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Abstract 
These days, heahhcare services are enjoying the applicat ion of pervasive computing systems. 

Advances in wireless tec hnolog ies- such as inte lli gent mobile devices and wearable networks 

can improve communication among patients. physicians, and other healthcare workers as we ll as 

enable the delivery of accurate medical information anyt ime anywhere, thereby reducin g errors 

and improving access. However, transmiss ion of vital signs, frequency of transmission of vital 

signs, network communication cost, context refinement, and management of large contexts are 

still problems of pervasive hcalthcare systems. In thi s work, we propose a co ntext aware 

pervasive healthcare system for HIV!AIDS (I-Iuman Immunode ficiency Virus! Acq uired 

Imm unodeficiency Syndrome) patient s (CA PHS). The architecture of the system consists of 

three consti tuents: the patient unit, the healthcare unit and the doctor/nurse un it. The pati ent unit 

consists ofa grou p of body sensors for detecting vital signs data from patients and transmitting it 

to the patient 's smart phone via Bluetooth. After preprocessing, the smart phone transmits vi ta l 

signs context information to the heahhcare un it via Internet for further processing and reason ing 

if there is any abnorma lity. This preprocessing helps to determine the frequency of transmission 

of vital signs and redu ces the network communicat ion cost to transmit vita l sign data. At the 

same tim e, it a lso increases the effic iency of the healthcarc unit because thi s operati on reduces its 

task of context refinement. The hea lthcare unit is rich in ART (Antiretroviral Thera py) ontology 

knowledge that we developed. For better management of large contexts, we usc a hybrid context 

management approach in which the high level sc hema ontology stored in OWLlRDF (Web 

Ontology La nguage/Re source Description Framework) format and the ontology instances stored 

in ordinal)' relational database. The doctor/nurse unit is the thinnest of all units in terms of 

number of components. It communicates with the health care unit via InternetiS MS so that 

physicians can remotely monitor their pat ient. We have developed a prototype implementation 

for the system and we see that it is promising. 

Key Words: Pervasive Heal thcare, Context Aware ness, Ontology, ART, CA PHS. 
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Chapter One: Introduction 

1.1. Background 

The healthca re industry, especia lly in Africa, ha s a number of problems, including high costs, 

insufficient human resource, and lack of coverage in rural a nd undcrscrvcd urban areas. 

Espec ially in most of Su b-Saharan Africa, health care remai ns the worst in the world. According 

\0 WHO's (World Hea lth Organ ization) 2006 World Hea lth Report, Sub-Saharan Afri ca 

accounts for 11 percent of the world 's popu lation, yet bears 24 percent of the globa l di sease 

burden and commands less than one percent of globa l healt h expenditure. Moreover, the biggest 

problem fac ing the health sector currently is the ris in g in cidence o f HI VI AI DS, wh ich is plac ing 

and will co nti nue to place considerable strain on the public hea lth system in many African 

countries. To overcome these challenges and to increase the accessibil ity of healthcare to a ll in 

A frica, implementing le T in healthcare industri es is a good strategy. Researchers in [ I] 

proposed that pervasive healthcare is one so lution to the current cri sis in the hea lthca re industry. 

Pervasive healthcare may be defined from two perspect ives: i) as the application of pervasive 

co mputing technologies for healthcare, and ii) as mak ing healthcare avai lab le everywhere, 

anytime a nd to anyone [2]. According to Varshney [3), the wide scale deployment of wireless 

networks will im prove com municat ion among patients, physician s, and other hea lthcare workers 

as well as enable the deli very of accurate medica l information anytime anywhere, thereby 

reducing errors a nd improvi ng access. At the same time, advances in wi reless techno logies­

suc h as inte ll igent mobi le dev ices and wearable networks-have made possible a wide ra nge of 

e ffi cient and powerfu l medica l applications. Varshney ha s mentioned that these technologies can 

support a wide range of applicatio ns and services includin g mobi le telemed ici ne, patient 

monitoring, location -based med ica l services, emerge ncy response and management, pervasive 

access to medica l data, personalized mon itoring, and lifesty le in ce nti ve management. 



Wireless technologies can a lso reduce medical costs and improve quality of service. Wireless 

LANs and persona l area networks make it possible to continually monitor patients almost 

anywhere and immediately noti fy healthcare workers, the nearest hospita l, or an emergency 

service of any critica l change in status thanks to sensors, actuators, remote connections, and 

dedicated knowledge bases [4]. Such networks can quickly route biomedical and envi ronmental 

da ta from sensors deployed on body area, in a room, or throughout a building to a centra l 

computer system for processing. 

The concern of this research paper is to design a pervasive hea lthcare system for remote patient 

moni toring and personal health management to HIV/AIDS patients. In thi s system, the patient is 

equ ipped with different sensors which are connected to a smart phone using Bluetooth network -

forming a Body Area Network (BAN) managed by the phone. These sensors detect different 

vim I signs of the patient including CD4 cell (T -lymphocyte bearing CD4 receptor) count, body 

weight, body temperature, blood pressure, hcartbeat, cough, diarrhea and night swcat and thcn 

transmit the data to the smart phone. After collecting vital sign context from sensors, the smart 

phone performs some preprocessing operations over the raw data 10 know the med ical status of 

each vita l sign and display the status result to the user so that the user may be conscious about 

hi slher hea lth status. Based on the status of vital signs interpreted from the low level context, thc 

smart phone transmits vital signs via Internet to the hca lthcare unit if there is a difference from 

thc previous va lue and if it is outside from the normal status. Then the healthcare un it accepts the 

vital signs as new hea lth context and reasons over this context based on the knowledge base bui lt 

into the ontology and the rules to trigger somc actions in response. For example, it warns or 

alerts the user and/or the doctor if there arc any abnormalities. 

1.2. Motivation 
HIV has created an enormous challenge worldwide. Since recognition of the disease, HI V has 

in fected close to 71 milli on people, and more than 30 mill ion have died due to AIDS. With 

around 68 percent of all people living with HIV residing in sub-Saharan Africa, the region 

carries the greatest burden of th e epidemic I. 

1 http://www.avert.orgl .... orldstats.htm. retrieved on 1111 1120 II . 
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Currently there is no cure fo r AIDS. However, there afC dru gs that can slow down the 

reproduction rate of HIV and thus slow down the damage to the immune system!, These drugs 

arc ca ll ed antiretroviral s (AR Y's) and the treatment is ca lled ART. The goa l o f ART is to ensure 

maximum control o f the amou nt o f HIV in the body, to restore and protect the immune 

functioni ng o f the body by allowing white blood cell s to increase their number, to reduce HIY· 

related illnesses and death s and in the long run to improve the quality of life for people li ving 

with HI V, Antirclrovira l dru gs ca n also decrease the rate of HIV transmi ssion from mother to 

chi ld. Thus ART is a fundamental part o f the field o fl-ltV care. 

With more than 1.3 million plus peo pl e li vin g wi th HIV/AIDS, Ethio pia is one of the countries 

that are most heavi ly affected by the epidemi c [5]. In addition to morbidity and mortality, the 

I·II V/A IDS pandemic in Ethiopia has hann fully impacted th e country's development. HI V/AIDS 

is affecting the agri culture, education, business and ind ustry, and health sectors. In response, the 

government of Ethiopia has taken measures to reduce th e risk of transmission o f HI V a nd 

mitigate the impact of the HIV epidemic o n soc iety [5]. Recognizing the destructive effect of 

HIV/AIDS o n its popu lat ion and the positive impact o f ART, the Ethiopian government has 

responded to the epidemic as a national emergency and urgent to scale up the ART program [6]. 

The Min istry o f Health ha s been working toward s the prov ision of safe, effective, equ itable and 

sustainable ART services to those infected by HIV. In thi s effort, it has developed an ART 

Pol icy and ARV gui delines with support from national and internationa l partners. 

Due to th ese efforts made by the Government of Ethi opia to combat the epidemic, Ethiopia is 

making progress in the fight against HI V/AIDS. But, sti ll thi s is nol enough due to the large 

number o f people living with HIV and the area and depth ofthc pro blem. Still there are a number 

of peo ple infected with HI V who need ART servi ce. Today, hospita ls are overcrowded with 

AIDS patients, which makes diffi cu lt for caregivers to provide quality and fast serv ice to 

customers. It 's com mon to see patients in governmental hospita ls sleeping on corridors due to 

shortage o f nursing rooms. Moreover the ART progra m is not accessible in rura l areas due to 

lack of hea lthcare coverage. This motivates the researcher to design a pervasive healthcare 

l hup:llwww.emedicinehealth.comlhivaidslpagc9_cm.htm. retrieved on July 30,2010 at 09:20:40 
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system for Ii IV/AIDS pati ents to monitor them remotely. This system not on ly minimizes 

hospi ta lizat ion through remotc monitoring and ART bUI also enables pat ients the mselves to be 

conscious about their hea lth. It helps them to change the ir be havior by giving continuous 

feed backs via the ir mobile device a nd develop good ha bits to care about their hea lth. 

1.3. Statement of the Problem 

Pervasive healthcare is best so lution to the challcnges that hcalth care ind ustries arc facin g. A 

num ber o f researches are made whi ch show how pervasive hca lthcarc can make a difference in 

the arena of healthcare service. Although, Pervasive hcalthcare has the potentia l to avoid these 

cha ll cnges and improve quality of hea lthcarc service, it also faces many techni cal pro blems and 

needs many requirements. For example, transm ission o f vita l signs, frequency o f transmissio n o f 

vita l s igns, network communi catio n cost, context refi nement, and management orlarge contexts. 

In thi s research work, we designed a pervasive hea lt hcare system for HIV/A IDS patients whic h 

detect vital s ign co ntexts from pat ients and transmit them to the centra l system after performing 

preprocessing o n the raw context. This preprocess ing operati on o n the pat ie nt 's mobil e device is 

used to dec ide when to transmi t the vital sign data to the centra l hospita l (i .e. when there is a 

cha nge fro m the previous valu e and if the status is abnorma l). It is also used to reduce the task of 

re fin ing re le va nt context on the central system, which in turn increa ses the effi ciency o f context 

reaso ning, and redu ce network co mmunication cost needed for transmitting irrelevant contex t if 

it were sent without any preprocess in g. 

1.4. Objectives of the Thesis 

1.4.1. General Objective 
The genera l obj ecti ve of th is research work is to design a perva sive hea lthcare system for 

HI V/A IDS pat ients which ca n improve thei r qua li ty o fl ife. 

4 



1.4.2. Specific Objectives 
The specific objectives ofthi s resea rch include: 

• Studying in detai l about the implementati on of ART in Ethiopia to ide ntify more related 

problems. 

• Studying the state of the art of pervasive hca lthcare systems specifically related to remote 

patient monitoring. 

• Study ing the state of the art of ontology re lated too ls to manage and reason context data . 

• Modeli ng a pervasive hea lthcarc system for HIV/AIDS patients for remote monitoring, 

and persona l health management. 

• Developing a prototype of the proposed system 

• Testing and evaluating the system 

1.5. Scope and Limitation 
Our healthcare system considers only some vila l signs includi ng CD4 count, body temperature, 

body weight, blood pressure, heartbeat, cough, diarrhea and night sweat as context of patient s. h 

doesn ' t include sophisticated contexts such as locat ion, user activity. and the like. On the other 

hand security and privacy of medica l contex t information whi le tran smitting over 

communi cation networks, which is important in real applicat ions, is not stud ied in this work. 

The maj or limitation of thi s thesis work is that we didn' t find real pervasive smart devi ces for 

implementation purposes. This is because of the budget limi tation a llocated for the work . 

Therefore, we couldn' t buy the smart sensor devices and smart phones that we proposed to use. 

Simulation is used to test and validate the proposed components in the system. 

1.6. Methodology 
Data (information) collection : In order to understand the problem in detail and to define the 

requirements of the system, techniques like document review, on site observation, interview and 

quest ionnaires are used . 

Co ntext Modeling: Context-awareness IS the fundamenta l characteristics of pervasive 

computing systems. There are a nu mber of approaches of modeling or representin g context 

in formation of such systems. However, ontology based modeling is a promising in strument for 
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modeli ng context information in pervaSive environments due to its high and formal 

expressiveness and possi bilities for applying ontology reasoning techn iques. It allows to describe 

as muc h context states as possib le in an arbitrary deta il. Therefore, we use thi s modeling 

technique to represent the context information of the system. 

Simula tion: In thi s thesis work different body sensor devices whic h detect hea lth parameters are 

used. However, we learned that, due to budget limitation, it is not possib le to buy these devices. 

As an a lternati ve solution, though a lot of additiona l work is involved to study the character istics 

of these dev ices and deve lop the simulation syste m, we simulate all these devi ces in order to 

demonstrate the work . 

I. 7. Application of Results 

The result oflhi s research work wi ll be use ful for: 

• The government, speci fica lly to Ministry of Health, to redesign a new ART plan highly 

supported by ICT. 

• Hosp ita ls to improve their qual ity of service of ART to I-fIV infected persons. 

• HI V infected persons and AIDS patients to pay attention about thei r health and preve nt 

themse lves from different other infect ions. 

• Resea rchers to in vest igate more on how to support the current healthcare service by the 

potential ofiCT. 

1.8. Organization of the Thesis 

This thesis document has a total of six chapters includ ing the current chapter. Chapter two is 

review of literatu re that deta il s about definition of pervasive computing in genera l, its 

characteristi cs, and applications in making li fe simple, with a special focus on its app licati on in 

the healthcare industry - pervasive healthcare. Chapter three di scusses severa l research works 

done under the area of pervasive healthcare. In the fourth chapter, we present the proposed 

pervasive healthcare system for HI V/A IDS patient s that we designed in a new and innovati ve 

way. It contains the detai ls of each com ponent of the system. The fifth cha pter is about the 

prototype implementation and demonstration of the proposed system. Finally, after presen ting 
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di scuss ions and eva luations on the system, chapler six concludes the work and indicates the 

future works planned . 

Chapter Two: Literature Review 

In th is chapler, we di scuss what pervasive computing technology is, its characteri stics and its 

appli cations in daily human life and acti vities. In the applicat ion part, we sec different ge neral 

application areas and ha ve a specia l focu s on pervasive hca lthcarc appl icati ons. 

2.1. Pervasive Computing 

2.1.1. Overview 
In the hi story of computer technology, pervasive computing is the third wave of computing 

technologies to emerge since the existence of computers. Ma in frame computing era is the first 

wave in wh ich one computer is shared by many people, via workstations. The second wave is 

pe rsona l computing era in wh ich one computer is used by one person, requirin g a conscious 

interacti on of users assisted by graphica l user interface . In th is period of computers, users are 

largcly bound to desktop computers. The third wave is pervasive (also called ubiquitous) 

compu tin g era in which one person uses many compute rs. 

Pervasive computing technology is not somethi ng that ex ist by its own rather it IS a new 

computing trend that emerged out of di stri bu ted and mobile comput ing. Thererore, it is strongly 

related 10 both distributed and mobi le computing. The idea of di stributed systems arose at the 

intersection of persona l computers and loca l area network s. They are characterized by remote 

communication, fault to lerance, hi gh availabi lity, remote info rmation access, and secu ri ty [8]. 

