely 

to accompany rewarded, goal-directed, task-specific practice [5].  

Robotic-assisted therapy devices provide autonomous training 

where patients can engage in repeated and intense practice of 

goal-directed tasks, through computer-based virtual reality 

environments, leading to improvements in motor function [6, 7, 

8].  Results of clinical trials using these systems to rehabilitate the 

upper limb are positive, with motor gains that correlate to clinical 

motor impairment scales such as the Fugl-Meyer [9], although 

improvement in ability to perform activities of daily living has yet 

to be shown [8].   

 

However, there is a need to improve the cost-to-benefit ratio of 

robot-assisted therapy strategies and their effectiveness in 

extending motor gains to increased functional use of the impaired 

arm [10].  The rehabilitation interventions described [8] require 

patient time on the devices of an average of 48 minutes per day 

for 8 weeks.  A 6-axis robot can be expected to cost about 

US$60,000 and deployment (e.g. training, programming, adding 

tools etc.) may cost another US$200,000 [11].  Such a capital 

item, with a depreciation rate of say 15%, operating 40 hours per 

week, would need to be charged at US$19/hour, meaning that 

robotic arm treatment of one patient’s rehabilitation program will 

cost US$800 in capital depreciation alone, regardless of 

maintenance, running or therapist costs.  Personal computers are 

much cheaper and consequently available in many homes.  If a 

low-cost (under US$1000) peripheral device for a personal 

computer  can supply a beneficial therapy, the cost-effectiveness 

of such therapies would be significantly improved and clinical 

uptake will be expedited. 

 

This study investigated a cost effective method for stroke 

survivors to exercise their upper limbs while interacting with a 

computer game which provides a rewarded, goal-directed task.  

This paper describes a case series study of a simple augmented 

reality system (ARS) with a reaching task motivated by a 

computer game and a device to increase the exercise associated 

with the computer based reaching tasks. 
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2.  METHOD 

2.1 Augmented Reality System 
An overhead mounted web camera using the computer vision 

algorithm AR Toolkit (HIT Lab, University of Canterbury, NZ), 

tracked the position of a fiducial marker attached to the user’s 

hand or wrist.  A computer game was developed to motivate 

multi-directional reaching of the arm.  A butterfly net was shown 

in the computer screen at the position of the user’s hand or wrist.  

A cross was marked in the centre of the screen where the user 

placed their hand in order to start the game. Virtual butterflies 

“flew” from eight evenly spaced different directions, starting at 

the outer edge of the screen and traveling towards the centre at a 

fixed speed.  The user’s task was, beginning with the hand in the 

centre of the screen, to move their hand to the outside of the 

screen to “catch” the butterfly with the net (Figure 1). When a 

butterfly was caught the user moved back to the centre and the 

next butterfly appeared. After all 8 butterflies had been caught, the 

time taken, and therefore the distance moved in each direction 

was shown with a graph.  The user could choose to have the real-

time video of their hand and table displayed, with the virtual 

butterfly and the net overlaid on the view, or just have a black 

background. 

 

Figure 1. Person carrying out arm exercise using butterfly 

catching game. 

2.2 Procedure 
Four participants volunteered for nine sessions over four weeks.  

The first and eighth sessions were functional assessments, 

sessions two to seven were training and session 9 was a focus 

group.  Inclusion criteria were: chronic stroke survivors (>6 

months post stroke); aged over 18 years; some voluntary 

movement in the affected arm, achieving 4/6 or more on the 

upper-arm function score of the Motor Assessment Scale [12]; of 

good health, no reported orthopedic, medical or painful 

conditions.  

In the functional assessment three outcome measurements were 

used: 1) Fugl-Meyer Assessment for Testing Motor Performance 

in Patients Following Stroke, part A and D to evaluate grade of 

impairments [9]; 2) Wolf Motor Function Test for functional 

movement [13] and 3) the DASH (Disabilities of the Arm, 

Shoulder and Hand), a questionnaire for self reported symptoms 

and abilities in certain activities [14]. 

The training sessions began with a  five minute game-play warm 

up without measurement and 5 minutes rest.  Five minutes of 

timed game play, followed by a five minute rest period, was then 

repeated three times, followed by self playing for up to 1 hour. 

At the end of the treatment program a focus group was held where 

all four participants discussed the value of the ARS to the 

rehabilitation of upper limb function following stroke.  

2.3 Augmented reality therapy exercise device 
To create a device that could provide increased exercise during 

computer game-play, a computer mouse / arm skate with variable 

resistance was developed (Figure 2).  Castor wheels with 

adjustable brakes were added to a custom-built arm skate that 

provided resistance to horizontal motion of from 0.5 to 13 N.  A 

web camera with an infrared-light filter tracked the motion an 

infra-red led mounted on the front of the skate.  The OpenCV 

(Intel Research) image processing library was used to determine 

the brightest pixel in the image view and map that to a cursor for 

the mouse.  A setup program allowed scaling of the user’s range 

of motion capabilities to the computer’s full screen.  Although 

this system could utilize any mouse-based computer game a 

therapy game was developed which comprised a target dot that 

moved around the screen.  The target dwelled at positions near the 

edges of the screen and hence at the user’s limits to movement.  

The user’s task was to move the mouse pointer to the target, 

pushing against the resistance of the arm skate. Game score points 

were achieved for reaching the target before it moved away.  

Game-play difficulty could be increased by decreasing the dwell 

time of the target.  The points achieved, time exercised and 

distance traveled were continuously displayed. 

A person with partial paralysis of the arm, trialed the system for a 

single exercise session lasting 30 minutes and physiotherapists 

were asked to provide feedback on the usefulness of the system 

for rehabilitation following upper arm paralysis. 
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Figure 2. Person with partial arm paralysis, using 

computerized arm skate to exercise their arm. 

3. RESULTS 

3.1 ARS trial 
The results of the pre- and post training functional measurements 

are presented in Table 1. The Fugl-Meyer Upper Extremity Motor 

Performance Section Test scores showed an improvement for two 

participants (2, 4). Improvements were mostly seen in shoulder 

movement and to a lesser extent in elbow movement. Participants 

1 and 2 showed improvement on the Wolf Motor Arm Test. The 

DASH questionnaire showed a decreased score for three 

participants suggesting a reduction in self reported life standard 

over the intervention, possibly as a result of their focus on their 

arm impairment. All participants showed a trend of improvement 

on the timed game-play although only participants 2 and 4 were 

significant (P<0.05).  

 

In the focus group discussion all four participants agreed that the 

ARS was a good concept for stroke rehabilitation. Two 

participants enjoyed playing the game and would probably use it 

if they had it at home. They all found it was easier to use the black 

background compared to the real-time video of the hand and 

table. For the game to be effective and more motivating 

participant’s wanted to see a lot more variation and choices of 

different settings in the game, with progression of difficulty as 

rehabilitation progressed.  Problems associated with operation of 

the prototype system were highlighted as detrimental to the 

overall experience.  In particular the environmental lighting was 

difficult to manage, as a result of sunlight coming through nearby 

windows, so that the detection of the fiducial marker was not 

always reliable.   

 

Table 1. Results of the outcome measures pre and post ARS intervention for the 4 participants. 

 Fugl-Meyer (/44) Wolf, average time /task (sec) DASH (/100) 

No Pre test Post test Difference Pre test Post test Difference Pre test Post test Difference 

1 33 33 0 34.3 24.5 -9.8 33.3 34.2 0.9 

2 10 17 7 84.0 77.0 -7.0 67.5 71.7 3.2 

3 31 31 0 43.4 44.4 1.0 - - - 

4 36 42 6 4.2 4.1 -0.1 21.7 40.0 18.3 
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3.2 Augmented reality therapy exercise device 
User feedback from the single case study was positive.  

Environmental lighting was not a problem with the infrared 

marker, but the computer system was still difficult for clinicians to 

manage. Although the clinicians desired more exciting games that 

would supply more motivation to play, an easier setup of the PC 

and alternative hand grips for the range of hand deformities 

experienced by the target user group, the device supplied a useful 

and therapeutic exercise. The user found that the system gave an 

excellent workout especially to the triceps and that even the 

simple game was motivational, maintaining exercise for over 20 

minutes in a single session. 

4. DISCUSSION 
The primary purpose of this study was to obtain the perspective of 

adults with stroke regarding the usefulness of the ARS created for 

home rehabilitation after stroke. Participants thought that the 

concept of the home ARS was good and that it had a future role to 

play in community-based stroke rehabilitation. They considered 

that being able to see their game score was a very important 

motivational tool and the score should be visible on the screen 

while playing, or provided immediately after the game was 

completed. Due to the short intervention time we did not expect 

any significant improvements in upper limb impairment or 

function.  However, we did see significant improvement in two 

participants, indicating that this approach may indeed be an 

effective rehabilitation tool if used regularly and over a longer 

time period. 
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ABSTRACT
Physiotherapay exercise is a vital medical treatment process
as it helps bringing a normal life back to patients. However
due to the requirements of time spent and interactions with
medical specialists such as doctors, therapists, and nurses,
patients have to deal with some difficulties such as time and
cost of travelling, waiting for availability of specialists and
ineffective personal exercises. These difficulties could cause
worse on those patients living in the areas distant from med-
ical centres or lacking of medical staffs and experts. There-
fore the concept of tele-physiotherapy was created to im-
prove the quality of physiotherapy services. The objective
of tele-physiotherapy is to allow patients and medical ex-
perts carrying on their sessions through telecommunication
networks as if they are in the same place. Computer vision
technologies, then, can be useful and helpful in monitoring
process of system because the quality assessments of physio-
therapy exercise are mainly based on vision. This article is
discussing the feasibility of applying computer vision tech-
nolgies in tele-physiotherapy while showing an example of
using computer vision in fall detection. The study shows
that computer vision has some potentials in enhancing and
improving the telephysiotherapy system but the study of
some considerations is needed before implementing.

Keywords
Tele-Physiotherapy, Computer Vision, Human Monitoring
System, Fall Detection

1. INTRODUCTION
Beside such medical treatments as diagnosis, drugs, and op-
erations, physiotherapy exercise is also a significant process
in medical treatment. The aim of physiotherapy is to im-
prove, sustain, and build up the maximum performance of
physical abilities of the patient including functional and cog-
nitive abilities. The patients using this service are usually
those whose movement and functional abilities threatened
by aging, injury, disease or environmental factors. As phys-

iotherapy process normally requires a period of time, months
or years, and interactions between patient and therapist, it
is not effective and convenient for patients living in some ar-
eas to undergo this process. For example, patients living far
away from hospitals have to spend a lot of cost and time on
travelling to the hospital to obtain some advices from doc-
tor and therapist. Some patients live in some specific areas
nearby hospital but lacking of medical staffs such as doctors,
nurses and therapists in the hospitals due to the unattractive
environments, inconvenient life style and the requirement of
long distance travel. One way to tackle this problem is to
shorten the physical distance between patients and experts
by using technologies. Therefore the concept of telephysio-
therapy was created to improve the quality of physiother-
apy services. The objective of telephysiotherapy is to al-
low patients and medical experts carrying on their sessions
through telecommunication networks as if they are in the
same place. The development of tele-physiotherapy is then
based on the ideas of bringing those services to the patients

advices, suggestions and diagnosis from other place further
away to improve the effectiveness of patients’ physiotherapy
exercise.

Hitherto from observation, there have been some works on
design of system[6] and development of assitive technolo-
gies[11, 5, 8, 1, 2] for telerehabilitation and telephysical
therapy. Most of technologies studied are based on cam-
era devices, wearable devices and ambience devices. Yu [10]
mentioned that big disadvantages of using wearable devices
in patients are because they are intrusive, and sensitive to
the change of the location placed. He also suggested that a
big problem of ambience devices is they do not know whether
the subject measured is human being or not. For exam-
ple, anything having some weights can disturb the pressure
measure and while the sounds that sound detectors capture
would not be from the expected subject. Camera-based ap-
proach, then, seems to be the best choice for the applications
based on vision-based observation as the input information
is the same as the information processed by human brain.
Moreover, with camera-based approach, ones can visually
verify the captured data.

Because the direct and effective access of physiotherapy is
using vision sense, the advantage of camera-based platform
with the intelligence of computer vision technologies is a
key to bring the concept of telephysiotherapy to be seen
in the real system quickly and effectively. In this paper,
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the survey of assistive technologies for physiotherapy sys-
tem is firstly reviwed before an example of using computer
vision approach is described through fall detection system.
Then an example of using computer vision technologies in
human action recognition is shown to roughly guide the
readers how good the existing technologies are now. Fi-
nally the considerations on platform design for vision-based
tele-physiotherapy are briefly drafted and the conclusion is
drawn.

2. TELE-MONITORING TECHNOLOGIES
FOR PHYSIOTHERAPY

As an assumption of telephysiotherapy system is no the pres-
ence of on-site specialists, the system that can monitor, col-
lect and record data of patients’ exercises without the pres-
ence of experts is non-trivial. Thus there have been many
technologies focusing on measuring the data and record on
computer for they can be access by medical experts from
the other location through any telecommunication networks.
The data concerned here are physical location and move-
ments of body parts. For further information such as the
quality of coordination of each parts, balance control and de-
gree of strenght, they can be intepreted later in the process
after physical data are measured. One of popular technolo-
gies used to measure physical information is accelerometer
technology. Zheng et al. [11] used one of accelerometer-
based devices to extract three-dimensional information for
web-based system in home-based rehabilitation. Apart from
accelerometer, there have been, recently, a few device tech-
nolgies used to extract the physical data. Fitzgerald et
al.[5] attached motion tracking sensor to the upper surface
of wobble board and measured the balance control of pa-
tients from the movement of wobble board. The interface
of this application is a game that the patient has to tilt on
the wobble board to roll a ball on the screen passing coins
to collect while avoiding obstacles. Piron et al. proposed
a web-based tele-rehabilitation on Post-stroke patients[9].
The arm movement uses a 3D motion tracking system (Pol-
hemus 3Space Fastrack, Vermont, U.S.A.) capturing motion
by tiny magnetic field-based receiver. Moreno et al. [8]
proposed to use WiiTM controller to measure the exercise
movements.

However there are several problems in using device-based to
measure those information, for example, unnatural exercise
caused by intrusive devices, requiring experts to setup and
place devices and indirect access of information. These in-
spired the concept of using technologies based on visual per-
ception. Computer vision is a field studying how to make
computer intelligent as human vision, make them interpret-
ing still images and image sequences. This allows patients to
proceed their exercise as naturally as they did in ordinary
physiotherapy exercise and allows users to begin monitor-
ing session without the presence of experts as there is no
particular knowledge needed to place devices. Additionally,
the data can be interpreted based on normal diagnosis as
vision is the access used in traditional physiotherapy. Burke
et al.[2] created games for upper-limb stroke rehabilitation.
In this work the motion of colour markers attached on up-
per limbs represents the movement of limbs. The markers
in each frame are detected by colour segmentation. Allin et
al [1] applied simple template matching to track the move-
ment of head and feet and then used motion information

(a) (b)

Figure 1: An example of using computer vision in
human behaviour analysis: (a) foreground extrac-
tion (b)Body parts Detection/Tracking

to interpret the quality of standing balance of human. The
results showed that simple technique in computer vision can
provide significant contribution in clinical trials. Han et al
[7] extracted the areas of optical markers placed on each
joint from single-camera video and locate two dimensional
positions of every points before reconstructing three dimen-
sional information to learn three dimensional positions of
upper limb in controlling neural prostheses. Chang et al[3]
proposes a technique to track cyclic human motion which
can be useful in gait analysis and patient rehabilitation.

3. FALL DETECTION: COMPUTER VISION
APPROACH

Technologies in computer vision could be useful in telephys-
iotherapy are Global detection/tracking, Parts Detection
and Tracking and camera calibration between 2D and 3D
space. In this part, an example of using computer vision in
fall detection system is described to give a clearer image of
how computer vision can work.

3.1 Global Detection/Tracking
Given an input image, to begin vision-based analysis, it is
always locating the object of interest. Therefore, the first
step of most computer vision methods is global detection
and tracking focusing on detect the region of interest in the
image. There are various ways to proceed this step such
as colour segmentation, background subtraction, template
matching, object classification. An example shown in Figure
1(a) is using background subtraction technique used in [4]
to locate human body in the frame as it is tolerate to noisy
background and extract foreground object.

3.2 Parts Detection/Tracking
After the object is located, the key details of the object
must be learned. In telephysiotherapy, the details of human
exercise can be the location of body parts such as head,
torso, limbs, and joints. There are several computer vision
techniques fitting those tasks. For example, face detection,
template matching, object classification, and human model
fitting. In the example, the head position is estimated from
body alignment, the foreground object. In Figure 1(b), the
white circle and line represent the head location and body
alignment respectively while the other ellipses locating other
parts.

3.3 Camera Calibration
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Figure 2: The Euclidean transformation between
the real world and the image space for the video
recorded by pinhole camera

The quality assessment in physiotherapy exercise is better
to be done in three dimensional space. Therefore camera
calibration linking between 2D and 3D space technique is
also an important process as the sudden change in the hu-
man position from human height to ground height in three
dimensional space can trigger the alarm. To obtain three di-
mensional positions, there are two main approaches, single
camera and multiple camera. In this part, the example is
a single camera system. In computing of our algorithm, we
need the camera projection matrix to compensate the size
variance of the same shape state due to different locations
in the same image. As such we here first present how we get
the projection matrix before applying our algorithm

3.3.1 Projection Geometry
The mapping equation shows the Euclidean transformation
between the real world and the image space for the video
recorded by pinhole camera, by camera C in Figure2. The
real-world point is represented by w, a homogenous 4-vector
(X, Y, Z, 1)T, m for the image point represented by a ho-
mogenous 3-vector (x, y, 1)T, and P for the 3x4 camera
projection matrix. Then for a basic pinhole camera, the
mapping between the 3D world and the 2D image is written
compactly as m ∼= Pw where means that two sides can differ
by an arbitrary scale.

3.3.2 Procedure of Camera Calibration
Expression m ∼= Pw is an equation involving homogeneous
vectors, so m and Pw need only be in the same direction,
not strictly equal. Hence, we have the relation:m × Pw =
0 . That means that one correspondence can derive the
following two equations.

[
0T −uiw

T
i yiw

T
i

uiw
T
i 0T xiw

T
i

] ⎛
⎝ P 1

P 2

P 3

⎠ (1)

Here mi = (xi, yi, ui and wi are a correspondence between
image point and world point ,P i = (pi1, pi2, pi3, pi4) and
P = (pij)3x4 . If we have a set of correspondences, we have
the following linear system Ap = 0.

Since P = (P 1, P 2, P 3) has 12 elements but 11 free vari-
ables, we can determine P by five and half correspondences
between the image and the real world. However, we nor-
mally use more than six correspondences to over-determine
projection matrix.

Table 1: Performance of Fall Detection
Seq No. of No. of Detected False Missing
No. Frame Falls Alarm Detect
1 502 6 4 0 2
2 1400 7 6 2 3
3 414 2 1 0 1
4 8707 11 9 0 2
5 1196 17 16 0 1
6 1599 11 9 0 2
7 1490 9 9 0 0

sum 15308 63 54 2 11

3.4 Performance Evaluation of Instanced Case
The example of using computer vision for fall detection is
evaluated in this part. The method is tested on seven video
sequences containing ’fall’, recorded at Star home, a smart
home belonged to A*Star(Agency for Science, Technology
and Research), Singapore. The subjects are healthy but
asked to perform falling in their own time. The videos are
captured at 25fps with resolution of 320 pixels x 480 pixels.

Table 1 shows the performance of fall detection using com-
puter vision approach described in previous parts. The re-
sults show that computer vision can be used in applications
of monitoring and measuring human parts and provide a
convincingly good performance, which is more or less 90%
of accuracy.

4. CONSIDERATIONS
We have shown that computer vision has some potentials in
enhancing and improving the telephysiotherapy system and
has three big advantages over device-based: non-intrusive
approach, initialisation the monitoring without experts re-
quired, and direct access to visual information. However,
there are some aspects needed to be considered before im-
plementing camera-based system for example possible use,
location design, users training. These considerations are
non-trivial as they can lead to an effective implementation
design.

4.1 Possible Use
With cameras attached around to capture videos and intel-
ligence of computer vision technologies, here are some ap-
plications possible to be provided in the system.

Real-Time Interaction
As mentioned in previous sections, interaction between pa-
tients and specialists is important in the quality of physio-
therapy exercises. Attached cameras connected to server
allow therapists to access visual information and discuss
with patients from the distant place throgh telecommuni-
cation network either wired or wireless. Computer vision
techniques can be used to reconstruct patients posture and
movement in three dimensional images for the experts can
learn more useful visual information.

Automated Quality Assessment of Exercise
As computer vision can be used to reconstruct patients pos-
ture and movement in three dimensional images, the some
knowledge used in quality assesement can be programmed
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and embedded into the system for patients can review the
quality in some of their exercises by themselves without dis-
cussions with therapists. This also lets patients evaluate
postures and movements in their exercises to perform them
correctly and effectively

Electronic Recording
As the vision technologies can monitor and record informa-
tion such as video, geometrical measurements, features for
quality assessment and quality of exercises in digital me-
dias , patients can be monitored all the time they are in the
camera scenes and the information is recorded. This does
not only allow doctors, therapists and specialists to access
data at anytime but also providing continuously data for
fine analysis. Moreover, as the details are interpreted and
records in eletronic forms, data mining technologies can be
applied to give suggestions on the trends and predictions of
the patients’ status.

4.2 Location Design
Due to the limitation of camera coverage and technology
sensitivities, the design of location should be concerned to
produce an effective system.

Structure Design
The common movements among various exercise have to be
studied for to ensure that the design of the structure of lo-
cation and camera converage can deliver useful recordings.
The location assignments of user interfaces inside the room
such as microphones, speaker, monitoring display etc. and
those of electrical appliances, for instance, telecommunica-
tion networking devices, cameras servers and control and
monitoring units are also needed to be thought over.

Lighting and Colour Design
An issue ones have to be aware of in computer vision is the
lighting and colour condition of location and subjects can
affect the performance. Therefore, the design of lighting
and colour of location needs to be concerned. For example,
the room should be painted with a unique colour that can
help system separate patient from the background as the
’blue screen’ technique used in film industries and it should
be constant in illumination.

4.3 Users Training
Due to some changes in service routines, patients, special-
ists and control staffs have to be trained how to use the
system. While specialists have to learn how to access and
provide services from their ends, patients have to be taught
how to exercise correctly and how to access the quality of
their exercises. It would be to exaggerating to claim that
computer vision can detect and work on everything auto-
matically. Therefore, apart from providing services at con-
troller unit, the control staffs may be asked to learn how to
advice patients and annotate some key features in image in
the initialisation steps.

5. CONCLUSION
The study shows that computer vision technologies have
some potentials in enhancing and improving the monitoring
technologies in telephysiotherapy system and have some ad-
vantages over device-based as they are non-intrusive, can be

intialised the monitoring process without experts required,
and access directly to visual information. The test of us-
ing computer vision in human behaviour analysis on the ex-
ample case indicates that the performance of existing tech-
niques in computer vision, recently is sufficient to be imple-
mented in practical and be useful. However, before imple-
menting computer vision technologies on monitoring system
for telephysiotherapy, the study of some concerns is needed
for designing, planning and delivering an effective and useful
platform.
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ABSTRACT 
Physiotherapy is an inherent component of stroke rehabilitation. It 
is important for the patient to be self motivated in physiotherapy 
sessions for a better and faster recovery. This paper presents 
initial work on simple design of an orthotic glove which will be 
controlled by the myoelectric signals of the stroke patient. A real 
time control scheme using a linear discriminant classifier is used 
to process and classify the myoelectric signals acquired from 
different muscle groups. These control signals are then used to 
actuate servo motors to facilitate the elbow movement. A position 
and velocity sensor ensures that there are no sudden movements 
or jerks in the movement path of the orthotic glove.  

Keywords 
EMG, linear discriminant classifier, dynamic physiotherapy, 
myoelectric control 

1. INTRODUCTION 
Stroke is a major cause for long term disability. Mortality due to 
stroke has reduced considerably in the last few decades but stroke 
survivors usually have to live with some form of disability. 
Fifteen million people worldwide suffer from stroke each year 
among which five million people are permanently disabled [1].  

Stroke rehabilitation has been found useful in recovering and 
restoring motor function of stroke survivors. Motor practice 
consisting of simple, repetitive motions leads to a form of use-
dependent plasticity that results in the brain rewiring its neurons 
and a re-organization of the pathways in the spinal cord and the 
motor cortex [2,3,4,12]. Traditionally, stroke rehabilitation 
requires a one-to-one interaction between the therapist and the 
patient, with the therapist guiding the non-functioning arm in 
exercise for and recovery. The brain through visual feedback is 
led to believe that the arm is in motion. The frequency and 
duration of the rehabilitation sessions vary with the severity of the 
disability. With extended sessions at physiotherapy it is possible 
for a faster recovery but the number of man-hours required per 
patient is quite large and expensive. Moreover each therapist can 

attend to only one patient during each session. 

An assistive robotic assistive system which guides the patient in 
rehabilitation would help to overcome the above mentioned 
difficulties. The patients will be able to use the system at their 
homes for day-to-day activities initiating a continuous recovery 
instead of only at therapeutical sessions. This approach known as 
dynamic physiotherapy thus reduces the frequency of the patient 
coming to the hospital for the training exercises.  

The MIT-MANUS robotic system learns various types of 
exercises from a physical therapist and guides the patient through 
them in rehabilitation by sensing the patient’s intent using 
electroencephalography. It also helps in motion if the patient is 
unable to move the hand by himself and adjusts the level of 
assistive power based on the person’s arm movement [3,6,12]. 

An upper limb rehabilitation device developed by MYOMO, Inc. 
uses EMG signals to sense residual electrical muscle activity and 
forwards the data to a robotic device that uses it to assist the 
patient in the desired movement. The power output of the device 
is customized to patient’s ability [4]. 

Another system, developed by the Artificial Intelligence and 
Robotics Laboratory, DEI, Politecnico di Milano uses a haptic 
interface for virtual reality applications focussing on hand 
rehabilitation [5]. 

Existing systems are based on the patient coming to the hospital 
for physiotherapy and are not portable for use at their homes. The 
myoelectric glove being developed by us aims at restoring elbow 
movement and opening and closing of the hand and to be used by 
the patient at their homes and day-to-day tasks. The response time 
of the system is less than 300 ms so that the user does not 
perceive a delay in the initiation of the action.  

This paper outlines the design of an orthotic glove for restoring 
upper limb functions of stroke patients with partial paralysis. The 
glove records the electromyographic (EMG) signals of the 
patient’s paralysed hand and based on it actuates the motors to 
assist them in their physiotherapy exercises and in performing 
simple day to day tasks. Section II describes the EMG 
measurement, processing and classification. Section III outlines 
different components of the myoelectric glove system. Section IV 
outlines the conclusions and future work. 

 

2. EMG MEASUREMENT AND ANALYSIS  
EMG measures electrical activity of the muscle thus giving an 
indication of the patient’s intent to move the limb. It is also an 
indicator of patient recovery as a stronger EMG implies more 
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muscle activity. Myoelectric control, which uses surface EMG 
signals as system inputs, is the preferred approach for the control 
of upper limb powered prosthetics.  

 

Figure 1. Electrode placement on the Biceps Brachii and the 
Ground Electrode. 

We have first measured the surface EMG signals and analysed it 
on a personal computer (PC) and then implemented the same on a 
microcontroller. Surface electrodes are placed on the Biceps 
Brachii (Fig. 1) that allows the flexion and extension of the elbow 
and the Flexor Digitorum Superficialis which assists in closing 
and opening of the hand. A third electrode placed at the elbow 
joint serves as a ground reference for the system. The equipment 
used to measure the EMG on the PC is a CleaveMed BioCapture 
Research System. Data was acquired from 6 normally-limbed 
individuals who were instructed to perform isometric elbow 
extension and flexion with 2 kg weight in their hand and to 
squeeze a tennis ball in a random sequence. Each contraction was 
held for 10 seconds followed by 10 seconds of relaxation and 
sampled at 960 Hz by the BioCapture unit. Each individual 
participated in 20 sessions to obtain the data set with each session 
lasting 90 seconds. 

An analysis window of 240ms was chosen and a feature set was 
computed based on the following time domain features for 
continuous signal [7]: 

Mean Absolute Value: The mean absolute value of the signal x in 
segment i that has N samples is 
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Zero Crossings: It provides the frequency measure of the signal 
by counting the number of times the waveform crosses zero. A 
threshold (σ) is included to reduce noise induced zero crossings. 
Given two consecutive samples xk and xk+1, increment the zero 
crossing count, if 

|xk -xk+1| ≥ σ                         

and { xk > 0 and  xk+1 < 0} or { xk < 0 and xk+1 > 0}                      (2) 

Slope Sign Changes: Given three consecutive samples xk-1, xk and 
xk+1 the slope sign count is incremented, if 

|xk -xk+1| ≥ σ  or  |xk-1 -xk| ≥ σ 

and { xk >xk-1 and xk > xk+1} or { xk <xk-1 and xk < xk+1}                  (3) 

Waveform Length: A feature which provides information on the 
waveform amplitude, frequency and duration 
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where Δxk = xk -xk-1.  Biceps Brachii

An 8-dimensional feature vector consisting of the feature sets of 
each channel was formed and provided to a classifier. For 
processing the signals in PC, MATLAB is used to implement the 
classifiers. Initially, the classifier implemented was a k-nearest 
neighbour classifier with one half of the data used for training and 
the other half as a test set [8]. This classifier is computationally 
intensive and is difficult to implement in real time. Hence a linear 
discriminant analysis (LDA) classifier was used as it is simpler to 
implement in real time [9,10]. The classifier analyses each data 
window separately and produces a control signal to actuate the 
servo motors. 

Ground Electrode

3. MYOELECTRIC GLOVE SYSTEM 
The outline of the myoelectric glove system is shown in Fig. 2. 
The basic components of the system are a microcontroller, the 
myoelectric glove, and a differential amplifier for measuring the 
surface EMG signals. The system is portable and can be used by 
the patient at their homes and for day to day use. Initially the 
therapist would have to spend some time with the patient but as 
the glove adapts itself to the patient; they will be able to do the 
exercises at home thus reducing the frequency of the hospital 
visits.  

3.1 System Hardware 
Silver chloride (Ag-Cl) electrodes are used to measure the surface 
muscle activity of the Biceps Brachii and Flexor Digitorum 
Superficialis. This signal has amplitude in the range of 0-10 mV. 
Hence it is amplified by a differential amplifier with isolated input 
and with a gain of 100-dB. The dominant energy spectrum of the 
EMG signal generally lies between 20 Hz to 500 Hz [11]; hence a 
band pass filter with cut-off frequencies 10 Hz and 500 Hz is used 
to filter out any other frequencies present in the signal. Using 
Nyquist criterion, the sampling frequency should be more than 
twice the maximum frequency present in the signal i.e. it should 
be greater than 1000 Hz. The amplified EMG signal is 
oversampled at a rate of 1500 Hz using a 16-bit analog to digital 
convertor. The microcontroller analyses the digitised EMG signal 
and issues control signals to actuate the servo motors to move the 
glove. Crosstalk from muscle activity of neighbouring muscle 
groups can lead to a sudden increase in the amplitude and 
frequency of the sampled EMG signal which may lead to the 
random and unwanted motion of the actuators. Thus sensors on 
the glove are used which give a feedback of the real position and 
velocity of the glove. This enables the microcontroller to take 
corrective action in the event of crosstalk or a sudden change in 
the EMG amplitude or frequency. 

3.2 Microcontroller System 
The microcontroller is used to process the digitized EMG signals, 
implement the LDA classifier, generate control signals for the 
servo motors and receive position information from the sensors. A 
PIC microcontroller (Microchip PIC 24HJ128) with a crystal 
frequency of 10MHz and memory of 128 kilobyte, sufficient for 
the myoelectric glove, is used as the heart of the system. It is 
programmed in C in Microchip MPLAB software and also uses 
standard C libraries. 
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Figure 2 Outline of the Myoelectric Glove System 

3.3 Myoelectric Glove 
The myoelectric glove consists of two components which are at 
the wrist and the elbow. The elbow unit consists of a plastic 
exoskeleton that is strapped to the hand and the wrist unit consists 
of a hand shaped plastic exoskeleton and has straps to hold the 
fingers in it. Each strap in the wrist unit apart from the thumb is 
connected to a spring and linked to the wrist actuator so if one 
pulls at the spring it would result in a movement of all the fingers 
excluding the thumb.  

The wrist unit uses a Hitec servo HS-755HB as the actuator while 
the elbow unit uses a Hitec servo HS-805BB. The different servos 
are used as higher torque is required for elbow movement as 
compared to closing and opening of the hand. The wrist unit servo 
is connected to the four springs that are connected to the finger 
straps. The springs are used to restore the hand to a relaxed state. 
Thus with the fixed position of thumb and the movement of the 
remaining fingers the patient can grasp or squeeze an object. 

Sensors are required to give a feedback on the actual position and 
velocity of the glove. An accelerometer used in the elbow unit 
gives the tilt of the elbow and detects any sudden motion of the 
glove. A potentiometer is used along with the servo motor of the 
wrist unit to monitor the position of the fingers. These analog 
voltages are digitised by the A/D convertor present in the 
microcontroller. 

3.4 Control System 
The microcontroller uses a simple linear algorithm to control the 
actuators. The rotation of the actuator is proportional to the 
muscle electrical activity. Since the waveform length provides 
information on the amplitude, frequency and duration, it is 
suitable to be set as the threshold for actuation. The system checks 

the sensor information for the current position of the actuator and 
compares it with the boundary conditions and then regulates the 
speed of the actuator accordingly.  Thus if the patient is already 
grasping something then the force output of the actuator goes to 
zero. 

Myoelectric Glove Patient

If there is no significant electrical activity in the non-functioning 
limb of the patient then the EMG signal of the healthy limb can be 
used to guide the glove. Once the patient regains muscle power 
the assistive power of the glove is reduced gradually  Sensors Actuators 

4. CONCLUSIONS AND FUTURE WORK 
4.1 Conclusions  EMG 
We have presented the design of an orthotic glove actuated by 
myoelectric signals for the rehabilitation of stroke patients with 
upper limb paralysis. The aim of this device is to reduce the 
frequency of the patient coming to the hospital for physiotherapy 
exercises and to help the patient with their simple day-to-day 
tasks. The patient will have to come for initial training sessions 
but thereafter he will be able to use the glove at home with 
minimal supervision.  

 LDA Classifier

 

The myoelectric glove uses a linear discriminant classifier with 
time-domain features to distinguish between four hand 
movements.  It is a portable system and uses two servomotors for 
elbow movement and hand movement. It also uses a 
potentiometer and an accelerometer as sensors to monitor its 
actual position and velocity and to take corrective action in the 
event of a sudden surge in the myoelectric signal. Once the patient 
regains muscle power the assistive power of the glove is reduced 
gradually leading to the slow restoration of different hand 
functions. 

4.2 Future Work 
There are many possible improvements that can be done to the 
myoelectric glove. Use of lightweight actuators instead of servo 
motors will considerably reduce the weight and size of the glove. 
Integrating a movable thumb and other hand movements into the 
glove would make the glove more effective in rehabilitation of the 
whole hand. It is important to implement digital filters in lieu of 
analog filters as they provide greater flexibility. This can be done 
by implementing the system on a digital signal processor instead 
of the PIC microcontroller.  

Clinical trials need to be carried out with stroke patients to gauge 
the effectiveness of the system and to make necessary changes 
according to the feedback of the doctors and therapists. 
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ABSTRACT 

This research work aims to develop a new tool for assessment of 

human motor function with a focus on the upper limb. For that 

purpose, Simultaneous Sensing cum Actuating technology (SSA) 

will be used for measuring force, velocity, and especially 

mechanical impedance of the limb. Impedance measured at the 

hand point while the upper limb performing a motion task is a 

quality indicator of the limb’s motor function. Conventional 

method of measuring mechanical impedance which requires a 

force and a motion sensor mounting on fixed base points is not 

applicable here. This method overcomes the difficulty. Here an 

electrical motor is used as sensor-actuator which carries a 

mechanical load (here human’s limb); the motor plays the role of 

a sensor as well, so we calibrate the “transduction matrix” of the 

motor and will measure the mechanical impedance of the load 

through measuring the electrical impedance of the electrical 

motor. In this paper we explain how the appropriate apparatus was 

designed and tailored for this application and how the method was 

validated. At the end experimental result of measuring mechanical 

impedance of a human subject is presented. 

Categories and Subject Descriptors 

In this research a number of healthy subjects were involved. Their 

arm’s mechanical impedance was measured when they were doing 

a light exercise with a motor driven shoulder wheel. 

General Terms 

Measurement, Performance, Design, Experimentation, 

Standardization, and Verification 

Keywords 

Dynamic measurement, Assessment of human motor 

performance, Electrical motor, and Mechanical impedance 

1. INTRODUCTION 
Assessment of human motor function has remained a challenge 

for years; this is because of the complexity of human brain and the 

subjective nature of the assessment. On the other hand with its 

numerous, important applications such as assessment of functional 

capabilities in post-stroke rehabilitation, motor function 

assessment undeniably needs improvements and new methods. 

Although several scoring methods such as Fugl-Meyer or NIH 

stroke scale [1, 2] already exist, they are generally subjective or 

qualitative; thus not quite suitable for accurate and scientific 

studies of motor functions. For clinic purpose though these 

methods are still widely used because of their simplicity of use. 

However, researchers recently tried to use robots for the 

assessment besides the physical therapy [3, 4]. Their robots were 

basically designed for performing physical therapy exercises and 

because of the capabilities of a robot [3] they tried to use the same 

robot for assessment purposes. Having measured forces with 

respect to displacement they measured stiffness of the arm. They 

assumed a two DoF model of mass-spring-damper for the arm and 

tried to estimate stiffness, mass, and damping matrices. Their 

method was not a direct, real time, and in-situation measurement. 

On the other hand, a robot is very complicated and expensive; 

setting-up and maintenance might be very difficult as well. Hence 

there still remains a room for a more reliable, applicable, 

convenient, and efficient tool for the assessment of motor 

function. Furthermore, what the robot measures is also a very 

important issue for the assessment. 

Hogan [5] showed that the value of mechanical impedance for the 

upper arm which is set at the elbow joint is very important. He 

examined the postulate that antagonist muscle’s co-activation is to 

generate mechanical impedance and this is necessary to perform 

some tasks. A typical case with necessity of the antagonist 

activation is performing a dynamically unstable task.  Burdet [6] 

showed that human learns to stabilize unstable dynamics by 

optimizing mechanical impedance. As discussed above, this is not 

only in unstable dynamics that the CNS co-contracts the 

antagonists to control the impedance of the limb but also in other 

tasks, with learning the efficient co-activation, it is practically 

regulating and controlling the mechanical impedance of the limb. 

Regarding the importance of mechanical impedance and the 

incapability of conventional methods to measure it, this research 

aim’s to develop a novel method for measuring human arm’s 

mechanical impedance which is usable for the assessment of 

motor function of patients going under rehabilitation. 

2. METHODOLOGY 
In this paper the method Ling et al have developed [7-9] is used 

for measuring arm’s mechanical impedance. The method is based 

on simultaneous sensing cum actuating (SSA) property of 

electrical motors. An electric motor is considered to have four 

ports: two inputs and two outputs shown in Figure 1.  
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Figure 1: an electromechanical system as a four-pole block 
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The input and output are considered two vectors each having two 

elements. E and I (voltage and current) are elements of the input 

vector. T and ω (toque and angular velocity) are elements of the 

output. The transfer function relating input and output is a two-by-

two matrix here called “transduction matrix.” As the name 

suggests it transfers electrical entries to mechanical and vice 

versa. 









×







=









ω

T

TT

TT

I

E

2221

1211
  (1) 

 In order to obtain the transduction matrix,
ji

T , we use an 

experimental procedure to measure E and I while the motor runs 

at measurable T and ω. Once a number of T and ω vs. E and I are 

attained, matrix 
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T  is found using least square approximation. 
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Using the transduction matrix, we are able to find mechanical 

output based on measuring electrical input. In other words T and 

ω are found once  and I are measured.  
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Then mechanical impedance,
mZ , is obtained simply by dividing 

T over ω. 
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Mechanical impedance can also be directly measured by 

measuring electrical impedance and using the elements of the 

transduction matrix. 
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2.1 Measurement Apparatus 
A shoulder wheel equipped with a DC motor was designed and 

developed as the measurement system. The set also involved a 

current and a voltage probe, and a dynamic signal analyzer, Figure 

2 and Figure 3. 

 

Figure 2: the SSA system in diagram 

The set-up was used for measuring human arm’s mechanical 

impedance while the subject was exercising with the shoulder 

wheel, Figure 4. 

 

Figure 3: a photograph of the 

experimental set-up 

 

 

Figure 4: Subject exercising 

with the wheel 

 

Using the apparatuses we have designed, we can measure 

mechanical impedance of the arm accurately during motion. Study 

of human motor learning will then be possible; with designing 

appropriate experiments, we can examine a number of issues in 

neuroscience i.e. learning, consolidation, motor forgetting, 

retention and transfer of tasks. The quantification of motor 

function provides a very good tool for science and many other 

applications such as robotics, physical medicine, and 

physiotherapy. 

A typical shoulder wheel, shown in Figure 5, is widely known as a 

common rehabilitation device. Shoulder wheels are simply found 

in the market for inexpensive prices and can be installed and used 

easily. Therefore prescription of such equipment is welcomed by 

patients who need physical exercises on their upper limb. They 

normally suffer from muscle atrophy and/or a loss in their ranges 

of motion. Their practice with a shoulder wheel involves rotating 

the shoulder wheel while the physiotherapist can adjust the radius 

of the circular motion and sometimes they attach some mass 

blocks to the wheel such that the patient has to apply more torque 

to rotate and control the wheel. Through the exercise, patients 

adapt to the motion and their control over the muscles would 

improve; hence they recover. 

 

Figure 5: A shoulder wheel used for upper limb’s exercise 

3. METHOD VERIFICATION 
Before measuring human arm’s mechanical impedance, in order 

to validate the method, we challenged our method by attaching a 

linear spring according to Figure 6. The elongation force of the 

spring generates mechanical impedance that we can measure and 

compare with our analytical prediction. If the two quantities are 

comparable, our method is validated. Once validated, we can 

apply it to direct measurement of human arm’s mechanical 

impedance.  

3.1 Dynamic Measurement of Mechanical Impedance 
In order to prove the capability of the method to measure dynamic 

changes of mechanical impedance, a linear spring was attached to 

the wheel and its dynamically changing mechanical impedance 

was measured and compared to the one calculated based on 
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theory. Figure 6 shows the spring which is attached eccentrically 

to the shoulder wheel. From left to right and up to down we may 

see how θ changes from 0 to 360 degree. As Figure 6 shows, 

when the wheel rotates, the spring’s length changes and it 

produces a pulling force.  

 

Figure 6: Shoulder wheel with the spring attached to it 

The spring’s pulling force can either assist or resist the motion. It 

results in a resistance to the CCW motion when 0 < θ < 180 while 

after 180 degree when 180 < θ < 360 it assists the motion; so there 

exist both resistive and assistive forces. Assuming a human 

subject holds the handle of the wheel; a healthy subject can 

selectively accelerate or decelerate the motion while one with low 

motor control may have unselective responses. The response is a 

force with its radial component affecting the motion. 

Figure 7 shows the configuration of the force and moment arm 

when 0 < θ < 90. 

 

 

Figure 7: Spring force acting on the wheel 

The moment caused by force F at the centre, O, generates 

mechanical impedance at the rotating wheel. Based on some 

conventional mathematical and mechanical calculations we can 

predict the mechanical impedance of the wheel. 
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All constant values such as r, d, and l are measured from the 

experimental setup. Spring stiffness, K in obtained by adding 

mass, measuring displacement of the spring and then using least 

square fitting to “F=K.x”. The stiffness was found to be 155.50 

N/m. 

