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Purpose: 
Gait abnormality and rehabilitation are major concerns on returning into daily active healt

hy lifestyle. In Brunei, 59.8% of Bruneians is overweight or obese and it is the highest in

dicator within ASEAN region. While eating habit is a major concern for overweight and ob

esity, cultural influence prevents taking precautions on the same. Hence, Brunei governme

nt started an initiative to closing down city center with no vehicles on the roads (in and 

out of city) every Sunday from 6AM – 10AM in order for its citizens to do walking, joggin

g, running and cycling on the roads which will allow not only healthy society as well as z

ero carbon emission from vehicles within this period. The purpose of this project is to ex

amine and to provide transient wearable health OS solution such a way that each and ev

ery citizen is alerted on recovery status and recovery classification of gait abnormality and

 rehabilitation in real time. 
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Background: 
 

Having done the extensive research on gait abnormality and rehabilitation of Brunei Soldie

rs and national athletes as reported in [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27], Industry Liaison Office of Universiti Brun

ei Darussalam has approved the university start-up IntelliHealth Solutions which covers co

mprehensive healthcare services for Brunei society: Reactive care services, clinic centric se

rvices and episodic response services. The details of the achievement shall be found in th

e websites; http://intelli-health.org/, https://www.researchgate.net/profile/Associate_Professo

r_Dr_S_M_N_Senanayake 

This project is an extension to IntelliHealth Solutions focusing generalized solution for nor

mal Brunei citizens. While IntelliHealth solutions has already achieved the establishment of

 reference standards of Brunei Citizens based on soldiers and national athletes (healthy cit

izens) using intelligent knowledge base formed (resident pattern storage in a centralized s

erver), the goal of this project is to develop a transient wearable health OS solutions for 

transient pattern storage in real time with shared resource allocation for resident pattern 

storage already formed using intelligent knowledge base. This will allow real time monitori

ng of human test subject while performing real time walking, jogging, running and cycling.

 So far, resident pattern storage of soldiers and athletes has been established using smart

 data and decision fusion consisted of smart data analytics, ensemble learning, machine le

arning and AI techniques. The overall architecture of intelliHealth Solutions is illustrated in

 Figure 1 (refer annexure page 09). 

Further real time gait abnormality and rehabilitation has been implemented using an Inter

active Graphical User Interface (IGUI) based on case base reasoning as shown in Figure 

2 (refer annexure page 10). 

 

Objectives: 
 

1. Design Hybrid Operating System architecture which allows the resource sharing of reside

nt and transient pattern storage through smart device interfacing. 

2. Design smart data interface using smart watch concept in order to acquire actual patter

n set using smart sensing mechanisms (wearable sensors and vision) in real time. This 

will allow to create transient pattern storage. 

3. Design 4GB memory storage, embed active RFID for clinical set up and interoperability 

of patient data within the hospital environment, in case of soldiers and athletes for thei

r different training regimes at different locations (camps and stadiums) and data commu

nication methods; wireless, Bluetooth and wireless mobile communication (3G, 4G) for tr

ansient pattern storage for data transmission/receive to/from the server.    

4. Implement decision fusion techniques for transient pattern storage such a way that mes

sage is generated automatically to resident pattern storage once the temporary buffer/st

ack inside smart watch is full. This is the basis for discarding the transient pattern set i

f exists or/and will undergo case based reasoning to revise, to retrain and to repair resi

dent pattern storage in order to update knowledge base using transient pattern storage. 

5. Develop primary data visualization techniques to alert test subject on actual/current heal

th (recovery) classification and health (recovery) status which are subject to three differ

ent criteria and protocols given by orthopedics’, trainers/coaches, physiotherapists, etc; r

ehabilitation monitoring, injury prevention and performance enhancement. These protocol

s have been tested using IGUI already developed based on the so far published work b

y our research team. 
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Content: 
 

General system architecture is shown in Figure 3 (refer annexure page 11) taking into co

nsideration next generation smart health devices that can be developed. The objectives ar

e achieved using the critical stages described below; 

 

• Patient/athlete/soldier health (recovery) classification and status (progress/recovery) are

 permanently stored using resident healthcare OS in a server subject to hybrid OS arc

hitecture. 

• Health (recovery) classification and status (progress/recovery) are based on pre-clinical,

 clinical/lab/center and post-clinical historical health pattern set stored in a knowledge 

base.  

• While actual/current health (recovery) classification and status (progress/recovery) are 

temporarily stored using transient healthcare OS in transient Healthcare smart watch O

S at a clinic/lab/center or/and at a given instance.  

• Decision fusion for health (recovery) classification and status (progress/recovery) are i

mplemented using hybrid intelligent mechanisms. While Knowledge base of historical p

attern set is governed by various hybrid computational intelligent techniques, case bas

e reasoning is applied for transient pattern storage. 