Mobile computing was bom in an effort to tackle problems that arise in build ing a distributed 

system with mobile clients. It is characterized by mobile networking, mobile informat ion access, 

adaptive applications, energy sav ing and location sensitivity [8]. Pervasive computing shares 

what is inside in distributed and mobile computing and in addition new problems are introduced 

which are specific to its natu re or pervasiveness. 
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The current idea of pervasive computing was articu lated by Mark Weiser in his vision towards 

computing technology at the computer sc ience lab of Xerox PARe. In 1991 , he said that "the 

most profound technologies are those that disappear. They weave themselves into the fabric of 

everyday life until they are ind istinguishable from it" [9]. Even though Weiser's vision was too 

far ahead of its time due to hardware technology limitations, now it becomes real because of the 

exponentia l growth in electronic device miniaturization technology. 

Pervasive computing is an environment which is saturated with computing and communication 

capabi li ty, yet so gracefu lly integrated with users that it becomes a technology that di sappears 

[8]. To put it simply it is computation that's freely ava ilable everywhere, at any time to anyone. 

Pervasive comput ing is invisible everywhere computing that is embedded in the objects around 

us-the floor, the lights, ou r cars, the washing machi ne, our cell phones, our clothes, and so on. 

The idea that technology is moving beyond the personal computer to everyday devices wi th 

embedded technology and connectivity as computing devices become progressi vely smaller and 

more powerful. Pervasive computing is the resu lt of computer technology advancing at 

exponential speeds - a trend toward all man-made and some natural products havi ng hardware 

and so ftware. Pervasive comput ing goes beyond the rea lm of persona l computers: it is the idea 

that al most all devices imbed smart chips to connect the device to an infinite network of other 

devices. 

2.1.2. Characteristics of Pervasive Computing 

As described above, some problems and their corresponding solutions in distributed and mobile 

computing can be directly applied to pervasive computing. Some of the techni ca l problems in 

pervasive computing are already identified and solved during the evolution of these two 

computing trends. However, the demands of pervasive computing introduced some other new 

problems which are not ident ifi ed before. Among the characteristics of pervasive computing 

wh ich distinguishes it from distributed and mobile computing are context awareness, invisibility, 

ad-hoc networks, smart spaces and devices. In the following sections, we wi ll look each 

characteristic one by one. 
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Context awareness 
Before discussing what context awareness is, first let us define what is mea n by context in 

pervasive computi ng. It is quite difficult to defi ne the word "context", but many researchers tried 

to give their own definition . Schi li t and Theimer (IOJ defined context as location, identities of 

nearby people a nd objects, and changes to those objects. Brown et 01. ( I 11 referred context as 

location, identi ties of the people around the user, the time of day, season, temperature, etc. In 

[12], researchers describe context as the user's emotional state, focus of attention, location and 

ori entation, date and time, objects, and people in the user's environment. Dey and Abowd [1 3J 

cla im that all the above defi nitions arc difficu lt to apply since they define context by example. 

They sa id that when we want to determine whether a type of information not listed in the 

defin it ion is context or not, it is not clear how we can use the definition to solve the dilemma. 

Therefore, they proposed the most commonly referenced definition as: 

"Col/texl is ally illformalion thai call he IIsed to characterize Ihe sil/lation of all enlity. All e flfily 

is a persall, place, or object that is considered relevant to Ihe interactioll between a IIser alld all 

application, includillg the IIser alld applicOlions themselves. " 

Context awareness is a general concept that refers to the ca pability of a system to be aware of its 

physica l and logical environment and to intelligently react according to this awareness. It is a 

pervasive system that captures context information from the envi ronment and user and act 

accordingly with the changing envi ronment. Here arc two definitions that are freq uently given in 

Ihe resea rch: 

A system i.\· j·aid to be col/fexl-all'are if if.)" Ope,.Ofiom and services call be adapled fa the currellt 

call/ex/ wi/how explicit lise,. ill/erwlltioll alld illIIS aill/s a/ increasing Ihe mobility and 

effecfiveness by fOking envirollmental cOllle;1:f ill/a accollllt r 14]. 

A system is context-aware ifit uses co fllext 10 provide relevant iI/forma/ion and/or services fa the 

IIser, where relevancy depends on fh e extellt to which it allficip(ltes IIsers' needs and acls in 

advance by "Imderslanding" their cOlltext (1 5J. 

Context aware systems are sometimes referred to as sentient systems due to thei r capabil ity to 

"perceive and fee l" changes in the environment. They detect changes to their physical (external) 

9 



and logical (interna l) environment and respond to these changcs on beha lf of the user without 

needing user's conscious knowledge or awareness about what is going on. These contexts can be 

classified as externa l or interna l. External contexts are those that can be measured by sensor 

devices and inc lude location, light, sound, movement, touch, temperature, air pressure, CIC. On 

the other hand, interna l contexts are mostly spccified by the uscr or captured by monitoring the 

user's interaction and includc the user' s goals, tasks, work context, business processes, the user's 

emotional state etc. 

In order for context aware systems to function completely, they have to have different 

requi rements which include context captu ri ng, context modeling, aggregation/interpretation, 

context reasoning, actions and collaboration. 

• Context Capturing: This is a context subsystem which is responsible for collecting 

context infonnation from the dynam ically changing environment. For detecting and 

capturing externa l contexts, smart devices ca lled sensors are used. 

• Context Modelling : Once context information is gathered, it has to be represented and 

organized in a systematic way so that it will be easy to be processed by the machine. 

This process of structuring and storing context data so that it will be suitable for machine 

processing is called context modeli ng. There are different approaches for modeling 

contexts, but ontology based modeling is nowadays becoming more popular. An ontology 

is a speci fication of a conceptuali 7..3tion [16] and it forma lly describes concepts and 

relationships which can exist between them. It is a data model that represents a domain 

and is used to reason about the objects in that domain and the relations between them. 

Ontology languages such as OWL and ROF are used to develop ontologies. 

• Aggregation/Interpretation: refers to combining context information to generate a 

higher meaningful context. 

• Co ntext Reaso ning: This step refers to deriving high-level context data from a sct of low 

level context data. It dea ls with deducing high-level implicit context from low-level 

exp licit context since high-level context can't be directly acqu ired from sensors rather it is 

reasoned from sensor-driven, low-levcl context. 
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• Actions: Tak ing proactive/reacti ve actions In response to the changi ng context without 

the need for user's intervention. 

• Collabo ration: Pcrvasive environments consist of a set of smart devices and software 

agents which need sharing of context in formation among each other - co llaboration. 

Invisibility 

This is another characteristic of pervasive computing In which the system is expected to 

disappear from the user's consciousness. Practica lly, it is impossib le to make a system 

completely disappea r from the user rather it refers to achi eving a reasonable approxi mation to 

this idea i.e. is minimal user distraction. 

Ad - hoc Network 

The vision of pervasive computing becomes true due to the advancements of wireless networks. 

However, the potentially irregular coverage of existing infrastructure oriented wireless networks 

wi ll significant ly affect the commu nication among devices in a pervasive environment. To 

overcome this communication problem, wireless ad-hoc networks are used instead of 

infrastructure oriented networks. Wireless ad-hoc networks arc not infrastructure based 

networks, but simply devices are interconnected to each other without any base stat ion 

requ irement. Examples include Bluetooth, ZigBee, MANET (Mobile Ad-hoc NETwork), 

VANET (Vehicular Ad-hoc NETwork), etc. 

Sma rt Spaces and Devices 

One of the things that pervasive computi ng environment can have is that of "smart" things. Smart 

spaces are spaces li ke homes, offices, classrooms, meeting rooms having spec ia l computing 

faci lities. What distinguishes these spaces from ordinary spaces is the presence of different 

electron ic sensors deployed on di fferent parts. For example, a smart phone may switch on the TV 

when user is entering to home. Smart devices are every day devices with powerfu l computing 

power due to embedded special ch ips. They can be interconnected to each other and 

communicate with other smart devices. 
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2.1.3. Applications of Pervasive Computing 

The ma in goal of pervasive computing is to make life easy. It achieves Ih is by integrating 

Information and Communications Technology (leT) into people's lives and environments. It can 

be said that there is no area of life that pervasive technologies can't be applied. It is possible to 

make any activity in any discipline to usc the potential of thi s technology to increase the qu ali ty 

of human life. But, j ust to mention few, healthcarc, transport, industry. business, agriculture, 

mi litary and environmen tal monitoring arc some of the applicat ion areas. 

2.2. Pervasive HeaIthcare 

2.2.1. Overview 

Pervasive hca lthcarc is nothing bu t the application of pervasive computing tcchnologies in 

healthcarc industry. This can be ach ieved through two major approaches [2]: I) pervasive patient 

monitoring: In this approach, there will be a pervasive sensing subsystem which continuously 

senses body funct ions, user's context and environmental parameters. Then the in formation from 

sensing subsystem wil l be delivered to a higher level application. 2) Pervasive Prevention : 

Moti vating people to change their behavior. This is a tra nsformation from managing illness to 

maintaining we ll ness. Pervasive techno logies arc anticipated to not on ly cure sickness, but al so 

promote we ll ness throughout all stages of life by promoti ng people to change thei r behavior via 

just in time feedback - coaching. 

Advancement in wireless techno logies has made it possible the efficient commu nication among 

patients, doctors, paramedics, other heahhcare workers and family. Nowadays, using wireless 

network techno logies, it is possible to deliver patient information to hospita ls being anywhere at 

any time. The wireless networking exa mples may include wire less LANs. ad hoc wireless 

networks, cel lu lar/GSM13G infrastructure~riented networks and satellite-based systems. At the 

same time, advances in electronic devices contri buted to the proliferation of wearable intelligent 

body sensors wh ich can be dressed by a patient or be implanted inside the body. These devices 

can detect the physiologica l signs of a patient and can transmit the sensed data to personal 

computer, smart phones or PDAs and then delivered to the central care center. Therefore it is 

possib le to monitor, diagnose and control patients wi thout time and j!lIiIn constraints. On the 
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other hand, pervasive compu ting, together with persuasive technologies and behav iora l science, 

can be applied for disease prevention by motivating people to change their behavior and become 

conscious about their hea lth. For examp le, peop le ca n be encouraged to do some physica l 

exercises in response 10 some non critical physiolog ica l signs. Technologies that motivate and 

support hea lthicr li festy le decisions related to diet, exercise, smoking, sexua l behavior, TV and 

internet usc, stress management, and maintaining socia l relationsh ips cou ld delay or even prevent 

the onset of a variety of medical problems, and improve the quali ty of life [17J. 

2.2.2. Pervasive Healthcare Applications and Requirements 

The unique capabilities of current and emerging mobi le devices, wireless networks, and 

midd leware tech nologies can support a wide range of applications and services includ ing mobile 

telemedici ne, patient mon itoring, location-based med ica l services, emergency response and 

management, pervasive access to medica l data, pcrsonali zed monitoring, and lifcstyle incentive 

management [18]. 

• Mobile telemedicine: The abi li ty to transmit critica l information about victims 10 a 

hospita l before they arrive, or to let specia lists diagnose and f{,'commcnd treatment from a 

distance. 

• Comprehe nsive hcalth monitoring services: Would allow pu tients to be monitored ut 

anytime in any location. Using hislhcr medic-'l l history and current condi tions, one or 

more actions can be taken includ ing sending an a lert meS5.1ge to the nearest ambulance or 

a hea lthcare professional. 

• Intellige nt Emergency Management System: This system cou ld be designed using the 

intell igence of and information from mobi le and wireless network s to manage the large 

ca ll volume received due to a si ngle accident or incident and effect ively mana ges the fleet 

of emergency vehicles. 

• Hcnlth -aware mobilc dcviccs: Would detect certain conditi ons such as pulse-rate, blood 

pressure, and level of alcohol by the touch of a user. Many of the portable mcdical 

devices can be integrated in the handheld wi reless device. Wi th its analysis of kno\\ll 

allergies and medica l conditions, the device could alert healthcare emergency system. 

• Pcrvasivc acccss to hcalthcarc information: Would al low a pat ient or he;lllheare 

provider to access the cu rrent and past medical infonnation. 
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• PCf\'ush'c lifestyle ince ntive m:lnllgcmclI l: Cou ld in volve. for example. giving a smal l 

mobile rnicro·paymcnt to a user device evcry time the user exercises or cats healthy food. 

Va rshcny 11 8] al so ident ifi ed some general rc(]u ircnlcnts of pervasive hca lthcarc. The following 

are some of the requirements: 

• Security : Counter measuri ng threats to hcalthcarc data and abuse of benefi ts. encryption, 

authentication. and access control. 

• I) rivacy : Personal information bei ng collected, tra nsmitted and stored in grea ter volume, 

the opportunities for data interception, theft and ' ubiquitous survei llance ' will be 

sensitive. 

• US:lbility and rclhlbilil)' of p:llicllt's dc\' icc : Mak ing p,lIicnt 's device portable or 

wearable. 

• Reliability and scahlhility of wireless infrastructure : Wi reless network infrastructu re 

that is accessible, supports prioritized commu nications, is always on by multi-network or 

redunda ncy. and has suflicient network resources for pervasive healthcare 

2.2.3. Context Awareness in Pervasive Healthcare 

As we have defined above, context is any information tha t can be used to characterizc the 

situation o f an entity. which is a person, place, or object that is considered relevant to the 

imeract ion between a user and an application, includi ng the user and app lications themselves. 

The most COlllmon context types are locat ion, ident ity, time, and activ ity. However, in pervasive 

healthcare the context types may also include p.lti ent' s medica l history, cu rrent vita l signs and 

medications, handicaps, and current environment. 

In the design o f pervasive healthcare, these contexts of patients must be elTecti vely representcd 

and ana lyzed. The result of thi s context analysis wi ll be used by the context awa re hea lth 

monitoring system to react to changes in conte;~t. Figure 2. 1 shows a typical representation of 

medical infonnation for indi vidual patients. 

14 



• 

ID & Info r---:-;:... Nonnal ranee 

• V ital $ ip~ - : I-- TIu"esho ld slsel o f .&<.'Iioru. 
• U ndes in ble p .. ttelu" (.abno nluVelllt!J"5oV1CY) 

I 
' I­, 
~O 

, . 

Las l L:nov.n v .. lues 

R..brion with othH vi l .. 1 ,. ians _ 

Nonu .. ll"lUl5_ 

Las t 101Ol.\"n " dues Pmn~'." -B ' 
__ • Me-dic ,, ) histolY •• __ o ________ J_L _____ 1 

• S p<t<.'id conditions 

Fig ure 2" J." Represelllatioll of medical illformlltion (18 ) 

15 



Chapter Three: Related Works 

Hcalthca re industries arc one of the many public service institutions having centrali zed 

orga ni7..ational structure. In such structure, the healthcarc service given is professional-centric 

with vcry poor patient involvement. However, nowadays, the ageing of the populat ion in 

developed countries exerts pressure on the hcalthcare systems in various ways: increa sing o f 

chroni c di seases and co-morbidity, problems of co mplia nce to medication a nd lifesty le guidance 

among the elderly, and the need fo r long-term care and nss istancc of elderly people r2]. This 

forces researchers to integrate pervasive tech nology into the hcalthca rc services so that 

hcalthcare systems can be transformed from centralized professional-centric systems to 

di stri buted, networked and patient centric systems. Many resea rch works are done and continued 

to be done in this area of pervas ive healthcare. In th is chapter, we present different related 

research works conducted under the area of pervasive healthcare grouped under different 

categories: Wire less Networks for Pervasive Healthcare, Mobi le Patient Monitoring Systems, 

Onto logy based Context Aware Pervasive Systems, and Persuasive Technolog ies. 