The resultant 
mZ  is calculated by MATLAB® and shown in 

Figure 8. 
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Figure 8: Theoretical results showing mechanical impedance of 

the spring on the wheel 

Also based on transduction matrix theory mechanical impedance 

was measured in an experiment where the spring is attached to the 

shoulder wheel. In Figure 9 data from theory and experiment can 

be compared. We can see that they have a very obvious similarity 

but there is a shift between them. That is because in theory we 

didn’t consider the constant mechanical impedance due to the 

gearbox while in measured data the mechanical impedance of the 

gearbox is inside our measured value; gear box adds constant 

mechanical impedance equal to the shift. 
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Figure 9: Mechanical impedance of the spring; theoretical results 

(dashed red) as compared to experimental data (solid blue) 

When no spring or load is added there is only the mechanical 

impedance of the gearbox between the motor and the shoulder 

wheel. That is constantly 0.24 (N.sec/m). Throughout all the 

experiments this almost constant value must be subtracted from 

the measured mechanical impedance so that we get the true 

mechanical impedance of spring load or human arm. 

Finally Figure 10, theoretical and experimental results are 

compared when we have deducted the constant mechanical 

impedance of the gearbox. 
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Figure 10: True experimental result (solid blue) of mechanical 

impedance as compared to the theory (dashed red) 

As it is observable in Figure 10, there is a good agreement 

between measured value and analytical solution. This supports 

and validates the accuracy of the measurement method. Now the 

method is prepared to use for direct measurement of human arm’s 

mechanical impedance. 
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4. HUMAN ARM’S IMPEDANCE 
During performing the one-dimensional rotary task, human 

optimizes his arm’s mechanical impedance on the wheel in order 

to synchronize his arm’s movement with the rotation. When asked 

to resist against the rotation, subjects put much more mechanical 

impedance whereas they make the impedance negative when they 

are able to anticipate the motion and they want to assist. In this 

study, these facts have been observed through some experiments. 

Figure 11 shows an example of measurement results of an 

experiment on a healthy subject. 
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Figure 11: Mechanical impedance of a healthy subject’s arm 

As we can see in Figure 11 the mechanical impedance of one 

subject is not a constant value. This is because the motor units that 

set the impedance of the muscles are not constants either. 

However the RMS of the mechanical impedance of Figure 10 plus 

that of 19 other experiments are shown in Figure 12. We can see 

the RMS of each cycle’s impedance as the trials from 1 to 20. 
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Figure 12: Mechanical impedance changes with learning 

Learning, L, for this subject is defined as the RMS of mechanical 

impedance during one cycle of rotating the wheel. It can 

mathematically be modeled as follow: 

06.09.4 −×= PL   (7) 

Where P is the amount of practice 

The diagram of Figure 12 can be compared to [6]. This is showing 

that with practice the subject learned to exert optimal mechanical 

impedance.  

5. Conclusion 
Mechanical impedance is a very important factor that human takes 

care of it when coordinates a motion. Hence, this research work 

aimed to develop a new measurement tool capable of measuring 

dynamic changes of mechanical impedance. The method was 

introduced and validated in the text. After that a sample taken 

from a number of measurements on human subjects was 

presented. It was observed throughout the experiments that human 

leaves mechanical impedance on the equipment he wants to move 

and using the SSA technique we were able to measure it. Over all, 

the work done confirmed the expectations and validated the 

measurement. However it is yet to be monitored how mechanical 

impedance participates in learning in different subjects. For that, it 

is suggested that a number of experiments be conducted on a 

number of subjects in order to investigate how mechanical 

impedance generally changes as learning and adaptation are 

acquired. We also suggest that this method be used for stroke 

patients who have passed some rehabilitation sessions and need to 

be assessed on their progress and recovery of motor functions. 
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ABSTRACT 
Asynchronous Brain Computer Interfaces (BCI) have become an 
interesting topic in the present days because they provide 
simulation of realistic usage of BCI. For asynchronous BCI, the 
computer has to discriminate not only differences among various 
imaginary tasks but also detect relax periods. Since the training 
phase for building a classification model is still synchronous (cue-
based), the main challenge is to classify the EEG signal 
continuously with good accuracy on asynchronous (uncue-based). 
This paper addresses achieving better performance by using a 
collection of overlapping sub windows models. A model is 
referred to a primitive classification model which consists of 
common spatial patterns (CSP) with linear discriminant analysis 
(LDA). Each primitive model was trained with the corresponding 
sub window indexes. We had 3 collections of models: task1 vs. 
task2, task1 vs. relax, and task2 vs. relax. These binary 
classification results were then fused together with Mahalanobis 
distance to gain better performance. The results were measured 
by mean square error (MSE), and their performance is better 
compared to the primitive model. Furthermore, the results on the 
test set were comparable to the 3 leading scores of BCI 
Competition IV dataset 1.  

Categories and Subject Descriptors 
K.4.2 [Computers and Society]: Social Issues – Assistive 
technologies for persons with disabilities; J.3 [Life and Medical 
Sciences]: Health; H.1.2 [Models and Principles]: User/Machine 
Systems – Human information processing; H.5.2 [Information 
Interfaces and Presentation]: User Interfaces – Input devices 
and strategies 

General Terms 
Design, Experimentation, Human Factors, Performance 

Keywords 
Brain-computer interface, asynchronous BCI, motor imagery 

1. INTRODUCTION 
Brain computer interface (BCI) is a technology that finds new 
communicative ways of using only the brain to command  
machines. The brain performs imaginary tasks and the sensor 
detects the changes in electrical signals around the brain and 
interprets the task. BCI can be divided mainly into 2 paradigms: 
synchronous and asynchronous. The first paradigm is cue-based 
or synchronous BCI, with which we know exactly when the 
imaginary tasks begin. The second paradigm is uncue-based or 
asynchronous BCI, with which we do not have knowledge about 
when the imaginary tasks occur. In asynchronous BCI, the 
incoming EEG signals have to be classified continuously in order 
to exclude the relax periods from the imaginary tasks. Therefore, 
asynchronous BCI is more appropriate for realistic usage. A 
common and popular approach to extracting feature is common 
spatial pattern (CSP), for example in well known work of 
Ramoser et al. [6]. There are many extensions of CSP, such as 
CSSP [5], CSSSP [4], and iCSP [3]. Furthermore, there is a usage 
of CSP as a channel selection instead of ordinary feature 
extraction [9]. Linear discriminant analysis (LDA) is also a 
popular classifier used in BCI, especially in conjunction with 
CSP, due to its simplicity. This leads us to focus on these popular 
techniques and how to adjust or adapt usage of them to boost the 
performance of prediction. We use an asynchronous BCI dataset 
from BCI Competition IV dataset1 [1] (EEG measurements are 
recorded by Blankertz et al. [2]). The task for this competition is 
to classify all time samples, discriminate between 2 imaginary 
tasks, and relax. We present a method that uses a collection of 
overlapping sub window models. Each model is a primitive 
model, consisting of CSP with LDA. Each of them is trained with 
the corresponding sub window index as well as its neighbor sub 
windows. The output of the collection is a combination of those 
primitive models. Since we had 3 binary collections, then output 
of these collections are used together to predict the final result via 
Mahalanobis distance. The result is better when compared to the 
usage of the primitive models alone. 

This paper is organized as follows. Section 2 introduces the 
overall process of our model and also some details on a primitive 
model, and a collection of primitive models. Section 3 describes 
the dataset used and the results. Discussion is provided in Section 
4. 
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2. METHODS 
The first subsection will describe the brief overall process of our 
method. For more specific details, reader can see the next 
subsection. 

2.1 Overall Process 
To train the classification model, the following steps are 
performed: 

1. Cut out a section of the continuous EEG signal for trial, 
initially 0-4 seconds from the stimulus point. Then tune the 
optimal parameter by running a 10x10 fold cross validation on 
primitive CSP+LDA. This tune is not only a search for an optimal 
frequency band and m first/last spatial filter of CSP, but also the 
start time and end time of the trial (Since we allowed for changing 
the start time and end time, so that it is not fixed to 0-4 seconds).  
The optimal start time and end time will be used to cut continuous 
EEG signals into the main-trial. 

Note that all operation is per subject individually, thus we got 
different optimal parameters for each subject. 

2. Subdivide the main-trial to k, possibly overlapping sub 
windows, we will call them as mini-trials. Each mini-trials width 
are l samples. We also subdivide the relax period between each 
trial break (2 s) and each session break (longer break). The main 
idea is to have a collection of k CSP+LDA models as shown in 
Figure 1. 

3. Each primitive model that consists of CSP and LDA, was 
trained with the corresponding mini-trials (their index was 
calculated as an equation (3) in section 2.4). 

4. Perform training for task1 vs. task2, task1 vs. relax, and task2 
vs. relax. Thus, we have 3 collections of models. The reason why 
we did this in pairs instead of one against the rest is because we 
believe that each class has its specific pattern, and training of the 
same pattern would be better than to force the model to 
understand 2 different patterns as the same pattern.  

5. Each of the 3 collection models averages k raw outputs of 
CSP+LDA per collection. Then 3 averaged results were used as a 
feature vector in 3 dimensions for training Mahalanobis distance 
for each class. Therefore, we have 3 Mahalanobis models, i.e. for 
task1, task2, and relax. Now we can complete the training 
process. 

Then test on testing set continuous EEG data, as steps below: 

1. Perform classifications on test set data by using the time 
window 1.5 s extending backward from the current time sample. 
We selected this size time window because it was the optimal size 
in asynchronous BCI work in [7]. 

2. The testing time window is sent to those 3 collection models. 
For each collection, the time window is sent to all k primitive 
models, then all results were averaged as an output of the 
collection model. All 3 outputs of collection models were 
concatenated as feature vectors in 3 dimensions and used to 
determine the class by Mahalanobis distance. 

3. Smooth the result, by averaging the continuous classification 
into real numbers (to spread out the results for the extension from 
100 Hz to 1000 Hz to assess the performance). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The details in each step will be described in the next sections.  

2.2 Preprocessing 
A band pass filter is applied to preprocessing EEG signals. Each 
subject has their own optimal specific frequency band, which is 
determined from a 10x10 fold cross validation on the primitive 
CSP+LDA on the training data.  From the cross validation result, 
subject a got 7-28 Hz, subject b got 10-14 Hz, subject f got 7-26 
Hz, and subject g also got 7-26 Hz. 

2.3 Primitive Model 
For one of the primitive models, we used common spatial pattern 
(CSP) to extract features prior to passing the features to linear 
discriminant analysis (LDA). This is because these methods are 
popular in BCI research and they provide good discrimination 
between 2 imaginary tasks. The concept of CSP is the 
simultaneous diagonalization of two covariance matrices, which 
results in maximizing the variance for one class while minimizing 
the variance for the other class. The details can be seen with 
Ramoser et al. [6]. The concept of LDA is projection in the 

Figure 1.  How a collection of overlapping sub window 
models is trained. In this figure, k = 9, and c = 3, three 
consecutive sub windows are sent to train one primitive 
model (except for the 2 edges models, which use only two) 
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direction that maximizes the between-class variance while 
minimizing the within-class variance [8]. 

2.4 Collection of Primitive Models 
Denote the main EEG trial (or main time window) as matrix X 
dimension N × T. To subdivide the main trial into k sub windows 
of length l samples as equally scattered along the main trial, so we 
can calculate the number of overlapping samples as 

k
klTp

−
−

=
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     )1(  

And we can determine the starting sample of ith mini-trial as 
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For the main trial, we have k mini-trials sent to train the 
corresponding index primitive models.  

Given parameter c  as the odd number between 1 and 2
2
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which is the number of consecutive sub windows used for training 
one primitive model. In addition, given set iY  contains all mini-
trials indexes to train the primitive model index i, as expressed 
below: 
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The reason c  is defined as odd value is that we want the 
interesting index , i , to be the center index between those 
consecutive indexes. 

2.5 Final Classifier 
We use Mahalanobis distance to determine the class of the testing 
time window. Given j = index of class, x = feature vector, jC  = 

covariance matrix for the data class j, jm = mean of the data class 

j , then distance jd  is defined as   

)()( 1
jj

T
jj mxCmxd −−= −      )4(  

Since we have 3 classes to classify, we have 3 pairs of m  and C , 
the classification result is best on the lowest distance jd value, 
and predicted as the class j. 

3. EXPERIMENTAL SETUP & RESULT 
3.1 Experimental Setup 
We have performed analysis on dataset 1 from BCI Competition 
IV [1], which is provided by Blankertz et al. [2]. However, this 
dataset consist of artificially generated EEG data, i.e. subject c, d
and e. These subjects will be excluded from our analysis. The 
remaining subjects a, b, f, and g were used. For the recording of 
EEG signals, each subject had to perform 2 of 3 movement 
imaginary tasks, i.e. left hand, right hand, or foot (the subject 
chose which side, optionally also both feet). For the calibration 
phase (training), the subject had to look at a monitor screen then 
the fixation cross symbol appeared for 2 seconds. After that, the 
arrow appeared superimposed on the fixated cross symbol for 4 

seconds as a visual cue to tell the subject to perform imaginary 
movements. The direction of the arrow indicated which imaginary 
task the subject should perform, i.e. left for left hand, right for 
right hand, and down for foot. Then the monitor goes blank for 2 
seconds, and repeats for next trial. There are a total of 2 runs for 
the calibration phase. For the testing phase, the stimulus is 
changed from a visual cue on the monitor to a soft acoustic 
stimulus (words ‘left’, ‘right’, and ‘foot’) for a varying length of 
1.5-8 seconds, followed by the word ‘stop’. The intermitting 
periods are also of varying length 1.5-8 seconds as well. There are 
a total of 4 runs for the testing phase. 

3.2 Experimental Result 
The measurement is based on mean square error (MSE), which 
defined as follow : 
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With this measurement, the severe (strong) fault (predicted as 1 
while true label is -1, and vice versa) would result in more penalty 
than the weak fault (between -1 and 0 or 0 and 1). 

Firstly, we have tested the hypothesis: Does our present collection 
model work better than the primitive classification model? Due to 
the given data in calibration phase consisting of 2 runs, using the 
first run for training and the second run for validating as the 
continuous EEG signal. We will call Pri-Binary to denote the 
primitive multi binary classification, Coll1, Coll2 to denote our 
proposed collection models. The difference between Coll1, Coll2 
is that Coll1 voted on k primary models instead of averaged k raw 
outputs, then also voted among 3 collection models, while Coll2 
averaged k raw outputs, then output of 3 collection models are 
used together to predict class with Mahalanobis distance. The 
results are shown in the Table 1 as the evidence to encourage our 
methods. 

Table 1. Shows the results on comparison between primitive 
classification model and the proposed collection models. These 

results are generated from data in the second run, which 
models were trained by data in the first run of the training 

set.  

Subject Method MSE Acc Acc from 
Relax 

Pri-Binary 0.52513 62.595% 67.6308% 
Coll1 0.52167 62.7012% 67.6574% 

a 

Coll2 0.44042 67.0412% 70.7357% 
Pri-Binary 0.62698 63.5625% 72.316% 

Coll1 0.55274 65.8876% 72.9414% 
b 

Coll2 0.59652 64.6885% 72.802% 
Pri-Binary 0.44504 75.3934% 82.0257% 

Coll1 0.39139 77.9334% 83.6243% 
f 

Coll2 0.38466 77.798% 83.2194% 
Pri-Binary 0.41149 66.5595% 69.129% 

Coll1 0.32364 71.2417% 72.4435% 
g 

Coll2 0.30102 72.7861% 73.7488% 
 

Note that the results in Table 1 are measured without averaging or 
smoothing, so all output results are one of integer -1,0, and 1. 
This also can be measured on accuracy of prediction as show in 
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column Acc. Furthermore, Acc from Relax is a measurement of 
how well it discriminated between imaginary tasks and relax.  

From table 1, In all subjects, we can see improvement when using 
both Coll1 and Coll2 compared to Pri-Binary. And Coll2 is 
superior than Coll1 in 3 subjects, e.g. a, f, and g.  

After we see the improvement on the calibration data, we apply 
this idea on the given test-phase data, by training the model (Coll2 
is used) with all 2 runs from the calibration data (to get 3 binary 
collections individually and 3 Mahalanobis distances). Then the 
model is tested on testing data. Our results are expressed in Table 
2, which achieve a comparable performance to the 3 leading 
scores of BCI Competition IV dataset 1 [1]. 

Table 2. MSE results of each 4 leader of the competitions, and 
our result on between 3rd and 4th. 

# a b f g Mean 

1st 0.40 0.42 0.42 0.29 0.382 

2nd 0.35 0.46 0.41 0.31 0.383 

3rd 0.39 0.43 0.40 0.36 0.397 

Us 0.4008 0.4595 0.40115 0.3286 0.3975 

4th 0.48 0.47 0.52 0.30 0.442 
 

Note that the comparison of these results is not completely fair 
because we were not yet well tuned for the collection of 
overlapping sub window models parameters. And also we just 
used the popular basic method, like the CSP+LDA for our 
primitive model. The reason is we want to show that even though 
we used such a well known basic method, our propose collection 
model can boost performance and be comparable to 3 leading 
scores, which used more advance methods. 

4. DISCUSSION 
As the result, the proposed approach is at least an improved 
performance of the classification especially on non-stationary 
EEG  between training and testing phases instead of using 
primitive CSP+LDA classification. Moreover with the 
Mahalanobis distance, the fused classification result after LDA is 
more robust than the normal vote of multiple binary 
classifications. However, these results shown here were not yet 
well tuned for parameters of consecutive time window use for 
training one primitive model, also parameters of numbers of time 
windows and window length. And we only use the fundamental 
well known technique CSP+LDA here as a primitive model 
compared to more advanced methods on the 3 leaders of 
competition. We believe that if they include the collection model 
technique as a basis (use their methods as k primitive models for a 
collection model), they should gain more performance. (Note: this 
is not including the method of the 3rd leader, because they used 
feature selections on features which were generated from different 
time intervals. Thus, they already did the feature selection on a 
temporal aspect, while our method considers using all time 
intervals to build a model.) The proposed approach has the 
drawback on computation time, and the real-time prediction 
would be delayed by a few samples. In future work, we will focus 

on improving the sub window parameter tuning process which has 
to be done for each individual. Also we will explore the choices 
on combining k primitive model outputs of a collection in order to 
yield a better performance.   
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Exercises for Rehabilitation and Assessment of Hand
Motor Function with the Haptic Knob
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ABSTRACT
This paper investigates robot-assisted rehabilitation and as-
sessment of hand function after stroke using the Haptic Knob,
a 2 degrees-of-freedom end-effector based robotic device to
train grasping and wrist pronation/supination.

Nine chronic stroke subjects trained over a period of 6 weeks,
with 3 one-hour sessions of robot-assisted therapy per week,
consisting in two exercises requiring active participation pro-
moted by therapeutic games. Behavioral data collected by
the Haptic Knob were analyzed to evaluate motion con-
trol, smoothness and precision over the therapy. Subjects
progressively improved their performances in the proposed
functional exercises, suggesting improvement in hand motor
function. This was confirmed by results of standard clinical
assessment as subjects improved a mean of 4.3 points in the
Fugl-Meyer assessment scale, accompanied by a decrease in
spasticity. These results illustrate the positive effect of ther-
apy with the Haptic Knob and the possibility to use it as an
assessment tool to evaluate and monitor hand motor func-
tion during rehabilitation therapy.

1. INTRODUCTION
Robotic devices that can provide rehabilitation therapy to
stroke survivors are a promising approach to complement
traditional post-stroke therapies. Existing rehabilitation robots,
however, focus mainly on arm rehabilitation [1, 2]. Although
hand function is fundamental to all activities of daily living
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(ADL) only few robotic devices have been developed and
clinically tested for hand rehabilitation, which motivated us
to develop robot-assisted rehabilitation of forearm and hand.

We have designed the Haptic Knob [3] to train hand open-
ing/closing and forearm pronation/supination. These two
functions are required in typical ADL such as operating oven
knobs, opening doors, opening jars and unscrewing bottle
caps, which are some of the activities stroke survivors desire
to recover most. The Haptic Knob is a compact end-effector
based robot that could easily be integrated into decentral-
ized rehabilitation centers, or directly into stroke patients
homes, to increase accessibility and intensity of rehabilita-
tion therapy. In addition to movement training, robotic de-
vices can be used to quantitatively evaluate motor perfor-
mance of stroke subjects, and monitor its evolution along the
rehabilitation therapy, an issue that is often not addressed
by traditional assessment methods.

This paper presents the results of a study using a specially
designed rehabilitation protocol composed of two exercises
with the Haptic Knob training grasping and forearm rota-
tion. Exercises are presented as games with increasing lev-
els of difficulty to keep therapy challenging and motivat-
ing. Further, a methodology has been developed to analyze
behavioral data collected by the Haptic Knob during ther-
apy and provide subjects with real time evaluation of their
performance, adapt therapy to match subject’s level of im-
pairment, and offer therapist a quantitative assessment of
movement control, accuracy and interaction forces. The ob-
jectives of this study are i) to clinically evaluate the pro-
posed therapy, and ii) to investigate the feasibility of using
the Haptic Knob as an assessment tool to monitor and eval-
uate hand motor function.

2. MATERIALS AND METHODS

2.1 Subjects
Nine subjects (A1-A9, 59.44±12.34 years, 4 males and 5 fe-
males) at the chronic post-stroke stage, 3 right and 6 left
hemiparetic, participated in this study. Each subject gave
informed consent in accordance with the Tan Tock Seng Hos-
pital Institutional Review Board (IRB) before starting with
the therapy. Participants were eligible for the study if they
were between 21 and 85 years of age, in the chronic stage at
least 9 months after a stroke, capable of minimal arm and
hand movement but suffering from impaired hand function
hindering typical ADL.
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Figure 1: A: The Haptic Knob system with a stroke subject training pronation/supination at Tan Tock Seng
Hospital (TTSH) Rehabilitation Center, Singapore. Visual feedback during the opening/closing exercise (B)
and the pronation/supination exercise (C). In both exercises, visual feedback is based on the manipulation of
a picture, with a frame representing the position to reach, i.e. closed position or target orientation. On the
right of the screen, an indicator shows the total score of the entire set; if the red horizontal line is reached
the level of the exercise is completed and the subject can proceed to the next level of difficulty, offering more
challenging parameters.

2.2 The Haptic Knob
The Haptic Knob is a 2 degree-of-freedom (DOF) robotic de-
vice to exercise grasping in coordination with pronation and
supination of the forearm [3, 4]. A linear DOF enables open-
ing and closing of the hand, and a rotational DOF serves for
pronation and supination around the axis of the forearm.
The Haptic Knob uses two moving parallelograms similar to
an umbrella, on which the user places the fingers (Fig. 1A).
The device can generate forces up to 50 N in both opening
and closing directions and torques up to 1.5 Nm in pronation
and supination.

Various force effects can be implemented, e.g. to resist or
assist the movement. Fixtures of different size and shape can
be attached to train various hand functions such as power
grasp, pinch or lateral pinch. In this study, a disk with a
diameter of 6 cm was mounted at the output of the robot.
The dimensions of the interface are 60×30×25 cm3, and the
robot can easily be transported and set up in minimal time.

2.3 Protocol
Subjects sat in an upright position, placed the forearm on a
padded support and grasped the output of the Haptic Knob.
The arm support and the height of the table on which the
robot is placed were adjusted to offer the subject a comfort-
able position, with the shoulder abducted about 40◦ and the
elbow flexed about 90◦ (Fig. 1A). If the subject had diffi-
culties holding the knob, fingers and thumb were strapped
to the Haptic Knob with Velcror bands. Moreover, the dis-
tal interphalangeal joint (DIP) of the thumb was taped to
strengthen the joint and prevent it from slipping from the
knob.

Prior to the first session of therapy, a 10-minute preliminary
session was performed for each potential participant, to ver-
ify that he or she was able to position the hand on the robot
and to perform the exercises. During robot-assisted therapy,
subjects received a one-hour session on Mondays, Wednes-

days and Fridays over a period of 6 weeks, i.e. altogether
18 sessions. Each session started with 15 minutes muscle
stretching followed by two 20-minute periods of training con-
sisting in i) opening/closing, training extension then flexion
of the fingers to simulate grasping of an object, ii) prona-
tion/supination, training forearm rotation, and the coordi-
nation between grasping and turning required to manipulate
knobs. A 5 minutes break to relax and stretch the muscles
was given between the two exercises. For both exercises, one
training session involved 5 sets of 10 trials, with 1 minute
rest between consecutive sets.

2.4 Opening/closing exercise
The opening/closing exercise focuses on training finger ex-
tension and smooth grasping of objects, two difficult tasks
for stroke subjects with abnormal muscle tone. The exer-
cise consists first in a passive phase where the robot opens
the fingers to an extended position adapted to the subject’s
range of motion (ROM) defined in the preliminary session,
which is between 10 and 15 cm from the tip of the thumb to
the tip of the opposing fingers for the subjects of this study.
At the end of the opening phase, the position is maintained
by the robot during three seconds during which subjects are
asked to relax and to apply minimal grasping force. An au-
dio signal indicates the beginning of the closing phase, which
requires the subject to actively flex the fingers against resis-
tance applied by the robot (between 0 and 35 N ).

Previous experiments illustrated that stroke subjects often
have trouble tuning the force applied by the fingers, and thus
tend to apply inappropriate forces when asked to grasp an
object [5]. To train control of grasping, subjects are asked to
adapt the velocity of the hand closing movement in order to
follow a Reference Position Profile (RPP), defined as a fifth
order polynomial defining a minimal jerk movement between
the open and closed positions, as natural movements tend to
follow [6]. A position indicator representing the RPP and a
cursor representing the Actual Position (AP) are displayed
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on the left side of the monitor from top to bottom (Fig. 1B).

Several parameters are used to quantify the performance
during each trial:

• the mean absolute error εp between the RPP and the
position waveform during closing.

• motion smoothness which estimated from the number
of zero crossings of the acceleration n0 (indicating pu-
tative velocity submotions [7]), normalized by the du-
ration of the closing movement.

• the number of failed trials nf . A trial is considered
as failed if the subject is not able to reach the closed
position within 10 seconds or if the trial is aborted.

To provide subjects with an evaluation of their performance
after each trial, a score

S1 = 100− a1 · εp − a2 · n2
0 (1)

based on movement error and motion smoothness is com-
puted and displayed after each trial. a1=15 and a2=0.5
have been empirically chosen with healthy and post-stroke
subjects in order to obtain a score function that is repre-
sentative of the movement quality. A maximal time of 10
seconds is given to the subject to close the hand. When this
limit is passed, the trial is considered as failed, i.e. S1=0,
and the robot completes the movement. In addition to the
score and the position indicator, an attractive picture, whose
size is linearly modulated with the opening of the hand, is
displayed on the monitor placed in front of the subject to in-
crease motivation. The task is successfully completed when
the picture is correctly aligned with a frame representing the
closed position (Fig. 1B).

2.5 Pronation/supination exercise
In this exercise, subjects are asked to supinate (turn so that
the palm of the hand faces up) or pronate (turn so that the
palm of the hand faces down) the forearm towards a specific
target orientation, while the linear DOF of the Haptic Knob
remains in the closed position. The task requires the sub-
jects to produce accurate twisting movements and reach in a
minimal time a [−1◦, 1◦] position window around the target,
in which the subject has to remain for 2 seconds (without
exiting). This window is adapted to the human discrimina-
tion threshold in orientation, which is between 0.4−1◦ [8].
The amplitude of forearm rotation is selected between 25◦

and 45◦, corresponding to the subjects’ ROM. In addition,
a resistive torque load adapted to the level of impairment
of the subject is applied by the robot during the exercise in
order to require him or her to hold the knob firmly during
the movement.

Subject’s performance during each trial is evaluated using:

• the number of failed trials nf , i.e. if the subject does
not succeed in reaching and maintaining the target.
The number of failed reaching movements nr, i.e. when
the subject does not reach the target window at all, is

• the movement duration tm to reach the target window.

• the time tT to adjust the angular position once the
target is reached for the first time.

In addition, a score

S2 = 100− b1 · Γ1 − b2 · Γ2 , (2)

with Γ1 = max{tm − 3, 0} and Γ2 = max{tT − 2, 0} is com-
puted after each trial based on the time required to reach
the target window, and the time to finely adjust position
in the target window. Based on previous experiments [9,
10], the typical time required to reach the target is set to
3 seconds, while ideally the time spent in the target is 2
seconds. b1=10 and b2=7.5 were empirically chosen with
healthy and post-stroke subjects in order to obtain a score
function that is representative of the quality of the task.
A time of 15 seconds is given to the subject to reach the
target position, after which the trial is considered as failed,
i.e. S2=0, tm=tT =15 s and the robot completes the move-
ment. In this case the subject is encouraged to not resist
the twisting motion of the robot.

Visual feedback is provided by means of a picture whose
orientation and brightness are modulated linearly with the
angular displacement of the hand (Fig. 1C). The task is
successfully completed when the picture is correctly aligned
with a frame representing the target, which is rewarded by
maximum brightness and a target indicator displayed at the
bottom of the picture. Visual feedback of the knob orienta-
tion is amplified by a factor of 2 to increase the sensitivity.

2.6 Adaptable task difficulty
The two exercises are presented as games with increasing
levels of difficulty that the subject has to complete one af-
ter the others. Each level corresponds to an incremental
increase in the resistive force or torque applied by the robot
during motion or a variation of the exercise parameters, e.g
closing velocity or required precision. Such approach offers
the advantage to adapt the therapy to the level of impair-
ment of the subject, and increase subject’s motivation to
train and improve their performance in the game.

For both exercises, scores in individual trials are summed
at the end of each set (10 repetitions). If the total score is
higher than 700, the subject can proceed to the next diffi-
culty level. To estimate performance and compare the re-
sults between subjects, the first and last sessions of therapy
use the same parameters, corresponding to medium diffi-
cultly.

3. RESULTS
3.1 Opening/closing exercise
All subjects were able to perform the required task and
showed gradual progress in the opening and closing exer-
cise, and became eventually able to perform the exercise
with variable resistive force and closing velocity. The score
S1, based on both movement control and smoothness, sig-
nificantly improved during the therapy for all the subjects,
as both parameters improved (Table 1).

Figure 2A illustrates the evolution of position waveforms in
closing movements for a representative subject. We see that

76



Figure 2: Evolution of exercise performance between first (1) and last (18) session of therapy. A: closing
movements for subject A2 during the opening/closing exercise. B: pronation movement for subject A3 during
the pronation/supination exercise.

this subject becomes progressively able to move along the
desired trajectory. In the first session some trials are not
completed, but this disappears in further sessions. These
trends were confirmed in all subjects, and nf decreased by
96% with p <0.001.

The mean absolute difference εp between the actual position
waveform and the reference position profile also significantly
decreased between the first and the last sessions of therapy,
with p <0.001. At the end of the training, it was easier
for subjects to follow the RPP and they reached the closed
position on time, indicating improved control of grasping.

The mean number of acceleration zero crossings during the
movement n0 decreased for most of the subjects (p <0.05),
but the change was small in all cases, indicating slightly
smoother movements after the therapy.

3.2 Pronation/supination exercise
All subjects showed regular progress in the pronation/supination
exercise; however, several subjects did not complete the first
level of difficulty, as they could not complete enough move-
ments in a set. Nevertheless, the score of the exercise in-
creased for all subjects, with a mean increase of +90%, with
p <0.001.

Several subjects had difficulties in performing the task at the
beginning of the therapy; during the first session the number
of failed trials nf was very high: a mean of 23.3 out of 50.
The primary reason for failure was the impossibility of sub-
jects to generate movements of sufficient amplitude, both in
pronation and supination. At the end of the therapy, how-
ever, the number of failed trials decreased importantly (to a
mean of 11.2 failed trials), indicating a significant improve-
ment in the execution of the twisting movement (p <0.001).

For example, subject A3 could not perform the task during
the first session due to hypertonicity in the wrist and fin-
gers limiting his range of motion and preventing him from
properly holding the knob during forearm rotations. Most of
the trials (sets 2 to 5) were thus performed passively by the
robot. At the end of the therapy, this subject was able to
relax his wrist and fingers to actively perform the task dur-

ing all the trials, reaching the target window and completing
the task in 80% of the trials (Fig. 2B).

Twisting movements to reach the target orientation were
significantly faster at the end of the therapy for all subjects;
a mean decrease of -44% was observed in tm (p <0.001).
This decrease was observed in both pronation and supination
movements.

The ability to perform precise movement was evaluated by
the time tT required to complete the exercise, i.e. to stay
once the target was reached for the first time. tT decreased
at p <0.001, suggesting a better ability to fine tune and
maintain the target orientation.

Although subjects showed improvements in both pronation
and supination, results suggest larger improvements in prona-
tion. A majority of subjects initially had more impaired
pronation, but at the end of the therapy, pronation was sim-
ilar or even better than supination. Pronation became more
precise and orientation adjustments easier, which confirms
results of previous studies [10]. This may be due to initial
weakness in small pronator muscles that are less involved in
ADL, in contrast to supinator muscles such as the biceps.
On the other hand, supination may be more difficult to pre-
cisely control because of exaggerated flexor muscle activity.

4. DISCUSSION
This paper presents exercises for rehabilitation of hand func-
tion using the Haptic Knob, and proposes a method to quan-
titatively evaluate motor performance of stroke subjects.
The analysis of behavioral data collected with the Haptic
Knob showed a progressive improvement in the control of
grasping, and improved pronation/supination motion of the
forearm as a result of the robot-assisted therapy. In general,
subjects improved in both tasks, eventually completing ev-
ery trial at the end of the therapy. All parameters signifi-
cantly evolve in a positive way, suggesting improvement in
hand motor function. Improvement in the results of the ex-
ercises could also be attributed to compensatory strategies
stroke subjects may develop to maximize their score over the
session. Nevertheless, the variation in exercise parameters
may help decrease this learning effect and keep exercises at
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Table 1: Parameters for the two exercises (c.f. Section 2.4 and 2.5), with mean±std over the 9 post-
stroke subjects. Statistical significance of variation with respect to the baseline data was determined using a
Student’s t-test.

exercise parameter session 1 (week 0) session 18 (week 6) modification p-value
opening/closing nf 11.67±14.31 0.44±0.88 -11.22±13.81 (-96%) <0.001

εp [cm] 0.83±0.41 0.42±0.21 -0.41±0.31 (-50%) <0.001
n0 [1/s] 6.15±0.57 5.71±0.52 -0.44±0.52 (-7%) <0.05
S1 63.54±21.14 83.77±7.94 +20.23±14.90 (+32%) <0.05

pronation/supination nf 23.33±18.96 11.22±15.18 -12.11±11.20 (-52%) <0.001
nr 14.33±16.10 4.78±8.80 -9.55±12.43 (-67%) <0.001
tm[s] 7.65±3.63 4.28±2.83 -3.37±2.63 (-44%) <0.001
tT [s] 7.99±3.92 5.06±3.32 -2.93±2.27 (-37%) <0.001
S2 32.82±24.16 63.28±32.03 +30.46±16.39 (+90%) <0.001

a challenging level.

Improvements in the measurements were confirmed by clin-
ical assessments performed by a physiotherapist before and
after the completion of the robot-assisted therapy. Subjects
with chronic stroke presented a mean increase of 24% in the
Motor Assessment Scale (MAS), indicating improvement in
functional tasks of arm and hand. They also improved of
4.3 points on average, or +14% with p <0.001, on the Fugl-
Meyer assessment (FMA) scale, and this increase was ≥5
points in 5/9 subjects, with a maximum improvement of 11
points. Further, a decrease of 16% in spasticity in flexor
muscles of the entire arm was also observed. These results
suggest that intensive use in a repetitive and motivating
training program improves motor function in chronic stroke
subjects who completed conventional training a long time
ago. These improvements correspond to a noticeable in-
crease of hand and arm function of stroke survivors, as was
indicated by the improvements in exercise scores with the
Haptic Knob, which involve functional activities.

These results illustrate the positive effect of therapy with
the Haptic Knob and confirm the possibility to use such
robotic device as assessment tool to evaluate and monitor
hand motor function during rehabilitation therapy.
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ABSTRACT 
Active initiation and participation in the rehabilitation is a key of 
success for stroke rehabilitation.  To patients with stroke, the 
interactive robotic system would motivate them to actively 
interact with the system during the task-related training regime. 
The system used muscle activation from affected limbs as control 
signal.  The system was designed to train the wrist, elbow, knee 
and ankle joints in vertical and horizontal positions. Results from 
wrist and elbow training on persons after stroke had shown 
improvement in reduced spasticity on the joint, better 
coordination on the wrist and elbow joints. 

Categories and Subject Descriptors 
H.5.2 [INFORMATION INTERFACES AND 
PRESENTATION]: User Interfaces – User-centered design, 
Interaction styles  

General Terms 
Algorithms, Measurement, Design, Experimentation. 

Keywords 
Rehabilitation robot, EMG, interactive, upper and lower limbs, 
stroke. 

1. INTRODUCTION 
Rehabilitation robot can be the assistance to the therapist, 
providing safe and intensive rehabilitation with repeated motions 
to persons after stroke [1, 2]. The most commonly reported 
treatment approaches provided by developed rehabilitation robots 
are: 1) continuous passive movement, 2) active-assisted 
movement, and 3) active-resisted movement by applying 
resistance against movement direction[1-5]. In the robot-assisted 
physical trainings with active-assisted movements, voluntary 
motor inputs from a patient are involved in the training and the 
training had significant motor improvements in stroke 
rehabilitation [1, 2]. The robots providing active-assisted 

treatments are based on the voluntary intention from a patient, and 
the systems may follow the user’s intention to complete a desired 
task which could not be achieved without any assistant force. 
Therefore, the recent developments in rehabilitation robots has 
been worked towards the active-assisted control strategies for 
interactive rehabilitation treatment. 
Rehabilitation robot not only could share the large portion of the 
repeated labor work in a long-term physical training program, but 
also could be a platform for quantitative monitoring on the 
recovery process across the training sessions in a rehabilitation 
program, due to the standardized experimental setup and the high 
repeatability of motion tasks. In this work, we had developed a 
rehabilitation robot used muscle activation (electromyography 
signals, EMG) from affected limbs as control signal.  The system 
was designed to train the wrist, elbow, knee and ankle joints. 

2. METHODOLOGY 
2.1 Robotic System 

 

Figure 1. EMG-controlled  interactive robot system 
[PolyJbot]  (setup for upper limb training)  
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The structure of the EMG-controlled robotic system is shown in 
Fig. 1(PolyJbot, Hong Kong Polytechnic University), which 
consists of a touch screen user interface(Fig 2), data acquisition 
device, actuated mechanical part, and an EMG amplifier. After 
being captured through EMG electrode and amplified by the EMG 
amplifier, the EMG signals together with the torque signal and the 
angle signal were inputted through the data acquisition card into 
the system. The software has three functions: it generated a 
control signal and controlled the motor to provide assistive force 
based on the real-time continuous EMG signal amplitude; it 
provided a game interface to guide the subject together with a 
visual feedback, which displayed both the target and the actual 
joint angle in a computer screen placed in front of the subject(Fig 
2); it stored the EMG, torque and angle signals for further 
analysis. The mechanical part of the robot was designed and 
fabricated for wrist, elbow, knee and ankle joints in vertical and 
horizontal positions to assist the movement of the joint flexion 
and extension (Fig. 1,2,3). The chair and the limb adaptor are 
adjustable to suit different body size. 

For safety reasons, three steps were taken to protect the subject 
during the experiments. First, two mechanical stops were used to 
limit the rotation range of the motor. Second, the software 
program limited the output torque to the preset range, e.g. -5 Nm 
to 5 Nm, and the operation would be stopped if the motor 
exceeded this range. Third, an emergency stop could be controlled 
by the operator to break the power supply to the servo motor if 
needed. 

2.2 Intervention 
The EMG-controlled system used in elbow and wrist 
rehabilitation programs had been conducted. Each program 
consists of 20 sessions, with the training intensity of at least 3 
sessions a week and at most 5 sessions a week. Each subject was 
seated with the paretic arm mounted on the robotic system.  
Subjects recruited in the study satisfied the inclusion criteria as 
follows: 1) had unilateral ischemic brain injury or intracerebral 
hemorrhage at least 6 months after the onset of single stroke; 2) 
had moderate level of motor impairment in the affected upper 
limb, assessed by Fugl-Meyer Assessment (FMA) 
(9<shoulder/elbow<27, 6<wrist/hand<18); 3) had no difficulty to 
follow experimental instructions. The study included clinical 
scores of the FMA (shoulder/elbow and wrist/hand), Modified 
Ashworth Scale (MAS) (elbow and wrist). 

The magnitudes of the assistive torque were proportional to the 
voluntary EMG amplitudes of the flexor and extensor muscles 
during their contracting phases (i.e., in wrist training, using the 
flexor carpi radialis EMG in the flexion phase, and the extensor 
carpi radialis EMG in the extension phase). (Eq.1 and 2)  

rMIVC

rj

j ww

ww
NEMG

−
−

=   (Eq.1) 

jMIVCassist NEMGTGT **=  (Eq.2) 

resistassistres TTT +=   (Eq.3) 

The processed EMG signals jw were normalized to the range 0-1 

in Eq.1. rw was the amplitude of processed EMG signal at rest, 

and wMIVE was maximal amplitude of the processed EMG signal 
during the maximum isometric voluntary contraction (MIVC), 
The assistive torque Tassist was estimated based on the normalized 
EMG signals in Eq.2 and G was the gain for EMG to torque. The 
EMG-torque gain was set at 0%, 50%, 100% in this study. TMIVC 
was the MIVC torque. Besides the interactive assistive torque, 
interactive resistive torques(Tresist) were also applied in the 
tracking trials in a session, which were proportional to the 
maximum wrist torques (i.e 10% to 20% of the maximum 
torque).The resultant torque Tres was shown in Eq.3.  

 
Figure 2. Touch-screen user interface 

 

Figure 3. Setup for lower limb training. 

3. RESULTS 
15 chronic stroke subjects had been trained with the robotic 
system for 20-sessions of upper limb training (1 hour per session). 
The FMA shoulder/elbow score has increased significantly in the 
post-training test and kept in the 3-month follow-up test(P<0.05). 
For the MAS scores (elbow and wrist), the scores decreased 
significantly after the training, and the reduced elbow and wrist 
muscle spasticity was kept in the 3-month follow-up test(P<0.05). 

4. CONCLUSION     
The robot-assisted interactive system could facilitate improvement 
in motor functions related to the wrist and elbow joints, and 
reduced the muscle spasticity after the training. Further training 
sessions on lower limb will be conducted to evaluate the 
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effectiveness of this newly developed interactive robotic system 
using continuous EMG signals. 
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ABSTRACT
This paper deals with two novel applications of an alterna-
tive method of interacting with a computer which enables
persons with very severe motor impairments to leverage re-
tained capabilities in order to independently control certain
parts of their daily lives. The input strategy is based on
tiny intentional contractions of a single muscle of choice (re-
quiring a minimum of physical contribution only) which are
used as “selection marker” in the context of scanning. The
first application turns the PC into a Universal Remote Con-
trol (URC), while the second one is a Text-To-Speech (TTS)
module. A simple experiment requesting the speed of the
scanning scheme shows that the theoretical concept really
works and that it therefore has the potential of being of
great help for its target population.

Categories and Subject Descriptors
K.4.2 [Computers and Society]: Social Issues—Assistive
technologies for persons with disabilities; H.5.2 [Information
Interfaces and Presentation]: User Interfaces—Input de-
vices and strategies

General Terms
Human Factors

Keywords
Human-computer interaction, bio-signals, hands-free opera-
tion, muscle control, scanning, environment control, AAC.

1. INTRODUCTION
In many cases, persons with physical disabilities – such as
Cerebral Palsy (CP), Amyotrophic Lateral Sclerosis (ALS),
or Friedreich’s Ataxia (FA) – are unable to utilize standard
input devices – like keyboard and mouse – to interact with
a computer. However, independently making use of modern
technology could help them a lot. Since producing intelligi-
ble voice output is often impossible too, speech recognition
software is not always suitable either.

Providing computer access to persons with disabilities there-
fore often involves some scanning scheme and an appropriate
selection marker, such as a single keystroke or the actuation
of a physical switch (e.g., [13]). Scanning offers to choose
one of a set Σ of available options (e.g., the “keys” of an on-
screen keyboard) in the following way. At first, Σ is split into
several smaller (usually disjoint) subsets (e.g., the rows of
the on-screen layout) which are cyclically highlighted, one
by one, for a scan-delay τ each. The user can select the
highlighted subset by generating a selection marker. If the
selected subset only contains one element, the correspond-
ing option will finally be triggered. Otherwise, the subset is
again split into new, even smaller subsets (e.g., the individ-
ual keys of the selected row) and the process starts anew.

Fortunately, being able to use the hands (for actuating a
switch) is not really necessary – in fact, it is possible to
produce distinguishable input signals (which can be inter-
preted as selection markers) by merely issuing tiny muscle
contractions. And the good news is that almost everyone,
even when otherwise completely paralyzed, is able to reli-
ably control at least a single muscle group (for, e.g., smiling,
raising the eyebrow, or clenching the teeth). This paper is
about how to leverage those retained capabilities in order to
support persons with severe physical disabilities.