• Resident pattern storage is based on all pre-clinical, clinical/lab/center and post-clinical

 historical health pattern set which are always incomplete pattern set of any test subj

ect undergoing through decision fusion. Hence, updating knowledge base is a continuo

us process based on the current (actual) pattern set generated in real time. 

• Transient patter set is fully formed in real time, thus smart watch is used to store tra

nsient pattern set temporarily which is subject to applying case base reasoning to revi

se, to retrain and to repair resident pattern storage in order to update knowledge bas

e using transient pattern storage. 

• Smart watch is required to store transient pattern storage which generates a message

 automatically to resident pattern storage for the decision fusion on discarding the tra

nsient pattern set generated using smart watch or/and will undergo case based reason

ing to update the knowledge base 

• Hence, smart watch is required to provide 4GB memory for transient pattern storage 

and flushing the transient pattern storage is subject to the above complete process, o

therwise transient pattern set is permanently stored until new pattern set is generated

 or discarded the transient patter set subject to case base reasoning process applied 

above. 

• In the hospital (clinical set up), sports medicine and research center and soldiers/polic

e camps environment, smart watch must allow inter-operability among clinics, centers 

and labs with different specialists leading to different decision making processes. Thus,

 different transient pattern set will be generated which will undergo case base reasoni

ng interfaced with decision fusion techniques in real time. Therefore, the inclusion of 

RFID is required to track transient pattern set IDs, usually based on patient, national 

athlete and soldier/police unique ID, but not necessary to be, as an example specific 

pool of national athletes’ performance enhancement analysis; 6 national players of sho

t put, javelin discuss, etc monitored by trainers, physiotherapists, physical strength con

ditioning specialists, etc. 

• Transient pattern set is generated via data communication methods; wireless, Bluetoot

h, wireless mobile communication such as 3G, 4G etc subject to availability of integrat

ed sensors during real time data acquisition such as vision, accelerometers, gyroscopes,
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 inertia or/and wearable sensors.  

• Primary data visualization is health (recovery) classification and (progress/recovery) sta

tus. Both health (recovery) classification and status (progress/recovery) is subject to t

hree different criteria; rehabilitation monitoring, injury prevention and performance enh

ancement. Example; Rehabilitation means, recovery classification and recovery status.  

 

Thus, set of critical processes involved during the implementation is illustrated in the Figu

re 4 (refer annexure page 12) and laboratory set up for prototype testing will be carried 

out in a clinical set up as shown in Figure 5 (refer annexure page 13). 

 

Plans for Connected Projects: 
 
Connected projects for this is IntelliHealth Solutions which was established as a UBD start

-up in November 2015. Based on the invitation received from UMCH Technology Sdn Bhd,

 Malaysia, IntelliHealth Solutions signed the MoU during 1 ASEAN Entrepreneurship Summi

t held Kuala Lumpur, Malaysia, December 2015 as per the website: (http://1aes.my/). Pri

mary goal of this MoU is next generation smart health devices built under IntelliHealth sol

utions reaching to ASEAN regional market jointly with UMCH Technology Sdn Bhd within n

ext 5 years. The expectation of this proposal is to attract state-of-the-art Smart Watch co

ncept in order to develop hybrid OS architecture which is novel and applicable in niche ar

eas than the use of smart watch by general public with general applications developed an

d available in the current market.  

Further this project is partially supported by Human Performance of Lab (HPL) at the Perf

ormance Optimization Centre of Ministry of Defense, Brunei, Sports Medicine and Research

 Centre, Brunei, Rehabilitation Centre of RIPAS Hospital in Brunei and Brunei Neuroscience,

 Stroke and Rehabilitation Centre (BNSRC), in particular soldiers, national athletes and pati

ents. 

All connected projects are also available in the following websites; 

1. http://intelli-health.org/ 

2. https://www.researchgate.net/profile/Associate_Professor_Dr_S_M_N_Senanayake 

 

Expected Results/Outcomes: 
 

The overall outcome of this project is to develop transient wearable OS for healthcare of 

general public with its own vision ‘towards active healthy lifestyle’ during walking, jogging,

 running and cycling on each Sunday at the city center in order to monitor gait and reha

bilitation of Brunei obese community the highest in the ASEAN region. Initially, within next

 two years, smart watch concept will be proven in the laboratory and clinical environment

 before being available for general public.  

The results of this project reflects the following critical attributes which are the key durin

g decision making processes of different specialists involved; trainers, coachers, physiother

apists, physical strength and conditioning specialists, orthopedics, etc: 

 

• Data with no human intervention 

• Redundancy and reproducibility of data 

• Access to most recently stored data 

• Access to actual data with no transmission 
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