3.1. Wireless Networks for Pervasive Healthcare 

In the previous section, we saw that communications networks arc one of the components of 

pervasive computing environments. Advancement and wide sca le deployment of intell igent 

wire less networks is one of the facto rs which contri bute to the paradigm shill of computing trend 

from di stributed mobile computing to pervasive computing. We have already defined that 

pervasive healthcare is the application of pervasive technologies in hea lthcare so that the 

healthcare services will become easily accessible to everyone, anywhere, any time. Like other 

pervasive application systems, wireless network technologies play an important role in making 

hea lthcare industry pervasive. Different alternative wi reless communications networks can be 

applied in the healthcare so that medica l professionals, patients and other caregivers can 

communicate each other and exchange any medica l data/informat ion. These may include 

wi reless LANs, ad-hoc wireless networks. ccllular/GSM/3G infrastructure oriented networks, 

and satel li te communications network s. 
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In this section, we will review some of the works which give witness about how wireless 

tcchnologies fulfill the vision of pervasive hca lthcare. Varshney r1 9] discussed how wireless 

technologies can be applied in the healthcare environment. In this paper, the author claimed that 

even though the introduction of telecommunications technologies in the heal thcare env ironment 

ha s led to an increased accessibility to hea lthcare providers, more efficient tasks and processes 

and higher quality of healthcare services, many cha llenges still exist in the hea lthcare industry. 

These include a sign ifi cant number of medica l errors, considerable stress on healthcare 

providers, partia l coverage of healthcare services in rura l and underserved areas, an increasi ng 

cost of hea lthcarc services and the exponent ial increase in the number of seniors and ret irees in 

developed countries which have created several major cha llenges for policy makers, heal thcare 

providers, hospi tals, insurance companies and patients. After identifying and discussi ng major 

challenges of hea lthcare industries, the author antici pated that the current and emergi ng wireless 

techno logies have potential to overcome all these challenges. They can improve the overall 

quality of service for patients in both urban and rural areas, can reduce the stress and strain on 

healthcare providers while enhancing people's productivity, retent ion and quality of life, and also 

reduce the overall cost of hea lth care services. 

In add it ion, the paper di scusses several cha llenges and open issues that shou ld be overcome 

before the deployment of wireless technologies in healtheare which include how to best utilize 

the capabil ities of diverse wi reless technologies and how to effectively manage the complexity of 

wi reless and mobi le networks in hea lthcare applications. 

[18] similarly discusses that with an increasing mobility, the wide scale deployment of mobile 

and wireless networks can support many healthcare applications. They can make the vision of 

pervasive heahhcare, i.e. healthcare to anyone, anytime, and an)"vhere, to become true. How 

infrastructure-oriented wireless LANs, such as versions of IEEE 802 .11 , can be used to support 

patient monitoring in diverse environments is presented in [20]. The paper also detennines the 

requirements of patient monitoring and satisfying these requirements usi ng infrastructure· 

oriented wireless networks. It is clear that usi ng wireless patient monitoring; it is possibl e to 

provide better healthcare service for large number of patients with limited medica l and human 

resources. However, the irregular and spony coverage of infrastructureooOriented wireless 
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networks affects the quality of service. Ad hoc wireless networks ca n be fo rmed among mobile 

and wea rable patient-monitoring devices for improv ing the coverage of patient monitoring when 

infra structure-oriented networks are not accessible 1211. 

3.2. Mobile Patient Monitoring Systems 

Nowadays, the ageing of the population in developed countries exerts pressure on the healthcare 

systems in vari ous ways: increasing of ch ron ic diseases and co-morbidity, problems of 

compliance to medication and li festyle guidance among the elderly, and the need for long-term 

care and assistance of elderly people [2]. Therefore, these days, how to provide better healthcare 

service for the elderly people and enabling independent livi ng has become an important research 

problem. In effort to solve thi s problem, researchers introd uced ICT to the healthcare. Ear ly 

depl oy mcnts of telemedieine services were using the tradi tiona l public switched telephone 

network, but now, due to the advancement and proliferation of intelli gent wireless networks, 

telecare serv ices are becoming smart enough. As described in the above sub section, patients ca n 

be monitored and diagnosed while moving. In this sect ion, we will see some of the work s done 

in mobi le pati ent monitoring systems. 

A) A Mobile Care System with Alert Mechanism 

The authors of this paper suggested that chronic diseases such as hypertension and arrhythmia 

can be effect ive ly prevented and controlled if the physiologica l parameters of the patient arc 

constantly monitored, along with the full support of the health education and professional 

medica l care [22]. They proposed and implemented a role-based intelligent mobile care system 

wi th alert mechan ism in chron ic care environment. The roles in their system include patients, 

physicians, nurses, and healthcare providers each of which represents a person equipped with a 

mobile device such as a mobi le phone to commun icate with the server setup in the care center. 

Chronic patients hold commercial mobile phones with Bluctooth communication capability in 

which physiological signal recognition algorithms were implemented and built-in without 

affecting thei r original communicat ion functions. The authors 5.1id that it is possible to integrate 

several biosensor devices with Bluetooth communication capabili ty to extract patients' various 
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physiological pa ramcters such as blood prcssure, pul se, saturation o r haemoglobin (Sp02), and 

electrocardiogram (ECG), to monitor multiple physiologica l signal s. These bioscnsors, which 

only deal with signal extraction and wireless transmi ssion without doing a ny signal processing, 

will transmit extracted physiological signs to mobile phone via Bluetooth communication . Then 

the mobile phone is responsible for uploading physiologica l infonnation to healthcare center for 

storage and ana lysis. The system has also an alert management mechanism which has been 

deployed in back-end healthcare center to initiate automatic emergency alerts. 

B) A mobile hcallh moniloring sys tem using RFID r ing-I'ypc Iwise sensor 

In th is paper, a mobile health management system is presented which integrates a wearable RFID 

ring-type pulse mon itoring sensor with a smart phone [23]. The ring-type sensor is used to 

measure pulses/temperature from the patient and transmit the physiological data to the RFID 

reader using wireless RF. The reader, using its Bluetooth connection capabi lity, then passes the 

data to the smart phone. The smart phonc collects/di splays the physio logical datn and a lso 

tra nsmits data to the remote medic,11 station using wireless infrastructure nctwork s like GPRS, 

3G, WiFi, or Wi Max. It has also GPS built in inside so that it can provide the position 

information of the monitored person based on wh ich the medical personne l can be di spatched to 

the right location more promptly in an emergency situation. The authors sa id that it is possible to 

add addit ional sensors to measure more other physio logica l signa ls, so that the system can be 

used as an e-coach. Figure 3.1 shows the overall system architcctu re and the prototype RFID ring 

sensor. 
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Figure 3.1 System archireclure and rhe RFIO ring-senso/' of {23} 
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C) SPA: A Smart Pho ne Assisted Chronic Illness Se lf-Manage ment System with 
Pa rticipatory Sensi ng 

The authors of this paper complained that the medica l system has not been ab le to effectively 

adapt to the dramatic transformation in public health cha llenges. from acute to chronic and 

lifestyle-related il lnesses [24]. They said that acute illnesses can be treated successfully in an 

office or hospita l, but chronic il lnesses comprise the bu lk of health care needs and require a very 

diO'crcnt approach. Active participation of the patient is needed for susta inable and successfu l 

chronic disease management. The patient's pa rt ici pa tion in the health care ca n be increased by 

giving regular feed-back of relevant health data to the ind ividual patient. However, still now, 

there is lack of effecti ve and easi ly deployed tools tha t helps patients for self-monitoring and 

self-care. Therefore, they proposed a smart phone assisted chronic il lness self-management 

system ca lled SPA that can continuously monitor a person's body, behavior, and envi ronment 

during his or her dai ly li fe , and then alert the person to take correcti ve action when health risks 

are identifi ed. 

The architecture of the SPA system consists of thrcc major parts: body area sensor network to 

collect biomedica l and environmental data, a remote server to store and ana lyze data, and a 

group of hea lth care professiona ls to check records and givc hcalth carc suggestions as shown In 

figure 3.2. 
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The body area sensor network agai n consi sts of a smart phone, a sci of biosensors and a set of 

envi ronmenta l se nsors. Biosensors are used to detect physiological signs of the pati ent such as 

heart rate, blood pressu re whi le environ mental sensors arc used 10 capture the environmenta l 

conditions like sound, light, temperature, etc. Data collected from both type of sensors wi ll be 

transmitted to the smart phone via Bluetooth network. The smart phone has bu ilt-i n G PS service 

to track the location of the patient . In addition to the biomedica l. environmental and location 

data, the subjective state of the part icipant is al so reported via random or periodica l survey 

questions presen ted to the patient. Then the smart phone deli vers all the sensed data and fi lled 

surveys to the remote server. A remote server stores a ll collcctcd sensor data in a rormatted data 

wa rehouse and these data will be processed using different data mining algorithms fo r deci sion 

making. 
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3.3. Ontology based Context Aware Pervasive Systems 

Co ntext awa reness is a fundamental cha racteristi c of pervasive computing applications. It is 

through thi s component of appli cations that the vision of di straction free co mpu ting find s it s 

fu lfill ment. Every pervasive appli cation has thi s nature of awareness about what is goi ng on 

around even though the level of awareness differs based on the applical'ion domain. There arc 

man y different approaches of modeling or representi ng context informat ion digitally so that the 

machine ca n understand a nd use it. These include kcy · va lue models, markup scheme model s, 

graph ical models, object oriented models, logic based model s and ontology based models. 

Among these, onto logy based models arc becoming morc popular to represe nt eontcxt 

inrormat ion. Th is is because ontologies have great potential to express more knowledge in deta il 

than other models. In thi s section, we will see some related works which usc or show how 

onto logies can be used to develop context awa re applicat ions. First, we di scuss researches which 

are not related to healthcare rol lowed by context aware pervasive hea lthcare systems. 

3.3.1. Works not related to Healthearc 
A) An Ontology for Context-Aware Pervasive Computing Environments 

A system architecture or ontology based context-aware system represent ing smart spaces, ca lled 

Context Broker Architecture (CoBrA), is deve loped in thi s paper [25 ). The rundamental 

component o r this arch itecture is an intelligent agent ca lled the context broker. The runction o r 

the context broker is to mai ntain ontology based shared model or context ror other agents in the 

architecture and devices in the smart spacc. In addition to providing common context model, the 

context broker a lso protects the pri vacy or users by enrorcing the uscr-defined policies during 

inrormation shari ng among agents in the space. 

The context broker consists or rour design components as shown in figure 3.3 . 

• Context Knowledge Base : a persistent storage or the conlext knowledge. 

• Co ntext Reasoning Engine : a reactive inrerence engi ne that reasons over the stored 

context knowledge. 

• Context Acquisition Module : a library or procedures that rorm a midd le-ware 

abstraction ror context acqui sition. 
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• Po licy Manage ment Modu le : a set of inference ru les that deduce inSlructions for 

decidi ng the right permissions for different computing entities to share a particular piece 

of contextua l infonna tion and for selecting the recip ients to receive notifications o f 

context changes. 

Information Servers 
(Exchange Server, iCal, 

YahooGroups, etc.) 

Context-Aware Devices 

semantic Web & 
Web services 

(ROF, DAML+OIL & OWl) 
Database 

(MySQL) 

Context-Aware Agents 

Contexts in the Intelligent Spaces 

~ ~~~ 
Smart Tag SenSOfS 

(Radio Frequency ldentilk:ation) 

@ "fl -I'l) W 
EnvIronmm Sensors 

(X, nboo & XIO technology) 
0Mce a Gadget Sensors 

(Jay, Ring, StnartCara etc.) 

Fig /ll"e 3.3 COlltext Broker Architectllre {25] 

The ontology developed as part of CoBrA is called CO BRA-ONT which helps the context 

broker to share contextual knowledge with other agents and enabli ng it to rea son about context. 

It is collect ion of ontologies of different context entities (places, agents, agcnt's location and 

agent's activity) written in OWL to represent an intell igent smart meetin g room. 

11) O nto logy Based Co nte xt Modeling a nd Reaso ning using O WL 

A genera l context ontology, modeling common high level context ent it ies such as location, user, 

act ivity and computationa l entity, caJted CONO , is developed in this research work (2 6 ). Th is 
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ontology is expressed in OWL ontology language and supports logic based context reasoning 

(both ontology based and user defined reasoning). 

C) An ontology-based approac h to context modeling and reasoning in pcn'asivc computing 

In this paper, the authors developed an ontology based reusable context model, wrinen using 

OWL, fo r pervasive computing wh ich faci litates context reason ing by providi ng structu re fo r 

contexts, rules and their semantics [27]. 

3.3.2. Works Related to Healthearo 

i. An O ntology-based Co ntext Model for Home Health Monitoring and Alertin g in Chron ic 

" lilicn! Care Networks 

Th is work describes an ontology-based context model and a related contcxt management 

middlcware providing a reusable and extensible application framework for monitori ng and 

assist ing patients at home (28]. The model supports continuou s home ca re services based on 

collaboration among different stakeholders: health operators, patient re latives, as well as socia l 

com mun ity members. The au thors introd uced thc main requ irements fo r a context aware system 

for ch ronic cond itions care and deve loped thei r own ontology based context model for satisfy ing 

these requ irements. They developed different ontologies using OWL represent ing d ifferent 

concepts and relationships among each other. These arc: 

• Patient Pe rsonal Domain O ntology: represents relevant patient's conlext information 

inc luding physica l data (i.e. biomedica l parameter va lues), locat ion and act ivity. 

• Home Domain O ntology : represents relevant context data ma inly sensed envi ronmenta l 

parameters, such as temperature and relati ve humidity. 

• Alarm Manageme nt On tology: represents cafe network members that might be engaged 

in cri tical situations hand ling and thus might have to be not ified by the system for 

intervention. 

• Social Context Ontology: represents care networks resources comi ng from different 

organizations (health teams, social community members, etc.). 
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ii. Us ing Ontology to Support Context Awareness In Heallhcare 

By considering a ubiquitous healthcare environment enabled by RF ID tcchnology, the authors 

designed intell igent hospital architecture [29]. The architccture is comprised of four different 

layers as shown in figure 3.4 . 

. ~ppflcaCiO'lS 
(sen 'ices) 

-----------t -------t-------t -------t ------t -------------------------------------
Conttxt.tmbtdded Hospital Ontology (CIHO) -- crno 

DB 

.. .. . ....... ••• ••... ..... ..... ..... ........... .... ........... .... 

Cllmcal Surglcal L.b \'\'iii! 
DB OB OB DB 

.7 /' /" /' 
Clinical Surgical Llborator)' Wald 

Information Infonnation Information ~Ianagtmtnl --
System (IS) Sysltm Sysltm Systtm 

OIltOfOgl 
Lawr 

D isrr ibured 
[llformarion 

Systems 

--------------t ------------t ------------t ---------- --t ------- ----------------------
E: • Sensors 

Figllre 3.4 Archi/eCl/lre of RFID-enabled Imel/igel/I Hospilal Model [29} 

• Senso rs: a variety of sensors that are attached to objects in a hospital such as persons, 

devices, and rooms (e.g. RFID wristband of patients, environm ental sensors, etc.). 

• Distributed Information Systems: information systems of different departments with 

separate databases. 

• Ontology Layer: a shared ontology thaI integrates heterogeneous infonnati on systems 

and devices, aiming to enable semantic interopcrability for supporting a variety of 

appl ications and services that need information across different departments. 