The specific focus is on two scanning applications providing
their users with a certain independence in their daily lives:
a URC module and a TTS module. The idea for these two
applications has already been introduced in the context of
the environment control system proposed in [6] – the actual
implementation is detailed in this paper.

2. RELATED WORK
For persons with severe physical impairments, interacting
with a computer often involves a scanning procedure, since
that typically requires a single input signal (the “selection
marker”, to be issued at the right time) only. An important
question is whether or not a particular user can still employ
the hands (to operate a simplified keyboard or a commer-
cially available switch). If not, an alternative of growing
popularity is a bio-signal interface which tries to extract
user intentions from the time series of an adequate bodily
function – willfully altered by the user [3].

An attractive example in this respect is an EEG-based Brain-
Computer Interface (BCI), since that exclusively relies on
mental activities [9]. The biggest drawback of BCI’s is that
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EEG recording is very sensitive, while the analysis is slow
and cumbersome. Other interfaces supplement brainwaves

(yet often asking for a considerable amount of physical ef-
fort). Possible applications include a mouse emulator [12],
a virtual keyboard [14], or a text-to-speech system [10].

The HAnds-free Mouse COntrol System (HaMCoS) (e.g.,
[4]) is a bio-signal interface relying on the same kind of
muscle-related input signals as the software described in this
paper. It allows its user to fully control a PC without us-
ing the hands, but its underlying processing principle goes
beyond simple row-column scanning.

3. INPUT SIGNALS
As already mentioned above, the input strategy focused in
this paper relies on intentional contractions of an arbitrary
(but fixed, once chosen) muscle of the user. To detect those
input signals, the muscular activity of the dedicated muscle –
recorded with the help of a piezo-based sensor placed directly
above it – is analyzed.

The resulting amplitude A of the muscular activity is com-
pared to an adjustable threshold T every 10ms. Whenever
A exceeds the threshold, which means

A(t0) < T ∧ A(t0 + 10ms) ≥ T,

the computer assumes that the user has issued an intentional
contraction (which can be interpreted as a selection marker
in a scanning context).

4. SCANNING APPLICATION
The main contribution of this paper is given by the imple-
mentation of two novel software modules applying the input
signals detailed in the last section in a scanning-based fash-
ion. Both modules share the same basic architecture: they
present a main display with several buttons in a rectangular
grid, which can be accessed via row-column scanning.

The main display could be thought of as divided into 32 cells
arranged in 4 rows with 8 columns each. Each selectable
button occupies either a single cell or up to 4 adjacent cells
– the button layout can be seen in figs. 2 and 4.

In addition, for any functionality relying on entering text,
both modules call the same editor routine shown in fig. 1.

The editor display contains a square grid with 8 × 8 small
keyboard buttons on the left, and a large box logging the en-
tered text as well as two normal-sized buttons for leaving the
editor routine (either confirming or discarding the entered
text) on the right. The button layout is identical to the one
used in the on-screen keyboard framework application of the
HaMCoS tool.

The program organization is – for both modules as well as
for the editor routine – characterized by row-column scan-
ning. However, in addition to scanning the rows and then
the columns within the selected row, the selection cycle con-

Figure 1: Common editor with 64 keyboard buttons
and highlighted “OK/Cancel row”.

tains a confirmation period and a notification period (both
equally long as the scan-delay τ ) – illustrated in fig. 4. In
the delay period following the column selection, the user is
expected to issue another selection marker to confirm that
the selected button really is the desired one. The program
then highlights the ultimately chosen button for another de-
lay period to notify the user that the confirmation selection
was in time. After the notification delay (or after τ has
elapsed without confirmation), scanning restarts at the row
level.

The software was developed using the C++ programming
language under the operating system Windows R© XP. A very
nice property of the software is that it can also be operated
without an input sensor like the one mentioned in the pre-
vious section. Users with less severe impairments can press
the space bar of a manual keyboard to produce selection
markers. It is even adapted (and expected!) to be used by
able-bodied persons, since it offers to cut the scan selection
process short with the help of a conventional pointing de-
vice (an extensive user study with able-bodied participants
is introduced elsewhere [7]). The two applications realized
within the described framework are presented below.

4.1 Universal Remote Control
The first application turns the computer into a URC. Af-
ter the program has been trained with the infra-red signals
of the original remote, it allows a motor-impaired user to
select the TV program to watch or to operate the stereo
system without having to ask another person for help. The
program interfaces with the Transmitting Infra-Red Adapter
(TIRA) offered by HOMElectronics R©, and the implementa-
tion makes use of the API on the manufacturer’s home page
[8]. It supports an arbitrary number of (linearly accessed)
layouts, each storing (up to) 24 IR codes (see fig. 2).

Figure 2: URC display with 24 IR code buttons.

83



The operation classifies into two different modes that look
quite similar: the default transmit mode – where the selec-
tion of an IR code button results in transmitting the corre-
sponding (previously stored) IR code – and a configuration
mode. The latter one is further subdivided into three cat-
egories: Enter Labels, Learn Single Code, and Learn Code
Sequence.

With the first category being activated, selecting an IR code
button invokes the built-in editor routine. The other two
categories are for capturing (and storing) IR codes being
sent by an original remote control1. A selected IR code
button is highlighted, and the software waits for an input
signal (see fig. 3).

Figure 3: Program waiting for an IR signal.

That signal can either be an IR code (to be assigned to
the selected button) or another selection marker (canceling
the capture process). When learning a code sequence, the
buttons are highlighted successively, one by one (each time
waiting for an IR signal), until button no. 24 is reached (in
the order of figs. 2 or 3).

4.2 Speech Generation
The second application is an important tool for anyone who
is unable to speak. In addition to several standard phrases
(like “Hello” or “Thank you”), the user can have the com-
puter pronounce customized text entered with the help of
the built-in (scanning-based) editor. For generating voice
output, the Microsoft R© Speech API (SAPI) [11] is used. Fig.
4 illustrates the selection of the second button in row no. 2,
which causes the computer to produce the sound of the word
“Yes”.

a b

c d

Figure 4: Selection cycle to say “Yes”: a) row scan;
b) column scan; c) confirmation period; d) notifica-
tion period.

1This step is supposed to be done by an (able-bodied) care-
giver.

Many neurological disorders like ALS or FA have the un-
pleasant property of being progressive. In addition to phys-
ical control and strength, patients often lose the ability to
speak intelligibly. If someone knows before that this will
eventually happen, he/she might follow the approach de-
scribed in [15] to conserve his/her own voice in order not to
be obliged to “speak with an alien voice” later on.

5. SELECTION SPEED
In order to prove that the software is indeed usable and
to find out how fast it offers to make a selection, a simple
experiment has been conducted, initially with only one male,
38-year-old subject in a pilot study. The subject has been
diagnosed with FA at the age of 15, and although he is
still able to utilize a standard keyboard (albeit at a typing
rate of less than 6wpm), he does have substantial motor
problems. In the general case, the software also accepts
optional manual input, but for the experiment, it responded
to intentional muscle contractions only. Since the subject
is well familiar with the employed input strategy and has
already participated in the evaluation of related approaches
(e.g., [5]), he has to be considered an expert user.

The experiment has been repeated five times each in two
variants (with sufficient pauses between the individual runs).
The first variant investigated the total time needed by the
subject to select (and confirm) each of the 24 buttons as-
sociated with an IR code in the URC display. Following a
“warm-up period” of 20 minutes (which was also used for
determining a comfortable scan-delay – it was chosen to be
τ = 1.0s), the numbers between 1 and 24 were presented
one by one, in random order on a second computer screen,
and the subject was asked to each time select and confirm
the corresponding button. The requested button index was
updated automatically after each correct selection confir-
mation, and the subject could start with selecting the next
button after the notification period.

The average of the five runs was 172.8s, which nicely corre-
lates to the following analytical considerations. If the scan-
delay is chosen not too large and not too small, then the se-
lection marker should (on average) appear in the middle of
the desired delay period, e.g., selecting the third row should
ideally take (2+1/2) ·τ . This also means that the button in
the first row and the first column requires (with confirmation
and notification) 1 ·τ +1/2 ·τ +1/2 ·τ +1 ·τ = 5/2 ·τ . Gen-
eralized for all four rows with six buttons each, this yields
the ideal minimum time Tremote24 for the 24 buttons as
follows.
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Table 1: Total time needed to select 24/64 buttons.

Variant URC Keyboard

Layout 4 × 6 9 × 8
# of buttons 24 64

Analytical (τ = 1.0s) 156s 672s
Empirical (avg.) 172.8s 855.4s

The second variant of the experiment investigated the pos-
sible text entry rate (which is especially important in the
context of the customizable text in the speech generation
module). Therefore, the total time needed to select and
confirm each of the 64 keyboard buttons was determined.
After another “familiarization period” of 20 minutes (which
was necessary because the second part of the experiment
took place on a different day), it was proceeded similar to
the first variant, only this time presenting numbers between
1 and 64. On average, the subject needed 855.4s, which
is again close to the ideal minimum Teditor64 – calculated

based on the same considerations as above2.
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τ = 1.0s, division by 64 yields the ideal average selec-
tion time of 10.5s per button (13.3s in the empirical case),
which coincides with an entry rate of 5.7 (empirically 4.5)
buttons per minute or roughly 1wpm. This is of course only
correct under the assumption that all 64 buttons are equally
probable. Since this assumption does, in general, not hold,
the investigation of different keyboard layouts remains an
issue to be examined in the future. The numerical results
are summarized in table 1.

6. CONCLUSION
Two software applications supporting persons with severe
motor disabilities have been introduced. They allow their
users to independently transmit IR signals (e.g., to switch
to a different TV channel) and to use the computer to re-
place their own (lost) voice. Operating the tools is based on
row-column scanning with intentional muscle contractions
as selection markers, and it thus requires extremely little
physical effort. It could be shown in a simple user study
that both modules really do what they are supposed to do
and that they thus constitute a promising approach regard-
ing the integration of persons with disabilities.

2It should be noted that the first keyboard row requires
(1 + 1/2) · τ , since the “OK/Cancel row” is actually scanned
before.

Future work will deal with improving the editor routine with
the goal to speed up text entry. Planned extensions include
a reduction of the number of buttons to scan by assigning
more than one character to each button and using certain
disambiguation methods [2].
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ABSTRACT 
The computer-controlled artificial legs, most of which are 

above-knee prostheses(AKP) can better adapt to the human gait 

and walking modes, automatically distinguishing terrain and 

coordinate the symmetry of gait. Due to the complexity and 

non-linearity of AKP control, it is required to design a kind of 

controller being intelligent enough for it. Research and product 

development of computer-controlled AKP is comprehensively 

discussed in the paper. The expert controller based on finite-state 

machine method and BP neural network controller based on PD 

supervision are especially analyzed. The major intelligent control 

methods applied for existing AKP products are also compared 

with each other here. The development of intelligent control 

technology in the future is pointed out.  

Categories and Subject Descriptors 
J.7 [Computers in Other Systems ] : Industrial control 

General Terms 
Theory 

Keywords 
Artificial Leg; Intelligent Control; Above-knee prostheses; 

Damper 

1. INTRODUCTION 
In current world, a variety of commercial hydraulic/pneumatic 

intelligent prosthetic knees have been developed, including the 

famous Otto Bock's C-LEG, Blatchford’s IP, Smart IP and 

Adaptive Knee, Nabco's NI-C411, Teh Lin's Auto-Pilot electronic 

knee and Ossur’s Smart Magnetix Knee, etc., among which 

NI-C411 and Auto-Pilot knee are four-axis electronic knee. With 

an overview of these microprocessor controlled knees, the 

majority can be controlled in the swing phase and stance phase 

through controlling the hydraulic/pneumatic cylinder, and can also 

automatically adapt to the different environment, such as down 

slope/stairs, tripping and sitting down. But the controllable speed 

levels of these prosthetic knees are limited  (usually three kinds, 

i.e., high, medium and low speed). So the prosthetic leg cannot 

change to arbitrary walking speed. Some prosthetic knees can 

simulate the feature of flexion in early stance phase of human 

body, such as Teh lin’s Auto-Pilot and Blatchford’s Adaptive 

Knee which can flex in pre-stance phase. In 2003, the United 

States patent 6,517,585 firstly announced a unique design of a 

hydraulic/pneumatic combination knee (Blacthford Adaptive 

Knee) [1]. Adaptive Knee employs a hydraulic/pneumatic 

combination damper mechanism, which  mainly rely on 

pneumatic cylinder in the swing phase and hydraulic cylinder in 

stance phase. Hydraulic cylinder knee also play a role of damping 

in the range from 0 to 30 degree during knee flexing, in order to 

increase the stability of gait, and at the same time, hydraulic 

damping is used to buffer the end impact of knee extending. In 

2006, company Blacthford developed its second generation of 

Adaptive Knee and Smart IP, the later which based on the original 

IP improvement is a pneumatic "smart" prosthetic knee. Without 

any training, it can automatically learn to adapt to various speed, 

different environment and different shoe weights by a regulated 

procedure.  

A specially designed hydraulic cylinder is used in Otto Bock's 

C-Leg (patent CN1074109A) [2]. Microcomputer-controlled 

prosthetic knee is employed with sensors so as to detect the angle 

and speed. The prosthetic knee can not only improve gait but can 

also automatically adapt to environmental changes, improve active 

performance and reduce energy consumption for the patients. 

Ossur company of Iceland recently developed a new intelligent 

above-knee prostheses which utilizes controllable  

magneto-rheological(MR)  fluid as knee damper(international 

patent W001/54630). The prostheses is  mainly improved in the 

high-speed microcomputer , damper and  self-learning control 

method which can adapt to more walking speeds without special 

training. 

In 1983, Bar and Ishai designed a microcomputer-controlled 

controller for knee joint, which is based on finite-state machine 

method[3]. In 1975, Dyck, et al studied a Grade-4 damping control 

knee based on electromyography (EMG), which can control both 

of swing and stance phases. In 1988, based on finite-state machine, 

DS Chitore designed a digital controller used for prosthetic knee 

and ankle joints. The digital circuits directly output different 

switching signals corresponding to gait cycle phases determined 

by the sensors mounted beneath the feet and the EMG of thigh 

muscles, through the designed electronic networking hardware. 

The switching signals coordinate the angle position of the knee, 

ankle joints and other prosthetic components [4]. In 1992, T. K. 

Wang, et al. proposed a self- adaptive method for AKP control. As 

the mathematic model between the thigh and calf in the swing 

phase has features of nonlinearity, strong coupling and 

time-varying, the adaptive method can make prosthesis to adapt to 

various speeds and can automatically  compensate for the 
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changes of hip joint torque, hip joint track ,etc without precisely 

modeling of leg. In order to obtain the knee torque output value 

tracking an ideal knee trajectory, this method only add a PD 

feedback control and an non-linear adaptive control to compensate 

the deleted item on the basis of solving of the traditional Lagrange 

inverse dynamics equations. It is essentially a kind of adaptive 

control method which does not belong to intelligent control [5]. 

2. AKP INTELLIGENT CONTROL METHODS 
Intelligent AKP can be classified as a flexible real-time tracking 

system with natural instability, strong coupling and 

non-linearity[6], whose tracking goal is a varying curve of knee 

flexion and extension angle by the time, and the controlled plant is 

the knee damper [7].  

The complexity of prostheses gait led to the intelligent controller 

development of anti-traditional methods (soft and non-parsed). 

Traditional control methods are based on the gain of mathematical 

model of the dynamic process (viz. response was entirely 

predictable). And in most cases it is linear mathematical model. 

Under normal circumstances, the dynamic model based on human 

movement (even the linear model) controller is likely to be very 

complicated, lack of robustness and unsuitable for real-time 

control. 

On one hand, AKP intelligent controller is used in fast learning 

and following for walking speed through the establishment of the 

controlling relationship between the inputs and outputs , so as to 

change knee joint stiffness and damping (resistance torque) for 

real-time tracking of walking speed ; on the other hand, non-linear 

walking mode identification and control can only rely on 

intelligent control. The controller will vary the stiffness and 

damping (resistive torque) at the knee joint to enable complicated 

motion patterns synchronized with the stance and swing phases of 

gait. The gait control will be implemented as a numerical 

algorithm which will perform logical operations with a fixed 

predefined sequence, finite operations, and minimal analytical 

calculations.  

2.1 Expert Control Method Based on       

Finite-state Machine 
The lower limb prostheses control of descending stairs/slope and 

other walking modes generally adopt an expert control technology 

so-called "Sequence of Finite-State Machine" (SFSM) [8]. The 

method has a detailed scheming for typical gaits that includes: HC  

(Heel Contact), FF (Foot Flat), HO ( Heel off), TO( Toe off), FC 

(Foot Clearance), QR(Tibia Vertical), and LS(Late Swing). 

Typical gait includes eight states (Si) , i.e. stance phase with 

double legs, swinging phase of the early, medium, late, and stop 

period, stance phase of the early, medium, late ,etc. The sequential 

finite-state machine is a process which is defined by a transition 

function and an action function. The transition function and action 

function can be defined respectively as follows:  

Si+1=f(Si,Ii) 

Ai=fa(Si); 

where: Si is the present state; Si +1 is the next state; Ii is the present 

input, Ii∈(HC,FF,HO,TO,FC,TV,LS). Ai is the resulting output 
action made at the entrance to state Si . 

Input events was detected by the sensor system, MCPK carried out 

action output (Ai) by rules established by action function, the 

output action in the actual control is to send a electrical signal to 

dampers or drivers (analog or digital signal). 

Belgrade AKP has used rule-based control as mentioned in 

reference [9]. In Belgrade design there is a two-level hierarchical 

control strategy. The upper level of rule-based control is used to 

“intention” identification, identification, adapt to the 

environmental changes and the cycle triggers during the entire 

movement; The lower ,actuator level is used for simple on-off 

control. The design of upper, coordinating control level is inspired 

by the role of reflexes in natural movement, which called artificial 

reflex control (ARC) [3,10]. ARC avoids the mathematical 

modeling of state space, and no need to establish the man-machine 

complex dynamics model for control plant. On the basis of ARC, a 

control algorithm has an on-off nature. In order to achieve a  

smooth movement, eliminate bumpy and reduce thigh energy 

consumption, it is necessary to combine ARC with sufficient 

control algorithm at actuator level[11]-[13]. Because it has been 

designed coordination control in output space, it seems very 

natural to design an actuator controller and use tracking methods 

in output space. 

2.2 Neural Network Control Method 
The intelligent control for prostheses application is seldom used in 

modern APK products. Basically most studies of intelligent 

control for AKP focus on the research of theory or simulation, 

especially focus on fuzzy control, neural network control, expert 

control, multi-level hierarchical control and other intelligent 

control methods. Actual application for intelligent control methods 

in electronic legs is very simple or very rare, such as Teh Lin 

Auto-polit knee’s fuzzy control, Ossur Reoh-knee’s 

dynamic-learning memory matrix algorithm (DLMA), Endolite 

Adaptive and Otto Bock C-Leg’ expert control for pattern 

recognition. Reference [14] did a detailed study of network 

supervision control with FEL (Feedback-Error Learning),  which 

combine BP neural network controller with PD controller. 

Reference [15] reported the use of  similar methods for 

controlling the joint position of leg external power device for 

paralyzed people. Typical FEL methods replace the parameter 

estimation in the closed-loop feedback control by machine 

mapping. FEL is a forward neural-network structure, when trained 

it learns the inverse dynamic model of the controlled plant. A 

proportion differential (PD) controller is introduced to ensure 

stability in the neural network training [16-19]. FEL controller is 

trained by using PD controller’s outputs to change the weight 

value. The learning rule used is based on the Hebbian learning 

method. The formula of weight learning is as follows: 

tAuww
PDioldinew

∆+= η
 

Where:  

inew
w

——new weight 

iold
w

——old weight 

PD
u

——output from the PD controller 

A——network functional associated with weight wi ; 
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η——Learning rate 

Δt——integration step used in the computer simulation 

Losses could be calculated by multiplying the desired velocity 

with the weight, and are then added to the control signal. Finally, 

the control signal of FEL controller is added to PD control output. 

If the true inverse-dynamic model has been learned, the neural 

net-work alone will provide the necessary control signal to achieve 

the desired trajectory[18]. During the initial training period, The 

control signal generated by the neural network is small compared 

to the signal from the PD controller. However, as the number of 

learning trials increase, the signal from the neural network will 

dominate the control function. 

The neural network supervision control, composed of neural 

network control and the traditional PD control, is a development 

direction of prosthetic intelligent control, in which the PD 

supervision control based on CMAC supervision is an effective  

real-time control method for gait velocity tracking. The hydraulic 

control block diagram of the prostheses is described in figure 1. 

Here neural network supervision based on PD controller is used. 

The gained CMAC output signal (total pulse number) through the 

PD controller feedback control and the system input signal Y 

(swing speed) data sets would train on-line. Because the CMAC 

learn fast and the one-dimensional input vectors, the training 

samples numbers provided by the PD controller does not require a 

lot. Judged by the normal gait speed of the swing the rate is set to 

20 stalls, and according to simulation results and CMAC controller 

with similar input would output similarly, only about 20 samples 

can be completed neural network training requirements 

approaching neural network of the needed generalization regional 

function. After each speed trained once, neural networks would 

take over the control[20]. 

Aiming at the need that intelligent prostheses gained real-time 

tracking control to walk on different modes (such as uphill, 

downhill/down stairs, walking on the plain ground, etc.), the 

authors proposed a new type of variable structure of CMAC neural 

network controller (CMAC). This CMAC uses a random repeat 

joint learning algorithm to traverse to the input mode of CMAC, 

whose structure self organized to a relatively stable state. Under 

the state, the input neurons connect is uneven distribution which 

obeys power-law distribution, then, it would play a role in 

optimizing the structure of CMAC. This variable structure CMAC 

can improve the tracking results of intelligent AKP for adapting to 

changing gait [21]. 

3. Typical AKP Intelligent Control Methods 
In order to analyze the existing intelligent AKP general control 

principle, here we take Otto Bock C - LEG, which is one of the 

highest level of commercialized intelligent prostheses, as an 

example for analysis. C-Leg prostheses is similar to Endolite 

adaptive intelligent bionic leg in general control mechanism, but 

adaptive bionic leg is equipped with a special  

hydraulic/pneumatic cylinder as damping device which can assure 

the stability of stance phase as well as the flexibility of swing 

phase. The two intelligent prosthetic legs in general aim to two 

major control goals ,i.e., walking modes (Level walking, down 

slope/stairs, sitting down, stumbling, etc.) and walking speed. The 

control method is completed through switching control goals with 

rule-based expert control and controlling the gait speed with 

open-loop output. At the same time, the two control goals are all 

reached by taking the rotation position of knee joint and states as 

inputs, taking the driving signals of stepping motor or servo motor 

as outputs, controlling the states (lock or free) and damping 

value(opening of the needle valve) of damping cylinder integrated 

in the  prosthetic knee. The AKP's intelligent control principle is 

shown in Figure 2 .  

C-Leg prostheses is employed with a Hall-effect sensor inside the 

prosthetic knee for measuring joint angles and speed, and four 

bridge foil strain gauges for measuring the body center position 

corresponding to the front, middle or rear positions of the AKP, 

i.e., measuring the load (states lifting apart from the ground) at the 

heel and toe, in order to determine the stance phase position and 

the walking modes. The measured signals are compared with 

predetermined threshold values so as to judge the selected control 

programs or output values.  

C-Leg uses a hydraulic damper passively adjusting the prosthetic 

knee’s angular velocity or rotation. The microprocessor mounted 
in the prosthetic knee uses the  signals received from the strain 

foils  and angle sensor to identify walking modes, and compare 

the signals with the stored threshold values. The threshold values 

are indicators of predetermined transition points. These transition 

points are chosen to adjust at least one of the damping values for 

leg flexing or extending. When the received signal is identical to 

the stored threshold value, the output signal would be activated  

 

 

 

 

 

 

 

 

automatically, and change one or both of the flexing and extending 

speed of knee rotation. The output signals will actuate the motor 
in damper-regulating valve assembly to reflect each transition 

point during the whole gait. The valve assembly can 

synchronously, variably and independently control one or both of 

knee flexing and extending so as to coordinate the swing speed, 

and automatically recognize the terrain. 
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4. DISCUSSION 
In order to understand the current intelligent control methods used 

in commercial, computer-controlled AKP, we made a comparative 

analysis for the control methods of major electronic legs in the 

world, as showed in Table 1. Seeing from the current commercial 

electronic legs, most of the applied intelligent control methods are 

just limited to simpler intelligent control, like expert control, fuzzy 

control, etc. The more complex intelligent control methods, such 

as fuzzy neural networks, neural network adaptive control, fuzzy 

expert control, and other multiple intelligent control technologies 

have not been applied to the existing products yet. 

 

The nonlinearity, time-delay and non-stability of the intelligent 

AKP complex system bring about difficulties in the system 

modeling and controlling. Therefore, the intelligent control 

technologies with functions of self-adaptation, self-organizing and 

self-learning will be an inevitable trend for smart AKP control in 

the future, especially those intelligent control methods with 

real-time and fast-learning performance will be firstly applied to 

the computer-controlled electronic legs. The above discussion of 

the neural network controller supervised by CAMC that used to 

follow intelligent AKP control of the health legs has better 

real-time adaptability and stability [22]. With the development of  

computer technology, the calculation speed will dramatically 

increase. It is possible for bionic functions of intelligent AKP, 

including walking speed adaptation, real-time recognition of road    

conditons, to be realized by using complex control methods . 

 

5. CONCLUSION 
Viewing from the above analysis of AKP intelligent control 

technology, we have the following conclusions: 

1) Intelligent AKP can be classified as a real-time tracking system 

with natures of un-stability, strong coupling and nonlinearity. So 

the intelligent control technology is an effective way for it.  

2) Currently, the research of intelligent control technology of AKP 

is rare. Expert controller based on finite state machine has been 

used to control the products of intelligent AKP in market.

                                            

Table 1 Comparison of the control technologies used for existing electronic prosthetic legs 

Description 

os prosthetic 

Knee 

Intelligent 

Control 

Technology 

Recognition of 

Terrain 

Stance Phase 

Control 

Swing Phase 

Control 

Technical Performance 

Endolite 

adaptive 

knee 

Expert 

Control 

Level walking, 

descending 

slope/stairs, to be 

seated, sitting 

down, tripping 

≤30° hydraulic 

damping, 

>30° pneumatic 

damping 

Pneumatic 

damping, 

manually 

adjusting 

hydraulic damper 

for  final 

extension 

Uni-axial, hydraulic/pneumatic damper; 

better achieve stability and flexibility in 

initial and middle stance phase and 

achieve the flexibility in swing phase; 

the self-contained force sensor and 

speed sensor can identify a variety of 

walking modes; 3 shifting speed control 

parameters are pre-trained.  

Otto Bock 

C-Leg knee 

Expert 

control based 

on finite state 

machine 

Level walking, 

descending 

slope/stairs, 

sitting down, 

stumbling 

Hydraulic damping Hydraulic 

damping 

Uni-axial, hydraulic damper, good 

stability of the stance phase and swing 

phase velocity; force and speed sensors 

can identify a variety of walking modes. 

Teh Lin 

Auto-Pilot 

knee 

Fuzzy 

Control 

Level walking Rely on the  

characteristics of 

5-axial mechanism, 

auto-locking design 

at 15°  flexure. 

Pneumatic 

damping 

Multi-axial, pneumatic damping 

cylinder, only control limited speed 

levels of swing; stability of the stance 

phase is guaranteed by the 

four-connecting rod mechanism. e 

Ossur Reoh 

knee 

Neural 

network 

control  

Level walking, 

slope/stairs, 

biking, etc. 

MR damping MR damping Uni-axial, Magneto-rheological damper 

without off-line training, 19 shifting 

controls for swing speed  

Prosthetic knee 

Knee angle 
sensor 

Force 

sensor 

Amplifier 

Amplifier 

Microprocessor 

Prosthetic knee 

damper 

Control 

drivers 
Indicator 

Figure 2  General control principle of intelligent AKP 
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but the expert controller has only limited bionic functions for 

AKP; With the development of technology, the latest products also 

adopt fuzzy control and neural network control technology;  

3) It is necessary for AKP controller to have the capability of rapid 

self-learning, self-organization and self-adaptation if a real-time 

continuous adaptive gait is to be achieved under different thigh 

condition for different patients and terrain. It requires that more 

complex multiple intelligent control technologies, such as expert 

system combined with fuzzy logic, neural network, genetic 

algorithms, ladder control and other more advanced intelligent 

controllers, will be applied. 
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ABSTRACT 
This paper presents an augmented reality based system for hand 
rehabilitation. In this system, digital data gloves are used to detect 
the movements of the patients’ hands and collect the physical 
information from the patients. Using augmented reality 
technology, a highly controllable environment with tasks of 
different levels of difficulty is provided to the patients for them to 
perform the rehabilitation exercises gradually. The targets of the 
exercises can be adjusted dynamically with respect to the physical 
conditions and progress of the patients. Multimodal feedbacks are 
provided to facilitate and encourage the patients during the 
rehabilitation sessions. 

Categories and Subject Descriptors 
K.4.2 [Computer and Society]: Social Issues - Assistive 
technologies for rehabilitation 

General Terms 
Design 

Keywords 
Assistive technology, Augmented Reality, rehabilitation 

1. INTRODUCTION 
Due to the increasing population of elderly people worldwide, 
there is a growing proportion of individuals who suffer from hand 
impairments due to illnesses related to ageing or other forms of 
injury. Approximately 80% of acute stroke survivors lost their 
arm and hand movement skills. Effective rehabilitation systems 
can assist the patients to recover the functional motor skills and 
change the underlying neural architecture. Several researchers [1] 
have shown that intensive and repeated practice may be necessary 
for motion rehabilitation. For the elderly patients and the disabled 
patients, these rehabilitation systems should be easily controlled 
by them with low demand of cognitive requirements. Thus, an 
effective rehabilitation system should be able to provide intensive 
practice with low cost. In addition, the rehabilitation exercises 

should be fully controllable by the users and/or therapists with 
low cognitive load requirements. The current rehabilitation 
systems are usually controlled and monitored closely by the 
therapists in their offices. This would impose considerable 
financial burden on the patients and makes it difficult for them to 
undergo the practices needed to effect neural and functional 
changes. Therefore, developing an innovative rehabilitation 
system that can be used daily at home and controlled easily is 
highly beneficial for the independent living of the patients. 

Virtual Reality (VR) therapy provides a virtual environment (VE) 
in which the patients can have the experience of in vivo exposure 
within the therapist’s office or at home. VR therapy systems can 
provide a fully controllable environment to the patients and 
simulate the scenarios that cannot exit in the therapists’ offices. 
However, the main disadvantage of VR therapy would be that the 
improvements obtained in the VR-based exercises do not always 
translate to changes in the daily living activities. This 
phenomenon has been observed in the studies of VR therapy in 
mental disorder [2] and motor disorder [3]. In addition, in VR 
therapy, the extent to which people experience this feeling of 
“presence” is limited as they are immersed in a computer-
generated environment. Augmented Reality (AR) technology [4] 
does not replace the real world but augments a user’s view of the 
real world by superimposing virtual objects with the physical 
world. In AR systems, the user can also interact with the 
real/virtual objects. 

In this paper, a rehabilitation system for hand movements based 
on the AR technology will be presented. This system integrates 
task dependent physical therapy and cognitive stimuli within an 
interactive, multimodal environment. With the necessary 
mechanisms, the targets to evaluate the performance of the 
patients are adjusted dynamically in response to the physical 
conditions and progress of the patients. Multimodal feedbacks are 
provided to facilitate and encourage the patients during the 
rehabilitation. 

2. RESEARCH BACKGROUND 
Movement impairments are typically treated with intensive, hand-
on physical and occupational therapies. Traditional hand 
movement rehabilitation is monotonous and expensive. VR and 
AR are emerging and promising technologies for rehabilitation of 
hand movement. 

With a specially simulated environment, VR could provide a fully 
controllable environment to the patients with salient feedback. 
Robot training using VE has recently been shown to enhance 
stroke rehabilitation [5]. Motor function of the affected arm can 
be improved following a robot-assisted sensorimotor activity of 
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that arm. Jack et al. [6] have developed a VR system for 
rehabilitation of hand functions in stroke patients. The patients 
can interact in a VE using two input devices, i.e., a cyber-glove 
and a Rutgers master II-ND force feedback glove. In this system, 
several simple games in a VE are designed according to the 
training targets to motivate the users to perform more exercises. 
In the VR-based biofeedback system developed by Chen et al. 
[7], an immersive, visual and auditory environment is provided 
for patients to practice functional therapeutic reaching tasks, 
while different types of feedbacks are provided to indicate the 
performance of the patient. Broeren et al. [8] have reported their 
study on the assessment of VR on the recovery of motor 
functions. In their study, a VR activity station is used to provide a 
virtual space to the user. Using a handheld stylus, the user can 
interact with 3D objects in the virtual world. Telemedicine based 
on SkypeTM with a camera was used as a communication tool 
between the therapist and the user. This study suggests that a VR-
based rehabilitation system can increase the user’s motor and 
cognitive skills. However, the VR display station is expensive. 

A few AR-based hand motion rehabilitation systems have been 
reported in which the user can view the real world and real 
objects can be used as stimuli for the therapy exercises. Luo et al. 
[9] have developed a rehabilitation system integrating AR and 
assistive devices for hand opening actions of stroke survivors. In 
this system, repetitive practice in an AR environment is supported 
with mechanical devices, i.e., a body-powered orthosis and a 
pneumatic-powered device. Dynamic feedbacks of the subject 
performance are provided in the form of force record and 
waveform on the computer screen. The devices are relatively low-
cost and small in size to be used in clinics and at home. Sucar et 
al. [10] have also proposed a gesture therapy system using the AR 
technology to provide intensive movement training at low cost. 
The system is web-based. Two inexpensive cameras are used to 
track the 3D movements of the hand. The hand region is 
represented as a rectangle and tracked using skin color. Visual 
feedback of the patient performance is provided and the practice 
progress is also illustrated through a simple statistical chart by the 
therapist. Due to the tracking method used, the system can only 
track the movement of the hand and cannot detect the flexing of 
the fingers. In addition, the designed exercising scenarios are for 
upward and downward moving of the user’s hand. 

From these existing works, it can be concluded that an effective 
rehabilitation system of hand movement should have the 
following properties: (1) provides intensive practice at low cost, 
(2) provides salient feedbacks with respect to the physical actions 
of the users, and (3) provides an intuitive interface to the patient 
or therapist. 

3. SYSTEM ARCHITECTURE 
This proposed system is developed as a stand-alone home 
rehabilitation system. It is designed for patients whose hand 
functions, such as flexing the fingers and grasping objects, are 
impaired. The overall system architecture is shown in Figure 1. 

3.1 System Design 
In this architecture, a multiple threading method is used to avoid 
time lag in the augmented real world and the data loss of the data 
glove. One thread is used to display the scene of the real world 
augmented with virtual objects to the user. A web camera is used 

to capture the real world and track the orientation and position of 
the patient’s hand using the ARToolkit library [11]. Another 
thread is used to read the information from the data glove worn by 
the patient. The data glove is used to track the hands’ movements 
and obtain parameters of the finger flexures and the orientation 
(pitch and roll) of the user’s hand. The physical conditions of the 
hand can be obtained through analyzing the collected information. 

According to the physical conditions of the patients, two 
rehabilitation stages, namely, a severe stage in which a patient’s 
hand cannot be moved at all and a minor stage in which the user’s 
hand can be moved with efforts, are provided in this system. The 
selection of the stage is automatic based on the physical 
conditions detected by the data glove. 

 

 
Figure 1.  Overall system architecture. 

3.2 Stage-based Rehabilitation 
The proposed system provides stage-based rehabilitation, and 
there are two stages, namely the severe and minor stages. The 
default stage is the minor stage. After an initial calibration 
process, if the hand wearing the data glove has been kept still for 
more than 10 seconds, the configuration of the system will be 
changed to the severe stage.  

In the rehabilitation process designed for the severe stage, one 
worn on the patient’s normal 

functioning hand or the hand of an assistant as an input device. 
Using the ARToolkit library, a virtual hand will be superimposed 

ovements of the input glove can 
be mapped to the virtual affected hand.  

Using this approach, the system can provide cognitive stimuli to 
give the patient the feeling that the affected hand can be moved. 
With the stimuli, patients would have better motivation to perform 
the rehabilitation exercises. The basic concept of this design is 
that mental practice through imagining the rehearsal of 
movements can reduce motor deficit and help recover hand 
functions [12]. Using the AR technology, patients who are not as 
imaginative would receive more stimuli than using mental 
practice. 
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If the system detects that the patient can move their fingers 
slightly with effort, the configuration of the system will be 
switched to the minor rehabilitation stage automatically. For the 
minor stage, the data glove is worn on the affected hand to detect 
its real-time movements. Several parameters will be defined with 
respect to the objectives of the rehabilitation and practice 
scenarios. The task targets are also defined using these 
parameters. These task targets are adjusted dynamically with 
respect to the patient’s performance or physical conditions. The 
target adjusting mechanism is shown in Figure 2.  

Comparing the current physical action with the current task target, 
different audio, visual and tactile feedbacks of encouragement are 
provided to the patients. These real-time feedbacks can provide 
the patients with better motivation and stimuli, and assist them to 
adjust their performance accordingly. In the augmented scene, the 
intact hand of the patient is also present and this can give the 
patient more realistic feeling and motivation during the 
rehabilitation process. 

 

 
Figure 2. Target adjusting flowchart. 

3.3 Hand Movement Detection 
There are seven sensors in the 5DT data glove in which five 
sensors are used to detect the rotating angle of the first joints 
connected to the palm and the other two sensors are used to detect 
the tilt angles of the palm. To map the joint angle of the first joint 
to the other joints, equation (1), which is used as the dynamic 
constraints in the hand gesture recognition system [13], is 
implemented. In this equation, θ1 is the joint angle of the first 
joint, θ2 is the joint angle of the second joint. If the finger is not 
the thumb, θ3 is the joint angle of the third joint. 
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=

                                                 (1) 

The data output from the data glove is between 0 and 1. Mapping 
the output value to the moving range of the finger, the real-time 
joint rotating angle θ1 can be estimated. 

4. IMPLEMENTATION 
The rehabilitation system has been implemented on a P4 3 GHz 
PC equipped with 1 GB RAM, an ordinary web camera and a 
display device. Two wireless 5DT data gloves (right and left 
handed version) are used as input devices.  

For the severe rehabilitation stage, a virtual hand is superimposed 
onto the affected hand. When the hand wearing the data glove is 

moving slightly, the virtual hand will be moved accordingly, as 
shown in Figure 3. 

 

 
Figure 3. Severe stage scenario. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Minor stage scenario. 

 

For the minor rehabilitation stage, an exercise scenario is 
designed to recover the motor skills of the fingers, and covers a 
range of motions and movement speeds. In this scenario, five 
virtual keys are rendered above the fingers and the patient has to 
flex the finger to touch the key that is chosen randomly. To detect 
the interaction and collision between the finger and the virtual 
key, the VCollide library is used. Two parameters are defined in 
this scenario, i.e., the moving range of the finger and the 
movement speed. The moving range of the finger is represented 
as the vertical distance between the virtual key and the real finger 
and the movement speed is represented as the difference between 
the time the key is chosen to be touched and the time that the key 
is touched. One round of practice is shown in Figure 4. In Figure 
4(a), all the virtual keys are in blue and in Figure 4(b), the key 
above the little finger is chosen and highlighted in red. If the 

Performance parameters 

Target = Average + 3/4 (Maximum - Average) 

(a) The initial scenario 

(b) The key to touch 

(c) Feedbacks  
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patient flexes his little finger and touches the virtual key, the color 
of the key will be changed to green to provide visual feedback to 
the patient. At the same time, audio feedback is also provided. 

To evaluate the applicability of the developed system, a survey 
was conducted among four volunteers who used this system for 
the first time. All of them concluded that the rehabilitation system 
was easy to use and no training was needed. For the exercise 
designed for the minor stage, they believed that although the low 
accuracy of the tracking using markers would cause a “floating” 
problem when superimposing the virtual hand onto the real hand, 
the movements of the virtual hand would still facilitate the 
movements rehearsal for rehabilitation. One of the volunteers 
suggested adding some auditory feedbacks to make the exercising 
process more entertaining. Another volunteer suggested additional 
possible improvements of this exercise design by adding vibration 
motors onto the fingers of the affected hand to provide tactile 
feedbacks. For the exercise designed for the severe stage, the 
volunteers gave positive comments on the auditory and visual 
feedbacks as they were useful to encourage and entertain the users 
and reduce the fatigue during the exercising process. Since the 
volunteers in the survey are all non-disabled people, their 
responses to the system might be different from the disabled. A 
survey among the disabled will be conducted in the future to 
improve the system. 

5. CONCLUSION 
In this paper, an AR therapy system for rehabilitation of hand 
movement has been developed. With the detected physical 
condition and the target adjusting method, the patient can control 
the environment with low cognitive load. In the AR rehabilitation 
environment, the patient can have more realistic feelings and the 
normal functioning hand can be used to provide more stimuli. An 
exercise scenario is designed to assist the patient in the 
rehabilitation process and reduce fatigue during the intensive 
practice. 

For the next step, a user study lasting for more than three months 
has to be conducted to quantitatively evaluate the performance of 
the rehabilitation system using analytical methods. In addition, it 
is possible to extend this system to full arm movement recovery, 
including wrist and upper limb to obtain a systematic 
rehabilitation system. 
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ABSTRACT 

In the detection of ankle injuries, the Cumberland Ankle 

Instability Tool (CAIT) has been widely used. However, despite 

its validity and reliability as acclaimed by some therapists, 

certain inadequacies are still present due to the differences in 

judgements made by the physiotherapists and human subjects. 

This project investigates the possible use of the Pro.BalanceTM 

as a tool to detect potential ankle injuries. Preliminary results 

have shown that the CAIT score and the Overall Performance 

Index obtained from Pro.BalanceTM are correlated. Balancing 

tests should be done on difficulty levels 2 and 3 so as to achieve 

a more reliable and accurate diagnosis. Future work includes 

having a larger sample size to further verify the results.  

General Terms 

Measurement, Documentation, Performance, Experimentation, 

Security, Human Factors, Standardization, Verification. 

Keywords 
General trend, diagnosis of ankle injury, Cumberland Ankle 

Instability Tool (CAIT), Overall Performance Index, data 

collection 

1. INTRODUCTION 
Pro.Balance (Figure 1), co-invented by NTU (Nanyang 

Technological University) and SGH (Singapore General 

Hospital), is an intelligent trainer for rehabilitation of people 

with poor ankle stability and prior ankle injuries.1 It aims to 

offer the most important features that are needed for therapists to 

monitor the progress of rehabilitation more fully and accurately 

as compared to inflated rubber cushion device, at a relatively 

low cost than those high-tech devices in current market [1]. 

Previous studies have proven that Pro.Balance is effective as a 

balance trainer [2]. With the game features installed, the interest 

level generated during the rehabilitation process is higher than 

the conventional devices. The purpose of this project is to 

extend the potential functions of the Pro.Balance to the 

evaluation of a patient’s recovering progress after undergoing 

ankle rehabilitation, as well as the diagnosis of potential ankle 

injuries. 

 

                                                                 

1 The Pro.Balance consists of 4 difficulty levels. People are requested 

to balance on the device with either single leg or both legs. Scores will 

be generated by computer software upon the swing of centre of 
gravity for each tryout within a certain time period such as 10 seconds 

and 30 seconds. 

 

 

 
 

2. BACKGROUND 
In physiotherapy, the most established instrument that can be 

used to detect ankle injuries is the Cumberland Ankle Instability 

Tool (CAIT) [3], a questionnaire to be completed with the 

supervision of a physiotherapist. It measures the severity of 

functional ankle instability, with people scoring below 27 being 

diagnosed as having bad ankles2.  

Though the CAIT is widely recognized as a valid and reliable 

way to detect ankle injuries, it has some significant 

shortcomings. In the form of a questionnaire, different 

physiotherapists may have different sets of interpretations for 

the questions. The judgments made in the process are subjected 

unstable when you are walking?” Patients’ own interpretations 

Thus, simply relying on the CAIT to determine a patient’s ankle 

stability is not adequate. We need a more scientific and precise 

way to detect ankle injuries. Th  is where the Pro.Balance  

comes in. It is an established fact in the medical field that ankle 

stability is directly linked to balancing performance [4] [5]. 