• Applications (Services): services for an intelligent hospital which include resource 

planning, patient workflow optimization, context-aware services, etc. 
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The deve loped ontology, which they ca lled Context-embedded Intel ligent Hospital Ontology 

(e IHO), captu res the concepts of an RFIO-enabled intelligent hospital and supports knowledge 

sharing, semantic interoperabi lity and context-aware services (applications). It is developed 

using OWL-DL and prov ides a formal description of the hea lthcare domain and supports logic­

based context reasoning. 

iii. Implementat ion of Ontology for Intelligent Hos pita l Wards 

The writers of this paper designed and implemented a Hospital Intelligent Ward Ontology 

(HIWO), representing an inte lligent hospi ta l domain and gives explicit specification of concepts 

and the relationships behind them [30]. HIWO provides a common understanding of the hospital 

environment for its domain users, thus enabling the sharing of data and captu ring context 

awareness. 

iv. A Pe rvas ive M ultimodal Telc-Homc Healthcare System 

The paper describes a Huma n-Centered Pervasive Computing System Model (HPC), a Layered 

Archi tectural Analysis and Design Method (LAAO) and a Waterfall Prototyping Process Model 

(WPP) [311. Using the HPC model and the LAAD method. the authors designed and partly 

implemented a pervasive computing based multi modal tele-home healthcare system using the 

Waterfal l Prolotyping Process. They modeled the context information of the pervasive hea lthcare 

system using anologies represented in OWL. 

3.4. Persuasive Technologies 

From the serpent in the Garden of Eden to our modern mass-media society, persuasive efforts 

abound in a continuous attem pt to influence our attilUdes and behaviors, conv inci ng us to spend 

money on one product rather than another, to vote for a particular political party. to stop 

smoking, to exercise more, to fight for environmental conservation, anima l wellbeing, better 

schools or to eat an apple [32] . Persuasive technology is the use of technology such as computers 

and mobile phones to change the attitude or behavior of people. In the area of hea lthcare, it is 

possible to change bad behaviors and customs of patients, poor scl f-care and attenlion to se lf 

health management, etc by persuading people using this tcchnolob'Y· Few efforts have been made 

in th is area and we will review some of them in the next paragraphs. 
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One of thc problems found in heahhcare industries, actua lly in developed countries, is the 

dramatic increase of elderly peoplc in need of life-long ca re wh ich ca uses high heahhcarc costs. 

One way to potentia lly reduce or slow spiraling medical costs is to usc technology, not only to 

cure sickness, but al so to promotc \\'cll ness throughou t all stages of li fe , thereby avoiding or 

defc rring expensive medical treatments f3lJ. The author of [33 J suggested that ubiquitous 

comput ing technologies and context aware algorithms offer a new healthcarc opportunity and a 

new sct of research cha llenges: exploiting emerging consumer electron ic devices to motivate 

hea lthy behavior as people age by presenting "just-in-time" information at points of decision and 

behavior. According 10 this paper, there arc four components to an effecti ve strategy to motivate 

behavior change using just-in-time information: I) prcsent a simple, tailored message that is ell sy 

to understand, 2) at an appropriate time, 3) at an appropriate place, 4) using a nonirri tating 

strategy. The author also identifies major chal lengcs in developing such systems some of which 

includc achieving subtlety, detecting the right time, motivating the "hea lthy", and prov ing 

cfficacy. 

Through mobile persuasive technology, researchers in [34 J developed an application to combat 

obesity trends in teenagers. Their aim is to moti vate teens to be active in their physica l exercise 

and continue this hea lthy lifestyle throughout their li fe . Si milarly, authors in [351 developed a 

Mobi le T herapy _ just-in-time coaching that is triggered by physiologica l indicators of stress. 

This system detects level of stress of the uscr (measured from moment-to-moment changes in 

heart rate variabi lity which is an indicator of stress) using bioscnsors and triggcrs feedback via 

mobi le phones (mobile therapies) for emotional regulation . It aims to help people pay attention 

to early signs of stress and modulate reactivity that could potcntia ll y damage their hea lth. 

3.5. Summary 
In th is chapter we have seen different research works rclatcd to pervasive hea lthcare a nd other 

areas grouped under different categories: Wireless Nctworks for Pervasive Healthcare, Mobile 

Patient Monitoring Systems, O ntology based Context Awarc Pervasive Systems, and Persuasive 

Tec hnologies. 
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All these works show that using leT in healthcare industry really makes a change. Advances in 

wireless tec hnologies- such as intelligent mobile devices and wearable network s- have made 

possible a wide range of efficienl and powerful medical appli ca tions. Health context aware 

systems make healthcare serv ices available anywhere, anytime and to anyone. However, there 

arc st ill problems in pervasive healthcare systems that these works didn ' t touch . These include 

frequency of transmission of vital sign data from patients to hea lthcare centers, network 

commu ni cation cost, refining relevant medica l context information and management of bu lky 

medical context data. In an effort to overcome these cha ll enges, in th is work , we propose an 

innovative context aware healthcare system as explained in the next chapter. 

In Ethiopia , the trend of using leT in everyday life activit ies is very poor wh ich reall y affects the 

progress of its development. This trend should be developed and everything should be 

computerized for better quality of life in the fu ture. Nowadays, it is understood that le T plays a 

great role in the deve lopment of nations. Especially for developing countries like Ethiopia, le T 

is hoped as a great opportunity fo r faci li tating their progress with a rapid rate . Of many sectors 

wh ich can be supported by leT, the healthcare industry is the most important sector. It is onl y 

when the c itizens of a nati on are healthy that we can talk about devel opment. The most di ffi cu lt 

challenge in making a change in the healthcare service in Ethiopia is the case of HIV/AIDS. In 

this chapter, we saw that many researchers in the leT community responded to healthcare 

industry problems by proposing pervasive healthcare as one so lution - actua lly in deve loped 

nati ons. The main cause of health care problems in these nations that the researchers mcntioned is 

the growing number of their aging popu lation and the corresponding cost needed to ca re them. In 

Africa, specifically in Ethiopia, the root cause for the healthcare problem is not the agi ng 

populat ion rather poverty. However, we can enjoy with leT based healthcare by appl ying the 

same so lution, i.e. pervasive hea lthcare, to our complicated healtheare problems. Therefore, in 

addition to solving the above technical problems in pervasive hea lthcare, we deve loped thi s 

hea lthcare system for putting our own solution to thi s case of ou r country and its threat of 

HI VIA IDS. 
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Chapter Four: The Proposed System 

Africa is o n the move, a nd information and communications technolog ies (leT) arc powerfu l 

lools to boost economic growth and poverty reduction [36J. Implement ing le T in different 

secto rs is the best so lution to make governmenta l services accessible to both urban and rural 

areas. There is a very wide digital divide between the cit iz.e ns of African nations and the 

devel oped ones, and even among the same cit izens o f African cou ntries - for example bel ween 

urban and rura l. Thi s makes African countries less compet iti ve in the cu rrent era ofgloba li7 .. a lion 

and internationa lizati on. Rea li zing this, many Africa n governments arc givi ng their cars to th e 

implementati on a nd deployment of leT by incorporating it to the ir developmenta l and 

transformation plans. Like other African governments, the go vernment of Ethiopia ha s also given 

its attention towards implement ing ICT in many sectors including Agriculture, Indu stry, 

Commerce, Education, Health, etc (37]. Recently, the govern ment has establi shed the Ministry 

of Communicat ion and Information Technology (MCl T) with a mission ';10 dcvc lop, deploy and 

use Comm unication and In formation Technology to improve the li ve lihood o f Ethiopiun and 

optimize its contribution to the deve lopment of the cou ntry ." 

However, thi s effort must be supported by many ICT re searches considering the local 

pe rspective. Therefore, the ICT com mun ity mu st respond to the plan o f the government by 

tackl ing va rious technical problems through continuous research works and case stud ies. [n thi s 

resea rch, we contribute ou r part in this regard by design ing an innovati ve pervasive hea lthcare 

system for HIV!AJDS pat ients. 

In addition we also contribute to the technical world of pervasive healthcarc in general by , 
de signing a new model for pervasive hea lthcare system. In the previous chapter, we ha ve studied 

the work s of ma ny researchers which indicate how the hea lt hcare industry can be supported and 

improved by using the good opportunit ies made ava ilable by the advancement o f iCT. They have 

shown us how advancements in wireless technologies- such as intelli gent mobile de vices and 

wea rable networks can make a change in the hea lthcare industry. We have al so seen how the 

ontology based context aware pervasive systems can be applied to the field o f hea lth care service 
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in dustry to fu lfill the visions of pervasive hcalthcarc - hcalthcarc anywhere, anytime , and to 

anyone. In thi s work, we designed a Context Aware Pervasive Hcalt hcare System for HIV!AIDS 

pati en ts - which we call CA PHS. In the proposed system, patient s wi ll be eq uipped with 

different smart sensor devices which detect their respecti ve vilal sign data. These sensors arc 

connected to the smart mobi le phone of the patient via Bluctooth com mu nication network . The 

smart phone has a responsi bility of fetching vita l sign data from eac h sensor, preprocess each 

data for simple status interpretation, di splaying Ihi s status interpretation 10 the user and send 

some statuses which afe above or be low the normal range to the ce ntral hospiwl system vi .. 

Internet. The centra l system will reason over thi s context and give warnings or alerts both 10 

doctors and patients. What is new in our system is the preprocess in g (first leve l conle,XI 

interpretation) abi lity that is perfo rmed inside the mobile phone itse lf before send ing the 

collected context. We will elaborate more on this concept in the next sections. 

4.1. Overview ofthe System 
The proposed system, CAPHS, has three ma in subsystems as shown in fi gure 3.1. These arc the 

patient uni t, the healthcare unit and the doctor/nu rse un it. The patient is equipped wil h di tTerent 

body sensors and a smart mobil e phone which control s the sensors by communicat ing wi th them 

via Bluetooth network. The doctor/nurse also holds a smart phone. The sma rt phones of Ihe 

patien t as well as the doctor/nurse will communicate with the healthcarc unit through 

InternctlSMS. ln the next sections, we wi ll discuss each unit one by onc. 
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Figure 4.1 OverviewojCAPffS 

4.1.1. The Patient Unit 
As medical contexts of an HI VIA IDS patient, we have identified about eight vital s igns to be 

continuously detected from the patient. These are CD4 count, body weight, body temperature, 

blood pressure, heartbeat, night sweet, diarrhea, and cough. The patient is equ ipped with sensor 

devices used for detecting these medical contexts as shown in fi gure 3.2. Some of these devi ces 

are wearable so that the patient ca n wear them and move freely. These incl ude the CD4 cell 

counter, which is actually the smart phone itself, the temperature sensor, the ga lvan ic skin 

sensor, heartbeat sensor, and cough sensor (microphone) which detect CD4 count, body 

temperature, sk in sweat, heartbeat, and coughing respecti vely. While other se nsor devices like 

wireless weight sca le and RFID sensors, which are used to detect body we ight and the presence 

of di arrhea respectively, wi ll be placed in specific rooms of the home of the patient. For 

exampl e, the wireless weight scale can be placed (embedded) in the bed of the pati ent and RFID 

in the to ilet room. 
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Figure 4.2 Medical sensor devices and 'heir deploymelll 0" hllman body 

(Sollrce: http://www.gereports.com/vital-signs-to-go-lI.ire/ess-wilh-ges-body-sellsorsl) 

Each sensor is connected to the smart phone of the patient through Bluetooth in a master/slave 

pi co net con fi gu rat ion fashion - sensors as slaves and the smart phone acting as a master (sec 

fi gure 4.3). The smart phone period ica lly fetches medical data from each sensor. After co ll ecting 

vita l sign medi ca l context from the sensors, the smart phone starts carrying out its first level 

context data interpretation ta sk to determine the status of each vital sign data - whether it is 

normal, below or above the threshold. Then it will di splay the status result to the patient on a 

di sp lay screen so that the patient may know hi slher currcnt heath statu.s. This makcs the patient 

to be consc ious about hi s/her health condition whi ch actuall y enables our system paticnt - centric 

(patient partic ipatory) health care system. When the vital signs data deviates from the normal 

medica l threshold val ue, the smart phone sends the status of the signs to the central healthcare 

unit using the already existing Internet network infrastructure. 
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Figure 4.3 B/uetooth Communication a/sensors with rhe smart pholle 

The Healt hcare Unit 
The healthcare subsystem is located in the healthcare center. It consists of a web server for 

containi ng servlets wh ich communicate to the mobile of the patient and the doctor/nurse. It also 

contains an HIV/AJDS _ ART related hospital ontology which represents the concepts in the 

serv ice of ART. There is also a user defined Jena rule to be used with the on tology app li ed on the 

observed medica l context of the patient for reasoning. This unit accepts the medical context of 

patients from smart phones of patients . It also accepts different patient informati on li ke medica l 

test results of patients and record of new coming patients from the doctor' s phone provided by 

the doctor. T hen, it uses this medical context information, the deve loped ART ontology and Jena 

rule to perform reasoning using Jena reasoners. Based on th e results obtained from the rea soners, 

actions will be triggered to be invoked in response to the new context. For example, the pati ent 

or the doctor or both may receive message containing warnings or recommendati ons based on 

the critica li ty of the case. 
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4.1.3. The DoctorlNurse Unit 
This un it consists of on ly the smart phone of the doctor/nurse communi cating to the cenl ral 

heahhcare unit through Internet network. Being anywhere, doctors or nurses can sec their patient 

informati on fou nd on the healthcare unit. The doctor ca n also prov ide differen t informatio n of 

hi s/her patients like medical test results of patients and record of new coming patients to the 

center. 

4.2. The Architecture of CAPHS 
The arch itecture of CAPHS has three constituents each again composed o f differen t compo nent s 

as shown in figure 3.4. These are the patient's unit, the hcalthcarc unit and the doctor's/nursc' s 

unit. In thi s subsectio n, we will see the components of each constituents o f the arch it ecture in 

detail. 

4.2.1. Patient's Unit 
Th is un it co nsists of the patient wearingfhaving different sensor dev ices and a smart phone - in 

wh ich different components are deployed . It contain s d ifferent components namely medic .. ! 

Sensors, Context Data Acqui siti on component, Context Preprocessor and Provider co mponent, 

and context aware Serv ices (applications) component - which includes services: Reminder 

Serv ice, Statu s Di splay Service, Coaching Service, and Message Li stener Service. The detail s of 

these co mponents are presented in the next subsections. 

4.2.1.1. Sensors 

One of the characteristics of pervasive computin g services is the presence of sma rt devices or 

smart thi ngs. These devices are found in many different forms and sizes, from handheld uni ts 

(sim ilar to mob ile phones) to near-invi sible devices set into everyday objects ( like furnitu re and 

clothing) . Today such devices are being com mercia lized having Bluetooth or ZigBee wireless 

network standards and TinyOS _ an operating system envi ron ment for tiny devices. Th is wi ll 

enab le them to communicate wire lessly with each other and act intelligently. Dependin g on the 

type of appl icati on of pervasive syste ms, different smart devices may be depl oyed to achie ve the 

goa l o f the appl ication . For example, in pervasive healthcare systems the smart devices used arc 
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Figure 4.4 The Architecture ojeA PHS 

Vital signs are the most basic parameters that can be measu red fro m pati ent s. They indicate th ei r 

physica l conditi on and well ness. When the measurements tend to move away from normal, an 

abnormality in the physica l status can be inferred. Most medical cond itions can be dia gnosed 

through vital signs and confirmed with the help o f other testS. The fo llowing vi tal signs are so me 

o f the sta ndard parameters in most medica l settings: 
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• Pu IsC/heart rate 

• Respiratory rate 

• Blood pressure 

• Temperature 

These vital signs of a n indi vidual can help in determin ing various problems within the body and 

hence can be used for pri mary diagnosis. However, in our system we incl uded o ther para meters 

specific to HI VI AIDS patients. These are CD4 cell count, body weight , night sweat, coughi ng, 

and diarrhea . Be low are the dev ices used to measure these hea lth parameters. 