Since people balancing on the Pro.Balance will be given a 

score calculated from the magnitude of the swing of their centre 

of gravity, the specific scores can then serve as basis for 

diagnosis of ankle injuries. Objectivity, precision and resolution 

which indicate subtle difference can thus be ensured. 

                                                                 
2 CAIT is a tool used to determine a person’s functional ankle instability 
quantitatively. It consists of 9 questions related to the human subject’s 

perception of ankle stability, with a maximum possible score of 30 for 

each foot. A score of more than 26 implies that the subject has a stable 
ankle. CAIT is used in this study due to its wide recognition and 

reliability in measuring the severity of functional ankle instability.  

Figure 1: Pro.Balance 
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3. OBJECTIVES 
In this research project, our primary objective is to establish a 

correlation between the CAIT score and the Overall 

Performance Index (OPI) calculated by the Pro.Balance upon 

balancing 3 . As we are at the preliminary stage in the 

development of Pro.Balance as a reliable device to detect 

ankle injury, we aim to first verify the validity of OPI as a 

judging criterion for ankle instability by examining its 

consistency with the established diagnosis method of CAIT.  

Upon concluding on the consistency, we can proceed to shape 

the screening or testing procedure using the Pro.Balance to 

make calls on cases of ankle instability.  

4. METHODS 

4.1. Human subjects 
Individuals aged between 16 and 18 with no prior ankle or knee 

injuries were invited to take part in this study. We administered 

the CAIT on them to select suitable participants for our study. 

The selection criterion is a minimum score of 27 for each foot. 

We selected a total of 30 subjects for the study.  

4.2. Procedures 

4.2.1. Phase 1: Data collection 
Once the subjects are sufficiently warmed-up, they will start 

balancing on the Pro.BalanceTM. After discussion with Lab 

Rehab, it was decided that the subjects complete difficulty levels 

1, 3 and 4. Level 2 is omitted as its difficulty is not significant 

compared to the other levels. In addition, the subjects are 

required to complete levels 1 and 3 twice, once with their eyes 

open and another with their eyes closed. The subjects will 

complete level 4 only once with their eyes open due to the high 

difficulty. Data collected from level 4 done with eyes closed will 

be very inaccurate and irreproducible. The data will also not be 

very useful in distinguishing those who have ankle injuries and 

those who do not since the latter is unlikely to perform 

significantly better than the former.  

Within each level, the subjects have to complete 2 sets of tasks – 

balancing on the master foot and non-master foot 4  on the 

Pro.BalanceTM. When the subjects are balancing on one foot, 

they are required to stand with their arms folded across their 

chests and the non-balancing leg flexed at 90 degrees. 

For each task, the subject stands on the Pro.BalanceTM facing the 

laptop and tries his best in maintaining his balance. When his 

eyes are open, he needs to keep the spot representing his centre 

of gravity within the white region. When his eyes are closed, he 

will not be able to see the spot and thus has to balance based on 

his gut feeling. 

                                                                 
3 OPI measures the subject’s performance on the Pro.BalanceTM which 

will then give us a guide to the subject’s ankle stability. The score is 

calculated from the average of the formula where x and y 
measures the tilt (in degrees) of the Pro.BalanceTM in the left-right and 
front-back directions respectively. 
4 Master foot refers to the foot with which the experimenting individual 

feels most comfortable balancing. Non-master foot on the other hand 
is the foot less adroit at balancing. This is to further filter off variables 

affecting balancing performance other than ankle stability. 

 

 

Each set will last for 10 seconds. This is to prevent the subject 

from straining his muscles which might lead to inaccurate 

results. The experiment will only start after the subject as 

confirmed that he feels stable and is ready to begin. Upon the 

completion of each set, the subjects are given 2 minutes to rest 

their feet before they move on to the next set.   

After the study is completed, we will find the average OPI score 

of the subjects in each set as well as the standard deviation. 

From these results, we can then establish a general trend of how 

healthy young people with no ankle injuries should perform on 

the Pro.BalanceTM.   

4.2.1. Phase 2: Data comparison 
In order to justify if the general trend that we established is 

accurate, we will compare the OPI score of those with ankle 

injuries against the general trend. The OPI scores of 20 rugby 

players with ankle injuries were provided by Lab Rehab. These 

players balanced on the Pro.BalanceTM at difficulty level 2 

before and after their rehabilitation. Only the pre-therapy OPI 

scores were used in the comparison in order to find out if the 

general trend can accurately point out the people with ankle 

injuries. Due to the omission of data collection for level 2 

previously, we had to get 12 individuals to complete all the sets 

in level 2 subsequently. The data collected from these 12 

subjects fell nicely along the increasing trend of OPI across the 

difficulty levels and was thus representative.  

5. RESULTS 

5.1. General trend in OPI with respect to 

difficulty level 

 
 
 

 

Figure 2: Display of the participant’s centre of gravity 
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5.2. Data comparison  

Two sets of diagnosis are carried out. For the first set, data 

collected from the rugby team is compared against the OPI 

benchmark based on the general trend set by the Hwa Chong 

data. Ankle stability of the individuals is then determined (e.g. 

an individual with an OPI score above the average OPI value of 

the same experiment is considered to have a good ankle and vice 

versa). The CAIT scores, on the other hand, are used as another 

set of diagnostic criteria for ankle stability. We then compared 

the two sets of results to determine the consistency between the 

two methods. 

6. DISCUSSION 
The purpose of experiment, as stated in the previous section, is 

to verify the validity of OPI as a judging criterion for ankle 

instability by examining its consistency with the established 

diagnosis method of CAIT. In the final tabulation of data, we 

exclude the intermediate range of 26 to 27 to better distinguish 

data sets with higher ankle stability and those with lower ankle 

stability. For the percentage of right calls concluded above, we 

set 70% as the benchmark for correct diagnosis, i.e. consistent 

judgment with that of the CAIT scores.  

6.1. Level 1 

6.1.1. CAIT score below 26 
Observation: The percentages of right calls of master-foot 

balancing (100%) and non-master-foot balancing (50%) are 

inconsistent with a deviation of 50%. Part of the human subjects 

diagnosed by the CAIT as suffering from ankle instability are 

able to perform well on Pro.Balance (i.e. with an OPI 

matching the benchmarking level set in phase 1). 

Conclusion: This suggests that difficulty level 1may not be 

challenging enough for patients with instable ankles. Hence 

OPIs based on this difficulty level is unable to distinguish 

between stable ankles and the instable ones. 

6.1.2. CAIT score above 28 
Observation: The percentages of right calls of master-foot 

balancing (85.7%) and non-master-foot balancing (87.5%) are 

consistent within a deviation of 2.1%. Both fall into the range of 

correct diagnosis with values high above 70% .  

Conclusion: This suggests that OPIs based on difficulty level 1 

give a good reflection of ankle stability for primarily individuals 

with good ankles. It further confirms our hypothesis that this 

difficulty level may have been too easy to make any conclusive 

diagnosis. 

6.2. Level 2 

6.2.1. CAIT score below 26 
Observation: The percentages of right calls of master-foot 

balancing (66.7%) and non-master-foot balancing (66.7%) are 

consistent. However, they fall below the benchmark of 70% 

correct diagnosis range. Part of the human subjects diagnosed by 

the CAIT as suffering from ankle instability are still able to 

perform well on Pro.Balance (i.e. with an OPI matching the 

benchmarking level set in phase 1). 

Conclusion: This suggests that difficulty level 2, similar to level 

1 may be too easy for even patients with instable ankles. Hence 

OPIs based on this difficulty level may not be reliable enough to 

distinguish between stable ankles and the instable ones. 

6.2.2. CAIT score above 28 
Observation: The percentages of right calls of master-foot 

balancing (100%) and non-master-foot balancing (87.5%) are 

consistent within a deviation of 12.5%. Both fall into the range 

of correct diagnosis with values high above 70%. 

Conclusion: This suggests that OPIs based on difficulty level 2 

give a good reflection of ankle stability for individuals with 

good ankles. However, it also signals that we need to conduct 

further tests to confirm the OPI diagnosis given the 

inconclusiveness of OPIs for the range of 26 and below. 

6.3. Level 3 

6.3.1. CAIT score below 26 
Observation: The percentages of right calls of master-foot 

balancing (100%) and non-master-foot balancing (75%) are 

consistent with a deviation of 25%. Both fall into the range of 

correct diagnosis with values high above 70%. 

Conclusion: This suggests that difficulty level 3 is challenging 

enough hence sufficient to distinguish between stable ankles and 

the instable ones.  

   
Percentage of right 

calls 

   
below 

26 

28 and 

above 

Level 

1 

Open Eyes Master foot 100% 85.7% 

Open Eyes non-Master Foot 50% 87.5% 

Level 

2 

Open Eyes Master foot 66.7% 100% 

Open Eyes non-Master Foot 66.7% 87.5% 

Level 

3 

Open Eyes Master foot 100% 57.1% 

62.5% 
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6.3.2. CAIT score above 28 
Observation: The percentages of right calls of master-foot 

balancing (57.1%) and non-master-foot balancing (62.5%) are 

consistent within a deviation of 9.5%. However, the diagnosis 

cannot be concluded as accurate and reliable as both fall below 

the 70% benchmark. Part of the human subjects judged by the 

CAIT as having good ankle are unable to balance well on 

Pro.Balance. 

Conclusion: This suggests that this difficulty level might be a 

little bit too challenging even for people supposedly having 

good ankles.  

7. OVERALL CONCLUSION 
As shown in the discussion above, judgment made on ankle 

stability using OPIs is generally consistent with that using CAIT. 

Hence a judging criterion for ankle instability established using 

OPI generated by the Pro.Balance can be valid. However, 

there exists slight deviation between the results yielded by these 

two devices in certain conditions. This prompts us to make 

adjustments to the testing procedure in the diagnosis using the 

Pro.Balance. To achieve reliable and accurate diagnosis based 

on OPI generated by the Pro.Balance, both difficulty levels 2 

and 3 need to be used. Based on the observation in the previous 

section, diagnosis of good ankles upon balancing performance 

on the Pro.Balance at difficulty level 2 (i.e. with an OPI 

matching the benchmarking level set in phase 1) is conclusive. 

However, diagnosis of instable ankles at level 2 needs to be 

verified by further balancing on difficulty level 3.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. FUTURE POSSIBILITIES 
To further confirm our results obtained thus far, future work 

could involve a larger sample group to repeat the experiment. 

This allows us to verify our results and check if they are indeed 

reliable and reproducible.  
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ABSTRACT 
Patients sitting in a wheelchair may spend hours in a relatively 

fixed position, with their lower back forced away from its natural 

lordotic curvature. This prolonged sitting was reported to be 

linked with low back problems. The aim of this study was to 

develop a design system that can simulate the kinematic behavior 

of musculoskeletal forms and generate a human-wheelchair 

interface to provide accurate means of designing effective seating 

solutions for wheelchair users preventing long-term spinal 

deformities. This virtual simulation platform aims to aid clinicians 

in their analysis to ensure higher degree of accuracy and 

consistency in the prescriptions.  

 

LifeMODTM was used as the base simulation software package to 

build a detailed spine multi-body model. The presented model can 

be applied to understand the complex spine biomechanics and 

clinically important analysis such as contact forces between each 

vertebra and wheelchair model, load acting on the intervertebral 

disc joints, corresponding angles between vertebrae in the seated 

position and tension in the spine muscles. These results aid 

clinicians to develop mechanical design of back support, such as 

placing conventional pillows and towels at appropriate positions 

which can be an effective and convenient alternative to expensive 

special seating. 

Keywords 
Spine modeling; LifeMOD; seating; low back problems; 

simulation 

1. INTRODUCTION 
Long hours of sitting have been reported to be linked with low 

back disorders. Sustained lumbar flexion [1] and prolonged static 

loads [3] suggest possible risks linking prolonged sitting with low 

back disorders. 

 

Sustained flexed posture in a seated position may subject the discs 

to reduced ligamentous protection and also led to loss of lumbar 

lordosis, subjecting the intervertebral ligaments, posterior annulus 

and lumbodorsal fascia to additional strain. Prolonged static loads 

subjects the posterior component of the annulus to fatigue injury 

due to prolonged muscle contraction or prolonged flexed postures 

of the spine.  

 

Recently, many software applications have been developed for 

impact simulation, biomechanical analysis, movement simulation 

and surgical planning. The software enables users to perform 

human body modeling and interaction with environment where 

the human motion and muscle forces can be simulated. These 

tools are very useful for simulating the man-machine behavior 

simultaneously. LifeMOD from Biomechanics Research Group is 

a leading simulation tool that has been designed for this purpose. 

 

The LifeMOD Biomechanics Modeler is a plug-in module to the 

ADAMS (Automatic Dynamic Analysis of Mechanical Systems) 

physics engine, produced by MSC Software Corporation to 

perform multi-body analysis. It provides a default multi-body 

model of the human body that can be modified by changing 

anthropometric sizes. The created human body may be combined 

with any type of physical environment or system for full dynamic 

interaction. The results of the simulation are the human motion, 

forces exerted by the muscles, and the stresses or strains at the 

desired location of the human body. [7] 

 

In the multi-body dynamic models, the vertebral bodies are 

modeled as rigid bodies while the interconnecting tissues, such as 

intervertebral discs and facet joints, are represented by different 

joint models or spring damper elements. Mathematical equations 

representing the behavior of spring-damper elements govern the 

kinematic and kinetic response of the models to externally applied 

forces like those applied by muscle tissue. [2] 

 

LifeMOD was used as a multi-body dynamic simulation platform 

in numerous modeling researches. A dynamic simulation of 

cervical spine containing a disc implant was performed using 

LifeMOD to understand the intradiscal forces/pressures, bending 

moments and vertebral body rotation [5]. In a similar manner, a 

human-wheelchair musculoskeletal model was generated with 

LifeMOD to analyze the cervical spine injury of wheelchair user 

regarding frontal and side impacts [6]. In a research to conduct 

complex biomechanical analysis of surgical gesture using 

LifeMOD, the muscle-skeleton model was integrated with motion 

capture in a system designed to analyze the surgeon’s skill. The 

loads on bones, fatigue on muscles and ergonomics of surgical 

instruments can also be assessed in this simulation [4].  
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This paper reports the modeling of a detailed 3D spine model with 

LifeMOD as the simulation package. The main advantage 

associated with the model lies in discretizing the spine vertebrae 

into individual components and linked together using muscles, 

ligaments and intervertebral disc joints. This multi-body model is 

capable of determining the point of contact between the specific 

vertebra and wheelchair model. This allows the study of how 

different seating design affects the contact forces on the spine 

column and the spine curvature when taking up the specific 

seating posture. The inputs for this model segmental range of 

motion and ligamentous soft tissue stiffness are obtained from 

cadaveric spine specimens results. 

 

2. METHOD 

2.1 Creating the Base Model 
The usual procedure of generating a human model is to create a 

complete set of body segments followed by redefining the fidelity 

of the individual segments. LifeMOD generates 19 body segments 

by default. Each segment may be further reduced to individual 

bones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The body segments of a complete standard skeletal model are first 

generated by LifeMOD depending on the user’s anthropometric 

input. The model used in this study was a median model created 

from the GeBod anthropometric database. 

 

2.2 Creating the Base Joints 
Simple rotational joints are generated for the arms and legs but 

not for the spine. 

 

2.3 Creating the Passive Muscle Forces 
The aim is to create soft tissues (muscles) on the model. A 

standard spine-muscle set was generated from the LifeMOD 

database of muscles. These muscles are to be trained in an 

inverse-dynamics simulation. 

 

2.4 Refining the Spine Segment 
From the default 19-segment human model, the segments may be 

broken down into individual bones for greater model fidelity. 

Every bone in the human body is included in the generated 

skeletal model as a shell model. In this stage, the 24 vertebrae in 

the cervical, thoracic and lumbar spine will be further redefine 

into individual ellipsoidal segment instead of adopting the default 

19-segment model for simulations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The individual vertebra segment is first given a name, CM 

location (designates the center of mass) and orientation (for the 

alignment of the inertia tensor to its reference axis system). The 

working grid of the model has to be established to allow more 

accurate estimation of CM location and orientation.  Next, mass 

properties are estimated using ellipsoids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Upon refining the spine segment, the standard segments 

representing the cervical (C1-C7 vertebrae), thoracic (T1-T12 

vertebrae) and lumbar (L1-L5 vertebrae) are removed and 

discretized into respective vertebra elements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Base Model 

Figure 1. 19-segment human base model. 

Cervical Spine 

Figure 2. Individual vertebrae in the cervical spine. 

Creating Individual Segment 

Figure 3. Single segment creation panel. 

Refined Spine Model 

Figure 4. Vertebra elements discretized into  

i  
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2.5 Reassigning Muscle Attachments 
The muscles are attached to the respective bones based on 

geometric landmarks on the bone graphics. With the new vertebra 

segments created, the muscle attachments to the original segment 

must be reassigned to be more specific to the new vertebra 

segments. The physical attachment locations will remain the same. 

 

 

 

 

 

 

 

 

 

 

 

 

ID Muscle Attach Proximal Attach Distal 

1 Rectus Abdominis Sternum Pelvis 

2 Obliquus Exenus Abdom. Ribs Pelvis 

3 Scalenus Medius C5 Ribs 

4 Scalenus Anterior C5 Ribs 

5 Sternocleidomastiodeus Head Scapula 

 

 

 

 

 

 

 

 

 

 

 

 

ID Muscle Attach Proximal Attach Distal 

1 Erector Spinae 2 L2 Pelvis 

2 Erector Spinae 3 T7 L2 

3 Erector Spinae 1 T7 Pelvis 

4 Scalenus Posterior C5 Ribs 

5 Splenius Cervicis Head C7 

6 Splenius Capitis Head T1 

 

 

2.6 Creating the Spinal Joints 
It is necessary to create individual non-standard joints between 

each newly created vertebra. The spinal joints are modeled as 

torsional spring force and the passive 6 DOF jointed action can be 

defined with user-specified stiffness, damping, angular limits and 

limit stiffness values. These joints are used in an inverse dynamics 

analysis to record the joint angulations while the model is being 

simulated. The average segmental range of spinal motion is 

obtained from literature when creating the joints to limit the spine 

range of motion. 

Table 1. Average segmental range of motion degrees at each 

spine level [8] 

Level Flexion Extension 
Lateral 

bending 
Torsion 

Occ-C1 13 13 8 0 

C1-2 10 9 0 47 

C2-3 8 3 10 9 

C3-4 7 9 11 11 

C4-5 10 8 13 12 

C5-6 10 11 15 10 

C6-7 13 5 12 9 

C7-T1 6 4 14 8 

T1-2 5 3 9 

4 3 8 

T3-4 5 4 8 

T4-5 4 2 8 

T5-6 5 2 8 

T6-7 5 3 8 

T7-8 5 2 8 

T8-9 4 2 7 

T9-10 3 2 4 

T10-11 4 3 2 

T11-12 4 3 2 

T12-L1 5 3 2 

L1-2 8 5 6 1 

L2-3 10 3 6 1 

L3-4 12 1 6 2 

L4-5 13 2 3 2 

L5-S1 9 5 1 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

individual joints between segments. The most inboard segment is 

the pelvis. When adjusting the posture or position of the human 

 

As such when creating the spinal joints between each vertebra, the 

inboard/outboard relationship has to be defined sequentially 

starting from the head followed by the corresponding vertebra 

along cervical, thoracic and lumbar spine. Ultimately, the pelvis 

has to be defined as the most inboard segment to ensure that the 

rest of the body segments are movable. 

Creating Individual Joints 

Figure 7. Panel to create the joint between C2 and C3 

Figure 5. Muscle set for trunk (Anterior) 

Neck/Trunk Muscle Set 

Figure 6. Muscle set for trunk (Posterior) 
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3. DISCUSSION 
The purpose of creating the detailed spine model allows the 

locating of contact forces on the human spine, specifically which 

vertebra in contact with the seating. The default model generated 

by LifeMOD is a 19-segment multi-body model. The segment 

ellipsoids created with the base model are typically used to create 

the contact force between each segment and the objects of the 

environment. As such, these 19 ellipsoids represent the contact 

elements between the model and the environment. The cervical, 

thoracic and lumbar regions only register a single contact force 

with the chair. This default model is unable to determine the point 

of contacts on individual vertebra and the load on each 

intervertebral disc.  

 

On the other hand, this paper presented a detailed spine model 

where the model’s spine vertebrae are discretized into individual 

ellipsoids and we will be able to determine the forces acting on 

each vertebra. The individual joints created between each vertebra 

can also provide us with the load acting on the inter-vertebral 

disc. 

 

For the detailed spine model, as the stiffness and range of motion 

can be specified between each vertebra as compared to the default 

model, we are able to observe the effects that external forces have 

on the curvature of the spine where the angles between each 

vertebra can respond to external forces. 

 

Limitations: For the thoracic spine region, the twelve pairs of ribs 

articulate posteriorly with the spine at the costovertebral joints. 

The presence of the ribcage constituted to the higher stiffness 

experienced at the thoracic spine. However in this study, it is not 

possible to create the 12 pairs of costovertebral joints between the 

ribcage and the corresponding thoracic vertebra. The ribcage is 

modeled as a single segment which is a rigid body, and 

simultaneously connected to multiple vertebrae which will require 

the ribcage to deform during locomotion. However LifeMOD is a 

multi-body simulation where each segment is regarded as a rigid 

body, deformation of the ribcage cannot be performed. As such, 

the ribcage segment is linked to the thoracic spine only at the 6th 

thoracic vertebra. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION 
This model provides a preliminary picture of our work towards a 

high bio-fidelity human model based on the LifeMOD simulation. 

This presented model can be further improved on by using more 

accurate joints and muscle properties to increase the level of 

confidence for the model’s predictive capabilities. Future 

developments of our work will include incorporating ligamentous 

soft tissue in the detailed spine model. After the spine has been 

discretized into its individual vertebra, ligament forces can be 

generated. The ligaments surrounding the spine guide segmental 

motion and contribute to the intrinsic stability of the spine by 

limiting excessive motion. 

 

Every individual has its own unique spine structure where default 

LifeMOD spine model may not exactly represent asymmetrical 

spine or patients with spine deformities. However since this model 

is fully parameterized where input parameters can be easily 

varied, it would imply that the highly versatile model may be 

conveniently tuned to suit various individual spine model. 

 

Figure 9. 19-segment human model where the cervical, 

thorax and lumbar region each exist as an ellipsoid 

segment linked by a single joint. 

Default Model 

 

Figure 10. Detailed spine model where each vertebra is 

modeled as individual ellipsoid segment and each 

vertebra held together by 6 DOF joints. 

Detailed Spine  Model 

 

Most Inboard Segment 

Inboard/Outboard Sequence 

Figure 8. Inboard/Outboard segment relationship 
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ABSTRACT 
The extent of the restoration of limb functions after stroke is 
highly associated with the time of rehabilitation intervention and 
the corresponding workload prescription. Physical practice of the 
affected limbs in the relatively early stages after stroke (i.e. acute 
and subacute stages) could achieve a more significant motor 
functional recovery than the post-stroke training introduced in the 
later stage (i.e. chronic stage); However, the recovering brain 
would face more risks of further damage in response to over-
exercise during the early stages than in the chronic period. In this 
study we have developed a platform to investigate fatigue change 
after stroke in rat. Results on 10 stroke rats showed decreases in 
mean power frequency (MPF) after the stroke surgery and larger 
co-contraction in the EMG signals, which were related to fatigue 
changes. The understanding on fatigue could help to generate 
suitable workload prescription for post-stroke rehabilitation, 
which will lead to an optimal functional and physiological 
recovery.  

Categories and Subject Descriptors 
H.5.2 [INFORMATION INTERFACES AND 
PRESENTATION]: User Interfaces – User-centered design, 
Interaction styles  

General Terms 
Algorithms, Measurement, Design, Experimentation. 

Keywords 
Fatigue, EMG, treadmill training, stroke. 

1. INTRODUCTION 
Stroke is a leading cause of long-term disability in adults. With 
the increase of the aging population in Hong Kong, the burden of 

the disabilities caused by stroke will be escalated substantially to 
both the family and society. Restoration of limb functions can 
greatly improve the daily living of people after stroke, and thus 
enhance their independence and quality of life.  The proposed 
project would apply engineering principles to develop the models 
and would contribute significant to the understanding of 
neuroengineering and on the intervention time and the 
corresponding workload prescription for post-stroke 
rehabilitation. This potentially gain fundamental new insight into 
brain recovery after stroke.  Secondary to the cerebrovascular 
accident, the paretic muscle in the patients might have the deficits, 
such as the co-contraction, weakness and easy to fatigue, 
Electromyography (EMG) is a helpful tool for accessing the 
fatigue dynamics of individual muscles in vivo [1]. This study is 
aimed to compare normal and stroke rat muscle fatigue before and 
after using electrode implant to measure EMG signals and  middle 
cerebral artery occlusion technique (MCAO) to generate stroke on 
rat and then evaluate the fatigues changes during a post-stroke 
treadmill training program. 

2. METHODOLOGY 
 

 
Figure 1. Post-stroke treadmill training   

This study investigated the muscular dynamics that relates to the 
muscle fatigue process in Sprague-Dawley (SD) rats at different 
recovery stages after stroke  10 young male Sprague Dawley rats 
with weight from 230-260g (upon arrival) was recruited. Each rat 
was first trained through an accommodation stage of 500m 
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treadmill running per day and lasted for three consecutive days. 
(Fig. 1)Then implantation surgery of intramuscular electrodes was 
conducted on the hindlimb [2] (Fig 2). Briefly, Teflon-coated 
stainless steel wires (AW633, Cooner Wire, US) were passed 
subcutaneously from the incision on the limb to the exposed skull 
after anesthesia. Electrodes were made by stripping insulation off 
the end of the wires with 2 cm and looping them around the belly 
of tibialis anterior (TA) and medial gastrocnemius (MG). Another 
ends of the four wires were fixed on the skull with a 5 pin 
connector. Three 1mm diameter holes were drilled on skull bone 
and they were arranged in a triangle form that allows the 
connector settled on head using three screws and a reference 
electrode was connected to one of the screws and then the whole 
connector fixed on the skull with dental cement.  

 

Figure 2. implantation surgery of intramuscular 
electrodes on the hindlimb 

After 5 days rest, the rat was started to run on the treadmill with a 
speed of 25m/min with 15 minutes per sessions and totally ran 
three sessions each day with 5 minutes rest in between each 
session. EMG from TA and MG was recorded during the running 
with a sampling frequency of 20 KHz and stored in computer for 
offline analysis. After three days EMG recording, middle cerebral 
artery occlusion (MCAo) at the right side brain was induced by 
intraluminal suture method [2] (Fig 3). Post-surgery EMG 
recording was conducted after 48 hours. The effect of fatigue was 
evaluated by Mean power frequency (MPF) and co-contraction 
index (CI) on the collected EMG signals [3]. 
 

3. RESULTS 
Mean power frequency (MPF) of pre-surgery EMG in 
normal muscle was significant higher than that of post-
surgery D2, D4 and D6 (P<0.05) and MPF increased along 
with the training program at both TA and MG. The co-
contraction index (CI), which represents abnormal CNS 
control on the agonist and antagonist muscle pair of TA and 
MG, was increased at post-stroke days, compared the one 
from normal muscle (P<0.05).   

 

Figure 3 Brain slices taken from cerebral ischemic rat. 
The white area indicated the infarction due to MCAO. 

 

Co-contraction Index of TA and MG 
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Figure 4. MPF of the muscle TA and MG at different 
intervention time; and co-contraction Index 

 

4. DISCUSSION AND CONCLUSIONS    
It is important to understand the differences of EMG properties 
during fatigue processes in the paretic muscles, which is useful for 
both evaluation of rehabilitation scheme and design of better 
training program. The decreases in MPF after the surgery 
suggested that the muscle fatigue symbolized as the decreased 
muscle fiber conduction velocity, and increases in motor unit 
recruitment and synchronization happened. MPF increased from 
post-stroke day2 to day8 and no significant difference was found 
between normal and day8, which may prove the effects of training 
and the muscle fatigue come to be recovered along the training 
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program. Larger co-contraction post stroke index may indicate the 
poorer control of CNS on muscle synergy after the lesion. 
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ABSTRACT
With the purpose of providing assistive technology for the
communication impaired, we propose a control algorithm for
speech prostheses using vowel speech imagery. Electroen-
cephalograms were recorded in three healthy subjects dur-
ing the performance of three tasks, imaginary speech of the
English vowels /a/ and /u/, and a no action state as control.
Speech related potentials were visualized by grand averaging
in the time domain. Feature data was obtained by filtering
the time series data using optimal spatial filters designed
through the common spatial patterns method. Resultant
feature vectors were classified using a nonlinear support vec-
tor machine. Overall classification accuracies ranged from 68
to 78%. Results indicate significant potential for the use of
vowel speech imagery as a speech prosthesis controller.

Categories and Subject Descriptors
H.1.2 [Models and Principles]: User/Machine Systems—
Human Information Processing

General Terms
Algorithms, Measurement, Experimentation, Languages

Keywords
BCI, CSP, EEG, imagery, spatial filter, speech, vowel

1Mailing Address: R2-15, 4259 Nagatsuta, Midori-ku, Yoko-
hama, Japan 226-8503
2Mailing Address: R2-13, 4259 Nagatsuta, Midori-ku, Yoko-
hama, Japan 226-8503
3Also affiliated with: Japan Science and Technology Agency,
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1. INTRODUCTION
Humans most often communicate through verbal and ges-
ture based interactions. However, for handicapped individ-
uals whose conditions prohibit normal communication, as-
sistive technologies are needed. Brain-computer interfaces
(BCI) have been developed to provide a means of commu-
nication for such individuals. One example BCI study [8]
utilized a neural response to oddball stimuli called the P300
potential to control a speller, allowing amyotrophic lateral
sclerosis patients to spell out statements. However, since
the P300 potential is not a volitive response (i.e. requires
an external stimulus), it has little correlation with normal
verbal communication.

The goal of this study is to develop a communication BCI
algorithm with an intuitive control scheme by utilizing the
neural activities associated with speech production. It has
been demonstrated that neural activations occur in the mo-

can be harnessed to control prostheses [10]. It has also been
demonstrated that motor cortex activations occur during
the mental rehearsal of vowels [1]. We seek to exploit these
speech related potentials (SRP) to control a speech prosthe-
sis.

2. METHODS
2.1 Paradigm and Data Collection
Three healthy subjects, 2 male and 1 female, 26 to 29 years
of age, participated in the study. All subjects were right-
handed, as assessed by the Edinburgh Inventory [9], and
fluent in English. The experiment was conducted in accor-
dance with the Declaration of Helsinki, and informed con-
sent was obtained from all subjects.
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Subjects were instructed to perform one of three tasks on
appearance of a visual cue:

1. Vowel /a/ - imagined mouth opening and vocalization

2. Vowel /u/ - imagined lip rounding and vocalization

3. Control - alert, no action

The vowels /a/ and /u/ were specifically chosen due to their
dissimilar muscle activations during real speech production.
Vowel /a/ is produced with mouth opening controlled by
the digastricus, while /u/ is produced with lip rounding con-
trolled by the orbicularis oris [6].

Visual cues were displayed on a computer monitor placed in
front of the subject, approximately 1 m away. Vowel /a/ was
represented with an image of an open mouth, vowel /u/ with
an image of rounded lips, and control with a fixation cross.
The visual cue remained on the screen for 2 s. The subjects
were instructed to perform the appropriate task in a static
fashion until the visual cue disappeared 2 s later. After the
visual cue disappeared, a 3 s rest interval, represented with
a blank white screen, was provided before the start of the
next trial. 50 trials were performed for each task, resulting
in a total of 150 trials per subject.

Continuous electroencephalography (EEG) was performed
using a 64 channel BioSemi ActiveTwo system with a sam-
pling rate of 256 Hz. All data processing was performed
offline using MATLAB R2006 and EEGLAB [4]. Recorded
EEG data was zero-phase bandpass filtered at a range of
1–45 Hz to remove any low frequency baseline shifts and
electronic noise. Epochs were extracted for each trial in ref-
erence to the stimulus onset. Each epoch had a duration of
3 s, 1 s of pre-stimulus and 2 s of stimulus.

2.2 Spatial Filtering and Classification
Using the common spatial patterns (CSP) method [7, 11],
we designed spatial filters which, when applied to the EEG
data, produce new time series with variances that are max-
imally discriminative. To describe briefly, given two groups

Ei
g, where the rows and columns of

E are channels and samples respectively, i is the epoch la-
bel and g is the group label. We then compute normalized
covariance matrices Cg for the epochs of each group and
average them such that

C̄g =
1

n

n∑
i=1

Ei
g(Ei

g)T

trace(Ei
g(Ei

g)T )
. (1)

The two resultant matrices are summed to produce a com-
posite covariance matrix Cc, which is then factored into its
eigenvectors such that

Cc = C̄1 + C̄2 (2)

Cc = VcλcV
T

c , (3)

where Vc is a matrix of eigenvectors and λc is a diagonal
matrix of eigenvalues. We then calculate a linear transfor-
mation called a ”whitening transformation”

W =
√

λ−1
c V T

c (4)

which equalizes the variances in eigenspace. The whitening
transformation is then applied to the original two covariance
matrices,

Sg = WC̄gW T (5)

S1 = Uλ1U
T and S2 = Uλ2U

T , (6)

rendering their eigenvectors U equivalent and their eigenval-
ues λ1 and λ2 summing to 1. Lastly, we define a projection
matrix P = (UT W )T , whose rows are the spatial filters, and
decompose each EEG epoch such that

Zi
g = PEi

g. (7)

The resultant feature vectors of Zi
g are optimized for dis-

criminating the two groups. Additionally, [7] showed that
only the first and last two filters are needed for classification,
as using more does not improve accuracy significantly.

Using the LIBSVM software package by [2], we applied a
two-class nonlinear support vector machine (SVM) to clas-
sify feature vectors into one of three tasks. A radial basis
function was used for the SVM kernel.

3. RESULTS
3.1 Speech Related Potentials
To visualize the SRPs in time series, we calculated the av-
erage of all epochs for each task across all subjects. A 15
Hz lowpass filter was applied to the average waveforms to
improve visibility. Fig. 1 shows grand averages for each task
at electrode positions C3, Cz, and C4 of the international
10-20 system. Time 0 ms coincides with the appearance of
the task specific visual cue.
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Figure 1: Grand averages of each task at electrode
positions C3, Cz, and C4. Time 0 ms marks the
start of the visual cue. SRPs for tasks /a/ and /u/
are visible from approximately 0 to 500 ms.
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Figure 2: The four most important spatial filters in each pairwise discrimination for subject S1. CSP1 (top
row): most important filters; CSP2 (bottom row): second most important filters.

For speech imagery tasks /a/ and /u/, SRPs are found al-
most immediately following the start of the visual cue, rec-
ognized by the negative trend starting around 0 ms followed
by a strong positive shift at approximately 300 ms. These
waveforms closely resemble movement related potentials as-
sociated with real speech movements [3, 12]. For the control
task, however, there is no apparent SRP, only the back-
ground EEG activity.

3.2 Spatial Filters
Optimal spatial filters were designed using the CSP method
(Section 2.2), and the four most important filters were used
to produce feature vectors. Fig. 2 shows the filters used to
compute feature vectors for subject S1. Each filter is shown
as a scalp map of 64 electrodes (black dots). Electrode loca-
tions for Fz, C3, Cz and C4 of the international 10-20 sys-
tem are labeled in Fig. 2(a). Topographies were produced
through interpolation between filter matrix elements.

For filters discriminating /a/ and control (Fig. 2(a)), task
/a/ (left column) is represented with strong, symmetrical ac-
tivity in the motor cortex region, centered at Fz and Cz. The
control task (right column) appears mostly flat at the mo-
tor cortex. For filters discriminating /u/ and control (Fig.
2(b)), task /u/ also shows enhanced activity in the motor
cortex centered at Cz and Fz (left column). The control task
again appears mostly flat. For filters discriminating /a/ and
/u/ (Fig. 2(c)), task /a/ again shows strong, symmetrical
activity in the motor cortex (left column), but task /u/ does
not. This is understandable, as the filters are designed to
maximize the amplitude variances between the two tasks.

3.3 Classification Accuracies
For classification, we first combined all the EEG epochs of
two tasks for one subject. Since CSP can only distinguish
between two states, the algorithm was restricted to pairwise
classifications. We then divided the EEG data into training
and testing subsets. The training set consisted of 30 of the 50
epochs per task, selected randomly. Feature vectors for the
classifier were 500 ms of each epoch (starting at the appear-

ance of the visual cue), filtered using the 4 most important
spatial patterns (e.g. Fig. 2). We trained the classifier with
the training set, then evaluated it on the test set, consisting
of the remaining 20 epochs per task. We repeated this pro-
cedure 20 times for all three pairwise combinations and for
each subject, obtaining the classification accuracies shown
in Table 1.

Table 1: Classification accuracies and standard
deviations (rounded %) for 3 subjects (S1, S2 and
S3) on 3 pairwise discriminations and overall.

/a/:control /u/:control /a/:/u/ Overall
S1 79±3 82±4 72±3 78±5
S2 71±5 72±4 60±5 68±7
S3 67±4 80±3 56±4 68±12

Subject S1 showed the highest accuracies for all pairwise
classifications and overall (79±3, 82±4, 72±3 and 78±5 for
/a/:control, /u/:control, /a/:/u/ and overall accuracy, re-
spectively). For all subjects, pair /u/:control produced the
highest accuracies, while /a/:/u/ produced the lowest.

4. DISCUSSION
Through this study, we sought to develop a control algorithm
utilizing vowel speech imagery for use in an intuitive speech
prosthesis. This study is also the first known investigation
of vowel speech imagery for BCI applications.

We obtained grand average waveforms for each task at elec-
trodes in the motor cortex region. Tasks /a/ and /u/ showed
SRPs similar to those seen in real speech movements [3, 12],
though slightly differing in amplitude. [5] showed that move-
ment related potentials associated with imaginary plantar
flexions are morphologically similar to their corresponding
real movements, but also differing in amplitude. Therefore,
the trends are the same. Furthermore, although this infor-
mation was not used directly in the classification, it provided
us with important insight into the underlying mechanisms
of speech imagery.
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We designed optimally discriminative spatial filters for all
pairwise combinations of the three tasks. When paired with
the control task, both speech imagery tasks were represented
with enhanced activity symmetrically located over the motor
cortex region. This is expected since speech musculature is
innervated from both the left and right motor cortices [3].

Using a SVM, we performed pairwise classifications of the
spatially filtered data, obtaining overall accuracies of 68 to
78%. The strongest pairwise classification for all subjects
was /u/:control, followed by /a/:control. The reason for the
lower accuracies of /a/:/u/ may have been revealed by their
spatial filters. With enhancements symmetrically located
over the motor cortex region for both tasks, variance be-
tween the two tasks may be low, compared to that of the
other pairs. However, despite low spatial variances between
the two tasks, the algorithm can classify with accuracies
above chance.

A notable merit of this system is the single-trial classifi-
cation, which is generally faster than BCIs that use aver-
aging techniques. With the feature window being 500 ms,
and task assignment by the trained classifier being nearly
instantaneous, theoretical selection rate would be in the or-
der of seconds. This would be a significant improvement
over existing communication BCIs, with one example P300
BCI averaging 2.1 selections/min [8]. However, the primary
merit of this system is that the control scheme has a direct
correlation with the desired interaction. Imagined speech
movements can be conveyed as actual communication. This
feature also provides benefits over existing communication
BCIs. Since it is a volitive response, it does not require ex-
ternal stimuli like P300 BCIs. Also, the strong correlation
with the desired output makes the system more natural and
intuitive. This translates to improved usability and a shorter
learning curve. As such, this system has significant potential
in assistive technologies for the communication impaired.
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ABSTRACT
Although P300 is a fairly stable response and therefore uti-
lized in a wide variety of Brain Computer Interface (BCI)
systems, the problems of feature selection and dimensional-
ity reduction still constitute a major setback for the applica-
tions. In this study, we focus on the selection of best features
of P300 data for decreasing the computation time, improving
accuracy and visualizing both the underlying classification
process and neurophysiological mechanism. To this end, the
performance of three feature selection techniques are evalu-
ated. The three techniques are Principle Component Anal-
ysis, Spatial Filters for Event Related Potentials and Recur-
sive Channel Elimination. They are applied on the data set
acquired through 4-class P300 experiments conducted on 5
subjects. The accuracy profile along with the computational
issues are discussed.

Categories and Subject Descriptors
H.5.2 [Information Interfaces and Presentation]: User
Interfaces—Evaluation/methodology, Theory and methods

General Terms
Algorithms, Theory

Keywords
BCI, P300, Feature selection, Dimensionality reduction

1. INTRODUCTION
P300 Event Related Potentials (ERP) are brain responses
occurring in the presence of rare external stimuli [2]. While
different types of stimuli have the potential to elicit the re-
sponse, in an experimental environment usually the so-called
”oddball” task is favored. In the oddball task, the subject is
randomly presented with two types of stimuli, one of which
is frequent. The infrequent or oddball stimulus generates a

1Mailing Address: R2-15, 4259 Nagatsuta, Midori-ku, Yoko-
hama, Japan 226-8503

P300 waveform in the Electroencephalogram (EEG) record-
ing assuming that the subject reacted to the event by, for
example, silently counting it. This paradigm is a rather re-
liable one and relatively easy to detect. Different classifica-
tion methods, such as Support Vector Machines or Bayesian
Linear Discriminant Analysis, have successfully classified the
response [6, 5].

Although P300 paradigm is a reasonably stable one, the ne-
cessity of using high density electrodes or subject-specific
electrode configurations in the name of keeping high sys-
tem accuracies still exist. Both of these necessities create a
major difficulty, which can be addressed by automatic chan-
nel selection or dimensionality reduction. The most appar-
ent reason behind dimensionality reduction is to reduce the
computation time [3]. Training and testing a model through
high dimensional feature vectors are always a burdensome
task for classifiers, which in turn may preclude the real-time
application of the model. Another reason of reducing the
length of feature vectors is to avoid the curse of dimension-
ality [1]. Working at lower dimensions by eliminating noise
components helps the classification procedure and hence im-
proves the classification accuracy. Lastly, feature reduction
provides researchers with a better understanding of the ac-
quired data and employed classifier. A better understanding
of the data and classifier assists in the improvement of the
model.

Due to the great benefits of dimensionality reduction, here in
this study we focus on the three widely used techniques and
assess their relative performance. These three methods are
the Principle Component Analysis (PCA), Spatial Filters
for ERPs and Recursive Channel Elimination (RCE). For
the evaluation, we conducted 4-class P300 experiments on
5 subjects, reduced the dimension of the feature vectors at
varying ratios, and investigated the accuracy characteristics
and computation times of the methods.

2. MATERIALS AND METHODS
2.1 Subjects
We conducted 4-class P300 experiments on 5 male able-
bodied subjects with a mean age of 26.6 (std=2.1). All
subjects, who have little or no previous experience with the
BCI systems, were rested and alert throughout the experi-
ment.
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Figure 1: 4-class P300 paradigm screenshot, where
square-A is flashing.

2.2 Signal Acquisition
The EEG data is acquired through a 64-channel Biosemi Ac-
tive Two amplifier. The electrodes are placed according to
the international 10-20 system, and the sampling frequency
is set to 256 Hz.

2.3 Task and Stimulation Paradigm
Subjects are seated in a comfortable chair facing the com-
puter screen containing four gray squares. The four squares
are placed on a 2x2 matrix (Figure.1). Once the experiment
has started, squares flash with a time interval of 250 ms,
and each flash remains on the screen for only 100 ms. In
the remaining 150 ms, squares return to their original gray
color. The flash sequence is block-randomized, and there
are 10 blocks per recording. The task for the subjects is to
target one out of four squares and count the flashes on the
target silently. Each square becomes the target 4 times dur-
ing the experiment, and therefore the number of recordings
per subject is 16. All recordings are conducted in one day.

2.4 Preprocessing
The raw EEG data acquired through 64 channels is initially
passed through a 1-18 Hz bandpass filter and mapped into
[-1,+1] interval. Then it is down-sampled into 32 Hz. Epoch
data is extracted by using a time window of 600 ms. follow-
ing the onset of stimuli. The time windows correspond to 20
time samples per epoch. No channel elimination or dimen-
sionality reduction is performed at this step, and the 64x20
dimensional epoch matrices are directly sent to the feature
selection algorithms.

2.5 Dimensionality Reduction Techniques
The following is theoretical background about the feature
reduction techniques under consideration.

2.5.1 Principle Component Analysis
Principle Component Analysis (PCA) [1] is a classical method
that tries to re-represent n-dimensional data by the help of
n-dimensional orthogonal basis vectors, which form a new
coordinate system where the variance of observations is max-
imum. PCA is an unsupervised method meaning that the
class labels are not utilized. It is composed of four steps:
(1) The mean and covariance of all feature vectors are eval-
uated. (2) M eigenvectors that correspond to the M largest
eigenvalues of the covariance matrix are found. (3) All the
feature vectors are mapped onto the selected M eigenvectors
and one scalar value per each observation-eigenvector pair

is obtained. (4) The modified feature vectors are formed by
aggregating these scalar values.

In this study, data acquired through all the 64-electrode at
a time instance is assumed to be a different observation, and
therefore the dimension of the basis vectors is 64. The num-
ber of basis vectors, on which test observations are mapped
is selected as {4, 8, 12, ..., 32}.

2.5.2 Spatial Filters for ERPs
Extracting epoch data using definite interval of time win-
dows generates 64x20 dimensional E matrices, whose rows
represent individual electrode data recorded for a duration
of T number of time samples, and whose columns represent
time instance data recorded by D number of electrodes. The
Spatial Filters (SF) proposed by [4] are vectors that linearly
combine all the rows of E and output one T dimensional vec-
tor to represent it. In other words, the proposed filters in-
dividually map the DxT dimensional data into Dx1 dimen-
sions. Vectors with the reduced dimensions act as feature
vectors in the following training and classification processes.
Mathematically speaking:

xi = ET
i · f (1)

, where xi is the feature vector for ith epoch.

The filters are found based on Fisher’s criteria, where the
computed feature vectors of the classes have high inter-class
variability and low intra-class variability. Defining the to-
tal inter-class variability as Ŝb and intra-class variability as
Ŝ , the f vector that maximize the following criteria is com-
puted.

J(f) =
fT Ŝbf

fT Ŝwf
(2)

Computation of f through maximizing Eqn. (2) leaves one
with the conventional eigenvalue problem. Finding eigen-

values of (Ŝw
−1 · Ŝb), sorting them, and choosing the eigen-

vectors corresponding M largest eigenvectors basically com-
pletes computation of the spatial filters. Assuming that each
eigenvector will map the 64x20 dimensional epoch data into
20x1 dimensions, the length of feature vectors representing
one epoch will be 20xM, where M = {4, 8, 12, ..., 32}. The
method is a supervised one, since the class label of each
training epoch is needed.

2.5.3 Recursive Channel Elimination
Recursive Channel Elimination (RCE) is a subset selection
algorithm [3] that estimates the importance of a feature by
removing it temporarily, evaluating an objective function on
the remaining features, and assigning the returned value to
the temporarily removed channel. Depending on the defi-
nition of the objective function, the feature with the lowest
or highest score is eliminated. Being a backward elimina-
tion technique, RCE is, in essence, a greedy approach as the
eliminated features are never re-evaluated. Recently, a new
criteria is proposed by [7] for P300 signals, and promising
results are obtained.

The criteria function in [7] is defined as follows:

J−i =
tp

tp + fp + fn
(3)
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, where the upper indice −i represents the score obtained by
temporarily removing channel i. tp, fp and fn correspond
to true positive, false positive and false negative counts re-
spectively.

In this study, we initially start with 64x20 dimensional epoch
data containing 64 channels and then eliminate 4 channels
at a time by computing the criteria given in Equation (3).
To evaluate Equation (3), the training data is divided into
two sets. The first 2/3 of the training data is selected as
the training set and the remaining 1/3 is selected as the
validation set.

2.6 Classifier
In this study, Bayesian LDA (BLDA)1 is employed as the
learning machine [5], because it applies regularization dur-
ing the training process, and all the model parameters are
automatically estimated from the data, which eliminates the
necessity of time consuming cross validation procedure. For
details, see the reference.

3. RESULTS
Given 64x20 dimensional epoch matrices and their corre-
sponding labels (non-target: -1, target:+1), the purpose of
the dimensionality reduction algorithms is to form feature
vectors with a length of Mx20, where M represents the re-
duced channel number and selected as {4, 8, 12, ..., 32}
(Please note that selected channel numbers correspond to
the dimension reduction ratios of {64/4, 64/8, 64/12, ...,
64/32}).

All the three algorithms are implemented using MATLAB
and applied on the preprocessed P300 data using a Windows
OS computer with Intel Core2Duo 1.86 GHz CPU and with
2 GB RAM. The results are examined in terms of accuracy,
training time and testing time.

3.1 Accuracy
Although individual classification accuracies vary between
75% and 100% (Table.1), they show some similarities, when
the same dimensionality reduction technique is applied. There-
fore, for a general analysis on the PCA, SF and RCE accu-
racies, all subjects’ classification success rates are averaged
and shown in Figure (2).

Figure (2) has interesting properties. The optimum accu-
racy rate for SF is obtained at relatively lower number of
dimensions. According to our observations, using 4∼8 fil-
ters would be sufficient for optimum performance. On the
other hand, PCA and RCE need more electrodes, or higher
dimensions. For both methods, the lengths of feature vec-
tors should be selected as 16∼32xT, where T represents time
samples per epoch. Being able to operate at lower dimen-
sions, SF seems to have significant advantage over PCA and
RCE.

3.2 Training Time
The 64x20 dimensional epoch data is modified with PCA,
SF and RCE such that the final future vectors are of length
4x20, 8x20, 12x20, ..., 32x20. The training time of the learn-
ing machine, BLDA), is measured for all cases and given in
1MATLAB source code can be found at http://bci.epfl.ch/
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Figure 2: Mean accuracy characteristics of (a) PCA,
(b) SF and (c) RCE at varying feature vector lengths
are presented.

Table (2). The presented durations include the computa-
tion of basis vectors in case of PCA, the computation of
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Table 1: Classification accuracies for 5 subjects com-
puted on 4-fold cross-validation are given. The total
number of flashes for the target square is set to four,
and the total number of electrodes utilized is 64.

S1 S2 S3 S4 S5 Mean

81.25% 75.00% 75.00% 93.75% 100.00% 85.00%

mapping vectors in case of SF and the channel elimination
in RCE. The extreme difference between PCA and SF versus
RCE points at the huge computational power requirement
of RCE, which recursively classifies the validation set quite a
number of times. Table (2) also shows us the reverse charac-
teristics of PCA and SF versus RCE in terms of computation
time. While PCA and SF take more time with increasing fu-
ture vector lengths, being a top-down approach, RCE needs
less.

Table 2: Number of channels used to form the fea-
ture vectors, average times required for training the
learning machine using PCA, SF and RCE spaces
are given. The average durations are based on MAT-
LAB implementations run on an Intel Core2Duo
1.86 GHz CPU with 2 GB RAM and Windows OS
PC.

Channels PCA SF RCE

4 0.2 s 0.2 s 20666 s

8 0.8 s 0.3 s 20664 s

16 4.0 s 1.3 s 20626 s

32 20.2 s 23.6 s 19806 s

3.3 Testing Time
Once the learning machine is trained, the data acquired
through the 64-channel EEG equipment is classified to select
the target square. Although during the experiments each
target is flashed 10 times per run, during off-line analysis we
have only employed the first 4 blocks simulating interfaces
with higher bandwidths. The results showed us that even
if no dimensionality reduction is performed and the feature
vectors are constructed using the data of all 64 channels, the
testing process is completed in less than 4 ms. Being able
to analyze an incoming data in less than 4 milliseconds, we
are able to implement P300 based real-time systems without
extensive optimization done in the coding.

4. DISCUSSION AND CONCLUSION
This study analyzes three dimensionality reduction tech-
niques, namely PCA, SF and RCE, in a P300 BCI paradigm.
Comparing all the three techniques under consideration, we
conclude that PCA and SF have three main advantages over
RCE. Firstly, they make better use of the available training
data by not splitting it into training and validation sets.
Secondly, they reach a decision much faster by not training
the predictor over and over again. Lastly RCE, which may
be defined as a scheme instead of a pure algorithm, signif-
icantly depends on the performance and computational re-
quirement of the learning machine employed. SF and PCA,
on the other hand, perform predictions by themselves with-
out involvement of a learning machine.

Although shown as an advantage, having no relation with
the learning machine might be considered as a disadvantage
as well. RCE, which depends on the performance of the pre-
dictor, is expected to produce outputs that are optimum for
the final stage of the classification problem. Neither PCA
nor SF takes the underlying mechanisms of the predictor
into account.

Although not complete, RCE provides us with the ranking
of all channels, which is quite valuable for understanding the
ongoing neurophysiological mechanisms during a P300 BCI
setting. For those BCI applications serving at rehabilita-
tion systems, comprehension of ongoing neurophysiological
mechanisms might be of significant importance. The map-
ping vectors of SF provide spatial information as well, but
the information provided is not as specific as RCE’s chan-
nel ranking. The basis vectors and the final feature vectors
formed by PCA do not supply easily interpretable neuro-
physiological information.

One common disadvantage of the all methods is that the
dimensionality reduction is realized statically, that is tem-
poral changes occurring during an epoch are not taken into
account. All the samples of an epoch are mapped to another
space, or eliminated in case of RCE, all together. Focusing
on dimensionality reduction techniques that help in under-
standing both the temporal and neurophysiological mecha-
nisms involved in P300 BCI systems will be our future re-
search direction.
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ABSTRACT 
This paper presents the experimental results of generating indirect 

JSL (Japanese Sign Language) messages in emergency situations 

for deaf people. In emergency situations as well as ordinary ones 

deaf people need messages in JSL, because it is their own 

language. We have various restrictions in using information media 

such as voice, text, movies and others in emergency situations. In 

this paper, the indirect messaging method that uses JSL glosses in 

text form instead of the medium of movie that JSL essentially 

requires for transmission. From the results of experiments with 

deaf people and signed language interpreters, we can say JSL-

gloss based messaging method is one of candidates for 

information transmission in certain situations with restrictions in 

resources. We show certain experimental results and issues to be 

further considered for practical use. 

Categories and Subject Descriptors 
K.4.2 [Computers and Society]: Social Issues – Assistive 

technologies for persons with disabilities. 

General Terms 
Design, Human Factors. 

Keywords 
Japanese sign language, Signed language message, Deaf people, 

Sign gloss, Emergency message. 

1. INTRODUCTION 
Information and Communication Technologies (ICT) have the 

potential to build systems and services that provide information 

necessary for everyone at anytime and anywhere. Application of 

these technologies has been discussed in both ordinary and 

emergency situations. In emergency situations, media of 

information transmission will be largely restricted due to the 

damages for systems and the problems of communication traffic. 

Deaf people in Japan use Japanese sign language (JSL) that is 

different in language characteristics from Japanese: (1) Language 

modality is essentially different from Japanese; (2) JSL is a 

conversational language; (3) Face-to-face communication 

language; (4) The medium of language transmission requires 

motion picture, or movies; (5) JSL does not have a written form 

[2].  

Although JSL messages require the medium of movie, there cause 

certain restrictions in the use of media, in emergency situations, 

due to certain damages of facilities. The medium of text is easy to 

manipulate and transmit, and is preferable in these situations. 

From the point of media for messages, we proposed an indirect JS 

messaging method that utilises JSL glosses in Japanese. That is, 

we generate sequences of JSL glosses and send them to a deaf 

receiver as an alternative means for JSL based messages under 

emergency situations. 

We conduct two kinds of experiments with deaf people and signed 

language interpreters (hearing people) to investigate the 

possibility of the indirect JSL messaging method. One with deaf 

people focuses on the perception of messages with JSL glosses, 

indirect JSL messages. The other one with deaf person and a JSL 

interpreter focuses upon the readability of JSL expressions (JSL 

sentences) produced by the message receivers, deaf people, in the 

first experiment.  

From the results of experiments, we show that the proposed 

indirect JSL messaging system with JSL glosses has the 

possibility of using in emergency situations where information 

media is largely restricted for transmission. We also show issues 

to be considered further for making the method to be practically 

usable in certain situations.  

2. EMERGENCY  MESSAGES FOR DEAF 

PEOPLE  

2.1 Messages in Emergency Situations  
Emergency situations, for example at earthquakes, need places for 

people those who have suffered damages. Refuges are 

predetermined in Japan for these situations, and are mainly public 

facilities such as schools, community centres, and others. In the 

refuges, they need various kind facilities for staying in safe and 

comfortable. One of them is a message delivering service.  

In the past, we had many big earthquakes: Hanshin-Awaji 

earthquake in 1995, Niigata-Chuetsu in 2004, Noto-peninsula in 

2007, Chuetsu-oki in 2007, Iwate-Miyagi in 2008. In these 

situations, many people had stayed at refuges for months or years 

until they have had new place to live. In each case, certain people 
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had serious problems in getting information and communicating 

with others due to poor information and communication 

environments. Deaf people who use signed language still have 

many problems, because signed language is different to Japanese, 

and few hearing people can speak it.  

2.2 JSL Message Services 
Messages by a signed language, JSL in Japan, are important for 

deaf people at refuges. The JSL messaging services require direct 

signed language interpreting by JSL interpreters, and certain 

information communication systems to transmit JSL messages to 

deaf people. In emergency situations, resources for these services 

are very limited; the number of JSL interpreters is not enough to 

assist the communication at places and time needed; 

telecommunication facilities are damaged and moreover 

communication traffic is heavily congested. The JSL transmission 

services by telecommunication systems are very difficult, because 

they require a wide-band medium of movie. To resolve these 

situations, we need alternative method of JSL messaging services. 

One of them is written Japanese usually used for hearing people. 

The method has some difficulties: slow of speed in 

communications; comprehension abilities of deaf people for 

Japanese sentences without any considerations in readability. 

2.3 Indirect JSL Messaging 
In this section, we show the idea of an alternative JSL messaging 

system for deaf people in focusing upon the emergency situations 

and in assuming the combined use of other message systems such 

as methods of singed language interpreters and of conversation by 

writing. 

  

 

The idea behind an indirect JSL message system is the use of the 

gloss representation of a JSL sign, where the method is used for 

singed language dictionaries and textbooks for both deaf and 

hearing people [1,2,4]. They use glosses, Japanese words or 

simple sentences, for representing JSL words. The presentation 

system is widely used, because JSL does not have any writing 

system, and moreover there is not an appropriate means to show 

each signing in printed form except of the use of illustrations or 

pictures. 

The indirect JSL message system is illustrated in Figure 1. A deaf 

receiver recall sign words from glosses presented, and he/she 

constructs  JSL sentences from the JSL-gloss sequences. The JSL-

gloss and sequence of them, therefore, have a key to the 

effectiveness of the alternative JSL messaging system. From the 

view point of handling and processing load in emergency 

situations, the indirect messaging system has certain preferable 

features. In the following chapters, we show certain characteristics 

for the system by conducting experiments with deaf people and 

hearing JSL interpreters.  

3. METHODS OF EXPERMENTS 
The purpose of two experiments is to investigate the effectiveness 

of the indirect JSL message system for deaf people in an 

emergency situation. In this chapter, We show the procedures of 

two kinds of experiments with deaf people and signed language 

interpreters. 

3.1 Experiment 1 
The experiment was conducted to investigate how deaf people 

could recall JSL sentences from JSL gloss sequences shown on a 

computer display. 

3.1.1  Participants 
We have asked four deaf people: three men of age of from 65 until 

80 years, and one woman of 40s years old. They all use JSL as a 

communication means in their daily life.   

3.1.2 Instruction of a situation  
Before the experiment, we instructed the situation where we 

assume in the experiment. We have explained that participants 

were staying at a refuge, and moreover showed the map of the 

refuge and arrangement of other facilities. 

3.1.3 JSL sequences  
We first prepared 11 Japanese messages for delivering certain 

information necessary in real situations in a refuge. We then asked 

a signed language interpreter, a CODA (Children Of Deaf Adults) 

woman, to translate these Japanese sentences into JSL sentences. 

In the translation we asked her to produce JSL sentences be 

natural and easy to understand for deaf people. 

From JSL expressions translated by the interpreter, we generate 

JSL gloss sequences. Where, some glosses correspond to sets of 

JSL words, or JSL phrases. The main reason for adopting a larger 

unit of gloss is easier recall of JSL sentences from glosses. The 

numbers of glosses of sequences are from 3 to 13, and the average 

number of glosses is 7.7.   

3.1.4 JSL Production Procedure 
The JSL sequences are presented on a computer display with the 

size of 13 inches. Each character is presented with the size of 86 

points, and a line consists of 13 characters. They scroll from the 

left to the right in a single line, and it takes 6 seconds from the 

right end to the left one. 

Each sequence was displayed three times, and each deaf receiver 

was asked to watch and produce JSL sentences in his/her usual 

manner. We did not force each participant to produce sign word 

of each gloss but asked to express JSL sentences according to 

what one understood the meaning. During the experiment, we 

    Figure 1.  Indirect JSL messaging system by JSL gloss 

sequences. 
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 a deaf receiver
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Message

A deaf receiver

Gloss sequence generation

Gloss sequnce reading Direct 
JSL messaging

116



have video-recorded every signing by a video camera (Canon IXY 

DV M5). 

3.2 Experiment 2 
The second experiment was conducted to investigate how well 

others could understand JSL sentences obtained in experiment 1, 

which was readability test. 

3.2.1 Participants  
A deaf woman of age of forties, and a signed language interpreter 

(a CODA woman) of age of forties participated the experiment 2. 

They were familiar with all participants of experiment 1, and did 

not have any difficulties in signed language communication with 

them in every day life. 

3.2.2 Procedure  
We replayed every JSL expression video-recorded during 

experiment 1. The participants watched expressions and were 

asked to tell the meaning of JSL expressions, and how well they 

could understand the JSL sentences. During the task, we have 

video-recorded every speech in JSL and Japanese by a video 

camera (Canon IXY DV M5). 

4. RESULTS AND DISCUSSIONS 
Two kinds of experiments conducted have shown interesting 

results for the potential of the indirect JSL message system. In the 

following, we show certain results for the experiments and 

discussions. 

4.1 Results of Experiment 1 
 

4.1.1 Translation of Glosses 
When participants recall JSL from the gloss presented, they have 

some difficulties in JSL expressions. The following are some 

examples. 

 There is not one particular corresponding JSL word or 
expression for some JSL glosses presented. One example is a 

“water wagon (water supply wagon)”. There are mainly two JSL 

expressions: <wagon for carrying water>; and <wagon for 

supplying water>. They could understand the meaning of JSL 

gloss “water wagon”, but wavered in choice of JSL expression. 

 Another difficulty in JSL translation is resulted from the 
linguistic differences between JSL and Japanese. JSL gloss 

“paste” is used in Japanese sentence “A reception desk is 

indicated by pasting the guide sign paper”. Translating a gloss 

“paste” is not easy to express in usual JSL, because JSL requires 

additional situation information about where and what manner 

the sign paper is pasted. 

 There is one example of misunderstanding of JSL gloss. JSL 
gloss “do” is used in a Japanese sentence “ Please do gargling 

for preventing catching cold”. Kanji-character “do” has another 

meaning of  “go”, and one participant misunderstood it. He has 

produced another JSL sentence <Please go to somewhere to 

gargle for preventing catching cold>. 

4.1.2 Gloss Order in Sequence 
The Gloss order in a JSL gloss sequence is crucial for perceiving 

it in a natural and easy manner. Every participant said that when 

the gloss order was quite different from his/her signing form used 

in every day life it was difficult to produce one’s own JSL 

translation in a manner similar to usual one. 

4.1.3 Situational Contexts  
During the experiment, participants needed situation information, 

or contexts for messages when they produced JSL sentences from 

the JSL gloss sequences. Some of them are obtainable in a real 

situation of a refuge. Some of others are inherently due to 

linguistic feature of signed language. A typical example is the 

same as shown in the previous section, JSL gloss “paste”. 

4.2 Results of Experiment 2 
We show certain results of readability test for JSL sentences 

produced by participants in experiment 1. 

4.2.1 Readability 
Two participants have judged that every JSL expression was fully 

readable. As has mentioned in the previous section, there was one 

JSL sentence different in meaning from the original Japanese 

message, or JSL gloss sequence, they could understand 

appropriately the meaning of an incorrect one. 

4.2.2 Signing forms 
Two participants recognised very well the signing forms of all 

participants in experiment 1. They pointed out the signing form 

for every participant was a bit different from every day one. They 

also pointed out that the gloss order would affect the signing form. 

5. Discussions 
In this chapter we discuss certain issues to be investigated further 

to make it usable for the JSL gloss sequence message system in a 

practical situation. 

5.1 Elements of Glosses 
Sizes of JSL Glosses vary from one single JSL sign to JSL phrase 

with some words. Criterion for the selection is easiness of 

recalling JSL expression from the gloss. We must consider 

carefully usual signing units, words and phrases, which deaf 

receivers use in every day life. 

One of the selection criteria is the easiness of understanding of 

JSL gloss. A typical example is gloss  “water wagon”. The gloss is 

a compound word in Japanese, and also the corresponding JSL 

expression has many sign words. Gloss “water wagon” is an 

appropriate unit of gloss presentation. Another example is gloss 

“temporary toilet room”. The gloss corresponds to JSL 

expressions with more than one sign words.  

Another relating issue is the choice of Kanji-character used in JSL 

gloss. As has shown in the experimental result for gloss “do”, a 

careful attention to the meaning and usage of Kanji-character used 

in a gloss, and need certain alternative expression for a gloss with 

Kanji-character with multiple meaning. It is similar to gloss 

“temporal” in “temporary toilet room”. Kanji-character 

“temporal” is used as the meaning of  “for example” in Japanese. 

This will yield wrong JSL translation. 

5.2 Gloss Order 
From the results of two experiments, the issue of gloss order was 

crucial. JSL, or generally a signed language, is conversational 

language. The signed language does not have any written form as 

usual spoken one has. Signed language has variation in signs and 
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expressions due to region, age, background of signer, 

conversational situation, and others [1]. In a real situation they 

can cope with these variations well and make the conversation 

effective. We must investigate how they can well cope with these 

issues in real conversation situations.  

5.3 Situation Information  
In the experiments, we have assumed that the participants were at 

a refuge, and instructed the situation in advance of the 

experiments. As have mentioned in the previous chapter, JSL 

expressions need additional information in expressing JSL glosses 

naturally. The feature is inherently the linguistic and cultural 

issues [3]. Unfortunately it is hard to add these information to JSL 

gloss sequence with extra Japanese words. Situational information 

should be given to deaf people directly from the place where they 

are, for example a refuge, from the practical use of point of view. 

5.4 Practical Use 
From the experimental results, the potential of the indirect JSL 

message system will be enough for a practical use as an alternative, 

and supplementary messaging tool in certain situations. 

Due to the linguistic features of a signed language including JSL, 

deaf receiver needs more situational, concrete, and definite 

information in expressing and perceiving JSL sentences than 

hearing people think [3]. The generation of JSL gloss-based 

message proposed in the paper is one kind of intercultural 

communication matters. 

Building preferable milieu for use includes refinement of the JSL 

gloss generation procedure, giving additional information for 

perceiving the message correctly and easily, building the feedback 

channel for bilateral communications, and the effective 

combination with other available communication channels and 

media. 

As we have mentioned in the beginning, we do not intend to use 

the proposed indirect JSL message system as a single channel for 

message transmission in the situation. The indirect system is one 

of supplementary means for messaging services in emergency 

situations. 

6. CONCLUDING REMARKS 
In this study we have proposed the JSL-gloss based message 

method for deaf people in focusing upon the message generation 

and transmission in a refuge for an earthquake and other kinds of 

disasters. The method utilised JSL glosses instead of usual 

medium of movie for JSL representation, and the message 

generated was in a text form. This feature will make messages 

easy and convenient to use and deliver in emergency situations. 

Although the experimental results have shown the certain 

possibility of practical use of the indirect message system, there 

remain certain issues to be further considered. Some of the most 

important and essential issues are the gloss order (word order) of 

JSL gloss sequence, and the size of the units of glosses. 

The project is on going one, and we will continue to investigate 

further the indirect method for JSL message generation and 

transmission in certain situations where there are restrictions in 

the use of message and information media. 
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ABSTRACT 
In this paper, we describe the preliminary results of a study to 
identify the vocabulary frequency of native Mandarin Chinese 
speakers during a dyadic conversation.  The language samples 
based on twelve (N=12) participants were analyzed to report the 
total number of words, total number of different word roots 
(TND), and number of spoken words used to make up 50%, 60%, 
70% and 80% of the sample.  Reported are the top 10 most 
frequently used MC words for each participant.  The results will 
provide a high frequency or core vocabulary for MC to use for 
augmentative and alternative communication (AAC) interventions.   

Categories and Subject Descriptors 
K.4.2  [Computer and Society]: Social Issues -Assistive 
technologies for persons with disabilities. 

General Terms 
Measurement, Performance, Reliability, Experimentation, 
Standardization, Languages 

Keywords 
Augmentative and alternative communication (AAC), vocabulary, 
language sample, Mandarin Chinese. 

1. INTRODUCTION 
Augmentative and Alternative Communication (AAC) 
interventions are growing in acceptance and demand in the Asian-
Pacific region.  Common to AAC stakeholders is the goal to 
achieve the most effective communication possible using AAC 
strategies and assistive technology.  Vocabulary selection and 
organization has been central to making AAC decisions for any 
language [1, 2].   

Studies of the most frequently occurring words from language 
samples of different populations have been used to support pre-
stored vocabularies for English [3, 4, 5, 6].  The language samples 
revealed how a relatively small number of words (approximately 
250-400 words) occur consistently across English speakers. 
Statistically, the high frequency words or “core” vocabulary make 
up 80-85% of the total words used in a language sample.   

Current frequency studies based on word usage patterns during 
face-to-face conversations are not available for Mandarin Chinese 
(MC).  MC studies [7, 8] have reported MC character or “unit of 
meaning” frequencies, but not word frequency [9].  Word 
frequency is critical to selecting a core vocabulary for AAC 
interventions, because high frequency words are common to 
topics, situations, environments, and activities.  Individuals who 
rely on AAC need access to the core words in order to build 
language competence and optimize communication.  

For AAC interventions, a critical clinical question focuses on 
identifying the vocabulary that will result in the best fluent 
communication. Simply translating the “gloss” (printed word) 
associated with the graphic symbols used in the United States to 
provide a “set of symbols” representing the vocabulary of a 
language, e.g. French, German, Spanish, or in this case, Mandarin 
Chinese does not support vocabulary selection and access needed 
for communication competence. The development and 
introduction of most graphic symbol-based AAC interventions 
starts with identifying high frequency vocabulary and defining the 
core vocabulary of a natural language [10]. 

The purpose of this investigation was two fold: 1) to demonstrate 
reliable transcription and word segmentation methods for MC, 
and 2) to identify the vocabulary frequency used by native MC 
speaking adults during dyadic conversations. Specifically, we 

vocabulary (words) used by MC speakers. The establishment of a 
high frequency word usage list can be used to select a core 
vocabulary for an augmentative and alternative communication 
(AAC) system and to support AAC treatment decisions. 

2. METHOD 
2.1 Participants 
Twelve adults (six male and six female) whose native language 
was Mandarin Chinese were recruited for the study. The average 
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chronological age of the participants was 39.8 (SD=18.4) with a 
range from 26 to 67 years. They all had a minimum of a high 
school diploma. No disabilities were reported.  

2.2 Procedure of language sample collecting 
The language sampling procedure was typical of previous studies 
harvesting conversational samples in closed environments [4, 11, 
12, 13]. An interview was conducted in the Performance and 
Testing Lab at the University of Pittsburgh. The language samples 
were collected after the participants became accustomed to 
talking under the condition of wearing the microphone. The 
investigators started with introductory comments, explained the 
basic procedure, assured them that at any time they may stop the 
procedure, and offered that they may request a break during the 
one (1) hour if necessary. No specific topics were prompted for 
the conversation, but topics were self-selected, spontaneous, and 
independent of the environment.  The conversation was conducted 
exclusively in Mandarin Chinese.  

2.3  Instrumentation 
A digital voice recorder equipped with a tie-clip omindirectional 
microphone was used to record the language sample. The 
recorded voice file was exported into a laptop with Microsoft 
Window XP (Mandarin version). The Mandarin Chinese version 
of Microsoft Word (Version 2003) was used to transcribe the 
audio tapes. In addition, an online word segmentation system 
developed by the Institute of Information Science and the Institute 
of Linguisticser of Academia Sinica in Taiwan 
(http://ckip.iis.sinica.edu.tw/CKIP/ wordsegment.htm) was used 
to segment the sentence into words. 

2.4 Data analysis  
The middle 20 minutes of each conversation were transcribed by 
the third author and a graduate student from the Department of 
Communication Science and Disorders at the University of 
Pittsburgh.   Both transcribers are native MC speakers.  We 
selected the sample for transcript to purposefully exclude 
introductory and closing remarks.  We want the participants to be 
relaxed and comfortable with the surroundings and not thinking 
about the vocabulary they were using or could use while carrying 
on a conversation.   
Reliability of 90% point-by-point agreement for MC characters 
was achieved by each transcriber on training samples prior to 
handling research data.  Inter-rater reliability was calculated has 
the number of characters in both transcripts of a participant 
divided by the number of characters in the first transcript 
multiplied by 100.  The percentage agreement based on 16% of 
the samples was 92% (range 90-94%).     
Each participant's transcript was automatically segmented to 
generate the word list using the CKIP system. This system 
segments words using criteria such as word length, morphemes, 
and probability [14].  For example, the process looks for the 
probability of a morpheme (character) being combined with one 
or two other characters to make up a word.  However, in some 
instants, segments did not follow the rule. For example,  (DE) 

 morpheme, but the system reported it as a single unit of 
meaning rather than a word such as 我的 (my or mine).    
The results from the CKIP segmentation step were saved and the 
word and its grammatical category were imported into SPSS 16.0 
for data analysis.  A text file of the word list for each participant 

was calculated. The frequency of each word was counted and the 
words were sorted by frequency. The cumulative percentage for 
word frequency was tabulated also to show the number of 
different words that represented a given percentage of the 
language sample. 

3.  Results 
3.1 Number of words used in the dialogue 
The Results of calculating the words spoken by the twelve 
participants during the 20 minute conversation using automated 
tools are shown in Table 1. The average number of total words 
was 2329.9 (SD=536.6.) with a range from 1567 to 3225 spoken 
words. The total number of different word roots (TND) used by 
the participants ranged from 380 to 718 word roots with a mean of 
539.8 root words (SD=113.8) 
The data revealed that 50% of the TND consisted of an average of 
33.9 words (range of 29-39) for the participants.  An average of 
57.2 words (range 44-75) made up 60% of the total words used by 
participants.  Finally, an average of 164.6 words (SD=33.7) was 
found to make up both 70% and 80% words used in the language 
samples. 

3.2 Example for the high frequent words 
The results of the top ten high frequency words by participants 
were shown in Table 2. As the table indicated, these top 10 words 
made up 22% to 29% of the words used by the participant in the 
20 minute conversation. The results show that there is high 
overlap among the participants.   Also, none of the top 10 words 
are nouns.   

Table 1. Word frequency results for participants (N=12) for 
20 minute language sample  

subject Total 
words TND 50% 60% 70% 80%

1 2596 644 38 64 113 199

2 2445 640 33 59 107 206

3 3225 642 35 56 98 170

4 2744 615 36 59 98 175

5 2273 518 36 56 89 152

6 1709 453 34 54 90 158

7 2875 585 35 57 100 171

8 2233 430 29 46 74 124

9 2741 718 39 63 118 226

10 1618 415 33 53 88 148

11 1567 380 29 44 71 117

12 1933 437 30 75 75 129
 

4. Discussion 
Our preliminary findings support the earlier attempts to identify 
MC vocabulary using automated approaches or MC databases.  
However, the segmentation process developed by the Institute of 
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Information Science and the Institute of Linguisticser of 
Academia Sinica in Taiwan creates a list for characters based on 
units of meaning rather than a true definition of a word.  With this 
approach a frequency list includes both words, e.g. 我 or 那 and 
morphemes 個 or 的 that can not stand alone.  Table 2 represents 
this approach.  For example, MC words may be made up of 1 to 3 
characters, such as 我們  (we).  A frequency count based on 
characters would not identify “we” in the vocabulary list.  
Another common tendency is to include morphemes or “units of 
meaning” such as 了 [LE} or 個 [GE] in word lists.  Although the 
use of these characters adds meaning and grammaticality to the 
utterance, these characters are not words that can stand alone in 
use.   Although the results of our study confirm previous language 
sample analysis, automated approaches along with the current MC 
databases fail to limit the frequency list to words, and are not as 
practical for AAC use. 
Visual inspection of our preliminary database shows that 
empirical data on word frequency can be harvested successfully 
for AAC applications.  This will require a manual process to 
identify and extract words into an Excel MC word database 
created specifically for this purpose.  
Individual characters, as units of meaning, play a significant role 
in spontaneous spoken utterance generation for MC speakers.  
Characters such as 的 (DE) and 個 (GE) are required to build 
proper, grammatically correct MC utterances or used with other 
characters to make-up words.  Our results show that the top 10 
preliminary words make up approximately 25% of the total words 
used in the conversation by a participant.  In addition, units of 
meaning, e.g. 的(DE), 個(GE), 了(LE),  and 啦(LA) made up  
17% of the top 10 items.   Central to our understanding of 
applying the linguistic characteristics of MC as a natural language 
to AAC interventions will be how these units of meaning are 
available and accessed to generate spontaneous messages along 
with a core vocabulary.  Consequently, identification of word or 
grammatical categories based on the functionality of a character 
as a unit of meaning within an utterance, (e.g. pronouns, verbs, 
particles) will be critical to MC vocabulary selection and 
organization for AAC interventions.   
Regardless, this early data analysis shows that a relatively small 
number of words (less than 200 words in this sample) will make 
up 80% of the spoken words used in conversation.  These findings 
are similar to the vocabulary frequency studies in European 
languages and demonstrate that high frequency words or core 
vocabulary is consistent across different speakers and topics. The 
MC core vocabulary can be used as the foundation to support 
building language fluency using an AAC system.   

5. Conclusion 
Several critical questions still should be addressed in the area of 
AAC vocabulary selection for MC to support clinical intervention.   
An operational definition for a word in MC is required to generate 
a core vocabulary list.  The establishment of a core vocabulary 
database will provide evidence to support AAC vocabulary 
selection, single-meaning graphic symbol development, system 
design, and intervention targets.   

Future research will focus on finalizing a high frequency 
vocabulary list and identify the top 100, 250, and 400 core words 
along with reporting the frequency of the MC morphemes or units 

of meaning needed to generate grammatically correct utterances.  
Once this is available, collecting, analyzing, and comparing the 
language samples of other populations to support vocabulary 
selection for AAC intervention can begin.   

Table 2. Top 10 high frequency words/units of meaning used 
by the participants  

sub Top 10 words/units of meaning* % 

1 
的(DE)、個(GE)、我(I, me)、那(that)、是(to 
be)、就(just, then)、了(LE)、很(very)、一(a, 
one)、這(this) 

29.2 

我(I, me)、的(DE)、是(to be)、個(GE)、那

、 就 是 (it is) 、 對 (right, yes) 、 有 (to 
have)、就(just, then)、啊(ah) 

24.7 

3 
的(DE)、個(GE)、這(this)、他(he, him)、是

(to be)、就(just, then)、那(that)、種(kind)、
一(a, one)、你(you) 

28.8 

4 
的(DE)、個(GE)、是(to be)、我們(we, us)、
你(you)、我(I, me)、那(that)、這(this)、有

(to have)、一(a, one) 
25.3 

5 
就(just, then)、啊(ah)、的(DE)、去(to go)、
說(said)、是(to be)、對(right, yes)、我們(we, 
us)、個(GE)、他們(they, them) 

22.5 

6 
的(DE)、對(right, yes)、啊(ah)、是(SHI)、

有 (to have) 、 就 是 (it is) 、 那 (that) 、 我 (I, 
me)、個(GE)、就(just, then) 

29.3 

7 
我 (I, me) 、 的 (DE) 、 就 (just, then) 、 是 (to 
be) 、 都 (all, both) 、 啊 (ah) 、 你 (you) 、 要

(want)、我們(we, us)、啦(LA) 
24.1 

8 
的(DE)、是(to be)、我(I, me)、你(you)、他

們 (they, them)、那 (that)、他 (he, him)、對

(right, yes)、有(to have)、個(GE) 
28.4 

9 
我 (I, me) 、 的 (DE) 、 就 (just, then) 、 然 後

(then)、是 (to be)、去(to go)、個(GE)、那

(that)、要(want)、很(very) 
23.1 

10
的(DE)、是(to be)、有(to have)、也(also)、
嗯(um)、對(right, yes)、啊(ah)、那(that)、個

(GE)、你(you) 
26.6 

11
的(DE)、我(I, me)、就(just, then)、那(that)、
你 (you) 、 是 (to be) 、 就 是 (it is) 、 有 (to 
have)、嗯(um)、不(not) 

26.7 

12
的(DE)、嗯(um)、對(right, yes)、我(I, me)、
會(will)、是(to be)、個(GE)、那(that)、就是

(it is)、就(just, then) 
28.9 

*capitalized letters in parentheses indicate pronunciation of MC 
character; English word for MC character(s) provided in 
parentheses were appropriate. 
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ABSTRACT 
This paper demonstrates how to obtain core vocabulary in Thai. 
They were collected from writing languages across four sources: 
BEST corpus (2009), Thai dictionary of the Royal Institute of 
Thailand: RI (1982), Lexicon of preschool and elementary student 
(1988) and “Khlang Kham” of  Nawawan Phanthumetha (2001). 
The total corpora were analyzed for core vocabulary of Thai 
language. The results indicate that the first 100 words, core 
vocabulary accounting for 49.92 per cent of the corpora. Almost 
of them can play two or more parts of speech, depending on their 
position and context in sentences.   

General Terms 
Languages 

Keywords 
core vocabulary, extended vocabulary, frequency based 
vocabulary selection, Thai Language, Augmentative and 
Alternative Communication 

1. INTRODUCTION 
 To create augmentative and alternative communication (AAC) 
devices, one of the important things is vocabulary collection. 
Many researches on AAC devices, categorize  vocabulary into 
two groups: core vocabulary and extended, or fringe vocabulary. 
Core vocabulary or high frequency vocabulary is the  small 
number of words that contains the vast majority of what is said in 
normal communication. Extended, or fringe, vocabulary can be in 
the thousands of words that are used infrequently, but contains the 
remaining small portion of communication. (Vanderheiden and 
Kelso, 1987)  
 
 
 
 
 
 

Research on core vocabulary tends to address how many core 
vocabulary are and what they are. Findings describe that “only a 
small number of nouns exists in the top 100 words of any 
language sample and noun are topic specific, that is to say that the 
same nouns do not occur in every language sample. However, 
most of the same pronouns, determiners, adverbs, verbs, 
prepositions, conjunctions and articles do occur most frequently 
in every language sample, because these words form the core of 
everybody's language.” (Baker, 2003) Typically, the first 50 most 
frequently occurring words will account for 40%-50% of the 
communication words. One hundreds will account for 
approximately 60%, 70% for 200 words and 80% for 400 words. 
(Vanderheiden and Kelso, 1987).  
 
Due to a few existing data of children spoken language and 
limitation of time to work on Thai picture-based communication 
system for people with communication disorders project, we have 
to find core vocabulary of Thai language from available sources 
which will be described below.. Then, we explain our method to 
obtain core vocabulary and the result. 
 

2. CORE VOCABULARY OF THAI 
LANGUAGE 
2.1 Thai language 
Unlike Western languages, there is no explicit word boundary in 
Thai. Compound words in Thai are combinations of existing word 
forms.  Word boundary depends on context.  In many cases, parts 
of speech of Thai words can be identified by word order. 
Homograph and homophone are very common phenomenon in 
Thai. 
 
According to word boundary, some compound word can be 
counted frequency by 2 methods: a) counting it as one word, and 
b) counting each component separately.  
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Example  เขา|ซ้ือ|ตน|กุหลาบ|ให|เธอ  

  khaw4 |seu4| ton3| ku2laap2| hai3| ther0| 
  he-buy-tree-rose-for-her  
  “He bought rose tree for her.” 
 
The first line is a sentence in Thai. The second line is its phonetic 
transcription.The third line is word by word English translation 
The last one is an English translation. The word “ton3ku2laap2” 
(rose tree) is composed of “ton3” and “ku2laap2”. The highlight 
example can be counted as one compound word “ton3ku2laap2” 
or two single word “ton3” and “ku2laap2”. words.  
 
Furthermore, Thai has some words for particular group  such as  
ประชวร “pra1chuan0” and อาพาธ “aa0phat2” (to be sick). The 
former word is used for members of the royal family and the latter 
one is used for monks. Words in this group is considered as 
extended vocabulary. 
 
As mentioned above, two or more words in Thai may have the 
same spelling and pronunciation but they are differnent in 
meaning. For instance, ลา “laa0” has two meaning with different 
part of speech. It means “to say goodbye ”.and “a donkey. In this 
case, we count frequency based on the spellings though they are 
different parts of speech and meanings.  
 

2.2  Language Sources 
2.2.1 BEST Corpus 
The Benchmark for Enhancing the Standard of Thai Language 
Processing (BEST) project creates 5 million words corpus with 
word boundary annotation for natural language processing. The 
BEST corpus composes of 4 writing styles, namely, newspapers, 
contemporary novels, academic papers and encyclopedia. Their 
word boundary annotation corresponds to our concept on 
frequency count. There are 83,024 unique spelling in the corpus 
including word with Thai and English spelling, abbreviation 
number, and punctuations. Words referring to names of people, 
organizations and places are annotated with special tags, 
<NE></NE>. Abbreviations are marked by    <AB></AB>. Those 
33,243 Thai words without any tag cover 89.78% of the corpus 
(approximately 4.52 million words forms. Then we compare the 
unique spelling form BEST corpus  other language references 
below to find common word list used in everyday  
communication. 

 
2.2.2 The Royal Institute Dictionary, Edition 1982  
It consists of 32,607 word forms. Half of them are literary terms, 
expressions and proverbs.  Techni
dictionary.    
 

2.2.3 Lexicon of Preschool and Elementary students  
Compiled by  Ministry of Education (1988), it consists   of 
approximately 3,006 vocabularies from 4 levels:  preschool level, 
level 1, level 2 and level 3. 
 
The lexicon has established for two main purposes as follow: (1) 
to develop Thai language curriculum of preschool and elementary 
students  (2) to improve Thai language teaching materials, 
educational tools and exercises for preschool and elementary 
schools, and to make and improve such as word cards. 
 

2.2.4 “Khlang Kham” (Phanthumetha, 2001) 
“Klang Kham” or  “word bank” in English is a Thai thesauras. 
Approximately 20,000 word forms are structured in terms of 
concept-related tree. It consists of 5 semantic groups of branches: 
(1) human, (2) human and human, (3) things, (4) human and 
things, and (5) time, human and things.  
 
We collected words from the above sources and tally them in the 
table so that we could know the common list.  
 

2.3 Core Vocabulary 
2.3.1 Frequency Count and Distributions  
We tally  words from BEST corpus with the other three  sources 
alphabetically to analyze their distribution. Then frequency count 
of BEST corpus will be considered. .  
 

Table 1. Sample of  words from four sources 

Words Frequency 

Count 

BES
T 

Dictionar
y of 

Royal 
Institute 

of 
Thailand 

Lexicon  of 
Ministry of 
Education 

Khlang 
kham 

สม “som2”  

(orange) 
(1631th) 

214 
 

/ / / / 

หนึ่ง “nueng1”

(one) 
(66th) 

10053 
 

/ / - / 

ถม “thom1) 
split 

4 / / / / 

วิหค “ 

wi3hok1”  
(bird) 

0 - / / / 

ตนกุหลาบ 

“ton3ku1laap

0 - - / - 
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2” (rose tree) 

From table 1, it can be seen that there are six columns from left to 
right. The first column is word forms, the second column is 
frequency count received from BEST Corpus. The next four 
columns are sources.: BEST Corpus, dictionary of Royal Institute 
of Thailand, lexicon of  Ministry of Education, and Khang kham, 
respectively. Marker “/” appeared in the table means a word form 
is found in a source. For example, the word “som2” (orange) is 
found in four sources. On the other hand, marker “-” indicates that 
a word do not appear in a source. For instance, the word “nueng” 
is not appeared in lexicon of Ministry of Education.  
 