• Wire less ECG (E lectrocardiogra ph) : Used to measure the rate of heart bcat (heartbeat 

variabili ty) which is an indicator of stress. 

• GS R (Galva nic Ski n Response): Used to detect night sweat from pati ents' skin. 

• Wire less weight scale: A smart scale which ha s th e newest technology allowing the 

capability to transmit data wirelessly to a personal computer to record weight trends 

overt ime. 

• 
• 

M icrophone: Used to record cough sounds from the patient. 

Temperatu re Sensor: A smart thermometer used to sense body temperature and transmit 

the data to smart phone via Bluetooth. 

• LUCAS Smart phone: A device used to count CD4 cell s in the bloodstream and 

determi ne the body's ability to fight infection. This is actua lly the smart phone of the 

pat ient itse lf. It is a special type of mobi le havi ng built in microscope inside which is 

used to take an image of the blood solut ion placed inside the phone and a LUCAS 

plat form to count CD4 cell s [38]. The patient will be trai ned how to insert hi s/blood 

solution into the phone. The mobile phone takes the image of the so lution and can 

transmit it to the hea lthcare unit for further diagnosis as shown in fi gure 4.5 . 
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Figure 4.5 LUCAS Mobile Pholle transmitting ill ' image 10 (I PC {JS} 

• Pressure sensor: Wireless pressure sensor device used to measure the blood pressure o f 

the patient and transmits it wirelessly to a mobi le phone or a Pc. 

• RFlD: RFID reader placed on the toil et room to detect the frequency orloile! usc of the 

patient per day. The patient wi ll have an RFID tag in orde r to be identified by the RFID 

reader. In the medical world if a person uses toilet more than three limes per day. it is 

considered that he/she might have diarrhea. 
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Al l these sensor devices are under the control o f the LUCAS ) mobile phone owned by the 

patient. Using different J2ME APls (Mobile sensor API - JSR 256, and Bluctooth API - JSR 

86), the mobile phone will be configured with com ponents which are used to manage these tiny 

devices and fetch data from them wirelessl y. 

4.2.1.2. Context Data Acquisition component 

Context Data Acquisition is the second com ponent on the patient unit. It is responsible for 

managing sensor devices and fetching data periodically from them. When it want s to get sensor 

data, typica ll y it performs the follow ing operations with a sensor: sensor detection (di scovery), 

sensor activation, (Connection, Monitoring) , and Data capture (Fetch ing). After collecting the 

necessary data, automatically it provides the data to the next component, Context Preprocessor 

and Provider co mponent, for first level interpretat ion and transmi ssion 10 the healthcare unit. 

4.2.1.3. Context Preprocessor and Provider component 

The Co ntext Preprocessor and Provider component is the core component having two main 

re sponsibiliti es. The fi rst responsibility is accepting the newly detected med ical con texts from 

Context Data Acquisition component and performing contex t preprocessin g operati on before 

send ing it to the healthcare unit. The second responsibility is comparing the new context 

information with previous val ue and then sending the informati on 10 the hca lthcarc unit if there 

is any cha nge . 

3 The I)rolotype of this cell phone has been constructed in 2008 in the lab of UCLA thai is ca(lalJle of 

monitorin g the condition of HIV and malaria patients, as well as tes tin g water quali ty in undc\'elopoo areas 

or disaster sites. The innovative imaging technology was invented by Professor Aydogan Ozca n, a memlJer of 

the Ca lifornia NanoSystems Institute at UCLA. The imaging platform, known as LUCAS (Lensless Ultra ­

wid e-field Cell monitoring Array platform based on Shadow imagin g), has been successfull y installed in lJoth 

a cell phone and a webeam. Both devices acquire an image in the same way, using a short wavelength lJlu r 

light to illuminate a blood, saliva or other fluid sample. LUCAS captures an image of the micro particles in 

th I t
· · B, ,",e red blood cells and other micro particles have a distin ct diffraction 

e so u Ion uSing a sensor array. c 
pattern, or shadow image, they can be identified and counted in stantaneously lJy LUCAS usin g a custom­

developed "d«ision algorithm" that compares the captured shadow ima ges to a library of trainin g images. 

Data collected by LUCAS can then be sent to a hospital for analysis and diagnosis using th e cell ph one. 
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Context preprocessi ng is onc of the important sleps of context data mana gement. Most context 

data obtained direct ly from sensors may be less meaningful to work with . It needs some 

preprocessi ng activity to bear morc meaningfu l information. What the Context Preprocessor and 

Provider component does over the vital sign data obtained from sensors, through Context Data 

Acquisiti on component, is that it transform s it 10 some more meaningful medical context 

information after some preprocessing operations. This is just to determine the status of each vital 

sign value based on predefined med ica l threshold va lues. The status of each vital sign 

measurement used in the med ica l worl d (some specific only to HIV/AIDS patien ts) is presented 

on the following tab les. 

Table 4 I C D4 value status . 
HI V-associaled CD4 Values for Adulls 

Immunodeficiency (Status) 

I None > 500 

Mild 350-499 

Advanced 200-349 

Severe <200 

SOl/ree: Revised WHO cl inical staging and immunological class ification of HI V and case definition ofl-II V for 

surveillance. 2006. 

. ht I Tbl 42 Bd a e o y we lg oss s talus 

Sta tus Weicht .... 

Moderate unexp lained weight loss 
under 10% of presumed or measured body weight 

Unexplai ned severe weight loss 
over 10% of presumed or measured body weight 

. . I I ·fi Con ofH[ V and case definition ofH[ V for 
Source: Revised WHO clinical staging and ImmunologJca e asSI Ica I 
sun'tillance. 2006. 
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Table 4.3 Body Temperature value status 

Status V .... ("C) 

Hypothermia < 35.6 

Normal 36.1 37.8 

Fever > 37.8 

Source: http://medical.-dictionary.thefreedictionary.comltempcraturc. 

Table 4.4 Blood Pressure value status 

Status Systollo (mmll&) DlutoUt (mmll&l 

Hypotension <90 < 60 

Normal 90 120 60 - 80 

Pre hypertension 121-139 or81 - 89 

Stage 1 Hypertension 140 159 0.90 - 99 

Stage 2 Hypertension > 160 or = \OO 

Source: http://www.cvphysiology.comfBloodPressure. 

Status 
Heart Rate v .... (bpm) 

Less than or equal to 60 

Table 4.5 Heart rate value status 

Low Rate 
Between 60 and 70 (including 70) 

Normal Rate 
Greater than 70 

High Rate 

Source. http}lwww.buzzle.comiartlcles!. 

The diarrhea vital sign is detected by sensing how many times the patient uses the toilet per day 

using RF1D sensors. In the medical world, if a person uses a toi let more than three times per day, 

it can be considered that the person might have diarrhea . Table 4.6 shows this information. 
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Table 4.6 diarrhea vital sign stat us 

Status N •• ber .'ullle . r toilet per day 

Normal Less than or equal to 3 

Medium 
Between 3 and 6 (including 6) 

Chronic 
Greater than 6 

The preprocessmg operation is carried out based on thi s statu s information. Then the status 

informati on wi ll be provided for the Status Display Service component to be di splayed for the 

user. Performing such a preprocessing operation on the raw contcxt data has twO advantages. The 

first advantage is that it reduces the burden of the healthcare unit by sharing the ta sk of contcxt 

interpretation. The healthcare unit on the healthcare is crowded with patients' information and 

the large ART ontology data . Therefore. making the patient's smart phone to share the data 

processing task increases healthcare unit's speed and efficiency. The second adva nta ge is If the 

context data were to be transmitted to the healthcare unit without any preprocessing, the statuS 

information to be displayed to the user must be sent back to patient 's mobil e which increases 

unnecessary network communication cost. 

The next task of the Context Preprocessor and Provi der component is sending the preprocessed 

context information to the server. Always when it gets new context, this component preprocesses 

and stores it to the persistent storage facility provided by J2ME platform. The frequency of 

sending context information depends on the status of each vital sign parameter. ThaI mea ns 

send ing takes place only when a certain parameter statuS becomes abnormal (below or above the 

normal status) and, in addition, when there is a change from the previous value. By doing thi s, 

only relevant contexts will be sent to the server. Again this technique has twO main advantages to 

the overall performance of the system. The fir st advantage is the reduction of network 

communication cost as everything obtained from sensors will not be sent. Only the criticn l 

contexts will be sent. The second advantage is a refinement of context dala for only relevant 

(critical) contexts which can make a change on the decision of the reasoning system will be sent. 

This avoids the context refinement task of the healthcare unit. 
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4.2.1.4. Servicesl Applications 

The la st component on the patient side is the Se " h" " rVlccs component w Ich mcludes differeTlt 

context aware services provided to the user. 

• The Reminder Service : the Riminder Service is first service which remind s the pat ien t 

about different scheduled tasks based on time context informati on. Espec ially, this 

service is important for taking medications on lime as H[ V/AIDS patients take many 

complex combinations of medicines. They may also usc thi s service to be alarmed on 

their appointment with their doctor. 

• T he Status Display Service: the Status Display Service is the second service which is 

triggered when a vital sign context is obtained from sensors. It di sp lays th e statu s o f each 

vita l s ign parameter on a di splay screen so that the patient may be aware of his/her health 

status. Thi s helps him/her to be conscious about hi s/her cond ition and makes him/her 

active participant on the self healthca re . 

• T he Coaching Service: the Coaching Service is the third service whi ch always looks for 

the bod y weight statu s of the user and gives some feedback sladvices to be taken as a 

measure. Mostly, HI V/AIDS patients suffer from continuous weight loss. This periodical 

coaching service encourages them to do some tasks as their habit for weight gain. 

• The Message Listener Service: the Message Li stener Service is the last service give n to 

the user which is responsible for continuous li stenin g o f messages comi ng fro m the 

hea lthcare unit and di splays it to the user on a di splay screen. These tTless..1ges arc 

generated as a result of context reasoning by the healthcare unit based on the vital sign 

contexts sent fro m the user. 

4.2.2. The Healthcare Unit 
The heahhcare unit is composed of different components. These include the Context Receiver 

component, the Schema Ontology component, the OIDS (Ontology Instance Database) 

component, the Jena Rules component, the Reasoner component, and finally the Notificati on 

Service component. In the next sections, we wiJl see details of all these components. 
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4.2.2.1. The Context Receiver component 

The first component of the hca lthcare unit is the Context R ' " . ccClvcr component. Its primary task 15 

to continuously li sten the incoming vital sign contexts from pa,,'c , ', b'l d d I' , ' n mo 1 C an C lvcrlll g It to 

the next component (the Reasoner) In add'", ... . . . I Ion 0 acceptmg vita l sign context mformatlon from 

I a c .or consumptIOn y t 1C the patient, it also prepares the received context in a forma' ,u', bl ' ' b 1 

reasoner. 

4.2.2.2. T he Ontology component 
As described in the previous chapter, ontology in computer sc ience is a specificat ion of concepts 

found in a given doma in . It explicitly defines different concepts in n domain, properti es of these 

concepts, and relati onships between them selves. This explicit definition of terms or concepts is 

represented in a machine understa ndable format so Ihat machines can use Ihi s knowledge for 

di fferent applications. In this thesis, we have developed a hospita l ontology represent ing 

concepts specific to HI V/AJDS treatment service - ART. 

Treating HIV/AIDS is the most difficu lt and compl ex task in the fi eld of medi cine. Th is is 

mai nly because of the dynamica lly evolving science of HIV. New concepts and 

recommendations emerged each time through different research work s. The other problem is the 

effect of the virus on the body of victims. It attacks the human immune system, the body's 

natural defense mechanism, and then opens a room for other opportuni stic diseases. An HI V 

victi m is more vul nerab le to be infected by any other di seases than an HI V negative person. Any 

di sease, starting from simple common cold to other very compl ex ones, can attack a person 

simply because helshe is an HIV victim. Till now, no medi cation to cure the di sease has been 

di scovered. However, if HIV is diagnosed before it becomes AIDS, medicines given through 

ART service can slow or stop the damage to the immune system . Through our ontology, we 

developed a very huge knowledge representing these complex concepts, needed to give thi s 

treatment serv ice using pervasive healthcare application. Even though our ontology is very much 

specific to HIV/AIDS treatment service only, it can also be expanded to other treatment services 

for other diseases found in a hospital if it is necessary. Below arc the main conceptslclasses 

spec ifi ed in the domain. Complete list of ontology classes arc presenled in figu re 4.6. rGraphica l 

representation of the hierarchy of classes is presented in figure 4.
7
.] 
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• Person: Thi s co ncept represents any person work ing in a hospital or customers of that 

hospita l who come as patients. It has two subclasses, Hospita l Personnel and Patient, 

wh ich 3rc classified and described further in su bclasses. 

• HospitalPersonnel : Any person working in a hospita l as a medi ca l professional sta ff and 

has a close relation with patients by treating them. It has two subclasses, Doctor and 

N urse. 

• Docto r : A hospital personnel who is a medical doctor and treats pati ents 

• Nurse : A hospital personnel who is a nurse and follows up pati ents 

• Pat ie nt : Any person who is a victim of a particular di sease and come to hospita l to 

rece ive treatment. The Patient class may have many subclasses specified based on di sca se 

types . We specified three subclasses with three disease types. HO VPatien t, 

HIVAIDSPatient and TBPatient. We include HOV and TO patients in our onto logy, 

beca use these diseases need special treatment when they appear on the HI V/AIDS 

patients. 

• 

• 

• 

• 

• 

H BVPa tient: a patient having HBV disease 

H IV AJ OSPatient : an HI V I AI OS patient 

T BPatient : A T8 patient 

T reat ment : this is a servi ce given to patients to cure their ill ness. Differen t treatment 

ty pes may be defined as necessary. but in our case we defined only ART (treatment for 

HIV/A IDS) and TB treatment. Thi s is because the type of HI VIA IDS treatment given for 

HIV patient s who are also co-infected with TB depend s on the ty pe o f medication given 

to them to cure their TB. 

AR 
. ·fi cally to HIV/AIDS patients. It has three subclasses. each 

T : T reatment gIven speci I 

. b d the type of medication and complexity o f the di sease . 
differ from each other ase on 

These are FirstLineART, SecondLi neART and ThridLineArt. 
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FirstLineART: Treatment given to HIVIAIDS patients when Ihcy start ART for thc fi rsl 

time. 

SecondLineART: Treatment given to HI V/AIOS patients when thei r firsllinc ART fni ls. 

• Th ridLineArt: Treatment given to HI V/AIDS patients when the ir second line ART fail s. 

• TBTreatment : Treatment given specifically to TB pat ients. 

• WHOHIVDiseaseStage: Represents the di sease stage of Ht V/AIDS patients based on 

WHO disease stage classification, sec at Appendix A. It has only fou r inswnccs 

di sti ngui shed from each other based on thc associated symptoms. These arc namely, 

Stage I, Stage2, Stage3 and Stage4. 