Words found in all sources are grouped together and ranked 
according to their frequency count. Meanwhile, those words that 
appeared in only three sources would be selected if their 
frequency count are in hight rank. So the word “nueng” (one) 
which has high frequency count is included in the core vocabulary 
but the last three are extended vocabulary for two reasons, low 
frequecy count and/or their distributions.   
 

2.3.2 Linguistic Criteria 
Some linguistic criteria are used to re-considered core vocabulary 
, namely word category, level of usage and transliteration. That is 
because frequency count is obtain from adult written languag 
corpus.  So they are full of words with complex meaning,  names, 
transliterated words and formal words for specific usage. We 
remove them from the list to maintain cross communication 
quality of  our core vocabulary. 
 

2.3.4 The Result  
Then we analyzed coverage of core vocabulary.  As mention 
above that the BEST Corpus have not only Thai words, but  
English words, numbers and punctuations which cover 10.7%  of 
the copus. The table 2. below shows core vocabulary coverage in 
the whole corpus in the second column and coverage among thai 
spelling only. The table illustrates the percentage of frequency 
ranks of first  100, 200, 500, 800 and 1,000 respectively.  

 
Table 2. Core Vocabulary  Coverage 

Frequency rank Coverage % 
(Full corpus) 

Coverage % 
(Thai word only) 

1-20 23.97 26.80 

1-100 44.98 49.92 

101-200 54.93 61.00 

201-500 67.38 74.75 

501-800 74.77 80.45 

801-1,000 74.39 82.50 

 

 
From the table, the percentage of the first 20 covers 23.97% and 
26.80%. The top 100 words covers 44.98% and 49.92%, the first 
200 words covers 54.93% and 61.00%, the first 500 words covers 
67.38% and 74.75%, the first 800 words covers 74.77% and 
80.45%, and the first 1,000 words covers 74.39% and 82.50% 
from full corpus and only Thai word corpus, respectively.   

 
The table 3. below shows the top 20 vocabularies of Thai 
Language.  

 

Table 3. Sample of Core Vocabulary of Thai Language 

No Thai  English Percentage
(Full 

corpus:5 M 
words) 

Percentage 
(Thai words 
only -4.5 M 

words) 

1 ��� at, that, which  
place, land 

2.48 2.76 

��� work,  
task, 

nominalizer 

1.83 2.04 

3 �� in, within 1.56 1.7 

4 ���
�

is, am are,  
alive,  

to be able to,  

1.50 1.76 

5 �� has, have 1.45 1.61 

6 ��� and 1.37 1.53 

7 ��� no, not 1.3 1.47 

8 �� will, would,  
to be going  

1.29 1.44 

9 ��� can, could, yet 1.27 1.42 

10 ��� thing, of 1.26 1.40 

11 ��� that,  
to speak, to talk 

1.17 1.30 

12 ��� to give, to, for 1.14 1.27 

13 �� to go,  
post verb 

1.03 1.15 

14 �� to come,  
post verb 

0.96 1.07 

125



No Thai  English Percentage 
(Full 

corpus:5 M 
words) 

Percentage 
(Thai words 
only -4.5 M 

words) 

15 ���
�

law suite,  
content, state,  
nominalizer 

0.90 1.00 

16 �� then, so 0.83 0.93 

17 ��� this, these 0.69 0.77 

18 ��� to leave, from 0.68 0.76 

19 �� people, classifier 
for human, to stir, 

0.63 0.71 

20 ��� with, and 
with, and 

0.63 0.71 

  total 23.97 26.80 

 

According to Thai words above, 19 from 20 words can be 
translated to many English words.  It reflects that Thai words   are  
homographs and homophones. Many of them grammaticalized 
from verbs and nouns.  Nouns appeard in the table of high 
frequency such as ของ “khong4” (thing) and คน “khon0 (people) 
are generic terms. All of them can be reused as parts of 
compounds. 

 

4. CONCLUSION 
Core vocabulary of Thai Language is used in Thai Picture Based 
Communication System for People with Communication 
Disorders project. We bring four language sources to compare and 
select core vocabulary based on frequency and distributions. 
Some words are removed from the list if they are proper noun, 

transliterated word, and using in some specific areas. The first top 
hundred words covered 44.98% of the full corpus and 49.92% of 
Thai word corpus only. We also plan to balance the corpus by 
collect children language both  spoken and written langauge. 

We also plan to balance the corpus by collect data from children 
both  spoken and written langauge to balance the copus. I 
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ABSTRACT 
The scarcity of accessible information mediums for visually 

impaired people is recognized by many international 

organizations. The situation is even worse for those students with 

visual impairment who have integrated themselves into 

mainstream schools with their sighted peers. Although there are a 

few online information services available like Braille and digital 

talking books to serve the needs of visually impaired school 

students, these information services face a number of restrictions, 

such as accessing book content with minimal cost of investment, 

handling the complicated transcribing and brailing task, and 

respecting the issue of legal distribution.  

 

This research aims to develop an application named ‘CET 

Embossing Manager’. With the aid of this software, Electronic 

Braille producers and consumers can access various types of 

electronic Braille file formats, view the content of the file, and 

handle various tasks of embossing. To make the content of the 

book secured, Advanced Encryption Standard (AES) or Rijndael 

is used to protect the file from modifications made by 

unauthorized parties and limit the number of republishing.  

Categories and Subject Descriptors 

General Terms 
Security, Standardization   

Keywords 
Electronic Braille, Library for the blind, Text Encryption, 

Advanced Encryption Standard 

1. INTRODUCTION 
Until recently, people who are blind or visually impaired have had 

a very restricted access to information. The reason is that the 

is rather slow as well as expensive and thus, only a minute amount 

of published works have been made available in the adjusted 

formats [7]. In light of text-to-speech software that reads aloud 

digital text on the computer screen, visually impaired people have 

more opportunities to access daily information in a digital format 

on their own; however, reading by touch remains essential for the 

literacy of people with visual impairment who rely on self-access 

to paper documents like Braille [11]. Although there are 

significantly fewer books available commercially in accessible 

formats compared to what is published in print for the general 

public, the need to build collections in alternative formats and 

make them available for readers who are unable to browse shelves 

makes it necessary to develop special services [3] particularly for 

visually impaired students studying in mainstream schools.  

 

Aside from available electronic Braille library services 

worldwide, the Centre for Educational Technology (CET), which 

is a part of the Ministry of Education (MOE) of Thailand, has 

been commissioned to produce and disseminate electronic Braille 

textbooks over the web with the purpose of serving the special 

educational need of school students with visual disabilities. To 

minimize the manufacturing complexity of Braille, the Electronic 

Braille Production and Service Laboratory [16] is responsible for 

designing and transcribing all student textbooks into electronic 

Braille versions and distributing them through their website. This 

project is currently used by thousands of visually impaired 

students all over Thailand who need Braille, disability learning 

support staffs as well as those researchers and their associates 

working with special education for people with sight impairment. 

 

Since this mission began operation several years ago, a number of 

lessons have been learnt. International and local projects of 

electronic Braille library and service distributions share the same 

common service restrictions. Due to the nature of voluntary 

community-based sharing of information over the Internet, it is 

difficult to normalize common standards of transcription; for 

example, the trust on correction of text transcribed by volunteers, 

compatible format of page layout, different grade of translation 

accepted by members of networks, language diversity from one 

country to another and so forth. Another issue is the misuse of 

electronic Braille output. Given that electronic Braille transcribed 

files can be viewed using simple text editors, it would be possible 

for these simple-text file formats to be modified or translated back 

to the original by the aid of available Braille translation software. 

For this reason, many privately run commercial publishers are 

reluctant to permit the copyright of their books to be digitized in 

an electronic version, while most electronic Braille service 

productions cautiously and informally transcribe books off-line 

with the awareness of copyright restriction.  
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In terms of visually impaired users and their sighted assistants, 

accessing the content of electronic Braille books requires special 

software and hardware, such as refreshable Braille displays and 

screen-reading software. To view the content of the file, Braille 

translation software like WinBraille [18] and Duxbury [5] are 

needed. Software that can read electronic Braille books typically 

come with many features, for example forward and backward 

translation in multiple languages, handling music, science and 

math code translation, working with tactile graphics and diagrams, 

embossing, printing and so forth. However, these products are 

fairly expensive, typically costing several hundreds to several 

thousands of dollars [9], and thus exceed the means and needs of a 

typical person who reads like a school student.  

 

The purpose of this study is to design and implement CET 

Embossing Manager, a free and open-source application software 

that allows electronic Braille manufacturers and consumers to 

freely share and access the content of electronic Braille files, 

handle the process of transcribing in Braille with a range of 

embossers, and convert the files into a protected version. CET 

Embossing Manager consists of two major components: the 

embossing interface and the encryption component. For the 

embossing interface, a variety of Braille file formats, such as 

BRF, BRL, and other compatible text files, can be loaded and 

viewed in three views, namely regular, Braille and SimBraille. 

The contents of the book are zoomable and dynamically navigable 

from page to page before deciding to be printed out. In the 

embossing dialogue box, the application uses the Generic Plain-

Text Printer Driver, a standard driver supplied with all standard 

Microsoft Windows. This ensures that CET Embossing Manager 

can collaborate with all Microsoft Windows operating systems 

and different brands of Braille embosser in the market. The 

encryption component of the CET Embossing Manager applies 

the Advanced Encryption Standard (AES) or Rijndael [6].  

 

The remainder of this paper presents the design, development and 

evaluation of the CET Embossing Manager. The second section 

describes existing electronic Braille services provided by both 

regional and international organizations, and analyzes their 

production and dissemination problems. The third section 

provides an analysis of plain-text encoding technologies in order 

to elicit the most appropriate technique to be implemented. The 

fourth and fifth sections describe the development and evaluation 

of the system, followed by the conclusion. 

2. ELECTRONIC BRAILLE LIBRARY 

SERVICES  
Having investigated electronic Braille production and distribution 

services worldwide, the majority of them are in the form of a 

library of information chaired by a network of organizations. Most 

are administrated or run by non-profit parties and have electronic 

Braille production services in conjunction with others; for 

example, Digital Talking books and other free-loan reading 

media. 

 

Under the administration of The International Braille Research 

Center (IBRC) and the National Federation of the Blind (NFB), 

the International Electronic Braille Book Library [15] has been 

providing service to blind and visually impaired bookworms with 

over thousands of electronic Braille books in the collection. To 

read the book online, paperless Braille Display devices are 

required. Alternatively, the books can be transcribed directly to 

Braille with Brailing embossers for those readers who have a 

preference to read books in hard-copy. Most of the books 

transcribed in this way belong to the Project Gutenberg collection, 

or are books that can be reproduced without the express written 

permission from the copyright holder. Given the common belief 

that people with print disabilities including those with visual 

impairment deserve the same ease of access to books and 

periodicals as people without disabilities, Bookshare.org library 

[1] has provided disabled people in the United States with legal 

access to over 42,400 books and 150 periodicals that are 

converted into Braille, large print or digital formats for text to 

speech audio. However, most text files are presented with XML 

markup and the site includes special tools for reading files. To 

become a member, a person must complete an online form, 

provide proof of disability, and pay a sign-up fee or annual 

subscription.   

 

Tiflolibros [13], the first digital library for the Spanish-speaking 

blind, has won the Betinho Communications Prize from the 

Association for Progressive Communications (APC) in 2003. It 

was established in 1999 by a group of blind friends who wanted to 

exchange their digital books in order to widen their access to 

culture and education. The library has more than 20,000 print 

books in Spanish and more than 3,000 members with blindness or 

other severe disabilities in America, Europe and Asia. However, 

like some online libraries, registration for membership is required 

prior to receiving password to access their collection. Apart from 

these, Braille Book Files [4] maintained by the Texas School for 

the Blind and Visually Impaired has books at all grade levels that 

are submitted by teachers and volunteer transcribers. Like other 

services, access is password-protected and limited to individuals 

who have a visual or other print disability, and to members of 

nonprofit organizations or government agencies that provide 

specialized services to blind individuals. There is an application 

called EmbossIt that can be downloaded from their site. This 

standalone application can read various types of Braille file 

formats and perform the brailing task; however, viewing and 

encrypting content of the book are not possible for the application 

itself.  

 

 
 

Figure 1: Embossit Interface   

 

The DAISY Consortium has approved the second public draft of 

Specification for DAISY Protected DTBs [2] since 2007, as a 

secure alternative to other types of electronic learning medias for 

people with visual impairment, such us Digital Talking Books 

(DTBs). With the aim to protect publisher’s Intellectual Property, 

the specification underlines that several countries now call all 
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libraries and agencies to publish materials to their clients for 

utilizing only "specialized formats". The result from this 

specification is to design an encrypted format for converting a 

typical Digital Talking Book into a protected one, and to define a 

means for further specializing these formats by describing various 

transformations that may be applied to DAISY and ANSI/NISO 

digital talking books. These transformations prevent content from 

being displayed in reading systems or other user presentation 

technologies unless appropriately authorized by the issuing 

library, agency, or publisher. Nevertheless, there is no such effort 

in the case of electronic Braille file formats aside from 

implementing the password validation to restrict the site access. 

 

Some studies suggest that, currently, libraries for the blind are 

negotiating with the publishing industries in their areas of 

operation about collaborative arrangements, standards, and 

permissions [14]. Johnson [10] argues that a major concern in 

developing Web-Braille library is security. Most of the books on 

Web-Braille are copyrighted, and the publishers would not be 

willing to have their books available in this form without 

protections against copying. He claims, although these books are 

not encrypted, security will be sufficiently protected by the 

combination of eligibility requirements, a password-restricted 

Web site, and rules limiting use of Web-Braille files. However, 

these requirements are likely not to be sufficient once books are 

accessed and kept in users’ PCs.       

 

In summary, many electronic Braille service providers worldwide 

are implementing password access or developing their own 

compliant tools to limit access to their own group of consumers. 

Most of them are strongly aware of the manufacture restriction 

mainly on the legal issue; for example, the permission of 

republishing and so on. There is a strong need to (1) extend a 

simple tool enabling blind and visually impaired individuals and 

their associates to have better access to text and electronic Braille 

books at no cost, (2) a transcription and encryption specification 

standardized by the communal network of electronic Braille 

manufacturers and suppliers, and (3) the international legislation 

to permit the production and distribution of electronic Braille files 

as alternative mediums serving the need of those disadvantaged 

groups having print access. The intention of this study is thus to 

tackle the first two problems and leave the third. The motivation 

of designing and developing a tool to access the content of an 

electronic Braille file is certainly not much of a challenge. 

Nevertheless, to standardize the technique of content encryption, 

it still needs research and related theoretical paradigms.   

3. SELECTION OF CRYPTOGRAPHIC 

ALGORITHMS 
Discussing on the notion of cryptography, the Merriam-Webster 

dictionary gives the definition of cryptography or cryptology as 

the study of enciphering and deciphering messages in secret code 

or cipher, or the computerized encoding and decoding of 

information. It can be referred almost exclusively to encryption, 

the process of converting ordinary information (plaintext) into 

unintelligible gibberish (i.e., ciphertext). The following section 

discusses several cryptographic algorithms adopted by the U.S. 

government as encryption standards.  

 

Triple-DES is a block cipher formed from the Data Encryption 

Standard (DES) firstly designed by IBM in 1977 [17]. It has been 

officially adopted by the US government as the standard 

encryption method for nonmilitary and non-classified use. The 

single DES (the predecessor of triple-DES) encrypts a 64-bit 

plaintext using a 56-bit key. However, with the advancement in 

modern technology, it is feasible to break the single-DES-

encrypted ciphertext. As a result, the US government came up 

with the Triple-DES that encrypts a given plaintext by applying 

DES algorithm three times. By the means of enlarging the key 

space without applying a new algorithm, Triple-DES is backward 

compatible with single-DES, so its construction would be 

equivalent to a single DES operation and no more secure. Both 

DES and triple are slow performing software; the algorithm is 

encryption products particularly in the financial services industry. 

Second is Skipjack [12], another US government standard 

developed back in 1980 by NSA. This algorithm was designed 

using building blocks which encrypt 64-bit blocks of data with an 

80-bit key. Yet this technique is dated back more than forty years. 

It is widely used in the Clipper chip, a VLSI device with an ARM 

processor core, which is intended to perform cryptographic 

operations while allowing the security agencies listen in. 

 

Apart from these, recommended by the US National Institute of 

Standards and Technology (NIST) for protecting sensitive, 

unclassified government information, both Triple-DES and 

Skipjack were finally replaced by Rijndael Algorithm [8] or 

Advanced Encryption Standard (AES) (the adoption of AES as an 

official Government standard was made in 26 May 2002). 

Rijndael was developed and submitted for the AES by Joan 

Daemen and Vincent Rijmen, and was selected due to its 

combination of high security, performance, efficiency, ease of 

implementation and flexibility. In other words, Rijndael (1) 

appears to be consistently a very good performer in both hardware 

and software across a wide range of computing environments, (2) 

suited for restricted-space environments in which it also 

demonstrates excellent performance, and (3) Rijndael's operations 

are among the easiest to defend against power and timing attacks, 

and it appears it can be defended without significantly impacting 

Rijndael's performance. 

4. SYSTEM DESIGN AND 

IMPLEMENTATION  
Since most Braille embossers in the market work with all 

Microsoft Operating System specifically DOS and Windows, CET 

Embossing Manager is designed in simple menu-driven and 

dialogue-based fashion, and makes use of Microsoft .NET 

Framework technology and Generic Plain-text Printer driver that 

is typically tied in with all standard Windows. The entire 

application consists of two major components— the embossing 

interface and the encoding interface.     

4.1 Embossing Interface  
In the embossing interface, three types of Braille file formats can 

be loaded, i.e. BRF, BRL and PBF (Protected Braille File 

generated by book Encoder), and the content of the book can be 

viewed in three ways, i.e. regular, Braille and Simulated Braille. 

The later two are TrueType font packages downloaded freely 

from Duxbury System’s product site. Once the content of the 

book is successfully loaded, the embossing interface presents the 

basic file attributes, i.e. file location, total amount of page, 

publisher, and so forth. As the details of the book are presented, 
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readers can navigate through the content of the book from line to 

line and page to page to review the parts of the book that need to 

be embossed or resumed.            

     

 
 

Figure 2: Embossing Interface 

 

Prior to embossing, the user should select the Generic Plain-Text 

Printer driver and specify the communication port where the 

Braille embosser is attached. Utilizing the Generic-Plain-Text 

Printer driver makes it possible to braille multiple files 

simultaneously via various communication ports or over the local 

and network embosser; however, it’s commonly understood that 

the Generic Plain-Text Printer driver is incapable of handling 

Electronic Tactile Graphics. The user can further specify the 

number of copies and the pages to be embossed.   

4.2 Encoding Interface  
This interface can be found by selecting Braille Book encoder. It 

will prompt users to select multiple files into the list, give detail of 

the book and their publisher, e.g. book title, year of publication, 

edition, author name, and number of embossing allow. All 

encrypted books will be saved in PBF, which stands for Protected 

Braille File, and files that reach their embossing limit can only be 

viewed.   

 

 
 

Figure 3: Encoding Interface 

5. USER EVALUATION 
A series of semi-structured interviews were carried out to collect 

and evaluate different views from various groups of users. Peera 

Pilarit, one of our primary user and selected interviewees, has 

worked as an Adaptive Technology specialist for more than five 

years. He is partially sighted, works in an Educational Technology 

Center for the Blind, which is one of the largest educational-

devoted institutions operated by the Christian Foundation for the 

Blind in Thailand. One of his responsibilities is to design and 

develop assistive technologies and innovations for learners with 

sight loss. During the interview, he explained about his 

impression on the CET Embossing Manager after a few days of its 

launch. He mentioned that it fully supports not only sighted 

people in his work place, but it has also proved to be fully 

accessible by typical screen-reading technology. According to 

him, there are a number of hotkeys available for advanced users. 

The different views makes it easy for his staff with different 

Braille-reading skills to access the content, and the zoomable 

interface allows the low-vision students to read and learn Braille 

without the need of text enlarging software or devices. In addition, 

he appreciates the ability to encrypt electronic Braille books for 

legally sharing and disseminating over the Internet, which he 

believes would encourage interested publishers to grant 

permission to reproduce accessible and secured alternative format 

to serve the needs of individuals who are blind.   

 

Siri Boimas has worked as a teacher supporting students with 

visual impairment for 30 years at Bangkok School for the Blind. 

She is engaged in supporting the special educational needs of 

students with visual impairment in order to integrate such students 

in a mainstream school. We demonstrated CET Embossing 

Manager and showed how it can manage the routine brailing task 

and how it actually works with ‘Bookmaker’. She mentioned that 

she prefers seeing the content of the book before deciding to 

Braille it out, or sometimes brailing selections if needed. This 

application greatly simplifies her current job, where she must 

memorize the brailing commands and then execute them in a 

simulated DOS console.    

 

In terms of the issue of text encryption, Panna Narintorn, Head of 

Educational Media Production, Special Education Centre (central) 

of the Thai Ministry of Education (MOE), emphasized that the 

subject of protecting publisher rights by encrypting electronic 

content distributed over the web is highly important as this would 

build the confidence of publishers to permit their manuscript to be 

transcribed into Braille or other alternative formats. To limit the 

number of republishing, there can be an option to make sure that 

the numbers of Braille copies are predetermined. However, it is 

necessary to ensure as well that this encrypted version of Braille is 

fully accessible to the people with sight impairment. CET 

Embossing Manager claims to be fully accessible, although the 

targeted user does not have Braille embosser installed. Moreover, 

she advocates that this application can be used by organizations or 

institutions working with Braille transcription and should consider 

promoting Braille over the web aside from CET. 

 

In addition to the feedback from interviews, there are three 

limitations identified during the development process that need to 

be studied further. First, although the Generic plain-text printer 

driver works well with most embossers on the market, it is not 

able to interpret books having a mix of Braille and tactile 

graphics. Second, the application is unable to automatically 
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reformat the structure of the book for the page layout of different 

embossers. And finally, the CET Embossing Manager is unable to 

serve users who prefer reading books using paperless Braille 

displays, since direct selection of the content is disabled for 

security. 

6. CONCLUSION  
In this paper, an attempt has been made to standardize Electronic 

Braille Books distribution and dissemination over the Internet in 

terms of content encryption to protect publisher’s rights. The 

author strongly believes that the expansion of an encrypted 

version of Electronic Braille Books would actually make 

publishers like private-runs to build its confidence by permitting 

their work to republish into an accessible format for the visually 

impaired. On the other hand, Electronic Braille libraries for the 

blind would be content to liberally transcribe and distribute the 

contents of the books in a more advanced and highly efficient 

format.  

 

Utilizing Advanced Encryption Standard, the contents of 

Electronic Braille Books are saved in binary and can be securely 

backward translated by the CET Embossing Manager. The output 

of the content can be viewed in several views and levels of zoom, 

navigated in multiple depths, and fully accessed through a range 

of Adaptive technologies. Finally, representative users involved in 

this field have provided very positive feedback about the current 

capabilities of the tool. 
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ABSTRACT 
Reading is one of the important activities that all students should 
participate. This paper describes a supportive reading system 
which provides the teachers a convenient program to edit the 
supportive material and the students a supportive reading 
environment. The results of a single subject experiment which 
recruited four students with learning disabilities also 
demonstrated that students could gain higher score when reading 
with supportive environment. 

Categories and Subject Descriptors 
C.5.3 Microcomputers: Personal computers  

General Terms 
Design, Experiment 

Keywords 
Students with special needs, reading, individualized reading 
system.  

1. INTRODUCTION 
Participation is one of the essential rights for the students. 
However, many of the students with special educational needs are 
prevented from participating in the learning activities. Because of 
their limitations of motor control, sensory, cognition, and emotion, 
they could not participate in the learning activities in the regular 
class as their peers without special educational needs. 

Reading to learn as well as reading to know is one of the 
important activities in this age. It is important not only for the 
students to read the textbook or curriculum contend on the 
websites, but for all to read news or to search information on the 
website. However, it is impossible or difficult at least, for the 
people with impairments to participate in reading activities 
effectively because of their limitations in motor control, vision, 
and cognition [1, 2, 3]. For example, when the people with 

disabilities want to read the popular printed novel, those with poor 
motor control capability could not hold a book or turn to specific 
pages; those with low vision could not see the words on the book; 
those with word recognition disabilities could not understand the 
meaning of the content. Although remedying the people’s 
disorder was an common manner in special education, providing 
necessary supports may serves as a more positive and significant 
support for the readers with disabilities that prevent them from 
participating in the reading activities. 
Assistive technology is one of the important supports for the 
persons with disabilities to participate in daily activities. There 
are many devices available to assist those people in reading 

AspireREADER™ 4.0, and Kurzweil 3000, are used popularly by 
the students with specific leaning disabilities; the screen 

with low vision to be able to read electronic texts; the switch 
equipped with a scanning program could allow people with severe 
motor impairments to read the electronic text [4]. 
Although all these products and projects have demonstrated their 
effectiveness and being used in the educational environment 
popularly, they only helped reduced the difficulties of “access to 
material” by providing solutions for “decoding”. Namely, reading 
the words, proving dictionary and so on. However, the fact should 
not be neglected that the learners or readers need to know the 
content of the text or webpage by “access to learning”[5].  
In order to provide students with special educational needs in 
Taiwan a supportive reading environment, a project named 
“TriAccess system”, which aimed to provide various impaired 
readers a physical, sensory, and cognitive access web-based 
environment had been completed [6]. The system was developed 
based on the principle of multiple representations that had been 
advocated by Center for Applied Special Technology (CAST) [5]. 
TriAccess system also demonstrated its effectiveness on reading 
social science articles and natural science articles for students 
with cognitive impairments in the experiments [7, 8].  
However, the web-based system could not be used as a 
independent supportive reading program. Beside, this TriAccess 
also did not provide supportive tools for the readers, such like 
note taking, concept mapping, and key word marking. Therefore, 
this project continues to develop a digital reading environment in 
which the external supports and the reading tools are provided 
simultaneously for the readers with special educational needs. 
Because the reader need to learn some strategies before they 
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could used the supportive tools. Therefore the authors create an 
idea which embeds strategies learning with supportive reading 
environment. This paper describes the design of the system and 
explores the effect of the cognitive supports on the reading 
comprehension for the students with special educational needs. 

2. System development 
2.1 Ideas of system development 
To develop this system, the authors adopted the principle of 
universal design for learning (UDL) which was advocated by 
CAST and considered the evidence-based strategies that had 
demonstrated their effects in past researches. Based on the results 
of analyzing related researches, the authors organized the 
important functions that an assisted reading system should 
encompass. The system includes the functions below: 

2.1.1 Could provide the supports based on the theory 
of reading process. 
Reading activity is a complicated process. However, it could be 
either bottom-up mode or top-down mode. The supportive reading 
system should provide supports based on the theories of reading 
process.  

2.1.2 Could provide individualized supports based 
on readers’ capability and preferences. 
Students with special educational needs are various. There are 
various needs for each individual. A system developed based the 
UDL principles should provide a flexible environment for the 
reader, in which the individuals could set up his/her own supports.  

2.1.3 Could embed the essential reading tools and 
the extra-supports. 
The available supportive reading programs provide some 
decoding assisted features, such like reading aloud, changing 
attributions of text, to make reading material be accessible to the 
reader. The TriAccess let the reader access to learning by 
providing the cognitive supports in further. However, the readers 
need some simple but essential tools to help them to understand 
the text.    

2.1.4 Provide strategy learning functions 
Concept mapping is one of the popular reading strategies used to 
support the reading comprehension. Meanwhile, the students also 
need a training process to use the concept mapping software 
effectively with concept mapping strategy. Therefore, the system 
provided concept mapping function should also embed concept 
mapping learning option.  

2.1.5 Could provide the instructors a convenient tool 
to create supportive materials 
The instructors need a convenient tool to create materials which 
could be used with flexible. The TriAccess system used web-base 
database to store the cognitive supports and display based on the 
individual’s requirement. This program should also allow the 
instructor to develop and distribute the material simply and easily.   
In order to provide these functions, the system also compresses an 
UEditor for the material developers to create cognitive supports 
for articles. Certain supports, such as marked keywords and 

concept map, will be translated into a learning module to serve as 
training material when the learning module is activated.  

2.2 System overview 
The authors adopted Visual SHARP 2005 and Extensible Markup 
Language (XML) to develop the system. Visual SHARP was used 
to develop the major interface and functions. XML was use to 
recode the setting profiles for readers. Microsoft Speech SDK 5.1 
was used to develop the text-to-speech program.  
The system consists of two subsystems, UReader and UEditor. 
UEditor was used to create an article with cognitive supports. The 
supports which should be created in advance compress marked 
key concepts, multi-representations for explaining the key 
concepts, precis and background knowledge of the article as well 
as a concept map. The marked concepts and concept map will be 
stored and serve as training material in the module for learning. 
The instructors also could use the UEditor to set a suitable reading 
environment for specific readers based on their abilities and needs. 
The reader could log in the UReader with his/her owned profile.  
The UReader consists of four major modules for assisting reading. 
In addition to pointing and clicking, module for multi access 
provides a scanning and voice command mode to allow the 
readers to interact with UReader in various methods. Module of 
cognitive supports could provide key concepts with picture, text, 
recorded speech and video supports, and concept map, 
background knowledge, and precis of the article. Theses supports 
are created by UEditor. Module of organization provides tools for 
readers to organize the content of the article, including keyword 
marking, concept mapping, and note taking.  
The UReader provides many functions to reduce the difficulties of 
accessibility. The Figure 1 demonstrates some functions of the 
accessible design in the UReader. As the Figure 1 indicated, the 
left up one show the normal attribution of the text. The right up 
one displays the text in high contrast and provides the summary of 
the text. The left bottom one displays the text in larger font size 
and the row spacing, and provides keyword with picture 
representation. The right bottom one provides the dictionary 
function and the keyword marking function. 
This system provides material developers a very convenient 
method to create cognitive supports and learning material. 
Furthermore, they can create training material and cognitive 
supports at same time. The concept map served as example to 
describe the process in the Figure 1. As the Figure 1 indicated, the 
material developer created a concept map in UEditor and saved 

read the concept map when he/she read the article with concept 
map supports by UReader. When a student reads the article in 
module of learning, he/she is required to practice the concept 
mapping skills. Firstly, he/she needs to mark the key concepts. 
He/she clicks the bottom of “compare” to compare the 
consistence between the marked concepts and the concepts saved 
in the file when all the key concepts are marked. Thus, a reader 
can learn the reading comprehension strategies and read the 
article with supports in the same environment. 
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  Figure 1. The examples of the functions shown on the screen of 
UReader. 
 

 
Figure 2. The process of creating concept map and proving 
concept map reading and concept mapping learning. 

3. Evaluation  
This paper conducted a small sample evaluation to examine the 
functions of supports provided by UReader. 

3.1 Participants 
Four 4th and 5th grade students involved in this experiment after 
gained their parents’ consent forms. All the participants were 
identified as students with learning disabilities (LD) by local 
education agent in Taiwan. They have difficulties in reading 
comprehension, and received special education service in 
resource rooms. Their WISCⅢ IQ scores were normal. Three of 
them, except Jun, used computer for more then one year. Jun is a 
beginning computer user. However she likes to use computer.   

Table 1. The characteristics of the participants 

Participants Grade  IQ Diagnosis Compute
r using 

Tom 5 88 LD Two years

Clark 5 92 LD Two years

Jun 4 89 LD Beginner 

Wu 4 100 LD+ADHD One year

3.2 Experimental design 
Alternating treatment design (ATD), a kind of single subject 
design method, was adopted. The dependent variable is the score 
of the tests completed by the participants after reading the articles. 
The independent variable is the type of the articles displaying. 
One type of the articles is displayed with supports and the other 
type of the articles is displayed with text only. All participants 
read both types of texts with UReader. The participants read the 
text with or without supports randomly.  There are six articles 
used to serve as the experimental material. Each type of the 
articles displaying had three articles.   

3.3 Experimental materials 
This study used the same experimental material which adopted in 
Chen et al.’s study[8]. But the authors used the UEditor edited 
again. Seven articles related to endemic species in Taiwan were 
developed. One of them was used to teach the participants to be 
familiar with the UReader operation; the other six served as 
experimental materials. Each article was developed based on the 

environment, characters, habits, and the threatened situation they 
meet in sequence. The length of these six articles was between 
539 words to 584 words (mean =552 words). The average length 
of a sentence in the articles is between 10.9 words to 13.8 words 
(mean=11.8 words).  

3.4 Apparatus and Setting 

This experiment used an Acer laptop with a Pentium M 730 
processor 1.6G, 512MB of RAM, and a 15 inches monitor with 
1024×768 pixels. Chinese Character MP3, a kind of text-to-
speech program, was installed in the laptop. An optical mouse 
equipped with Acer laptop was use to interact with the UReader. 
The experiment was conducted individually in the resource room 
in their schools. 

4. Results 
The results of the four participants’ reading comprehension score 
are shown in the Figure 3. As the Figure 3 indicated, Tom 

eading with supports. The average 
performance of using supports (mean=4) is also better than text 
mode (mean=2.67); The score was better when using supports for 
Clark(mean for support mode:5.33, mean for text mode:4.67); the 
average score of using support (mean=5.67) was much better than 
text mode(mean=3.67) for Jun.  For Wu, the average score of 
supports mode was also better than text mode.  
The results of reading with and without supports for these four 
participants indicated that they all performed better when reading 
with support on average.  Even thought, the performances were 
still poor. None of these four participant gained score higher than 
6.  
The results of interview with the participants also found that the 
interface of UReader is easy to operate; the video and picture 
supports of the keyword are helpful, but the text explanation is 
not useful because of their reading difficulty.  
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Figure 3. The results of the four participants’ score. 

5. Conclusions 
This paper demonstrated the design of supportive reading system 
for individuals with special educational needs, and then explored 
the effectiveness of supports of the UReader for students with 
learning disabilities.  
The results of the experiment indicated that the four participants 
performed better when reading with supports. However, the 

improvement was not stable and the performance of reading with 
supports was also not very good. Since this study did not provide 
the instruction to the participants, they might need some 
instruction to learn how to comprehend the text in addition to use 
the UReader to read.  
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ABSTRACT 
In order to develop a useful system for teaching and learning, the 
system should be designed for the needs and capabilities of the 
users for whom they are intended. Before developing any systems 
a User-Centered Design Process is always foremost to carry out. 
Therefore this paper will summarize main principles of user-
centered design, and user-centered design process. This paper will 
also detail the design and development of a multimedia system for 
students with deafness.   

Keywords 
Assistive Technology, User-Centered Design, Educational 
Technology, Multimedia & Hypermedia. 

1. INTRODUCTION 
A system that is developed without a good knowledge of the users 
and without what they want to do with the system may be usable 
in that it can be used to do something, but it may not do what the 
users want to do in order to achieve their goals. The system 
therefore will be usable but not necessarily useful. The systems 
should be designed for the needs and capabilities of the users for 
whom they are intended. In conjunction with a statement from 
Simpson [1], he stated that the key to success for IT departments 
is to get closer and to be more responsive to the customers, the 
users. This statement is always true in terms of the system 
designers are trying to pay attention to the needs of the users, and 
thereby designing usable and acceptable software solutions.  

Additionally, ISO [2] stated the main principles for (human) user-
centered design are as follow: (i) the active involvement of users, 
(ii) an appropriate allocation of function between user and system, 
(iii) the iteration of design solutions, and (iv) multidisciplinary 
design teams. Whereas Norman [3] suggests the point of P.O.E.T, 
is to support a user-centered design, a philosophy that based on 
the needs and interests of the user with an emphasis on making 
products usable and understandable. He also offers suggestions 
for the design of everyday things. Therefore he mentions that the 
design should make use of constraints, make things visible, make 
it easy to evaluate the system, and follow natural mappings 
between intentions and the required actions; between actions and 
the resulting effect; and between the information that is visible 
and the interpretation of the system state. 

 
 
 

The user-centered design process focuses on users through the 
planning, design and development of a project or lesson. Henry 
and Thorp [4] stated that the process may be categorized into five 
steps. They are (i) analysis, (ii) design, (iii) evaluation, (iv) 
implementation, and (v) deployment. The deployment step can be 
done by using surveys to get user feedback, conducting field 
studies to get into about actual use, and checking objectives using 
usability testing.  

In general, the goal of UCD is to create products or system that 
users find it is useful and usable. Therefore to perform user-
centered design process, is to ensure that the final product fulfills 

 

2. BACKGROUND 
Computer can be useful and enhance educational improvement for 
special needs students because traditional instructional techniques 
demonstrated to be effective for teaching special needs students 
can be easily incorporated into Computer Assisted Instruction. 
Hasselbring and Glaser [5] explain that the advantages of 
computer use for special needs students are such as (i) 
individualization and self-pacing: with well-programmed 
multimedia, special needs students work at their own pace with 
materials that meet their specific needs. Special needs students 
often have a diverse range of needs and the ability to move at their 
own pace is very important, (ii) immediate feedback: students 
receive feedback about their performance immediately [6]. This is 
important in any educational setting, but is a difficult requirement 
for a teacher working with students with divergent needs and 
abilities, (iii) repetition without pressure: since the computer is 
emotionless and infinitely patient, repetitive tasks may not mean 
adverse results for the student, (iv) immediate reinforcement for 
correct responses: the software provides immediate positive 
reinforcement for correct answers, which motivates students, (v) 
high frequency of student response: students get more practice 
solving problems if the interactive features of the computer are 
put to full use, (vi) motivation: many students are excited by 
working on a computer, (vii) minimization of disabilities: the 
computer enables the poor or inefficient learner to minimize 
significant barriers to learning. 

In addition, Mishra and Sharma [7] point out that the new 
technology may be one clear route to individualization of 
instruction. Most forward-thinking educators contend that 90% of 
school children can comprehend a subject fully if lessons are 
geared to abilities. Educational technology, if properly harnessed, 
can be tuned to ability levels. Similarly to Hasselbring and Glaser; 
Mishra and Sharma, Ivers and Barron [8] believe that computer-
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based multimedia encourage students to express their knowledge 
in multiple ways, solve problems, revise their own work and 
construct knowledge. Students also have the opportunity to learn 
and apply real world skills. 

Moreover, Multimedia and Hypermedia applications are better 
suited to transmitting knowledge that is not easily conveyed 
through print or verbal explanations [9]. Multimedia systems 
therefore can be useful for students, especially students with 
special needs.  

Hence, we also need to understand disability issues. Steeples [10] 
stated that a multimedia developer should consider some basic 
issues before developing multimedia systems. We have learned 
that there are four types of disabilities that can affect multimedia 
systems usage which are (1) Visual difficulties, (2) Mobility 
difficulties, (3) Cognitive and learning difficulties, and (4) 
Hearing difficulties. As mentioned earlier, the objective of this 
study is to investigate the effectiveness of multimedia system in 
teaching American Finger Spelling to students with deafness. 
Therefore we need to carefully develop a multimedia system for 
students with deafness. Students with deafness require visual or 
graphic representation instead of auditory. Steeples points out the 
solution for these disabilities include closed captioning, blinking 
error messages, and transcripts of the spoken audio. However, 
some users can only hear audible cues at certain frequencies or 
volumes. Thus volume and frequency of audio feedback should be 
easily configurable by the user. Therefore it is very important for 
the designer to have better understanding of disability issues. The 
key to accessible user interface is to ensure accessible user 
experience and their limitations.  

 

3. METHODOLOGY 
In our study, we applied the Kemp Instructional System Design 
Model [11] into our multimedia program. We reject other models 
such as Dick & Carey Model, ADDIE Model, and Gagne Model 
because those models did not include a Pretest. According to 
Greene [12], the pretest is an important task in teaching and 
learning activities. He pointed out that an effective approach is to 
pretest the students before the actual teaching and learning begins. 
The pretest is one of the ten elements in the Kemp Model. 

1. Learning Needs: Students can finger spell the specific 
 

2. Topics- esign & development 
of a multimedia system in learning environment; the use 
of multimedia technology to enhance special needs 
students in their spelling. 

3. Learner Characteristics: A voluntary group of special 
needs eighth-grade high school students from the School 
for the Deaf in Thailand. 

4. Subject Content: The Life was divided into five items: 

Library, Dormitory, School, Winter Activities, and Run 
Around. 

5. Learning Objectives: Students can finger spell the 
specific words. 

6. Teaching/Learning Activities: Students in group one 
learned from multimedia technology program (our CD-
ROM The Life). Students in group two were taught by 
the teacher. 

7. Instructional Resources: a Multimedia program The Life 

8. Support Services: Macromedia Director, ASL/Finger 
Spelling Dictionary, and Internet. 

9. Learning Evaluation: Pre test and Post test 

10. Pretesting: Pretest is at the first meeting. 

 

We conducted an experiment with eighth-grade high school 
students from the School for the Deaf in Thailand. Students were 
divided into two groups. Students in Group A learned from our 
multimedia system. Students in Group B were taught by the 
teacher using print-based method (textbook). All of the students 
were required to finger spell 12 words Words are selected that are 
‘Easy’, ‘Medium’, and ‘Difficult’ level. All of the students were 
required to demonstrate their abilities of finger spelling in front of 
the teachers (both Pretest and Posttest).  There were two teachers 
to evaluate how well the students can finger spell. 

 

4. ANALYSES & RESULTS 
 

 
 

 

 

 

 

 

 

Figure 1: Compare Average of Students’ Improvement 

 

Significant differences were found in learning improvement 
between the multimedia learning group and the print-based 
method group in Difficult Level since the test score for the 
significance is p<0.03). [the p-value is a measure of how much 
evidence we have against the null hypothesis (the p value) p ≤ 
0.05]. 

 

 

 

 

 

 

 

137



5. CONCLUSION 
The findings from the study in Thailand emphasize that 
multimedia technology had also extended the teachers’ reach for 
students with deafness in Thailand, and the multimedia system 
such as our program helps the students at the School for the Deaf 
in Thailand learn more successfully when they are learning 
difficult words than does the print-based method. This is a very 
valuable finding, particularly in Thailand where there are 
insufficient teachers for students with deafness who need to learn 
American Finger Spelling. 
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ABSTRACT 
Attention-Deficit Hyperactivity Disorder (ADHD) is a 
neurobehavioral developmental disorder and its manifestation 
during childhood is characterized by a persistent pattern of 
inattention and/or hyperactivity. Children with such mental 
retardation more often exhibit behavior problems than children 
without disabilities. Teaching these children is more challenging 
than teaching normal children in the same age group and is 
always considered as one of the most important and challenging 
functions of special education. ADHD is currently considered a 
persistent and chronic condition. Though a common behavior 
modification strategy is not always useful in dealing with 
neurobehavioral development, it may be more appropriate to 
design strategies based on the cognitive ability of the subject 
undergoing treatment. The strategy discussed in this paper is 
mostly focused on educating children with attention deficit 
disorder than treating hyperactivity as hyperactivity is mostly 
managed by the used of medication. The behavior modification 
strategy suggested is based on the fact that children below 12 
years have strong interest in specific activities involving 
audiovisual stimulus. The strategy aims in motivating the children 
to learn a specific act such as learning subjects like mathematics. 
The protocol basically motivates the children to focus and 
concentrate on solving a problem in order to be rewarded with 
audiovisual stimulus which are of interest to them. The paper 
provides a fairly comprehensive picture on the neuro-cognitive 
modifications associated with this treatment protocol in treating 
these children. 
 

Keywords 
ADHD, Behavior modification, Cognitive strategy 

 

1. INTRODUCTION 
Attention-Deficit/Hyperactivity Disorder (ADHD) is typically 
diagnosed in childhood, with symptoms persisting into 

adolescence and adulthood [1]. It is characterized by inattention, 
impulsivity, and hyperactivity. It has recently been estimated to 
affect 3.5% of school-aged children worldwide and is said to be 
one of the most common psychiatric disorders of youth [2, 3]. 
Children with these problems are often unpopular and lack 
reciprocal friendships, but are not always aware of their own 
unpopularity [4].  Though these symptoms tend to decline with 
age, at least 50% of children with ADHD still experience 
impairing symptoms in adulthood [5]. Several limitations of 
pharmacological treatments highlight the clear need for effective 

interventions involving both the school and parents training which 
have resulted in classifying these as “empirically validated 
treatments” [6]. Most studies on ADHD attribute 
reasons/explanations on how they affect the cognitive processes 
of subjects [7, 8, 9]. However the field has not been able to 
develop an evidence-based intervention based on cognitive-
behavioural principles [10]. Indeed, part of the challenge has been 
the changing conceptualization of the etiology and behavioural 
profile of ADHD [11]. Based on the pattern of symptoms present, 
the Diagnostic and Statistical Manual (DSM-IV) distinguishes 
three subtypes, namely, the inattentive, the hyperactive/impulsive, 
and the combined subtype [12]. The latter is by far the most 
common. Children with the inattentive ADHD subtype suffer 
from rejection by peers. Their social behaviour is of a more 
subdued nature [4]. Children with ADHD display chronic and 
pervasive difficulties with inattention, hyperactivity, and 
impulsivity that result in profound impairments in academic and 
social functioning across multiple settings (typically, at home, in 
school, and with peers). Some children with ADHD, despite 
having difficulties in performing tasks at school, have a healthy 
social life, while others appear to be unable to connect with peers 
and other people in a normal way [4]. 
 

2. NEUROPHYCHOLOGICAL ASPECTS  
 Explanations on the neuropsychological aspects of ADHD as per 
available literature imply that the disorder has a pathological basis 
in descending cortical control systems such as the prefrontal 
cortex and frontostriatal networks [13]. One of the mechanisms by 
which the prefrontal cortex is believed to exert its coordinating 
effects is via the suppression or gating of neural signalling 
irrelevant to current behaviour or goal [14, 15]. Literature also 
states that, the prefrontal cortex is believed to bias subsidiary 
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processing implemented by posterior cortical and subcortical 
regions in accordance with current goals. 
 

3. ASSESSMENT OF ADHD 
 
Children are categorized as ADHD only if symptoms were 
present prior to age seven and if these symptoms caused 
significant functional impairment. Individuals with six or more 
symptoms of inattention but fewer than six symptoms of 
hyperactivity-impulsivity were identified as Predominantly 
Inattentive Type, participants with six or more symptoms of 
hyperactivity-impulsivity but fewer than six symptoms of 
inattention were categorized as Predominantly 
Hyperactive/Impulsive Type, and individuals with six or more 
symptoms on both dimensions were coded as Combined Type 
[17]. The use of “Disruptive Behaviour Rating Scale” to obtain 
parent and teacher ratings of the 18 symptoms of DSM-IV ADHD 
has been reported as a qualitative yard stick to categorize subjects 
under various types depending on the manifested symptoms [16]. 
 

4. CHANGING CONCEPTUALIZATION  
It has been reported that the sensory integration therapy, for use 
with children with ADHD involves compensatory strategies, such 
as altering or avoiding certain stimulus characteristics of the 
physical environment. This therapy is based on the assumption 
that ADHD is an “input” problem, and that sensory and motor 
input is processed and interpreted in faulty ways which result in 
inappropriate responses to sensory stimuli [18]. In ADHD cases, 
we are dealing more with cognitive deficiencies as opposed to 
distortions [19]. The changing conceptualization of ADHD 
necessitates the field to constantly evaluate the adequacy of 
treatment approaches. 
 

5. TREATMENTS IN PRACTICE 
We intend not to elaborate on the merits and demerits of each 
intervention in this paper, but would provide a brief insight into 
each intervention and focus more on the behaviour intervention 
and strategies beneficial in motivating children to develop 
attention for solving problems in education.Treatment of ADHD 
is currently managed through various methods such as 
pharmacological intervention, behaviour interventions, cognitive 
behaviour treatment, neural-based intervention. Each treatment 
has its own merits and demerits and quite often a combination of 
two interventions is sought by the clinicians in treating ADHD 
children 
5.1 Pharmacology 
Though it is beyond the scope of this paper to discuss the various 
medications available for ADHD children, developments in the 
pharmacological management of ADHD mean that there is now a 
much greater choice of approved medications these days. 
However, there are limitations to an exclusively pharmacological 
approach in the treatment of ADHD. It has also been  reported 
that the long term side effects of taking stimulants has been a 

limiting factor in the used of these medication as children suffer 
side effects such as insomnia and appetite suppression. [6].  

5.2 Behavior Interventions 
In this intervention method, parents are taught to identify and 
manipulate the antecedents and consequences of child behaviour, 
target and monitor problematic behaviours, reward pro-social 
behaviour through praise, positive attention, and tangible rewards, 
and decrease unwanted behaviour through planned ignoring, time 
out, and other non-physical discipline techniques. It has been 
reported that the inattentive, hyperactive, and impulsive behaviors 
that characterize ADHD often contribute to impairment in the 
parent–child relationship and increased stress among parents of 
children with the disorder [20, 21]. It follows that one evidence-
based component of comprehensive treatment for ADHD involves 
working directly with parents to modify their parenting 
behaviours in order to increase positive outcomes with their 
children [22]. Effectively modifying poor parenting practices is of 
utmost importance, as poor parenting is one of the more robust 
predictors of negative long-term outcomes in children with 
behaviour problems [23].  
 
Behavioural goals are set at a level that is challenging, yet 
attainable, and are made increasingly more difficult until the 
child's behaviour is within developmentally normative levels 
based on the principle of shaping. In classroom behaviour 
management, teachers are instructed regarding the use of specific 
behavioural techniques, which includes giving praises, planning 
ignorance etc. Behaviourally based classroom interventions 
appear to be a very effective means of behaviour change in 
children with ADHD in the school setting. However, as 
cooperation of school professionals is necessary for these 
interventions, some of these challenges exist as with home 
behavioural programs [6]. 

5.3 Cognitive-behavioral Treatments 
It has been reported by researchers that studies conducted on 
cognitive-behavioural approaches which include training in self-
instructions, problem-solving, self reinforcement, and self-
redirection have helped children to cope with errors. Children 
were taught a five-step process of problem-solving, including 
defining the problem, setting a goal, generating problem-solving 
strategies, choosing a solution, and evaluating the outcome with 
self-reinforcement. These concepts were reinforced through the 
use of modelling and role-playing exercises, instructional training, 
homework, and behavioral techniques, such as social 
reinforcement and a token system. As observed from the studies, 
there was a significant decrease in child activity level following 
CBT than controls [24]. 

5.4 Neural-based Interventions 
The theoretical basis of neurofeedback describe ADHD as a 
disorder of neural regulation and under arousal, and it is assumed 
under this approach that these neural deficiencies are amenable to 
change using behavioural methods [25]. Some refer this 
intervention as a relatively unresearched treatment, and the 
research that has been conducted has reportedly been inconsistent 
and problematic. It is believed that this is due to methodological 
problems such as confounded treatments, inconsistent use of 
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dependent measures, and a lack of clinically meaningful 
dependent measures [18, 26]. Neurofeedback, based on 
electroencephalogram biofeedback, is sometimes used as one of 
the intervention in the management of ADHD children. 

5.5 Combined Interventions 
It has been reported that Medication Management was as effective 
as Combined Treatment in reducing ADHD symptoms, with no 
clear incremental benefit of behaviour therapy noted [6]. Also, it 
is believed that combined treatment may allow for lower doses of 
medication to be used in conjunction with behaviour management 
in the home and school settings, resulting in increased satisfaction 
with treatment [27, 28]. 
 

6. TREATMENT PROTOCOL 
The current behaviour modification strategies are based on 
identifying and manipulating the antecedents and 
consequences of child behaviour, target and monitor 
problematic behaviours, reward through praise, positive 
attention, and tangible rewards. Our focus was more on 
those subjects who have attention deficit yet who were 
willing to cooperate with assistances for learning. This 
group of people has been identified with certain interests in 
audio-visual stimulus and hence were willing to participate 
in solving problems leading to positive attention. Our 
treatment protocol relies on some of the audio-visual 
animations which can be played using an available audio-
visual system. As it is possible to play a variety of 
animated audio-visual animations which are of considered 
fascination by the children, it serves as a reward for every 
positive step taken by those who cooperate on solving 
problems, thereby prompting better attention. Our thanks to 
ACM SIGCHI for allowing us to modify templates they had 
developed. 

7. CONCLUSION 
Treatment of ADHD is currently managed through various 
methods such as pharmacological intervention, behaviour 
interventions, cognitive behaviour treatment, neural-based 
intervention. No single strategy in the management of ADHD 
children has been advocated by the clinicians in the past and the 
success of each strategy depends on the cooperation extended by 
the subjects in a given setup. Each method has its own merits and 
demerits and quite often a combination of two interventions is 
sought by the clinicians in treating ADHD children.  The current 
strategy based on behaviour modification is very attractive due to 
the fact that it does not relay on pharmacological intervention. 
However any strategy has its own limitations and in this 
behaviour modification strategy, the success purely depends on 
the ability of the subjects to be motivated in learning for rewards 
given for every positive step in improving their attention span. It 
is also worth noting that if the reward falls short of the subject’s 
expectation, it may results in poor attention span of the subjects 
under this treatment protocol.  
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Abstract 
Public and private entities have cooperated in 

drawing up guides, databases and sites providing exhaustive 
and useful information to help disabled people to visit 
cultural heritage places and various interesting areas as easy 
as possible. Barrier-Free Design is rapidly becoming an 
integrated practice internationally in cultural heritage 
accessibility. Thus, this paper will explore and apply the 
universal approach as the means by which the cultural 
heritage sites could be modified into heritage conservation 
accessible for all users. Any changes to heritage places need 
to consider the impact on the values of the heritage itself. 

 
Set within Greater Mekong Subregion (GMS), 

there are six comprising countries. In this connection, the 
paper is based on three scenarios namely: Wonders of 
Natural Landscape, Built Heritage, and Historical Town. The 
lack of consultation with two groups of respondents, experts 
referring to those stakeholders with professional role to play 
in relation to the survey of spaces and non-experts who are 
the general public, is a contributing factor. Consequently, the 
methodology of this study involves the preference judgment 
scale, open-ended questions and illustrations. 
 

Keywords: Greater Mekong Subregion, Cultural 
Heritage Friendly, Heritage Attractions, Conservation, 
Barrier-Free Design, Disabled Accessibility 

 
Overview 
Many cultures cross borders have cultural 

dimension and people-to-people in the network cooperate in 
the region. It helps countries update their cultural policies 
and legislation affecting culture and provides targeted 
professional training. It encourages exchange transformation 
of the border from a line of separation into a place for 
communication between neighbors and multinational. 
(regional and international) cultural and professional 
networks. The global significance of the Greater Mekong 
Sub-region needs hardly to be debated. Indeed, as it has been 
for more than a decade as part of World Heritage List of 
Heritage site’s project on Cultural-Heritage-Friendly without 
Barriers (CHF-Bs). What constitutes physical evidence of a 

cultural-heritage-friendly without barriers? Physical 
evidence of cultural-heritage-friendly sometimes may be 
found in the form of cultural-crossing borders in the 
application and practices of “Design for All”. Physical 
evidence can link communities with the attitudes and values 
that have helped shape the environment. The 
interconnections between the past, present and future give us 
a sense of continuity and belongingness. As such, 
consideration is given not only to
alternative method of providing the tourism services. It is 
important that such changes are accounted for accurately so 
that the physical and human processes at work can be fully 
understood as a prerequisite to all new facilities.  

 
 
 
 
 
 
 
 
 
 
 
   

Figure 1: The Mekong River basin comprises six countries 
 
General information about GMS 

Economic Corridors 
The Greater Mekong Sub-region (GMS) in 

Southeast Asia is centered on the region through which the 
Mekong River flows. From the Himalayas to its delta in 
Vietnam, the Mekong flows through Yunnan Province in 
China (PRC), Union of Myanmar, Laos People’s Democratic 
Republic (PDR), northeast Kingdom of Thailand, most of 
Kingdom of Cambodia and, eventually, Vietnam. The GMS 
has rich cultural heritage and 
history of the Subregion is deep, reaching back several 
thousand years. They clearly have an abundance of natural, 
cultural and historical resources that provide considerable 
potential for tourism development. Tourism is deemed by the 
individual government to be a vehicle for achieving 
economic growth and higher standard issues besetting the 
region.  

To develop and to promote Mekong as a single 
destination, it is offering a diversity of good quality for the 
development and management of the tourism sector. The 
nine prioritized areas of activities in this cooperation include 
transportation, telecommunications, energy, tourism, human 
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resources development, environment, agriculture, trade, and 
investment (The Greater Mekong, 2005).  

The development strategy focuses on an integrated 
approach within potentially specific economic corridors, 
particularly those already having definite plans and 
designations to construct transportation network system links 
in order to encourage effective private investment in trade, 
production (both agricultural and industrial), tourism and 
other services as well as to tangibly solve poverty and 
environmental management problems of the local people.  

 
 
    
 
 
 
  
 
   International Boundary  
   Mekong River 
   Greater Mekong Basin 
   GMS Boundary 
   Economic Corridors  

Figure 2: Economic Corridors and Priority Eco-regions in 

the (GMS) 

Accessibility and Cultural Tourism 
Friendly  

The industry of Inclusive-Cultural Heritage tourism 
is as an important market segments with many unexploited 
potentials. A rise of awareness for accessible tourism could 
be reached among tourist providers, tourism organizations, 
accessible environments, and heritage conservation 
organizations.  

The Inclusive Tourism is intended as the set of 
services and facilities capable of allowing with specific needs 
to enjoy a holiday and leisure time with no particular barrier 
or problems. Individuals with special needs could be elderly 
people, disabled individuals or with allergy problems, and 
those who need particular comforts and facilities during their 
travels. The relationship between disability and aging is 
undoubted and a challenge for the global tourism industry. 
Tourism seems as an important component of this quest for 
life experiences, and the tourism industry and government 
need to plan to incorporate the needs of the inclusive market 
over the coming decades (Hilt and Lipschultz, 2005; 
Mackay, 1997; McDougall, 1998; Mochis, 2008; Muller and 
Clever, 2000). 

The Cultural Heritage Tourism is traveling to 
experience the places and activities that authentically 
represent the stories and people of the past and the present. It 
includes irreplaceable history, culture and natural resources 
(www.culturalheritagetourism.org; Cultural Heritage 
Tourism, 2008; Fact sheet, Sept., 2008). Cultural heritage 
tourism has been an engine of growth over the last decades 
and has learned much from each other in developing 
strategies to design age friendly that grows forth into the 
future.    

Ergonomic, Barrier-Free, Universal Design 
considers a wide range of factors when offering guidance to 
insure products or services that are safe, easy to use, and 
efficient. Physical attributes such as size, weight, height, 
strength, skill, speed, and sensory abilities, along with 

thermal comfort, motion, vibration, posture and workload are 
analyzed, in an effort to increase performance, to prolong 
endurance and to reduce accidents. Ergonomics encompasses 
all human activities and relies on research and data of a wide 

Biomechanics, Environment Physics, Body Systems, 
Physiology, Applied Psychology and Social Psychology.  

Barrier-Free Design is developed during the Civil 
Rights and Disability Rights Movements by those trying to 
prevent discrimination against people with disabilities. 
Physical barriers were recognized as a hindrance to a 
person’s freedom. Barrier-Free Design now influences 
policies, design practices and law through the standardization 
of codes for access to the built environment. 

Universal Design strives to integrate all people, 
including those with disabilities, the elderly and children into 
our society. Changes required to accommodate the disabled 
actually benefit the whole population. Moreover, they can be 
achieved relatively and inexpensively with a little 
forethought. The principles of Universal Design established 
by the center for Universal Design were developed to insure 
products, systems or environment and were designed to be 
usable to everyone.  

The ergonomic, barrier-free design is the need of 
the hour especially in developing countries where there is a 
large aging population. The very expanse of the nation and 
the size of the population make the task of incorporating 
barrier-free universal design features in the natural and built 
environments daunting despite the best of intentions 
(www.dezignare.com/newsletter/orgonomics.html).     

 Barrier-free design “is an approach to the design 
of all products and environment to be used by everyone to 
the greatest extent possible regardless of age, ability or 
situation. It serves people who are young or old, with 
excellent or limited abilities, in ideal or difficult 
circumstances”.   

 
Principles, Issues, Challenges and 

Opportunities 
Project CHF-Bs under taken 
The undertaken project, CHF-Bs, is a classification 

of the different clusters, with a division into main themes that 
are represented by the clusters.  Their own characteristics and 
associated values (both tangible and intangible) with clear 
definition of zones are the following:    

Built Heritage covers all Architecture and Urban 
City of the UNESCO’s World Heritage lists Urban City 
Luang Phabang, Laos PDR and Ancient Town Zhongdian 
(Shangri La) Yunnan China (RPC) 

Tangible Heritage scheme is the physical evident 
of the Historical Town: UNESCO’s World Heritage lists 
Ayutthaya, Kingdom of Thailand and Ancient Religious 
Cities Bagan (Pagan), Union of Myanmar 

Natural Landscape is a part of Nha Trang Beach, 
Nha Trang City Vietnam and Viney Jungle Kabal Spean, 
Siem Reap, Kingdome of Cambodia.  

Identification and management of sites according 
to these themes would allow for a broad spectrum and 
subsequent of important aspects related to CHF-Bs.  
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 The project proposes to address the three aims 
of:  1. Greater Mekong Sub-region (GMS) site's 
institution incapacity to develop its national site inventory;   
 2. Undertaken site recording activities in support of 
the “Accessible to Heritage Sites” 
 3. Making recommendations regarding the 
management of the GMS sites, including any further research 
and/or consultation that may be required during or after the 
work components of the project. 
 
 The preliminary fieldwork component of the 
project is correcting primary data. The project has various 
activities that have contribution to the site management 
process. The fieldwork component’s purposes and scopes of 
the contract are to:  
 1. Document all discussions and decisions by 
groups or individuals, including any limitations to 
information; 
 2. Identify sites and study areas that contain 
physical evidence of part of cultural heritage occupation and 
use; 
 3. Document any recommendations and public 
voice by international organization, state council, heritage 
council, local council, historical society, architect, 
conservation professional and people with disabilities; 
 4. Document any other relevant cultural heritage, 
heritage conservation, inclusive tourism and universal design 
issues; 
 5. Record assessment of sites, and significance and 
make recommendations regarding to the heritage 
management of these sites with specific reference to the 
proposed development; 

6. Analyze the above information. 
 
 
 
 
 
 

 
 
 
Figure 3: Fieldwork study for improving access to heritage 
sites along Greater Mekong Sub-region cross border  
 

The Receiving Environment: Detailed researches 
are only necessary where there are potential significance 
affected by the preferred route. In major cases, information 
about structure and features of heritage sites gathered merit at 
the earlier constraint of study, and route corridor selection 
study will be adequate for the assessment of impacts. In 
special survey of certain instances, some heritage sites need 
to establish a greater level of certainty about a feature and to 
allow a more defined mitigating strategy.  Survey is only 
likely to be required where a preferred route will be passed 
through, or within the setting of a heritage feature or area of 
significance, and where insufficient data or document about 
feature is known. The receiving environment is aesthetic, 
historic, scientific and distinctive of social value for past, 
present or future generations.  

 
 

The Themes for Practice Guideline  
 The Criteria and Objectives 
 History as Guiding Principles 
 The first and the most distinctive element in the 
cultural tourism is the significant history. Historic points of 
interest of destinations for heritage tourists must be taken 
into consideration in any developmental procedure. The 
considerations mean that heritage conservation principles 
become important to spatial planning policies requiring the 
following: 

- Citizens and others to value the heritage as an 
important element in the public debate for 
development plans to incorporate heritage 
preservation.  

-  Local administrations not to trust heritage 
conservation to a single department but all 
departments related to planning to take their 
share of responsibility.  

- Historic city government to become capable 
of intervening forces to defend in the market.     

   
 Conservation  
 In cultural heritage, conservation has been enlarged 
and has deepened concept of environment protection. Taking 
heritage protections as an integral component of the 
sustainable development of human society has become a 
public consensus. As the top-rate group of the targets placed 
under heritage protection, the heritage sites in particular have 

affection of all people with their high universal values. The 
heritage treasure has made outstanding contribution to 
worldwide heritage protection, environmental protection and 
sustainable social development. Construction of extra 
facilities is important for visual impact related to county 
development plan.        
  
 Access for All 
  “Access”  is a widely means of approaching, 
entering, exiting, access to and within any building or site, 
and access to all facilities and services and to any 
communicate information. Access solution will be unique to 
each historic building. The objective is to provide a barrier- 
free environment for all visitors. Consequently, standard 
design adopting processes, which combine an understanding 
of the principles of access and heritage, will assist managers, 
users and designers to achieve effective solution. Providing 
access to heritage sites for people with disabilities (PwDs) is 
required under the “Disability Discrimination Act”. 
Nevertheless there is also a need to conserve our heritage 
places and not to alter them in any ways that adversely affect 
their significance.    
 Heritage sites share some common issues related to 
inclusive tourism and its development, with other type of 
general approach. They include:  

 Review the significance of the place and 
identify the elements of greatest significance. 

- Survey the identified barriers to access for 
people with range of disabilities.   

- Undertake an access audit to determine 
existing and required levels of accessibility. 

- Evaluate access options within a conservation 
context. 
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- Prepare the access policy or action plan. 
- Implement the necessary action.  

  
 Social Involvement 
 The long-term success of cultural heritage and 
inclusive tourism strategies depends on the involvement of 
citizens in the identification and protection of the heritage if 
in their city; in particular location, the perception of cultural 
heritage identifies elements.  The strategies must be 
developed to persuade society to accept and to identify with 
cultural heritage and inclusive tourism and its defense as 
summed up in the “Improving the Cultural-Heritage-Friendly 
without Barriers (CHF-Bs)”. The strategy takes into account 
the economic efforts made by private individual and the 
limitation that the natural and built heritage and its properties 
impose on its use. The strategies will require the support of 
the related national, provincial, and local governments; the 
private sector; and development partner, including non-
government organizations, mass organization, multi-and 
bilateral financial institutions, and donor agencies. At the 
same time, a policy of technical training and information will 
contribute to achieving technically suitable recovery actions, 
and social services must be established for the inhabitants of 
the cultural center in order to facilitate their involvement in 
pursing the proposed objectives.     
  
 Issues, Challenges+Opportunities 
 A comparative and qualitative evaluation of the 
relevant cultural heritage within each route corridor should 
be produced to assist in the identification of the preferred 
route option. The heritage impacts have to be seen in the 
broader perspective of other environment, engineering and 
socio-economic constraints.  
 
 The Single Destination Stakeholder  
 The marketing of the sub-region serves as a single 
destination, and monitoring cross border developments and 
movement tourist. Tourism services are not limited to visitors 
but are also offered to local residents that live and work in 
destination. Involving local resident in tourism does not 
necessarily mean greater expense. It is important to establish 
the cooperation among various stakeholders that are involved 
in tourism. Public authorities, private sector, and residents 
and their associations have different interests in tourism. 
Often it is very difficult to come to an agreement on how to 
develop tourism as the single destination. However, it is 
necessary to include all stakeholders in tourism development 
and planning to provide its sustainability. Who has good 
business connections and can obtain good and service at a 
more favorable price or help in fundraising for projects?    

- Who should be involved? 
- What are their roles? 
- What are their interests?  
- What/How can they contribute? 
 
Knowledge Based on Inclusive-Cultural 

 Heritage Tourism Entrepreneurs 
 In the present era of globalization, easy and speedy 
accessibility, as well as distribution of information, has 
brought such tremendous changes to every industry. The 
tourism is an activity that is not limited only to tourism 
industry but involves, directly or indirectly, other economic 
activities too. The importance of tourism and its impact on 

economic, social and spatial environment varies across 
destinations. There are destinations where tourism is the 
largest income generating and provides most of the 
employment. In such destinations, tourism gets considerable 
attention from local authorities that are heavily involved in 

Industry as an important activity and services here has 
developed to such as extent that tourism plays only a 
marginal role in the economy. The majority of tourism 
destinations fall among these extremities, including 
inclusive-cultural heritage tourism. Supporting inclusive-
cultural heritage entrepreneurs, business owners, self-
employed artists and artisans and others as legitimate and 
important to local economics should be part of training 
programs developed by the cultural heritage tourism industry 
and health department.      
 This also includes the tourism service where the 
role of inclusive tourism has become of great considerable 
importance. This is clearly seen from its role in resourcefully 
facilitating tourists' accessibility to cultural heritage tourism. 
Tourism entrepreneurs or service providers also utilize 
training program services to provide the necessary 
information contributing to business knowledge which 
eventually leads to the transaction of business. All sectors 
should cooperate in encouraging university or college arts 
admission and tourism management programs, both 
undergraduate and graduate programs, to develop and 
integrate curricula addressing inclusive-cultural heritage 
tourism and entrepreneurship. This will, thus, bring a mutual 
understanding leading to more travel to the region, which 
coincides with the inclusive-cultural heritage-marketing plan 
in the progressive development of the tourism industry for 
the future.    
  

Conclusions 
Improving access to heritage sites tackles very 

difficult issues such  that it should be great practical help to 
all those responsible for proving access and interpretation to 
culturally significant places. In conclusion, good design 
improves accessibility for all users who may benefit from 
tourism services without discriminating factors. To ensure 
balanced recognition of the users’ interests, guidelines for 
conservation planning are deemed necessary to eliminate 
disabled access.  Access for all heritage areas is provided 
equally to all types of users who want to enjoy and to 
appreciate leisure in a friendly environment depicting 
distinctive traditions. Universal design that offers equal 
accessibility to all types of users aims to upgrade heritage 
places and to raise awareness on the significance and value 
of Cultural-Heritage-Friendly 
Travel and Leisure Holidays at an international level. 
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ABSTRACT 
This paper presents an initiative taken in Pakistan for the 

rehabilitation of the deaf community, enabled by the use of 
technology. iPSL is a system that primarily aims at facilitating  
communication between the hearing and the deaf community in 
Pakistan. There is a twofold approach to achieve this. The first 
dimension is to implement a system that can translate signs made 
by deaf into natural language sentences. The second dimension is 
to implement tools that enable hearing people to understand and 
learn sign language by converting natural language sentences into 

sign language. This paper presents the progress made in the project 
so far in terms of design, implementation and evaluation. 

Keywords 

Pakistan Sign Language, Rehabilitation, Communication 

1. INTRODUCTION 
We live in a world where a large number of people do not possess 
the ability to hear or speak. According to the last census 7.4% of 
the disabled population in Pakistan is deaf, a significant number 
for its large population [1]. The real-time communication between 
the deaf and the hearing requires the need of a human translator, 

which is costly and inconvenient. Thus, we are left with a world 
where there is an enormous communication gap between these two 
groups. 

The purpose of iPSL is to eradicate this gap by providing a holistic 
system that enables seamless communication between the two. 
iPSL is a generic sign language communication system which can 
work for any type of sign language. However, the main target of 
iPSL is to enable automated communication in Pakistan Sign 
Language. Pakistan Sign Language (PSL) is a gestural language, 
much like any other sign language, designed for the people of 
Pakistan suffering from hearing disabilities. The reason for 

choosing PSL is the fact that, till date, very little amount of work 
has been done towards the automation of communication in PSL 
[10]. There are only a few projects such as ICT Assisted Learning 
Tool [1] that are worth mentioning in this regard. However, even 
these have many technical limitations and are of very limited 

commercial use. 

A complete and comprehensive sign language communication 
system poses two major research challenges. The first challenge is 
the conversion of sign language gestures into natural language 
sentences, i.e. sign-to-text conversion. The second challenge is the 
conversion of natural language sentences into signed gestures, i.e. 
text-to-sign conversion. Considering the complexity of these two 
components, researchers have dealt with them separately.  

Significant work has been done in the domain of sign-to-text 
conversion for the rehabilitation of deaf community across the 

globe. Some of the noticeable ones include work by [5], as it 
attempted to classify both static and dynamic gestures representing 
words and sentences from a 40 word vocabulary of American Sign 
Language (ASL). They used Hidden Markov Models and tested 
their technique on coloured glove based video input achieving an 
accuracy of 99% and on normal skin based video input achieving 
an accuracy of 92%.  Research by [6] attempted to classify ‘data 
glove’ based data of 52 static and dynamic gestures from 

Australian Sign Language. They used Artificial Neural Networks 
for classification and achieved an accuracy of 85%. The major 
weakness of this work is the use of  data glove which reduces the 
real time usability of this system to a great extent. Research by [7] 
presents a novel way of classifying skin based dynamic gestures in 
complex backgrounds, thus improving the real time usability.  
Their dataset included a 65 word vocabulary from Japanese Sign 
Language. They also used Hidden Markov Models and achieved an 
accuracy of 98.4%. An insight into these researches clearly 

demonstrates global efforts in the sign-to-text conversion domain 
that will lead to the ultimate goal of the rehabilitation of the deaf 
community.  However, in Pakistan no significant work has been 
done to develop realistic communication solutions for the deaf. 
The only effort worth mentioning is the “Boltay Haath” project [8]. 
Their classification mainly employed Statistical Template 
Matching and Artificial Neural Networks on glove based input 
data. The limitation of their work was the recognition of only 
alphabets with an accuracy of 80%. 

On the second track, for text-to-sign conversion, researchers have 
developed their domestic sign language interpretation tools. These 

tools translate text-to-sign for the purpose of communicating to the 
deaf and also provide an interactive means of learning sign 
language. One of the most mature products available is the AusLan 
Tuition System for Australian Sign Language (AusLan) [12]. One 
of the salient features of the AusLan tool is that the signs are 
performed by a 3D-avatar. To enhance the learning experience, 
they also provide the ability to view the sign being performed from 
different angles, and also allow user to control the sign being 
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performed. Another commercial product available is ASLPro for 
American Sign Language (ASL) [13]. ASLPro is also intended as a 
tutoring system. The main features include a dictionary, a testing 
section, and a language guide. The dictionary consists of signed 
words grouped into categories, and the testing section allows the 

user to test how much they have learned by being displayed a sign 
and having to choose the correct answer from multiple choices. 
The only well-known product available for Pakistan Sign 
Language (PSL) is the ICT Assisted Learning Tool [1]. Its main 
features include an electronic dictionary and a basic testing section.  

Realizing the limitations of the current work being done in 
Pakistan, this research presents iPSL as a two-way communication 
system that aims at enabling full participation of the deaf 

community in Pakistan. To cater for both, sign-to-text and text-to-
sign conversion, iPSL has two main components. The first 
component, vSpeak, enables the deaf to communicate with the 
hearing. The second component, vHear, enables the hearing to 
communicate with the deaf. vSpeak basically involves collection 
of sign language video feeds from the signer and then providing 
them as input to the system, which then extracts the required 
features from the video data. Once feature extraction is complete, 

the features are input to the Artificial Neural Network, which 
enables gesture recognition. vHear converts written text to signs by 
selecting and playing relevant videos so that the user can see the 
signs being performed visually. This interface also enables 
interactive learning of sign language. vHear and vSpeak together 
aim at realizing iPSL’s aim of enabling communication for all. 
Section 2 describes the detailed design features of both vSpeak and 
vHear followed by the implementation design of both in Section 3. 

The paper concludes by dilating upon the future targets of iPSL. 

2. iPSL: DETAILED DESIGN 
This section presents the salient design features of both vSpeak and 
vHear. 

2.1 Sign-To-Text: vSpeak 
When humans see another person performing a hand gesture and 
identify what that gesture means, the actual process going on in the 
background is that the information regarding that whole scene, 
most importantly regarding that person’s hands, their shape, 
orientation, direction of movement, etc. is captured by the eyes, 
transformed into signals and fed to the neurons that transport them 
to the brain. It is believed that the brain processes this information 
on the basis of its associative memory and makes a decision about 

the interpretation of that gesture [14]. The objective of vSpeak is to 
simulate this biological process with the help of inexpensive and 
fast computing devices, which utilize state-of-the-art computing 
techniques to provide the deaf community with real time and 
human expert independent means of communication, not only with 
the hearing community but also to enable them to talk to machines. 
vSpeak simulates the complete natural process of sign gesture 
recognition by getting input in form of video feeds. The only major 
constraint presently, to avoid any noise in data, is the use of white 

gloves by the signer. Apart from this, the signer is assumed to be 
facing the camera with no prominent white color in the background 
except the gloves. In case of natural recognition process,  
algorithms running in the brain are believed to extract some useful 
and relevant features from the whole chunk of information 
provided to it which help it to make the decision [14]. These 
features are related to the information regarding the shape, 
orientation, location and movement of hands, etc. This means that 

the second step towards the simulation of the natural recognition 

process, i.e. towards the implementation of the vSpeak, is the 
extraction of useful features from the given input videos. 
According to Kendon, a single gesture is composed of three parts, 
which are preparation, stroke and retraction [15, 2]. Thus, the input 
video is first of all divided into frames from which 7 frames are 

selected. The reason for selecting 7 frames is that it was observed 
using a trial and error method that the maximum information 
regarding a gesture is captured by selecting 2 frames from the 
preparation stage, 3-4 from the stroke phase and 1-2 from the 
retraction phase. The feature extraction step itself is divided into 
three stages. The first stage requires the detection of hand regions 
in these frames. 

To achieve this, the white color is detected from each frame, which 
results in an image with labeled white regions of hands and several 
other smaller white regions which may be present in the frame. At 
the second stage, to segment out the hand regions, the properties 

such as the size, location, centroid, etc. are calculated for all the 
labeled regions. After calculating these properties the biggest two 
regions crossing a certain threshold of size are recognized as the 
hand regions. This is possible because of the constraint that there 
should be no prominent white color in the video except for the 
hand gloves. Thus, the hands are segmented out from the whole 
image. The segmentation of hands leads to the final and the most 
important stage of this step, which is the extraction of useful 

features from these segmented hand regions. Researchers have 
come up with numerous techniques to extract different types of 
features which can help the system to not only distinguish between 
gestures but also to correctly recognize and classify them. In 
context of this research the technique used here has been inspired 
from the work of [3]. They have utilized edge detection filters to 
detect the edges of the hand regions from static images and then 
have applied Hough transform on the detected edges for extracting 

various features of hands. The results demonstrate the extraction of 
214 features per image. However, their technique is confined to 
static images [3]. 

vSpeak employs a similar but computationally simpler and novel 
technique for the feature extraction step, which is designed for 
dynamic gestures rather than just static ones. After the hand 
regions are segmented out from the frames and their properties 
calculated, the isolated images of the hands are constructed from 
the original input frames. Next, Canny edge detection filters [4] are 
applied on these isolated images of the hands to get the edge 
detected binary images of these hands. Canny filters are applied as 

they give better results as compared to any other filters and even 
detect the minute edges (some thresholding is also used to filter out 
unwanted or noisy edges) [4]. These edge detected images are then 
resized to a uniform size of 75 by 75 to cater the problems of 
different hand sizes using nearest neighbor algorithm. These 
images give clear details about hand shapes, their orientation and 
fingers on the basis of which the human brain can distinguish and 

component of vSpeak. These uniform images are then extracted 
from each frame for both hands, resulting in 14 such images for a 
complete gesture (thus a 14 image feature vector). The only 
backdrop of this technique can be that the input size to the 
recognition component will be huge. vSpeak caters for this issue 
by designing the recognition component that minimizes the 
negative impact of the large input data. Figure 1 demonstrates the 
complete stage-wise pictorial layout of the feature extraction phase 
of vSpeak. 
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Figure 1: Feature Extraction Stages of vSpeak 

Just as the brain is believed to utilize these features to recognize 
the gesture based on  previous knowledge, vSpeak makes use of an 
Artificial Neural Network, which is designed on exactly the same 
lines as the working inside the brain is believed to take place [14]. 
vSpeak’s recognition component is based on a back propagation 
feed forward neural network [3] with hidden layers. The input to 
this neural network is the feature vector in the form of bits of the 

14 images for each gesture and the output is the name (a unique 
value in binary format) of the class of a particular gesture. The 
neural network is trained first with the help of training data to build 
its associative memory. This memory then helps to classify an 
unknown feature vector. The neural network also provides a 
solution to the probable drawback related to the huge input size as 
it only takes time during the training phase, whereas the 
recognition phase just makes the use of the associative memory to 
adjust and match the weights. Therefore, a huge input size 

wouldn’t make any difference in the complexity of the technique. 
Hence vSpeak simulates the whole process of human gesture 
recognition using trivial hardware and efficient Digital Image 
Processing and Artificial Intelligence techniques. 

2.2 iPSL: vHEAR 
The motivation behind this component is to fulfill the bi-
directional requirement of the real-world communication problem 
between the deaf and the hearing. For the deaf to communicate to 
the hearing what is needed is a sign language recognition system; 
and for the hearing to communicate to the deaf, what is needed is a 
system that translates natural language sentences into sign 
language. The major focus of the iPSL project is to contribute 
towards the development of the former, in which heavy research is 

on-going due to the lack of a suitable tool for deployment in the 
real world. vHear focuses on the facilitation of the latter. As 
mature tools already exist for other languages but not PSL, the 
initial focus would be to make this tool useful for learning PSL. 
However as software engineers our motivation is to develop a 
generic tool that can work for any back end sign language. vHear 
is being developed in a way that it can be used for multiple 
purposes – the major two being: enabling people to learn sign 

language interactively, and allowing the hearing to communicate to 
the deaf. vHear will also be customized for uses such as education 

for deaf kids and handheld accessible application acting as a tourist 
guide. The interface has been kept simple for ease of use as it is 
targeted for all age groups. The colors used are simple to provide a 
likable and comfortable environment for the user. All the main 
features are accessible directly from the main interface and 

positioned for easy access as can be seen in Figure 2. The default 
interface is in Urdu, but it can be switched to English by selecting  
appropriate Interface Language radio button. This is to cater to 
those who may not be fluent in one of the languages. 

 

Figure 2: vHear Basic Interface  

An editable text field is the key means of input. By default the 
input language is set to Urdu. The selection of the appropriate 
Input Language radio button allows switching the input language 

between English and Urdu at any time. The guide to the mapping 
of the Urdu keyboard is conveniently placed on the main screen 
and the mapping is phonetic to make it easy to use and remember. 
A pop-up Urdu Keyboard has also been provided for ease of use in 
typing. Play and stop buttons are provided to give control over the 
video playback. The text field maintains input history for each 
phrase that was attempted to be played. These phrases can be 
viewed and selected from via a drop down button at the end of the 

text field. A clear button is also provided to erase this history and 
the current text field value. A suggestions list is also provided, 
which is dynamically updated as to what the user might mean as 
they type. A dictionary is provided to the user to show which 
words are available for playback. This list is directly extracted 
from the data source. A filter is provided to the user to search 
through the dictionary to locate words and the list is dynamically 
updated from the data source according to what the user is typing 

in the filter. A list of common phrases sorted into various 
categories is also provided to the user. This list is also extracted 
from the data source. The list can display all phrases from the data 
source or only the ones belonging to a selected category. 
Add/Remove functionality is also provided. A user can add a new 
category and can add a new phrase to an existing category. 
Similarly, a user can remove a phrase from a category and can 
remove an entire category and all its phrases. A default data source 
is provided and already selected. This data source contains a 

sufficiently large collection of words for the dictionary, and a 
sample selection of common phrases and categories. The user can 
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select their own data source at any time and similarly can also 
switch back to the default data source whenever they please. A 
language guide is provided that helps in the learning of signs, by 
providing signs in form of pictures and explanations as to how the 
signs are to be performed. 

3. iPSL: IMPLEMENTATION DETAILS 
The prototype implementation for vSpeak is complete and the 
software components are still under development. MATLAB is 
being used as the development platform for these components. The 
development of feature extraction component is complete. The 

system takes input in the form of videos in ‘.avi’ format and 
outputs the edge detected standard sized images of hands. Work is 
underway on the development of the recognition component. As 
the target accuracy is at least 95% it requires rigorous training 
which is still underway. The platform used to develop the desktop 
application of vHear was C# .NET. Shockwave Flash Control was 
used to enable video playback. Due to the asynchrony of the calls 
placed by the Flash Control, along with other media controls, 

threading was used to enable playback of multiple videos in a 
sequence. The lack of support for Unicode strings by the Flash 
Control in C# led the design to be modified so that the physical 
files to be played were now named in English instead of Urdu. 
This problem was catered as a mapping for Urdu to English and 
vice versa was already created for the Urdu keyboard functionality. 
The Urdu files were named according to the English mapping and 
an initial symbol indicated whether the file was meant to be in 

English or in Urdu. To manage the translation between three 
languages, English, Urdu, and the English mapped Urdu, a generic 
converter was built for these languages. However, this mapping 
was to remain completely transparent to the user. The user only 
sees English and Urdu, courtesy of the converter. The dictionary 
feature extracts the file list from whatever the current data source 
is set to be, and converting any words that are in the mapping 
language, forms the dictionary of available words. The filter was 
created similarly to filter through the data source for desired files 

only. The categories and phrases were placed in a database file. 
From where they were simply extracted and queried when 
required. The same idea was used to implement the suggestions 
feature. The add/remove functionality was enabled in a way that 
all, English text, Urdu text, the English mapped Urdu were catered 
without the user being aware of any such mapping. The stop 
feature was added by managing the threads responsible for 
playback of the videos. The Urdu typing functionality was enabled 

by capturing the keystrokes and replacing them with the 
appropriate Unicode values. The keyboard feature was similarly 
added by placing the appropriate Unicode values in the last 
accessed text field. The language guide is again dependent on a 
provided data source, from where it searches through the files and 
folders to create a sensible hierarchy of the language guide for the 
users. The sections and subsections are dynamically generated 
according to the data source. As the user selects an item of the 
guide, accompanying text and/or image(s) are displayed. 

4. iPSL: CONCLUSION & FUTURE WORK 
This paper proposes the development of an end-to-end automated 
communication system, iPSL, for providing rehabilitation and 
accessibility for the deaf community in Pakistan. The reason for 
focusing on Pakistani deaf community is that minimal and 
ineffective work has previously been done for them. This end-to-
end system has two components; vSpeak for sign-to-text 

conversion and vHear for text-to-sign conversion. The 

development of iPSL was divided into two phases; first phase 
consisted of completing the prototypical design of both 
components, research and development of a novel technique for 
the feature extraction phase of vSpeak and a complete desktop 
based application of vHear, and the second phase consisted of  

completing the development of desktop based application for 
vSpeak by developing and testing techniques which mainly include 
Artificial Neural Networks and others such as Hidden Markov 
Models, etc. for gesture recognition, merging both vSpeak and 
vHear (with a single interface) to achieve the aim of developing an 
end-to-end two way communication system and then to customize 
this system for portable and mobile devices such as cell phones by 
using efficient programming frameworks and algorithms. All the 

objectives of the first phase have been achieved. The desktop 
application of vHear has been deployed in [9] and a constant 
contact has been maintained with [9] and [11] for their feedback 
and constant guidance about their requirements to be incorporated 
in the application. Work on the second phase is still underway with 
the aim of achieving all the above mentioned targets in next 2-3 
months. 
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ABSTRACT 

research studies on accessibility to local markets by people with 

develop a prototype of an accessible market for people with 

disabilities in Thailand by a selected market where people with 

disabilities often go as a case study.  Participants in this study 

consisted of a market owner, food stall owners, assistive 

technology specialists, general customers, and customers with 

disabilities.  Data were collected by observing environmental 

features in the market and interviewing several participants.  

Major findings indicated that people with disabilities could not 

access the market because of lack of accessible parking zone for 

people with disabilities, no ramps, walkways with obstacles, 

unsuitable public restrooms, no zoned area for the food court, and 

no standards for food stalls.  All inaccessible data were analyzed 

and a prototype for parking spaces, ramps, walkways, public 

restroom, food court, and food stalls were designed to make the 

market accessible. 

General Term 

Design 

Keywords 
Market, Food Stall, People with Disabilities, Accessibility 

1. INTRODUCTION 
Thailand initially had the first legislation related to persons with 

disabilities 17 years ago.  The second legislation of this kind was 

recently passed two years ago.  The first legislation was called the 

Rehabilitation of Disabled Persons Act, B.E. 2534 [5].  The aim 

was to open opportunity for persons with disabilities to go about 

their daily living, gain employment and participate in different 

activities in the society as equal as anyone else.  The second 

legislation was called the Promotion and Development of Quality 

of Life of Disabled Persons Act, B.E. 2550 [4].  The aim was to 

issue guidelines and improve methods to promote and develop life 

quality of persons with disabilities in accordance to current 

situation and specify mandates in terms of disability rights to 

prevent unfair discrimination.  Even though it has been 17 years 

since the passage of such legislation, disabled people in Thailand 

continue to face problems and barriers in terms of participation in 

different activities of the society and accessing the environment 

[3].  In addition, there were many research studies that expressed 

the need for basic information that would help disabled people to 

access different types of environment. 