• Symptom : Represents signs of a specific disease or di seases grouped under common 

calagor)' . For our case, we define on ly HIVSymptom but it is possible to define other 

symptom types of a di seases or group of diseases, like TBSymptolll, etc, accord in g to the 

need. 

• IHVSympto m: Symptoms of HI VIA IDS appeared based on HI V di sease stage . 

• PhysiologiealParameter: Thi s represents vital signs of HI VfAIDS pat icn ts thnt we 

proposed to be detected from them via medi ca l sensors. These arc BloodPressure, 

BodyTemprature, BodyWeight, CD4Count, Cough, Diarrhea, HeartBea t, and 

NightSweat. 

• Medicine: Represents drugs used to trea t a specific di sease(s). This class ma y be 

classifi ed into different drug categories accordi ng to the necd like Anti cancer Drugs, HI V 

drugs, etc. In our case, we need to define only HI V drugs (ARVs) . 

• ARV: Represents drugs for HI V. This class has three main subclasses cla ssi fied 

depe nding on the type of action they have on HI V and the type of ART line in which they 

arc used. These are NNRTI, NRTI, and PI. 

• 
NRTI: a type of ARV representing Nucleoside Reverse Transcriptasc Inhibitors which 

mimic the normal building blocks of HI V DNA. 
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• NNRTl : a type of ARV representing Non- Nucleoside Reverse Transcripta se inhibilOrs 

wh ich di rectly inhibit reverse transcriptase . 

• PI : a type of ARV representing Protease inhibitors which inh ibit late stages of H1 V 

replicati on. 

• Device: An electronic device in our pervasive hea ltheare environmcnt owned by persons. 

It has three subclasses: MobitePhone, PC, and Sensor. 

• MobilePhone: Represents smart phone owned by patients, doctors and nurses. 

• PC: A personal computer on the hcalthcare centcr 

• Sensor: A medi cal sensor owned by HI V/AIDS paticnt ror dctccting physiolog ical 

parameters. 



• 

The namespace CAPHC represents: 

CAPHC= .. ht tp : //www. owl-onto l ogies . com/CAPHC _Ontology . owll " 

" owl:Thing 
" • (APH(:Dtvice 

• CAPHC:MobilePhone 

• CAPHC,PC 
• (APH(:Sensor 

" • (APH(:Medicine 

• CAPHC:AnticanwDrudgs 
" • CAPHC:ARV 

• CAPHC,NNRTI 
• CAPHC,NRTl 
• CAPHC,PI 

" • CAPHC:Person 
" • CAPHC:HospitalPersonnel 

• CAPHC:Doctor 

• CAPHC:Nurse 
" • CAPHC : Pat i~t 

• CAPHC:HBVPatient 
• CAPHC:HJVAIDSPatient 

• CAPHC:TBPatient 
• CAPHC:PhysiOlogicalPmmeter 

, • CAPHC,Symptom 

• CAPHC,HIVSymptom 
• CAPHOBSymptom 

" • CAPHC:Tr~atm~nt 

, • CAPHC,ART 
• CAPHC,F;",l;noART 
• CAPHC,SecondUneART 
• CAPHC,Th;,dl;noART 

• CAPHCTBTreatment 
• CAPHC:WHOHlVOismeStag~ 

I 
J sses in CAPHS and their hierarchy 

Figure 4.6 01110 ogy c a 
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Figure 4.7 Graphical representalion oj class hierarchy ojCA PJ-IS ontology 
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De fining Relat ionshi ps betwee n Ontology Classes 

Identifying and defining a ll concepts in a domain only is not enough to represent the whole 

knowledge of that domain . The properties of these concepts and relationship among them must 

also be identified. Basically. there are 'two main types of properties of classes of ontologies. 

These arc objeci properlies and dala Iype properlies. Object properti es arc properties which 

describe relations between instances of two classes. That means they define the relationship 

between two classes in the ontology. On the other hand, data Iype properties arc properties which 

si mply descri be the internal structure of classes. They don' t show relationship of a given class 

with any other class; rather they show relations between instances of classes and RDF litcr;Jl s 

and XML Schema data types. Therefore , we have identified both properties of eaeh class as 

listed in tables 4.7 and 4.8. Similarly. relationship among classes of our ontology is shown in 

fi gures 4.8 - 4.12. 

Table 4 7 Object P roperties of ontology classes . 
Property Name Domal. Rup •• bProportyOf '.veneOr 

Appeared HIVSymptom WHOHIV - has 

AtStage DiseaseSta ge Assoc iated 

SYllltolll 

Detect Sensor Physiological - isDetected 

Physiological Parameter By 

Parameter 

hasAssociated WHOHIV HIVSymptom - Appeared 

Symptom DiseaseStage 
AtSta ge 

Device - hasOwncr 
hasDevice Person 

Doctor - treats 
hasDoctor Patient -Medicine -
hasMedicine Treatment 

hasA RV ART ARV hasMedicinc 

ART NNRTI hasARV 
hasNNRTI 

NRTI hasARV 
hasNRTI ART 

PI 
hasARV 

has PI ART 
Nurse - followsU p 

hasN ursc Patient 
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12 hasOwner Device Person · hasDcvicc 

JJ has Physiologica l Patient Physiological · · 
Parameter Parameter 

14 hasSymptom Patient Symptom · 

15 hasH I VSymptom HIV AIDSPatient HIVSymptom hasSymplom 

16 hasWHO HIVAIDSPatient WHOHIV · · 

DiseaseStage DiseaseStage 

17 isDetectedBy Physiological Sensor · detect 

Parameter Physiologicni 

Parnmc\cr 

18 reads Physiological MobilePhone Physiologica lParamctcr · · 

Param eter 

19 recicvesTreatment Patient Treatment · · 

20 recievesARTLine HIVAIDSPatient ART receives · 
Treatment 

21 Suggested ARV ARV · · 

Substitute 

22 Treats Doctor Pati ent · hasDoclor 

23 roliowsUp Nurse Patient · hasNursc 

Table 4 8 Data type Properties of ontology classes . 
No Property Name Do.wD RIaIe DelcriptioD 

I AR TMustBel nitiated WHOHI VDiseaseStagc boolean Determines whether ART has 

to be init iated or not for thc 

stage 

2 clin ica l Diagnosis HIVSymptom string Clinical diagnosis of a 

symptom 

3 eommonAssoeiatedToxieity ARV 
string Assoc iatcd tox icity of ARV 

drugs 

4 definiti veOiagnosi s HIVSymptom string Defin itive diagnosis of a 
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, 

; 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

di seaseName 

enzymelnh ibited 

hasAbbrevat ion 

hasAdu ltDose 

hasAge 

hasCPUSpeed 

hasBMI 

hasDepartment 

hasDeviceName 

hasE~mailAddress 

hasFirstName 

hasFuliName 

hasGencricName 

hasH I VType 

hasMessageToSent 

hasParameterNarne 

hasSpec ialCase 

Patient 

ARV 

Medicine 

Medicine 

Patient 

Device 

Patient 

Hosp italPersonnei 

Device 

Person 

Person 

Person 

Medicine 

HIVAIDSPati ent 

MobilePhone 

Physiologica l Parameter 

HIVAIDSPatient 

51 

symptom 

siring -I,iamc of tnc disease that the 

patient has 

string Name of HI V enzyme thnl an 

ARV drug inhibits 

sIring Abbreviated name of a drug 

string Recommended dose of a drug 

for adults 

integer Age o r a pati ent 

stri ng CPU processor speed of a 

device 

float Body mass index ora patient 

string Department o f a Hospi tal 

Personnel 

string Name ora dev ice 

str ing E-mail address ora person 

sIring First name of a person 

str ing Full name of a person 

string Generic name ofa drug 

string HI V type of an HIVIAIDS 

patient(HIVI or HI V2) 

string Message generated by the 

reasoned to sent to the owner 

of that mobile 

string Name of a Physiological 

Parameter 

string Special condition of 

HI VlAIDS patient to be 

considered before 

recommending ART drugs 



(e.g. pregnancy, psyc hiatric 

illness, etc) 

22 hasStartedAR T HIVAlDSPatient string Determines whether an 

I-I IV1A IDS patient has started 

ART or not 

23 hasStatus Physiologica l Parameter string The status of a Physio logic:.1 

Parameter of a pat ient 

24 hasSymptomName Symptom string Name ofa disease symptom 

25 hasTimcStamp MobilePhone siring The time that a Mobile Phone 

has when it sends medical 

contexts to the server 

26 hasTradeName Medicine string The trade name of a drug 

27 hasVa lue Physiological Parameter The value of a Physiological 

Parameter 

28 isAsymplotic HIVAIDSPatient Boolean Determines whether an 

HIV/AIDS Patient any 

symptoms of HI V or not 

29 spccificAction ARV string Specific action of an ARV 

drugonH1V 

29 sta geName WHOHIVDiseaseStage string Name of WHO HIV Disease 

Siage , 
30 targetPopulation ART string Target population for wh ich nn 

ART option is recommended 
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Figure 4.8 Relationship a/Potienl class willi olhers 

CAPHC,ImNNRTi : (APH(:NNRTI 

CAPHC:hasNRTl ,CAPHC:NRTI 
1 : CAPHC Pl 

, w ing 

, , : ~ ,,"g 

. : itMn 9 

.~ 

(APHC. .... ,I'/HOOtwII'~ : CAI'HC;~~ 
( ,tJIHC.rt<lt"o:IJI.R IUM : UJlHC..ART 

UJ>H(, .... .aMI . fmt 
: 11""'1 

, ...... 
: boGIe'" 

Figure 4.9 Relationship o!HIVAIDSPaiell l class with others 
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• CAPHC:Trutmenl 
CAPHC:llalMtdicine : CAPHC:Mtdicirlt 

(APHC;trutmentName : ilring 
CAPHC:treatsDrSUlt : ilring 

• (APHC:PI 

CAPHC:ARV 
(APHC.:~~tdSutxtJtutt : CAPHC:ARY 
CAPHC:(ommonAssocutedTo.K'1 : stnng 

CAPHC:tr\.")1'I'Itlnhlbtltd : wing 

CAPHC.:\fI«IfKAChon : stong 

CAPHC:ART 
(APHC:II.sARV : CAPHC:ARV 
CAPHC:lluNNRTI : (APHC:NNRll 
CAPHC:NSIJRTI : (APH(;NRlI 
(APHC:NIPi : (APHC:PI 
CAPHC:tllgrtPopullllOll : IInr19 