An interesting research topic related to environment accessibility 

that had not been done is local markets accessibility for food 

purchases by disabled persons.  Most Thai people like to purchase 

food at local markets that are near home and offer cheap prices, 

items are new and fresh, and bargainable instead of going to super 

markets where items are sold with higher price and not 
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bargainable.  This research team therefore developed a model of 

accessible local market for persons with disabilities by selecting a 

market that people with disabilities often go there as the case 

study where the design was done with accessibility framework in 

mind.  Various aspects of the model included accessible parking 

spaces, ramps, walkways, public restroom, food court, and food 

stalls. 

 

2. Objective 
The objective of this study was to develop a prototype of an 

accessible market for people with disabilities in Thailand. 

 

3. Methodology 
This study was a qualitative study aimed at developing a 

prototype of an accessible market for people with disabilities in 

Thailand.  A case study of markets was purposely selected from a 

market next to a university that offers graduate and undergraduate 

programs for people with disabilities.  Students and staff often go 

there for buying food and grocery shopping.  Researchers 

assumed that food stall owners in this market were familiar with 

customers with disabilities.  Participants in this study consisted of 

(1) the market owner (2) food stall owners of seafood, meat, 

vegetables, fruits, flowers, spices, dried food, drinks, and ready to 

eat foods (3) assistive technology specialists (4) general customers 

and (5) customers with disabilities including visual impairment, 

hearing impairment, and mobility impairment.  This study was 

conducted from September 2007 to December 2008.  Data were 

collected between June and October 2008 by observing 

environmental features in the market and interviewing several 

participants.  Data were analyzed using content analysis.  The 

process of data collection was described as follows. 

In the first stage of data collection, researchers examined and took 

photos of environmental features which might cause accessibility, 

safety, and usability problems.  According to the observed data, 

researchers developed simulation pictures of a restroom and a 

food stall and interview questions. 

In the second stage of data collection, researchers interviewed the 

market owner and 30 food stall owners on problematic 

environmental features for customers with disabilities, as well as 

their experiences with customers with disabilities. 

In the third stage of data collection, researchers interviewed 7 

participants, including 2 blind customers, 2 deaf customers 

through a sign language interpreter, 2 wheelchair user customers, 

and a crutches user customer.  In this stage, participants were 

asked to complete shopping tasks in the market.  In order to 

simulate shopping behavior around the market, they were asked to 

buy fish, meat, vegetables, fruits, etc.; to use a public restroom; 

and to have a drink in a food court.  Two researchers accompanied 

each participant to observe accessibility, safety and usability 

problems.  The participants were asked to report problems that 

they found while they were shopping.  They completed an 

interview on their needs for market modifications. 

Researchers gathered comments from all groups of participants 

and developed simulation pictures of accessible parking spaces, 

ramps, walkways, a public restroom, a food court, and food stalls 

in the market by using Universal Design [1], ADA Accessibility 

Guidelines [7], and Thai body size [2] [6] as guidelines for 

designing. 

In the fourth stage of data collection, participants were then asked 

to view the simulation pictures and to give comments and 

suggestions for improving the proposed design.  Researchers 

conducted individual interviews with 11 customers with mobility 

impairment, 10 general customers, 3 assistive technology 

specialists and 8 food stall owners.  Researchers conducted a 

focus group interview with 9 customers with hearing impairment 

through 2 sign language interpreters.  People with visual 

impairment did not participate in this step because they could not 

view the simulation pictures. 

Data were analyzed and because of limited budget, it was decided 

to build only an actual size model of a food stall, and a model in 

scale of 1:10 for testing (see Figure 1). For the other parts of the 

market there were no models. 

In the fifth stage of data collection, three groups of people with 

disabilities evaluated the models in terms of accessibility, safety 

and usability.  Samples of surface materials were evaluated in 

terms of texture.  Participants included 3 blind and 2 low-vision 

customers, 6 hearing impairment customers, and 4 wheelchair 

user customers. 

Finally, the accessible parking spaces, the ramps, the walkways, 

the public restroom, the food court, and the food stalls in the 

market were redesigned following comments from participants 

and were presented in the form of simulation pictures. 

 

   

Figure 1 An actual model and a 1:10 model of a food stall 

4. Results 
The study focused on the needs of people with disabilities.  The 

environmental features in the study focused on accessible parking 

spaces, walkways, ramps, a public restroom, a food court, and 

food stalls in the market.  Information obtained from the 

observation and the participants is explained in the following 

paragraphs. 
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4.1 Problematic Features in the Market 
Data from the market observation and customer interviews 

showed that there were several problematic features which might 

be barriers for customers with disabilities.  The problematic 

features included no accessible parking space, steps without 

ramps at the main entrance, uneven flooring surface, wet and 

slippery walkways, and narrow and obstructed walkways due to 

goods and product placements.  Problematic features in a public 

restroom were steps at an entry, narrow turning space for 

wheelchair users, narrow doors, and squat toilets. 

Although customers with disabilities mentioned many  

accessibility, safety and usability problems, food stall owners and 

the market owner were not aware of these problems.  Some food 

stall owners reported that most customers with disabilities came to 

the market along with their assistants, hence there was no need for 

market alterations.  The market owner mentioned that the 

alteration of the public restroom should be done to serve the needs 

of customers with disabilities.  There was no need for alterations 

in other areas because the owner would assign staff to help the 

customers.  Some food stall owners were not aware of the 

presence of customers with disabilities, but one vegetable stall 

owner reported that she had customers with disabilities everyday.  

A calculator was an important instrument which helped to 

overcome communication problems between food stall owners 

and customers with hearing impairment. 

4.2 Accessible Parking Spaces, Walkways, 

and Ramps 
The market had no accessible parking space; therefore, 

researchers proposed a simulation picture of a parking space.  The 

proposed accessible parking space was conveniently located next 

to the main entrance with a wider space and a symbol of 

accessibility on the pavement.  The customers with disabilities, 

assistive technology specialists, and food stall owners agreed with 

the proposed accessible parking space except for an access aisle.  

The access aisle should be clearly painted on the pavement to 

indicate a walkway.  According to comments from specialists 

three additional accessible parking spaces should be provided on 

another side of the market. 

Walkways in the market were 1.90 meters wide.  The participants 

thought that the walkways were wide enough for maneuvering.  

The assistive technology specialists suggested that a market rule 

on no placement of goods and products in the walkways should be 

strictly enforced.  Customers with visual impairment did not need 

Braille blocks.  However, they needed 2-3 different textured 

flooring surfaces. 

There were different floor levels at the main entrance and the sub 

entrance of the market.  Researchers proposed simulation pictures 

of ramps in order to aid wheelchair user customers as well as 

goods delivery carts.  Wheelchair user customers, food stall 

owners, assistive technology specialists, and general customers 

preferred to have ramps at the entrances.  The general customers 

needed more ramps at other entrances for easy access.  The 

assistive technology specialists suggested adding a curb ramp with 

flared sides instead of a regular ramp because it would not 

obstruct traffic. 

4.3 Public Restroom 
The existing public restroom in the market had major problems 

affecting the usage of customers with disabilities.  Researchers 

proposed two options for the public restroom.  The first option 

included an accessible toilet room in the restroom.  The second 

option segregated an accessible toilet room from the restroom.  

Opinions of participants were diverse.  Although some 

participants felt that a segregated accessible toilet room showed 

discrimination, wheelchair user customers, assistive technology 

specialists, and food stall owners preferred the segregated 

accessible toilet room because wheelchair user customers did not 

want to obstruct other restroom users.  They needed privacy and 

they did not view it as discrimination. 

4.4 Food Court 
Researchers proposed a design of the food court with a separation 

between walkways and dining areas.  Two different floor textures 

were used in these two areas.  All participants agreed with the 

separation between walkways and a dining area.  Customers with 

visual disabilities needed textured surfaces such as non slippery 

floor tiles, different floor textures, and different colors. 

4.5 Food Stall 
Researchers proposed the first design of the food stall in the 

second data collection stage to gather comments from 

wheelchair user customers needed a reachable food stall because 

they preferred to select goods and food by themselves.  Customers 

with visual impairment did not need Braille signage because 

asking for a price was easier and faster than reading Braille 

signage.  Customers with hearing impairment needed price signs 

because food stalls without price signs created communication 

problems for them. 

Based on the results, researchers developed simulation pictures of 

food stalls.  Results from the fourth stage of data collection 

showed that customers with hearing impairment preferred a food 

stall with a color coding for each category of goods.  They did not 

like very vivid colors because their eyes were very sensitive to 

vivid colors.  They needed a sign with big characters in blue color 

on white background and a sign with food stall number.  

Customers with mobility impairments preferred the food stall with 

a recess for wheelchair users and price sign placement which 

located in the front of the food stall.  Assistive technology 

specialists and food stall owners would like to have price signs 

over goods instead of in the front of the food stall.  All 

participants liked color coding food stalls and style of the food 

stalls. 

The researchers built a model in scale of 1:10 and an actual size 

model of the redesigned food stall.  Results from the fifth stage of 

stall.  However, they needed a food stall with rounded corners and 

rounded edges in order to prevent injuries.  They needed price 

signs with bold characters and they also needed sufficient 

lighting. 
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5. Conclusions 
Data from observation and interviews were analyzed and used for 

designing an accessible market as follows. 

5.1 Design Recommendations 

5.1.1 Market Alterations 
Based on the findings, alterations of the market should be done on 

the following environmental features to accommodate customers 

with disabilities.  (1) Provide an accessible parking space next to 

the main entrance with a wider space and a symbol of accessibility 

and a clearly painted access aisle on the pavement  (2) Provide 

three additional accessible parking spaces on another side of the 

market  (3) Enforce strictly the rule of no placement goods and 

products on the walkways (4) Add curb ramps with flared sides at 

the main entrance, the sub entrance, and other entrances of the 

market.  (5) Provide two segregated accessible toilet rooms for 

males and females.  (6) Separate dining areas and walkways in the 

food court by using two different non slippery floor textures. 

5.1.2 Prototype Food Stalls 
A prototype food stall has 2.40 meters in length, 1.00 meters in 

width, and 0.85 meter in height with 0.45 meter recess for 

wheelchair access (see Figure 2).  A top shelf has a big stall sign 

and number which is easy for people with vision problems and 

rails for hanging goods.  Energy saving light fixtures are installed 

inside the top shelf to provide sufficient lighting for good vision.  

The food stall in markets should have special features which 

accommodate customers with disabilities as well as general 

customers.  These features include round edges in order to prevent 

injuries and a color coding which is easy to find for each category 

of goods; for example, using color blue for seafood, as well as 

price sign and trays for different types of food (see Figure 3). 

 

 

Figure 2 A prototype food stall 

 

    

Figure 3 Prototype food stalls with adjustable trays and 

different colors 

 

 

5.2 Recommendations for Future Research 
The researchers found that a few participants did not understand 

simulation pictures of a redesigned market and redesigned food 

stalls which were shown in the questionnaire.  In future studies, 

animations of redesigned environments should be conducted 

along with the simulation pictures to gain better understanding.  

Participants in this study were limited to only people with visual, 

hearing, and mobility impairment; therefore, further studies 

should be focused on other groups of people with disabilities, as 

well as elderly customers in order to accommodate people of 

various ability levels and age groups. In addition, a safety system 

and alarm systems in the market especially for people with 

disabilities should be studied. 
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ABSTRACT
This paper discusses REAT institute’s experience in developing 
alternative  digitals  hearing aids  targeted  for  rural  usage,  where 
desirable  features  such  as  cost-effectiveness,  ease  of  use  and 
maintenance,  and  fully  digital  processing  capability  are 
imperative. The result shows that modern technology has reached 
the  point  where  locally  developed  solutions  that  are 
complementary to  existing  products  are  feasible.  Technological 
capability, however, is only part of the solution. Any successful 
hearing  rehabilitation  program,  however,  will  also  need  strong 
leadership from doctors and audiologists, who are the professional 
experts, and a good servicing model

  

Categories and Subject Descriptors
J.3 [Lift and Medical Sciences]: Health

General Terms
Algorithms, Measurement, Performance. Design

Keywords
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1.INTRODUCTION

At present more than 10% of world population has hearing 
difficulties [1]. The usage of hearing assistive devices such as the 
hearing aids, however, has not been widespread [2-4]. Even in the 
US,  less  than  25% of  those  who could  benefit  from using  the 
hearing  aids  actually  own  them.  Historically,  this  was  due 
partially to the analog technology that could not quite provide the 
owners with satisfying results. Modern hearing aids increasingly, 
however,  employ  digital  technology  that  shows  significant 
improvements in terms of performance. Many advanced features 
that  were  not  available  in  analog  technology  are  now  being 
realized  using  digital  signal  processing  (DSP)  technology. 
Unfortunately  these  devices  come  with  higher  prices,  making 
users, especially in the developing countries less likely to be able 
to benefit from using the devices.

 
In  principle,  hearing  aids  are  devices  that  amplify  and 

customize incoming sound signals to meet specific requirements 
of each hearing impaired [5]. Ideally a hearing aid should be able 
to amplify sound with a different gain for each frequency band of 

interest  within  the  auditable  frequency range,  and  to  suppress 
sounds  determined  to  be  mere  interferences  or  noises.  Earlier 
generations  of  hearing  aids  were  based  on  analog  technology. 
Because of the limit in the capability of the technology itself, the 
analog aids were generally only capable of simple amplifying of 
all the received sounds without being able to discriminate between 
the source and interference, or provide different gain for different 
frequency. Functions such as automatic gain control (AGC) were 
provided  for  more  comfort  listening  by  preventing  over 
amplification.    Latter  versions  of  the  analog  aids  improved 
slightly but still only provided limited functionality in frequency 
discrimination.

Digital hearing aid, on the other hand, picks up the sound via 
its  microphone(s)  and  converts  it  into  the  digital  form that  is 
processed  according  to  predefined  DSP  algorithms tailored  for 
each  patient’s  requirements.  The  modified  signal  is  finally 
converted back to the analog form for the receiver to convert it 
into sound waves and send them directly into the ear. Through 
this process, precise amplification characteristics desired can be 
achieved. Today, there are various types of the hearing aids (both 
analog and digital) on the market, from body aid (or pocket-type), 
to BTE (behind-the-ear), ITE (in-the-ear), ITC (in-the-canal), or 
CIC (completely-in-the-canal) [5]. These readily available devices 
cover extensive ranges of both price and performance. Still, it is 
believed that could be demands for alternative hearing aid devices 
that are not readily available on the market. This can particularly 
be true in developing countries where desirable features such as 
cost-effectiveness, ease of use and maintenance, and fully digital 
processing capability are imperative.

Based  on  this  reason,  the  Rehabilitation  Engineering  and 
Assistive Technology Institute  (REAT),  as  a unit  of Thailand’s 
National  electronics  and  Computer  Technology  Center 
(NECTEC) –the country national  research center  on electronics 
and  computer  technologies,  has  targeted  specifically  research 
program on technologies for hearing loss rehabilitation as part of 
its  strategic  researches  that  aim  to  widen  the  accesses  to 
appropriate electronics and ICT technologies for the disabled and 
elderly people in the country. Within this program, cost-effective 
digital hearing aids appropriate for rural usage are developed as a 
proof-of-concept  with  a  view  to  transfer  knowledge  and 
intellectual  properties  built  up  to  local  partners  to  meet  its 
objective  of  helping  widen  the  access  to  cost-effective  digital 
hearing  aids  within  the  country.   Details  of  the  development 
program  and  related  technical  discussions  are  given  in  the 
following sections.
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2.THE DIGITAL HEARING AIDS 

Two digital hearing aids prototypes have been developed in 
this work. The first prototype is a BTE version. For a typical user, 
the  size  and  appearance  of  the  device  is  one  of  the  major 
concerns, and the BTE can be considered to me the largest type 
acceptable.  The BTE style is  picked for  the  program, as  when 
compared to the ITC or CIC, the BTE’s reasonable  larger size 
means lesser constrains on the possible DSP features that can be 
implements.  It  can  also  accommodate  a  larger-size  battery  for 
longer operation time. The ITC or CIC are also more expensive 
because  of  their  sizes,  and  are  usually  for  those  who  are 
appearance-  conscious.  REAT’s BTE hearing aid  is  built  using 
application-specific standard products such as low-power mixed-
signal DSP chip and low-noise microphone. The BTE hearing aid 
has the following features;

• Behind-The-Ear (BTE) type
• Fully digital
• 2-channel WDRC
• Serial programming
• Trimmer optional
• Up to 4 programmable memories
• Output-compression limiting
• 1.4 V, 675 battery
 

Figure 1: REAT’s Behind-The-Ear digital hearing aid

Another type of digital hearing aid has also been developed, 
which is a pocket-type device. Even though it can be considered 
old-fashioned,  the  feedback  that  was  gathered  from  users, 
especially those in the rural areas, suggests that there could still be 
demands  for  a  pocket-type  device  which  is  considered  more 
robust to extreme conditions and easier to operate. The key is to 
provide a digital processing quality while offering minimum cost 
of  maintenance.  The  body aid  device  developed  (Figure  2),  is 
fully digital,  as opposed to analog hearing aids available in the 
market, and is powered by one AAA battery. Other features are 
similar to the BTE version.   

Figure 2: Pocket-type digital hearing aid

3.FITTING SOFTWARE

Each hearing aid needs to be firstly fitted by an audiologist to 
meet  different  acoustic  requirement  of  each  patient.  A typical 
hearing aid fitting process may involve measuring and recording 
hearing loss characteristic of the each patient in the form of an 
audiogram and then tuning the device amplification characteristics 
accordingly based on preferred fitting formula. The hearing aids 
developed can be tuned manually using trimmers, or via software 
by connecting the hearing aid using the socket provided with the 
computer installed with the fitting software. The fitting software 
for  the  REAT  hearing  aids  is  customized  for  Thai  language. 
Example  windows  showing  patient  information  recoding  and 
fitting  adjustment  are  illustrated  respectively  in  Figure  3  and 
Figure 4. 

Figure 3: Patient information form 
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Figure 4: Fitting the hearing aid

4.TESTING AND EVALUATION

As with other  electrical  and medical  appliers,  commercial 
hearing aids need to have gone through various standardized tests 
before it can be made available to the public. The main objectives 
are to make sure that first and foremost the devices will not harm 
the users, and secondly the devices will perform according to the 
claims  made  by  its  manufacturer.  Testing  electroacoustic 
performance  of  hearing  aids,  in  particular,  serves  two  general 
purposes:  1) to verify that an instrument is functioning properly
—according to the manufacturer’s specifications; and 2) to verify 
that an instrument is functioning appropriately—according to the 
auditory needs of the wearer [6-7].  In the first case, because of 
hearing aids are to be used by human,  the devices need to be 
objectively  proven  that  they are  safe  to  wear and as much as 
possible  that  they  can  provide  relevant  functions  such  as 
amplification  gain  that  will  be  useful  for  hearing  impaired. 
Testing in the second case, on the other hand,  is done after the 
device  is  fitted  to  the  wearer,  with  real-ear  measurement 
preformed  to  confirm  that  the  electroacoustic  characteristics 
during actual usage are as intended. For REAT hearing aids, it is 
imperative to be able to appropriately demonstrate its capability 
against  these  testing.  Within  the  scope,  the  International 
Electrotechnical  Commission  (IEC)  and  American  national 
Standards  Institute  (ANSI)  are  arguably the  two world leading 
organizations for standardization of electroacoustic measurements 
in hearing aids. The important sets of standards are the IEC-118 
(IEC60118-7) and ANSI-322 (ANSI S3.22) which cover most of 
the tests required for quality assurance purposes. There are similar 
to  a  certain  degree,  and  usually  a  hearing  device  certified  for 
compliance with at least one of the standards should be sufficient.

REAT has set up its own electroacoustic testing facility that 
can  support  electroacoustic  measurements  according  to  the 
requirements  set  by  the  standards  (Figure  5).  For  the 
measurements, the hearing aid needs to be measured in a sound 
proofed environment (usually in an anechoic box). The device is 
connected to a 2CC coupler that simulates simple ear volume. The 
hearing aid receives reference signal via a calibrated speaker and 
outputs  amplified  sound  that  is  detected  by  the  measurement 
microphone via the coupler.  The result  is  processed to  provide 

corresponding  elctroacoustics  data  of  the  device.  All  necessary 
test parameters such as exact placements and angles between the 
devices and signal strength or characteristics are all specified in 
the standard.

Figure 5: Testing setup

Figure 6: Hearing aid under test

The two digital  hearing aid prototypes,  one behind-the-ear 
and one pocket-type have successfully passed in-house laboratory 
tests  following  the  ANSI  S3.22  electroacoustic  measurement 
standard.   An example  of  the  measurement  report  is  given  in 
Figure 7. The material-plus- manufacturing cost for each device is 
approximately 100 US dollars.  The ongoing step is field-testing 
the devices at its collaborating local hospitals. The scope of the 
work is  also  being  expanded  to  other  important  areas  such  as 
hearing  aid  testing  and  evaluation  for  quality  assurance  and 
hearing screening technology (hearing loss prevention).  

HFA-OSPL90 114.9 dB

Max OSPL90 121.4 dB

HFA FOG 50dB 41.5 dB

Reference test-gain 37.9 dB

Low freq cut-off < 200 Hz

Measurement results
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High freq cut-off 5.0 kHz

Frequency response 
margin

1.2 dB

THD@500 Hz, 70dB 0.6 %

THD@800 Hz, 70dB 0.2 %

THD@1600 Hz, 65dB 0.9 %

Equivalent Input Noise 31.4 dB

Current Drain 1.0 mA

Attack time 1.6 ms

Release time 456.9 ms

HFA-SPLITS 119.0 dB

STS 19.0 dB

Figure 7: Measurement results

In  summary,  in  this  work,  a  behind-the-ear  (BTE)  and 
pocket-type hearing aid prototypes have been developed.  The aim 
was to provide a proof-of-concept that fully digital hearing aids 
can be developed in-house such that eventually hearing aids based 

on  local  technology  may  be  offered  as  an  alternative  to  the 
imported brands.  The devices developed consist  of application-
specific standards products and are designed for rural usage. From 

 
tasted  for  both  electrical  characteristics  and  electroacoustic 
characteristics using industry standard measurements such as the 
ANSI S3.22, for which a test facility has been set up to support. 
Currently, the devices are planned to undergo small clinical trials, 
with a view to confirm its functions and compatibility with human 
usage. 

5.CONCLUSION

Two digital  hearing aids prototypes  suitable  for rural  usage 
have been developed in this project. The devices are aimed to be 
cost-effective, easy to maintain, and robust against extreme using 
conditions. The result indicates that technology has also come to 
the  point  where  locally  developed  solutions  that  are 
complementary to  existing products  are  feasible.  Technological 
capability, however, is only part of the solution. Any successful 
program  will  need  strong  leadership  from  doctors  and 
audiologists,  who  are  the  professional  experts,  and  a  good 
servicing model..
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ABSTRACT 

The National Social Equality in Information and Communication 

Technology Master Plan provides a three-year road map for 

bridging the digital divide, supporting the use of assistive 

technology and promoting the creation of an assistive technology 

industry so that the disabled in Thailand will be able to afford the 

acquisition of the assistive technology. After the first year of 

implementation, 42% of the Year 1 projects have been 

implemented, with satisfactory results. The main output has been 

the training of 150 web designers who can handle the redesign of 

government websites to conform to the WCAG 1.0 standard at an 

AA conformance level. Three government websites have been 

transformed to attain AA conformance as initial pilot projects.   

Categories and Subject Descriptors 
K.4.1 [Computers and Society]: Public Policy Issue – 

Regulation, K.4.2 [Computers and Society]: Social Issue – 

Regulation Assistive technologies for persons with disabilities. 

 

General Terms 
Management, Standardization, Legal Aspects. 

 

Keywords 
Strategic Plan, Accessibility policy, Digital divide, Web 

accessibility, Assistive technology. 

 

1. INTRODUCTION 
To execute the National Social Equality in Information and 

Communication Technology Master Plan, or the Strategies for the 

Digital Divide Strategic Framework 2008-2010, the Ministry of 

Information and Communication Technology (MICT) proposed 

four main strategies and 16 projects [1] to the Royal Thai 

Government which were approved in 2007. In line with the 

National Economic Development Plan 2007-2011, the National 

ICT Master Plan 2002-2006 [2], and the Quality of Life for 

Disabilities Act 2007 [3], the National Social Equality in 

Information and Communication Technology Master Plan was 

developed to lessen the digital divide in Thailand. With the master 

plan in effect since 2007, the Ministry of ICT has put all its efforts 

into implementing each of the schemes, with the objective to 

bridge the digital divide, support the use of assistive technology, 

and promote the creation of an assistive technology industry, 

hence helping to build an equitable society in Thailand. This plan  

mainly addresses the issue of ICT accessibility for the 

underprivileged, the disabled, and senior citizens. This strategic 

plan was designed with implementation in mind. Most important 

of all, it also specifies the participation of other agencies, the 

mechanism for follow-up, and the key performance indicators 

(KPI) for evaluation. 

This paper will briefly summarize the framework for building 

social equality in ICT, and the first-year implementation status. 

2. BACKGROUND 
The Ministry of ICT, which is in charge of promoting the use of 

ICT in improving government efficiency, providing better services 

to citizens and businesses, and bridging the digital divide, has 

developed several strategic projects that were executed during the 

past few years. Specifically, in 2008 the ICT proposed a strategic 

plan for social equality, which has become the cornerstone of 

increasing ICT accessibility for all citizens, and promoting 

research and development of the local assistive technology 

industry.   

This therefore necessitates a practical, implementable strategic 

plan, in accordance with the 3rd National Plan in Improving 

Quality of Life for Disabilities 2007-2011, which provides a 

framework for increasing web accessibility and assistive 

technology deployment. This strategic framework is also 

supported by the 10th National Social and Economy Development 

Plan 2007-2011. The ultimate goal is to implement measures that 

recognize the right of the disabled to social participation with 

equality and dignity, without any barriers. 

The 3rd National Plan in Improving Quality of Life for 

Disabilities 2007-2011 defines four strategies, as follows [1]: 

1. Managing systems for improving the quality of life of the 

disabled. 

2. Strengthening organizations that assist in improving the 

quality of life of the disabled. 
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3. Developing the right attitude for families and society towards 

the disabled. 

4. Promoting a barrier-free environment for the disabled.  

These four strategies have had a significant impact on devising the 

Strategic Plan for Social Equality in ICT (The National Digital 

Divide Strategic Framework), as follows: 

1) Actively promote policies and a national agenda to develop 

an accessible environment and promote web accessibility so 

as to achieve a barrier-free society for all. It is imperative to 

transform these policies into practice. 

2) Propose rules and regulations involving building, 

transportation, public services, telecommunications, and 

information and communication technology, including 

assistive technology, that implement a barrier-free 

environment for the disabled to use government and 

information services. 

3) Develop a universal design for teaching material and 

curriculum. 

4) Promote and support a universal design curriculum in 

educational institutions. Develop and expand a universal 

design center for training and servicing all provinces. 

5) Develop a mechanism for monitoring and tracking a barrier-

free environment and accessibility of information. 

Moreover, the Quality of Life for Disabilities Act 20(6) calls for 

the Ministry of ICT to issue rules and regulations for enforcing 

that the private and public sectors promote and support 

accessibility for the disabled. In the first systematic step towards 

the implementation of the Quality of Life for Disabilities Act, the 

MICT issued the Social Equality in ICT Master Plan, or 

Thailand’s Digital Divide Strategic Framework [1], in 2007, and 

commenced implementation in 2008.   

3. FRAMEWORK FOR BUILDING SOCIAL 

EQUALITY IN ICT (2008-2010) 
The Framework for Building Social Equality in ICT (2008-2010) 

consists of three main imperatives:   

Web Accessibility – This would be based on designing Thai web 

content accessibility guidelines for the Thai WAI (Thai Web 

Accessibility Initiative) and application of universal design 

principles.  

Thai Innovation – It is imperative for Thailand to support the 

research and development of assistive technology. Local 

innovation must be realized in order to produce high quality 

assistive technology and devices at the lowest cost for Thai 

persons with disabilities.  

Assistive Industry Nurturing and Promotion – A direct 

consequence from the second front is that once Thailand can 

produce high quality assistive technology products for local 

people with disabilities, the natural next step would be to market 

these products to the world. The result would be a potential new 

industry for Thailand. 

The solidification of the above imperatives will be supported by 

Incentives; People and Culture; Research and Development; and 

Leadership and Change Management. 

3.1 Policies and Legislation  
Policies and legislation that have an impact on improving the 

quality of life for the poor, the disabled, and senior citizens are 

influenced by socio-political movements in the international arena 

and the changes in the political framework in Thailand. In 1993, 

Thailand was one of the signees of the proclamation on the 

participation and equality of people with disabilities in the Asian 

and Pacific region. Thailand also agreed to promote an inclusive, 

barrier-free and rights-based society for people with disabilities in 

the Asian and Pacific region in the 21st century at the 58th 

ESCAP conference in May 2002.  Also, in October 2002, a 

meeting between high-level government delegates from many 

countries at Otsu, Japan proclaimed the Biwako Millennium 

Framework for Action (BMF) towards an inclusive, barrier-free 

and rights-based society for persons with disabilities in Asia and 

the Pacific. This is in line with the Geneva international 

agreement on the right of the disabled to be provided barrier-free 

access to ICT. 

On the local level, there are a number of laws that promote ICT 

accessibility and the use of assistive technology. This stems from 

Thailand’s 2007 constitution which emphasizes equality of all 

citizens to access information in order to achieve the goal of 

“living together in harmony.” The Quality of Life for Disabilities 

Act formally defines the right of the disabled to access 

information through information and communication technology 

and assistive technology. Specifically, in Article 20(6), it states 

that “Information, communication, telecommunication services, 

information technology, assistive technologies including 

information and e-services from private sector and public sectors 

that obtain budget from the government must provide barrier-free 

access for all categories of disabilities following the rules and 

regulations as announced by the Minister of the Ministry of ICT.” 

3.2 Funding and Incentives 
At present, assistive technology for the disabled is still expensive 

and lacking government standards. Assistive technology products 

are not available for all types of disabilities. Most important of all, 

there is still a limitation in handling the Thai language. In regard 

to the import tax on assistive technology products, the Customs 

Department Directive No.131/2541, dated 30 December 1998, 

dealing with the tax exemption conditions of importing devices 

for the disabilities, is ambiguous, and has had a negative impact 

on the acquisition of the proper assistive technology products for 

the disabled. Moreover, the commercial and governmental news 

media have no incentive to improve accessibility for the disabled. 

3.3 People and Culture 
The Thai culture is based on Buddhism, and hence is traditionally 

compassionate toward the underprivileged and the disabled, and 

also is respectful of senior citizens regardless of social status. 

However, Thailand still has an insufficient number of people with 

technical skills in the areas of assistive technology and web 

accessibility. The government has already shown leadership by 

enacting a number of laws directed towards improving the quality 

of life of the underprivileged and the disabled. The Ministry of 

ICT is in charge of implementing measures that will result in 
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greater web accessibility, and the promotion of more research and 

development in assistive technology. 

3.4 Research and Development 
The critical success factors in bridging the digital divide are 

promotion and support of research and development in assistive 

technology and universal design principles, so as to realize the 

Biwako Millennium Framework. The current focal point of 

assistive technology research and development activities is the 

Assistive Technology Center (ASTEC) of NECTEC (National 

Electronics and Computer Technology Center).  However, the 

scope of activities is still very limited. Hence, it is necessary to 

expand research and development activities through joint 

cooperation among government, universities, and the private 

sector. 

3.5 Leadership and Change Management 
Her Royal Highness Princess Maha Chakri Sirindhorn has kindly 

supported persons with disabilities, assisting them in accessing 

information through Her Royal Highness’ projects.  Her Royal 

Highness has demonstrated exemplary leadership that everyone 

should follow. In bridging the digital divide, the executives of 

government agencies must show vision and leadership in reducing 

the physical and logical barriers that prevent the disabled from 

improving their quality of life and enjoying the benefits of 

lifelong learning through accessing internet content. In so doing, 

the leadership must also be aware of the threats that the disabled 

might encounter in accessing the internet. It is imperative to 

provide appropriate training for the disabled to better understand 

the benefits and the threats of using the internet. 

4. IMPLEMENTATION STATUS 
For the National Social Equality in ICT Master Plan (2008-2010), 

there are vision, mission, and goal statements, including the four 

strategies to be implemented as follows [1]. 

Vision 
Thailand will be a leader in providing web accessibility usage, 

and in the research and development of assistive technology. 

Missions 
1. Develop a realization of the importance of bridging the 

digital divide. 

2. Encourage Thai government agencies to develop websites 

based on Thai content web accessibility guidelines. 

3. Support research and development of assistive technology.  

4. Implement measures that would enable persons with 

disadvantages to become valuable Thai citizens. 

Goals 
1. Obtaining sufficient funding from the public and private 

sectors to reduce the barriers to accessing information.       

2. Redesigning government agencies’ websites, based on the 

MICT’s web accessibility standard. 

3. Nurturing the assistive technology industry so that persons 

with disabilities can afford to acquire, and be trained to use, 

appropriate assistive technology devices. 

Strategies 
Strategy 1: Promote and support information accessibility. 

Strategy 2: Support the dissemination of assistive technology and 

WCAG standards. 

Strategy 3: Promote research and development of assistive 

technology and web accessibility. 

Strategy 4: Promote and support the underprivileged, the disabled, 

and senior citizens to enter the learning cycle so as to develop 

themselves into productive citizens. 

The four main strategies realized by 16 projects will be the 

responsibility of the Ministry of ICT, the Ministry of Social  

Development and Human Security, and the Ministry of Science 

and Technology. The focus must be on the outcomes of the 

projects to create desirable results, and with KPI which can be 

designed to measure the outcomes.  The three-year phasing of the 

16 projects, modeled as a directed graph, is shown in Figure 1. 

 

 

Figure 1. Three-year phasing precedence graph 

 

In 2008, the first year of implementing the Social Equality in ICT 

Master Plan, only three projects were implemented, as shown in 

Table 1. 
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Table 1. Summary of WCAG Training Projects and Related Activities Implemented 2007-2009

Activities 2007  2008  2009 

Target Result Target Result Target 

Number of government websites with WCAG compliance - - 3 3 3 

WCAG Training Program (number of trainees) 120 128 200 157 300 

• Advanced WCAG Training Program    TOR  

Training for the Disadvantaged (number of trainees ) 180 192 300 237 400 

• Visually impaired  95  105  

• Underprivileged children  32  30  

• Females and senior citizens  65  102  

• Hearing impaired    TOR  

      

A total of 150 web designers were trained using the Thai web 

accessibility guide 2008 standards, giving them hands-on practice 

on how to redesign a non-WCAG-compliant website into a 

website that can be judged as having AA or AAA level 

compliance. For the ICT training programs, the trainees are 100 

disabled persons from Bangkok and 300 disabled from provincial 

areas. The redesign of actual government websites involves the 

Bureau of Special Education Administration 

(http://special.bopp.go.th), the Department of Social Development 

and Welfare (http://dsdw.in.th/DSDW_New), and the Department 

of Skill Development (http://www.dsd.go.th), each of which has 

passed an AA WCAG 1.0 conformance level. 

4.1 ICT Learning Center for the 

Disadvantaged Pilot Project 
By 2008, the Ministry of ICT had set up 60 ICT Learning Centers 

throughout the country. In fiscal year 2009, 200 additional ICT 

Learning Centers will be added. Hence, a pilot project for Year 3, 

develop an “ICT Learning Center for the Disadvantaged,” is to be 

implemented.  For this pilot project, the class of disadvantages of 

the visually impaired is taken into consideration. 

In order that the ICT Learning Center can accommodate visually 

impaired persons, a number of assistive technologies must be 

acquired so as to enable the ICT Learning Center to provide a 

means to improve the accessibility of ICT and information for the 

disadvantaged. Hence the ICT Learning Center will play a part in 

promoting social equality and self-development of visually 

impaired persons.  

The budget allocated in fiscal year 2008 will be used to purchase 

30 licenses for the following items: screen reader software, Thai 

text-to-speech synthesis (namely TaThip) software, screen 

magnifier software, display cards, and sound cards. In addition, 

nine 40-cell Braille display units will also be acquired. As for the 

2009 budget, 40 licenses for each of the software and hardware 

items will be purchased, in addition to nine sets of Braille printers 

and display units. This equipment will be installed at selected ICT 

Learning Centers. 

5. CONCLUSION 
The National Social Equality in ICT Master Plan, or the “Digital 

Divide Master Plan,” would assist in the systematic planning for 

bridging the digital divide, emphasizing web accessibility and 

assistive technology development in Thailand. This would 

increase ICT access and reduce the barriers to accessing 

information by the disadvantaged, including persons with 

disabilities, the underprivileged, and senior citizens. The first year 

of implementation covered 42% of the first-year projects, and all 

were successfully completed. In particular, three government 

websites were redesigned to attain AA compliance. The web 

designers trained in WCAG standards now participate in many 

government website redesign projects. It is hoped that all Thai 

government websites will achieve AA compliance status within 

three years. Also, the pilot project to transform the ICT Learning 

Center to accommodate the disadvantaged by adding assistive 

technology for visually impaired persons was also implemented. 

The initial results indicate that the National Social Equality in ICT 

Master Plan is headed in the right direction, having a real, positive 

impact on persons with disabilities in Thailand. 
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Abstract 

Background: There is approximately 2.85% of the 

population or about 1.8 million people living with 

disabilities in Thailand. 12% of those need assistive 

devices for their daily life. 

Methods: The Assistive Technology Centers (AT) were 

established in eleven health institutions with financial 

support by the National Health Security Office (NHSO). 

In the first year, staff training and infrastructure were 

prepared. Devices provided by the AT centers mainly are 

mobility devices including wheelchairs, walking aids, 

cushions, and white canes. Service provision was started 

in the second year of the project.  

Results: Eleven assistive technology centers have been 

developed as a network which can cater for the needs of 

disabled people in all regions of Thailand. 68.0% of 

clients were people with mobility disabilities. Wheelchairs 

were provided to clients at the highest number (68.4%). 

Clients’ satisfaction level for the services was 72.1%. 

Conclusion: The model development of assistive 

technology centers illustrates a new innovation of assistive 

device provision in Thailand which provide services in the 

specialized field.  

 

Introduction 

It is widely accepted that assistive devices and 

technologies such as wheelchairs, walking aids and 

software are important for disabled people as they have 

the capacity to significantly affect performances. It 

promotes a user to have opportunities to carry out day-to-

day activities, participate in education, work and leisure 

activities (Case-Smith 2005). 

 

 In Thailand, it is estimated that around 400,000 people or 

21 % of people with disabilities are severe cases which 

need assistive devices. Approximately 40% of those have 

to live in wheelchairs (National Statistic Organization, 

2008).  

 

There are efforts of many organizations both government 

and non-government to provide assistive devices and 

technologies to people with disabilities. However, limited 

choices and a lack of service provision appear to be the 

main limitations of the service system. According to the 

Rehabilitation for Disabled Persons Act. B.E.2534, 

Sirindhorn National Medical Rehabilitation Centre 

(SNMRC) is responsible for providing assistive devices 

for other governmental hospitals all over the country. 

Thousands of such devices are purchased every year to 

serve those numbers. However, without effective service 

provision, high amount does not lead to high effectiveness 

and high quality of life of disabled people.  

 

Considering the regular services, assistive devices are 

provided at the rehabilitation section of big hospitals. 

Doctors are the key people in assessment and prescription. 

Technicians or general staff will then bring devices to the 

clients under the order of the doctor. However, the service 

does not pay attention to training programme. Therefore, 

improvement of the service provision needs to be 

considered in order to increase service quality as well as 

quality of life for disabled people.  

 

Method 

Since 2006, the Assistive Technology Centers (AT) were 

established in SNMRC and other eight regional and two 

general hospitals with the financial support by the 

National Health Security Office (NHSO). The initial goals 

of the AT centers were to be the center of services for 

assistive devices and technologies for disables people. The 
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services include assessment, prescription, device selection, 

training and information.  

 

In the first year of the project, staff training and 

preparation of infrastructure were conducted. Staff of the 

AT centers are health personnel who work in 

rehabilitation field such as occupational therapists, 

physical therapists, nurses, prosthetic and orthotic 

technicians and social workers. Devices provided by the 

AT centers mainly are mobility devices including 

wheelchairs, walking aids, cushions, and white canes. A 

variety of devices from many companies were also 

demonstrated in order to provide choices. 

 

Service provision started in the second year of the project. 

Frame of the service delivery process can be described as 

follow: clients were assessed and prescribed for a device 

by a doctor. The clients were then assessed for selecting 

an appropriate device. After the client and AT staff agree 

for the device, the client will be provided training 

programmes until he or she can use the device properly. 

Home visits were scheduled for following up the use of 

devices in their environment. 

 

The project evaluation was administered at the end of the 

third year. The service system of each center and clients’ 

satisfaction levels were evaluated. 

 

Results 

The Assistive Technology Centers were established in 

eleven health institutions with a consideration of choices 

and improved service process. A network of AT centers 

can cater for the needs of people with disabilities in all 

regions of Thailand. Each year, approximately 10,000 

disabled people can access to the services of the AT 

centers. The majority of clients were people with mobility 

disabilities (approximately 68%). However, people with 

visual, hearing, psychiatric, and multiple disabilities also 

received services from the AT centers as the information 

and coordinating units (See Chart 1). 

 

In terms of types of devices, 68.4% of devices provided to 

clients were wheelchairs. Follow by other types of devices 

such as hearing aids, tricycles etc (approximately 14%) 

(See Chart2). 

Chart1: Types  of disability of AT centers ' clients
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Chart2: Types of devices  provided by AT centers
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Table1: A comparison of the regular services and the 

AT center services 

Items Regular services AT center services 

Staff - Doctors 

- Technicians/ 
general staff 

- Doctors 

- Therapists 

Choice One model for each 

type of devices 

At least two model for 

each type of devices 

Service - Assessment  

- Prescription 

- Providing 

- Assessment 

- Prescription 

- Selection 

- Modification 

- Training 

Process - Doctors assess 

and prescribe 

devices 

- Technicians/ 

       general staff    

       select the devices 

       and bring to  

       clients 

- Clients go home 

- Doctors assess and 

prescribe devices 

- AT staff assess for 

selecting an 

appropriate device 

- Modify the device 

if necessary 

- Train clients to use 

        the devices   

       properly 
- Clients go home 

- Home visit for 

following up 

 

The service delivery process of the AT centers emphasizes 

on assessment, prescription, device selection, and training. 

However, only nine out of eleven centers provide training 

services. Other two centers have to refer clients to 
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rehabilitation units for training programme due to 

workload of AT center staff. 

 

Comparing the AT centers services with the regular 

system, it illustrated the differences of the service 

provision including staff, services, choices, and service 

process (See Table1). 

 

In term of clients’ satisfaction, it is found that clients 

satisfied the services of AT centers at 86.4%. Client 

approaches were satisfied at the highest level (72.1%). 

However, information service was the lowest level of 

satisfaction at 10.1%. 

 

Discussion 

The model development of assistive technology centers 

illustrated a new innovation of assistive devices provision. 

The results showed that the AT centers provided more 

choices than the regular service system. Clients can 

choose a device under suggestion of therapists. This 

model development could provide opportunities for clients 

to receive an appropriate device for their living life.  

 

Considering the service process of the AT centers, training 

has been developed as the essential process of the service 

provision. As it has been discussed in O'Connell and 

Barnhart (1995) that skill training is one of the influent 

factors to provide effective use of devices for disabled 

people. For example, wheelchair training programme is 

essential to facilitate and maintain wheelchair using 

performances. However, a standardized tool for training 

has not been considered in this programme. Therefore, a 

tool which is appropriate with the context of Thailand may 

need to be developed in order to improve the effective 

training programme. 

 

Moreover, it appears that knowledge and skills of staff for 

skill training are one of the main limitations of the AT 

centers. Although staff training has been provided for staff 

of the AT centers in the first year, knowledge and skills in 

the assistive device and technology field still need to be 

improved continuously in order to improve quality clinical 

services. 

 

Although clients’ satisfaction level for the service process 

is high, the information service still needs to be improved 

in order to cater for client’s needs. Therefore, training 

courses on this specialized field may need been taken into 

consideration for strengthening staff of the AT centers. 

 

Conclusion 

The Assistive Technology Centers was developed for 

improving the services of assistive devices and 

technologies. Choices and skill training have been 

emphasized as the essential process of the service 

provision in order to provide better service quality.  

 

Additionally, the network of assistive technology centers 

is the model development that could increase the 

accessibility for assistive devices for people with 

disabilities in Thailand. However, knowledge and skills of 

staff are the main limitation of the provision which need 

to be strengthened in this specialized field.   
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