Figure 4.10 Relatio1lship oj ART class ",iIIl olhers 

CAPHO""'" 
I- (APHC:6flKtPhyIioIogoc.F,.ffI\tle' : (APH(:~*_IIM" 

~~~~"'.-. 
e CAPHO IIPllamtltf 

• (AJ>H(:i!DttKltd8y : (APHC:!ItMaf 

• CAPH(:IItIM ...... IIut : 51l1li9 

• CAJ>H(:lIJsMinVaIut: : ItJWI9 I- (APHC:IIt!.P.,.md.tfN,/I'It : ItMg 

~ CAPHC:IIHSI.1\rI : 51nnq 
I- CAPHC:hIlV.lut: j"t 

7 WHC:hlsPlT)\ooIogo<,!P .... mtltJ ~:rudIP" .gK.w"",,"tr 

• (APH(:P'Il~t 

- • (APHC:Mobilt9t.oM 

I- (APH(:l\tlDoctor ! CAPH(:Doctor 
• CAPHC:1UmPtry»oIogl(alPlllfMltI : CAPHC:~* .. trMtI 

~ CAPHC:hnNullt : (APHC:Nur~ 
• CAPHC:hliMH~9ttoStf( : It/rII9 

= ~APHC :I\t\Phy\KlI09'ClI!)mmrttf : CAPH(:pt,ysiologiuIPII.md.tf 
I- CAPH(;hls 11ll'lt5WnP : dltt T 11M 

(APHC:h'l$ymptom : ( APHC:Symptom 

~ ~APHC:rKIt\'t$ T rutmtnl : CAPHC: 1 rutmtnt 

~ ~APHC:di~'ltN.me : :;tIlng 
CAPHC:l\tsAge : In! 

Figure 4.11 Relatiomhip ojPhysiOlogicalParameter class with others 
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• CAPHC:Device 
_ CAPHC:hIlSOwner : CAPHC:Peno n 
_ CAPHC:hasCPUSpeed : string 
_ CAPHC:hasOevlceName : string 
_ CAPHC:hasMemorySize : float 
_ CAPHC:hasModel : string 
_ CAPHC:hasOS : string 
_ CAP HC:nasScreenSIze : string 
_ CAPHC:hllSVendor : string 

l):tPt:1~' h"8·'''<e AP :ha .. wner 

• CAPHC:Person 
.. CAPHC: hIlSOevice : CAPHC:Oevice 
_ CAP HC:nasE-maiIAddre.ss : string 
_ CAPHC:hasFirstName : string 
_ CAPHC:nasFullName : st ring 
_ CAPHC:hllSl astName : string 

• (APH( :Med,clne 

• (APH( :hnAbblev, llon : stflng 
r- (APH(:h~sAduItOose : string 

• (APHC:hnGtnericN,me : stllng 
[II (APH(:hasTr,deName : string 

(A.PHC:h~ 
• (APHC :Treatment 

:. CAPHC:hasMedicine : CAPHCMedicine 

• CAPHCtreatmentName : string 

• CAPHC:treatsDisease : string 

CAPHC.WHOHlVOo~useSt. e 
CAPHC:h.sAuotletedSymtom : CAPHC:HlVSymptom 

CAPHC :ARTMu~tBd"'t"tfd : boole.n 
CAPHClStlgeN,me : strong 

(APHC ,pput~tSUgf 
,h.sAswcllted')~mtom 

r;~~~==~"~~CAP~H~C~'~HN$~~~t~om~~~;'='~~ ~ CAPHC:.ppultdAtStage : CAPHC:WHOHlVDisuseSt.ge 

CAPHC:c::hniuIOiagnosis : string 
CAPHC:dtfinitiveOiagnosis : string 

Figure 4.12 Relationships a/the remaining classes 
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4.2.2.3. The OlDB Component 
The OIDB (Ontology Instance Database) component is part of our system ontology Ih31 only 

stores ontology instances in an ordinary database. The ontology component in thc previous 

section simply defines the schematic representation of tne ontology. We prefer to store ontology 

instances in sepa rate component for better context data management [39]. As it will be explained 

later, doctors can manipulate the health information of their patients stored on thc server 

remotely. They can insert new patient records into the system and modify already ex isting 

patient records using a fr iend ly user interface via their mobi le. If the ontology in stances were 

stored together with the schema onto logy in an ontology file, it will bc difficult to manipu latc 

patient records as ontology languages are poor in processing and retri eva l of large context datn . 

4.2.2.4. The Rules Component 
During reasoning over context ontologies, reasoners usc different rules to deri ve additional 

knowl edge assertions from existing RDF/OWL statements. Basically. these rules can be 

ontology ru les (from ontology axioms) or user defined rules that are explicitly defined by the 

programmer and associated with the reasoner. In our system, in addition to ontology rules, we 

have developed and used different user defined rules associated with our Jena rcasoner. Some 

important rules are prese nted in sentence form in figure 4. 13. 

Ontology Rules 

Inverse Rufes: 

I. If a device d has an owner p, then p has a device d. 

2. If a patient p has a doctor d, then d treats p. 

3. If a patient p has a nurse n, then n up/ollows p. 
4. If a given WHO HIV disease stage s has an associated symptom sympl , the" sympl appeor~; 

at disease stage s. 

Transitive Rules: 
If HIVAJDSPatient is subclass 0/ Patient a"d Patiellt 

HIVAJDSPatienl ;s subclass 0/ Person (subclass Property). 
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Disjoint Classes: 

If X is a person, it can '( be a member of other classes like a ' .. . . DeVice, Med,cme, Trealment, Symptom, 

!' ISjomt 1111 properlY). Physlo!oglcaIParameter, and WHODiseasesStage /d' . . W· 

FunctionalProperty: 

A person P has a unique device d. 

User defined rules: 
1. If a given mobile device m has a Physiological Parameler reading p and m has fill oWller 0 

who is an HIVIAIDS Patient, then 0 has Phy.fi%gieal Parameter p. 

Example of rule representation using generiC rule synla:(: 

[ ViialSign _Rule: (?phone CA PHC:readsPhysiofogica/Paramelcr ?pomm) 

(?phone CAPHC:hasOwner ?pa/ienl) 

(lpalienl rdftype CAPHC: H1VAIDSPalient) 

.>(!patient CA PHC:hasPhysi%gicaIParameler ?param) I 

2. If an HIVIAIDS Patient p has also been co-injected with /lOV or T8 and he/she still didll 't 

start ART, then inform the doctor ofp with a message sayillg: "p has H/V.HBVor IfIV·TIJ 

co.infection and didn't start ART yet. Please initiate ART as SOOIl as possible. " 

3. If the CD4 cell count c of an HIVIAIDS Patient p becomes less ,hall or equal to 350" 

cells/mm3 and he/she still didn't start ART. then inform the doctor of P lI';tll a message 

saying: "The CD4 count ofp has been detected as c, and didll 't slarf ART yet. Please j"iliate 

ART as soon as possible. " At the same time inform the sitllation to the palielll also (llId warn 

him/her to meet his/her doctor as soon as possible. 

4. If the WHO disease stage of an HIVIAIDS patent becomes stage Ihree or stage fO
llr 

and 

he/she didn't start ART because his/her CD4 cOllnt is normal, then inform Ille dOClOr of Ille 

patie"t to initiate ART irrespective ofhislher CD4 cell COllnt. 

5. If the status of weight physiological parameter of an HIV/AIDS patent is fOlllld to be 

"Moderate Loss", then the patient has an HIVIAIDS symptom called "moderale weight 

loss. " 0" the other hand, if it has a stalllS of "Sever Loss", then the patie,,' has Olle of the 
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HI VIA IDS symptoms called "Sever weigh/loss. " 

6. If/he sla/us of the temperature physiological parameter of an IlIV/AIDS palelll is/ oulld 10 be 

"Fever ", then the patient has one of the H1VlAlDS symptoms called "Persislentfen:r. " 

7. If an HIVIAJDS parient pregnalll woman ' . I fi . IS In t ie Irsl 'rlmesler pregnallcy per iod and 

becomes elig ible to start ART, then inlOrm her doc/or /0 ovo 'd " EFV I I ~, , any lise OJ (mc raIler 10 

use NVP instead. 

* Note th at in Ethiopia, the current CD4 count value 10 start ART Is 2oocells/mm ~h ich is W IIO's 2006 

reco mmendation. Uowever, in the 201 0 recommendation It Is increased to 350. Thtrefore In hMve used the 

latest recommendation as countries must move towards adapting 10 Ih t new rfrommtnd ation. 

Figure 4. /3 Sample Rules 

4.2.2.5. The Reasoner Component 
This is the central component in the healthcare subsystem that reasons over the sc hema ontology, 

ontology instance data, and context information using ontology and user defined rules. When the 

Context Rece iver component obtains new contexts from the pa tient's mobi le, it prepares the 

context in a RDF/OWL triple format and delivers it to Ihi5 component. The reasoner component 

then, having the newly accepted context, it loads all the information sources (i.c. sc hema 

ontology, onto logy instance data, and user defined rules) from the fil e system and entail s olher 

additional ontology assertions as shown in fi gure 4.14. When loading the instance database, it 

loads only the necessary records by screening them out from the large database using database 

queries instead of loadi ng the whole database. 

Of these add itional entailments, if there are any statements which are necessa ry for the 

Noti fi cation Service component, it extracts them through the SPARQL query and then provides 

this newly obtained info rmation to the Notification Service component, after preparing the 

information to make it ready to be directly consumed by the Notification Service component. 

Actuall y, this information needed by the Notification Service component is any message to be 

forwarded to the users of the system (i.e. patients or doctors). 
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Figure 4.14 nfe Reasoner Component 

4.2.2.6. T he Notification Service Component 
This component is the final component in the healthcare center subsystem. It subscribes for 

messages generated by the reasoner component to send them to thc respective person. The 

reaSOner component provides this component a generated message plus to whom th is message 

should be sent. The Notification Service accepts thi s information and delivers thc message 10 thc 

right user. 

59 



, 
. '. 

.. 

' .. 

4.2.3. The DoctorlN urse Unit 
This is the sma llest un it of our pervasive healthcarc system. It is located on the mobile phones of 

doctors or nurses who treat patients. This unit has only two components: 

• The Re mote Patient Monitoring Service : the Remote Patient Monitoring Service is an 

application interface on the doctors mobile which enables to manipulate patient 

informat ion being anywhere. It enables to retrieve, update or insert new patient records 

on the patients instance database store located on Ihc server. 

• The Message Listener: the Message Listener is similar (0 the Message Li stener 

component of the patient unit. It is used to continuously listen incoming messages frolll 

the server fo r the doctor and displays it on a display screen . 
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4.3. Summary 

In this chapter, we have seen the deta il of the components of our propos d . h I h e pcrvasl\'c ea t care 

system. The system has three main constituents: the Patient Unit, the Hea lthcarc Unit and lhe 

DoclorlNurse Unit. Again each const ituent consists of mult iple components. The Palient Unit 

contai ns different components namely the Sensors, the Context Data Acquisition, the Contex t 

Preprocessor and Provider, and a number ofSe rviceslA pplications. Sensors arc medica l devices 

used for detecti ng vita l signs from patients. Context Data Acqui sition coll ects thc va lues of lhcsc 

signs periodically from sensors. Context Preprocessor and Provider accepts vital sign conl ext 

data and preprocess it to interpret into vital sign statu s information stores it in reco rd store 

fac ili ty of J2ME. Then, if there is any abnormal cond ition wh ich is different from the previous 

value, it sends the vital sign information to the Healthcare Unit for further processing. 

The Healthcare Unit consists of a number of components includ ing the Context Receiver, the 

Ontology, the Rules, the OIDB, the Reasoner, and the Notificat ion Service. The Context 

Receiver as its name ind icates receives context from Patent Unit, prepares it into an RDF/OWL 

format and provides for the Reasoner component. The Ontology component conta ins all concepts 

and their relationships in the domain of ART. The OIDS is an extension of the Ontology 

component conta ining only the instances of the Ontology. The Rule component contains 

mu lti ple ontology and user defined Jena ru les. The Reasoner component is a cascade of Jena 

Reasoners consuming RDF triples from the above sources to generate add itional new knowledge. 

The last component, the Notifi cation Servi ce uses this new knO~v l cd gc to notify users about 

abnormal situations. 

The last unit of the architecture is the DoctorlN ursc Unit. This is the lighter unit in the 
. Th e the Remote Patient Monitoring Service 

archItecture contai ning only two components. ese ar 
. . . ds remotely using a phone and the 

whIch is used by the doctor/nurse to mampulate patient recor ' 
. fi the Hca lthcare Unit and display them to 

Message Listener which accepts messages cornlOg rom 

the doctor/nurse. 
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Chapter Five: Prototype Implementation 

In the previous chapter, we have seen in detail the architecture of CAPHS that we proposed in 

thi s thesis. In th is chapter, we wi ll see the prototype implementation and demonstration of the 

system to see practically the concepts we discussed in the previous ehapler. First we will present 

all the tools and tec hnologies that we ha ve used to prepare our prototype implementation and 

demonstration. Then, to give the reader an idea of how CAPH S work s, a sccnario of differCllt 

patient cases will be presented. After thi s formulated scenario of patient s, the implementat ion of 

the components of the designed system wi ll be presented. Finally, we will demonstrate our 

prototype implemen tati on using practical screen shots of the implementation. 

5.1. Tools and Technologies used for the Prototype 

For the preparation of the prototype of the system, we have used lots of programming languages, 

network communication technologies, and hardware devices. All of them arc listed as follows: 

• J2ME SDK 3.0 platform with CLDC configuration and MIDI' profile - for the 

implementat ion of components of the patient and the doctor/nurse mobile units, 1401 and 

; [4! ]. 

• Eclipse SDK version 3.3.1.1 - to develop the components of the scrver side. 

• Apache Tomcat version 6.0 - is used as a web container for Java Servlets of the server. 

• TopBraid Composer Maestro Ed ition- 2.4.2 - for developing the ontology of the system 

• Jcna Semantic Web framework versi on 2.6.4 - used to deve lop the Reasoner component 

of the server. It is also used to load the schema ontology and the ontology instance 

database in to Jena models and to assoc iate user defined Jena rules to the generic Jena 

onto logy reasoner. 

SPARQL - to query over RDF triples 
. 5 022 _ is used for persistent ontology instance data 

MY SQL database server versIon .. 

• 
• 

• 

storage and management on the server. 
.• ed d t et vital signs of patients 

Di ffe rent body sensor deVIces are us to e e 

::- d ' are implemenlw by si n"llial ion. 
Due to budget and local markellimitations the sensor eVlces 

62 



, 
, t ~ I 

• 
• 

• 

LUCAS
S 

mobile phone is used as smart mobile for patients 

Bluetoalh wireless communication network is used for communication of body sensors 

with the smart phone. 

Internet communication network is used for communication between thc server and 

mobile phones. 

5.2. Scenario of Patients 

Before prese nting the scenario of patients, based on whi ch we prepared our demonstration, first it 

is necessary to see some ART service guide lines recommended by WHO which we have used in 

our scenario and hence on our demo. These include recommendations on whcn to stnn ART, 

what dru gs to start, specific populations - when and what to slart , when to switch ART, and the 

like. II is impossible to present all of these recommendations here, bu t we put some key 

recommendations here and for funher elaboration we request the reader to refer 10 the full 

document of WHO recommendations for a public health approach [71 · 

• It is recommended to treat all patients with CD4 COUllls oj~50 cellJlmm
J 

irrespectil"e 0/ 

the WHO clinical stage. 

• II is recommended thaI all palienls wilh WHO clinical stage I alld 2 should ha\"f! acce:,'s 

to CD4 testing to decide when to initiate treatment. 

• It is recommended to treat all patients with WHO clinical stage 3 (lnd" irre:,pccli\'C oj 

CD4 COllllt. 

• Start one of the following regimells (combination of different ARVs) in A RT .. naiw 

individuals eligible for treatment. 

» AZT (zidovudine) + 3TC(1amivudine) + EFV(ejavirellZ} 

» AZT + 3TC + NVP(nevirapine) 

» TDF(tenfovir disoproxiljumarate) + 3TC (or F7'C(emtricitobine)) + EFV 

~ TDF + 3TC (or FTC) + NVP 
. V d CD4c IInl of<350 cellslmmJ, 

• Slart ART in all pregnant women willi HI an a 0 -

irrespeClive of clinical symptoms. 

;- '1 .' temented by emulat ion. 
Due to budget and local market limitations the smart mobl e IS Imp 
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• CD4 testing is required to de/ermine if I pregnant women willi HII' and WHO elilliclIl 

stage J or 2 disease need /0 start ARV frealment 0 ARV I I . r prop I)' (lxU'/or PMTCT 

(prevemion of mother-to-child transmission H/V) . 

• Start ART in all pregnant women wilh HIV and WHO clinical stage 3 or 4, irre!11Jf!cti\'e of 

CD4 COllnt. 

• Start one of the following regimens ((combination of difJerem ARVs)) ill AR": lIoil'e 

pregnant women eligible for trealment: 

~ AZT + 3TC + EFV 

~ AZT + 3TC + NVP 

~ TDF+ 3TC (or FTC) + EFV 

~ TDF + 3TC (or FTC) + NVP. 

• Do not initiate EFV during the first trimester o/pregnancy. or if/here is (I potellfia/jor 

pregnancy unless laking effective conlraceptives. 

• Starr ART in all HI VlHBV cO-injected individllals 11'110 require trealment!or their /-fB V 

infe ction, (chronic active hepatitis), irrespective oflhe CD4 cell count or the WHO 

clinical stage. 

• Start TDF and 3TC (or FTC}-containing anlirelrovirai regimens ill all /-Itv/H8V co­

infected individuals needing treatment. 

• Start ART in all HIV-infected individuals with active TB, irrespective o/the CD4 cell 

COIIIII. 

• Start TB treatment first, followed by ART as soon as possible afterwards (alld withillthe 

first eight weeks). 

• Use e[avirellz (EFVJ as the preferred NNRTl in patients startillg ART wl/ife all TB 

treatmelll. 

• Where available, use viral load (VL) to confirm treatment/ailure. 

• 
. VL 6 olllils 10 detect "ira/ replicatioll. 

Where routinely aVOllable, lise every m 

• A persistent VL 0[>5000 copies/nil confirms treatment/ ailllre. 

When VL is not available, lise immllnological criteria to confirm clinical/ailure. • 

'" I tcd the following scenario of three 
For the demonstration of our prototype, we lormu a 

f particular doctor. We have choscn n 
H1V/A1DS patients all of them are under thc treatment 0 a 
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scenario of three pat ients in order to consider different ca h' h . . . ses W Ie may nOI appear on a single 

patient. These scenanos wi ll be used in subsequent sections. 

J Asllebir is an HIV carrier. He is receiving Ihe pre - ART fi II . I . . 0 Oil' III' servIce at B (lck LIon 

Hospital until he becomes eligible /0 start ART The reason thaI ' II I I . k . IIrrel/ y /tl (oes" I la e allY 

ART medication is that his CD4 cell count is normal and he doeslI '( lun'e (III)' UIV/A IDS 

disease symptoms. However, after three months, the smar/mobile phollt! of Ashebir reporled 

/0 the hea/lhcare unit that certain abnormal health COllc/ilions IUII'e appeared even 1I/o IIgh hi~' 

CD4 cell count is still in a normal condition. From Ihe report ob/ailled frolll the lIIobile, the 

heallheare unit found that certain HIVIAIDS symploms slarled 10 appear. These illell/de 

persislenl fe ver, sever weighl loss, and chronic diarrhea. 11,ell Ihe heallhcare IIl1if dedllced 

Ihal Ashebir reach /0 Ihe third stage of HIV/AIDS disease. III/media/ely, Ihe heallheare I/I/il 

warned Dr. Abebe, Ashebir 's doclor, Ihal his palieflf Ashehir is cllrremly suffering from 

many HIV symptoms of slage three and therefore he has reached disease stage three, alld he 

mllst start ART irrespective of his CD4 status. n,e system also informed pa/ie", Asl/ebir 10 

meel his doctor as soon as possible. Then Dr. Ahehe decided 10 gh-e ART to Ashebir olld 

olher IreatmenlS to other opportllnistic diseases. Now Ashebir received a bulk of dnlgs Ihol 

needs care/ III interaction. However, the reminder service all his mobile phone assisted him to 

lake all hil· medicines limely and orderly. Now Ashebir Is IT! (l good lIlId healthy sUIte, bllt his 

body weight cOllldn '/ recover faster. The coaching service 01/ his mobile pholle helps him 10 

give allenlion to his weight gaill by displaying his weigllt sWillS regularly ond recommelldillg 

ill/porlam advices 10 follow cheap and balanced diellyslem. 

2. IVlro Almaz and her spollse wanted to have a child ;11 Ihe lIear fl/ ture. Howel'et, before 

pregnancy they decided to check for HIV for the sake of Ihe child 10 be born Sorrowfully, 

after the test, they are found 10 be HIV posilive. Their doctor recorded their profile ;IItO Ihe 

HIVIAIDS patienls' record database inclllding the special case o/w/ro Almot thai she has 

I 
b·1 I eofw/ro Almo~ repo rledher CD4 

potential/or pregnancy. After twO monlhs, I Ie ",0 t e p lOll 'J -
, I I fi I pain n'e "eo/ilicare IIl1il col/cluded 

cell count to be 304cellslmm even thoug I s Ie ee s 110 . 

lhat her CD4 count is below 350cellslmmJ and therefore she mllSI start ART irrespecti,·e of 
. ed her dOCIOr ohoUI Ihe sill/atioll alld 

her disease slage. Then Ihe healthcare umt warn 
"oreo~'er. the svstem reminded lite dOClOr that ..... Iro 

recommended 10 initiate ART for her. JVI' " 
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Almaz has a great potential a/pregnancy and hence musl C1\'oid Ihe lise of EFV drJIg and /lse 

NVP illstead. n,e system also recommended w/ro Alma, I/,a' / / I S Ie mlls l m eet lef ' OCl o r liS 

soon as possible. 

3. Kebede goes /0 hospital to fIX his problem of continuOlls cOllg" fo r lIIore Iholl two weeks. 

After conducting the necessary laboratory test, il has been /o llnd that Kebede is illfected with 

TE. After recording his profile into the patients' database as a TlJ palielll, Ihe Tn doctor 

prescribed him the required medications and ordered him /0 check/or HIV illihe IlI V/AIDS 

department of the hospital as it is necessary f or any TB patient 10 check for H/V (lnd vice 

versa. Sadly , HIV has been jound in his blood sollliioll. However. his COol cell COIIIII is 

normal even though approaching the ART slarting threshold I'oille, nU!II, Kebede W(lS 

registered in tile department so that he can get the ART alldfol/ow lip service. Immedime/)' 

after registration, the healthcare unit of CAPHS recommended to Ihe mv docior 10 in;li(J/e 

A RT and provides information on which drugs are gh'eI/ for his TB illfeclion, after reasoning 

f rom the patients ' database and finding both TB and H/V co - infeclioll. 711e docior tllell 

acted accordingly and made him to start ART. Kebede was also given a perl'osil'e life 

as~; istanl with some orientation and made 10 go home, He contillues taking 01/ Ihe drugs 

give ll f or both TB and HIV infections throllgh the help of the remindillK ~'e rl' ice 0 " his smar' 

phone, He becomes beller from lime 10 time from his cough and Ihe like. bllt f rom the report 

frolll his phone his CD4 cell count continlles 10 decline. After receiving the CD-I cell CO/lilt 

report remotely, the healthcare unit deduced that the first /ine ART regimen givell to Kebede 

mighl have failed to help his body def ense mechanil'lII to reCOI'er, Therefore, the s)'l'lem 

strongly recommended Kebede to meet his doctor as soon as pos.5ible, Atlhe same time. il 

also informed the doctor that the ART medication gil'en to Kebede mighl haw failed; 
. . d ' if ai/fi'Ordable) and the second line 

therefore, plasma viral load measurement IS reqlllre I ' 

regiment has to be initiated. 
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5.2.1. Implementation 

The prototype implementation of CAPHS is based on its three main constituent units. Below is 

the implementat ion architecture of the system (figure 5.1). The subsequent sections describe the 

details of implementation of each component. 

Patient's Smart Phone 

IntemetlGSM 

• • 

InternetlGSM 

Physicians Phone 

Figure 5.1 implementation diagram o/the system 
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5.2.2. Components on the Patient Unit 

• The Sensors Component: thi s module is im plemented as a J2ME thread \\hich 

periodically ge nerates va lid body sensor values of each vital sign parameters. By doing 

this, th is component simulates the real operation of medi cal sensor devices. Since it is a 

java thread class, it runs continuously once it has been started . 

• The Context Data Acquisition Component: thi s component is responsible for 

period ica lly fetching vital sign values generated by the Sensors component. After 

collecting the va lues, it provides them to the next component, the Context Preprocessor 

and Provider component. It is implemented as a J2ME thread consumes the generated 

values with a producer/consumer thread relationship with the Sensors thread. 

• The Conlext Preprocessor and Provider component: as expla ined in chapter three in 

detail , this component has two main responsibi lities: context preprocessing and sendi ng it 

to the remote server. It is implemented as a J2ME thread which accepts the vital sign 

values fro m the above component preprocess it and send to the server as explained during 

the design phase. Part ofthe code for this component is found in Appendix 11 

• Services/Ap plications: these are group of services each implemented as J2ME rnidlet 

classes with the necessary GUI components to give their designed service. 

5.2.3. Components on the Healthcare Unit 
• The Conlext Receiver component: responsi bl e for accepting vital sign med ical context 

values from patients' mobiles and provides them to the reasoner. It is implemented as 

J S I h
· h· · k d b (he Sevlet container whenever connection comes from 

ava erv et W Ie IS IO VO e Y 

patients. 
• The (Schema) Ontology Component: this is a schema ontology containing the domain 

specific schema data . It is developed using OWL ontology language and stored as 

OWURDF file. 
. d fi d J rules which arc assoc iated with the 

• The Rules: this is a collectIOn of user e me ena 
. ' d' and stored as a RULES filc . We havc 

reasoner. It is developed usmg a simple text e Itor 

presented it in Append ix C. 
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• T he OlDB: thi s is part of the ART 0 t I b " n oogy, ut only containS the low level pan or lhc 

ontology which stores instance data in a sepamtc database fil ' h k fb I e lor I c sa c 0 clter data 

management. 

• The Reasoner: thi s is the most important component wh",eh g" s " t d" d fi 1 Ive In erme mte an lOa 

reasonings based on data from the data sources. It is implemented as Java class which 

intensi ve ly uses the Jena APls. Part of the implementation code for Ihi s component is 

found in Appendix D. 

• The Notification Service: this component is implemented as Java Scrvlct which 

communicates with mobile phones or users to deliver important notifi cation messages. 

5.2.4. Components on the Doctor Unit 
This unit only contai ns two components. The first is the Remote Patient Moni toring Service 

which is implemented as a J2ME midlet appl ication with interactive GUI capabi lities. It enables 

the doctor to remote ly manipulate the records of hislher patients stored in OIOB. The second is 

Message Listener having a similar function with the same component found in patient's unit. It is 

used to li sten the incoming message from the server. It is implemented as always running J2ME 

thread , and ifi l gets a message from remote it displays to Ihe user with the necessary GUI. 

5.3. Demonstration 
In thi s section, we wi ll demonstrate the implementat ion of the prototype. The demonstration is 

prepared based on the above palient scenario. Therefore, we demonstrate the cases of each 

patient in the scenario one by one as follows. 

Scenario I 
For the fir st scenario, i.e. Ashebir, context on the following medical parameters was sent to the 

server from the mobile. Note that the mobile phone of the patient only sends the preprocessed 

h " g abnorma l statuS will be sent. 
Context. That means the status va lue of parameters avlO 

Parameter Stat us -
Temperature Fever 

Body Weight Sever Loss 

Diarrhea Chronic 
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Then the healthcare unit sever accepts this context information, prepares it to make suitable for 

consumption as shown in figure 5.2, and interprets it to intermed iate context by reasoning over it 

using the rules shown in figure 5.3 . 

. , .. .. 
<CA E'HC : Physiological Parameter rdf : about = '' http: //www . awl-
ontologies . com/CAPHC_Ontology . owUBodyTemprature " > 
<CAPHC:hasSta tus 
rdf : da tatype= '' http ://www . w3 . org/2001/XMLSchema~string " > Fe ver</CA 
PHC : hasStatus>< /CAPHC:PhysiologicalParameter> 

<CAPHC: PhysiologicalParameter rdf : about = '' http : //www . a wl-
ontolog ies . com/CAPHC_ Ontology . QwUBodyWeight " > 

<CAPHC: hasS tatus 
rdf : da tatype= '' http : //www . w3 . org/2001/XMLSchemaistring ">Sever 
Loss< /CAPHC : hasStatus></CAPHC:PhysiologicalParameter> 

<CAPHC: Phys iologicalPa rameter rdf:about -
ontologies . com/CAPHC_ontology . owl#Diaherria 

''h ttp : //www.owl-

<CAPHC:hasStatus 
rdf : da tatype= '' http : //www . w3. org/2001/XMLSchemalstring ">Chronic<1 
CAPHC : hasStatus></CAPHC:PhysiologicalParameter> 

Figure 5.2 Prepared Context a/Scenario I 
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[ VitalSign_ Rule: (?phone CAPHC: readsPhysiologica lParameter ?param) 

(? phone CAPHC:hasOwner ?patient) 

(?patient rdf:type CAPH C:HIVAIDSPatient) 

->(?patient CAPHC:hasPhysiologicalParameter ?param») 

[BodyWeight_Ru le2: (?p rdf:type CAPHC:HIVAlDSPatient) 

(?p CAPHC:hasPhysioiogicalParameter CA PH C: BodyWcight) 

(CAPHC:BodyWeight CAPHC:hasStatus "Sever Loss"""xsd:slring) 

->(?p CAPHC:hasHIVSymptom CAPHC:Scvere_ weighUoss}1 

[BodyTemperature_Rule: (?p rd f:type CAPHC:HIVAIDSPati ent) 

(?p CAPHC :hasPhysiologicalParametcr CA PHC:BodyTcmpraturc) 

(CAPH C: Bod yT empra ture CAPH C :ha sStatu s "F cvcr"""x sd: slri ng) 

->(?p CAPHC:hasHIVSymptom CAPHC: Persistent_fevcr)l 

[ Diarrhea_Ru le: (?p rdf:type CAPHC:HIVAI DS Patient) 

(?p CAPHC:hasPhysiologicalParameter CAPHC:Diarrhea) 

(CAPH C: Diarrhea CAPHC:hasStatus "Chronic"""xsd:string) 

_>(?p CAPHC:hasHl VSymptom CA PHC: Unexplained_Chronic _diarrhoea) I 

{WHOUiseaseStage_3: (? p rdf:type CAPHC:HIVAIDSPalient) 

(?p CAPHC:ha5HIVSymptom ?5) 

(?5 CAPHC:appearedAtStage CAPHC:Stage _3) 

->(?p CAPHC:ha5WHODiseaseStage CA PHC:Stagc_3)] 

[ARTlnitiati on_Rule2: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasStartedART "false"""xsd:boolean) 

(?p CAPHC: ha5WHODiseaseStage CAPHC:Stagc_3) 

(? p CAPHC:ha5Doctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:ha5Device ?pd) 

(?p CAPHC:hasFu llName ?pname) 

(?d CAPHC:ha5FuIiName ?dname) 
" "? " has WHO di sease 

strConeat("HelIo Dr,",?dname" " pname, 

stage stage 3, please initiate ART irrespective of 
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CD4 Count",?msgToDoctor) 

strConcat(ltHelio",?pname It" "You have rooch d d· , • , ..... e Iseasc stage 

three. Please meet your doctor as soon as possiblc",?msgToPaticnl) 

->(?phone CAPHC :hasMessageToSent ?msgToDoctor) 

(?pd CAPHC:hasMessageToSent ?msgToPatient)] 

Figure 5.3 Rules usedfor the firsl scenario 

According to VitalSign_Rule and our ontology (in which the device and person rclnt ionship is 

mainta ined - hasOwner is inverse of has Device), any physiological parameter read by II mobile 

phone is automatica ll y interpreted to be the physiological parameter of the owner of thnt 

mobile. The status of each vital sign in the context will then be interpreted to other high level 

intermediate context using rules BodyWeigh,-Rule2, BodyTemperature_Rulc, and 

Diarrhea_Rule as shown in table 5.1. As a resull, each vital sign status is interpreted 10 

symptoms of HIV that appeared during the third stage of the disease (sec Appendix A). 

According WHODiseaseStage_3 rule, if one or more HI V symptoms of Slage three appcar, then 

it is wm.:lw .. lt:rJ thaI the patient has reached stage three. From th is, another information is 

generated which is preparing warning messages fo r both Ashebir and Dr.Abebe as shown in 

table 5. J. Finally, these messages are sent to the corresponding user. Fi gure 5.4 shows the 

message display sent for Ashebir and Dr. Abebe through their mobi les. 

Table 5 I Context Processing for the scenario I 

Parameter Status intermediate ·· . . Inte .... ed .... ..... ActIo • 

CODte:a:t CODtull (BlV SyJllpIom) eootnt2 eo._ 
Temperature Persistent fever Disease stage Ashebir Send 

Fever 

Body Severe_ weight_loss three and the right 
Sever 

Weight 
Or.Abebc message 

Loss 

Diarrhea Unexplained_Chronic _diarrhoea 
have to the 

Chronic 
message right 

to send uscr 
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Figure 5.4 Messages sent to Dr. Abebe alld his po(ielll Ashebir 

As expla ined in the scenario, Dr. Abebe prescribed to Ashebir to start ART and other medicines, 

may be after he made extra tests. The reminder serv ice in Ashebir's mobi le helps him to take hi s 

medic ine on time if he sets the service to remind him (figures 5.5). In addition, another service, 
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the coachi ng service, di splays his weight status periodica lly and gives some adviccs to U1ke care 

of his weight ga in (figures 5.6). 
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Figure 5.6 Weight stalllS display alldfeedback 
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Scenario II 

For Ihe second scenario, the system recognizes when the CD4 cell count of wlro AlmolZ becomes 

less than or equa l to 350cell slmm
3 

and sends messages both to wlro Almaz and hcr doctor 

Dr.Abebe as shown in table 5.2 and figure 5.8. 

Table 5.2 Context processing for scenario II 

Parameter Status CODtext FlDai Co, lint ,',' ,' , ACIIO • . 

CD4 cell CD4 < 350 Wlro Almaz and Dr.Abebe Send the right message to 

count cell s/mm3 have message to send thc right user 

From her profile information it also finds Ihat wlro Almaz has a special cond ition to be 

considered when giving any medication to her . Therefore, it reminds thc doctor that she has a 

potential for pregnancy. This is shown in figure 5.9. The Jena rules used for thi s scenario arc al so 

shown in figure 5.7. 

[ARTlnitiation_Rule l: 

(?p rdf,type CAPHC HIVAlDSPatient) 

(? p CAPHC: hasStartedART "false"N\xsd: boolean) 

(?p CAPHC:hasPhysiologicalParameter ?param) 

(?param CAPHC:hasParameterName "C04 Count!!A"xsd:string) 

(?param CAPHC:hasValue ?cd4Val) 

le(?cd4 Va l,350) 

(?d CAPHCtreats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC;hasFuliName ?pname) 

(?d CAPHC:hasFuliName ?dname) 
f" ?pnamc " has been detected 

strConcat("Hello Dr, ",?dname,", The C04 count 0" , 
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as ", ?cd4Val, ",and didn't start ART yet. Please initiate ART as soon 

as possible. ",?msgToDoctor) 

strConcat("Your CD4 value is currently ",?cd4Val,". Please meet your doctor as 

soon as possibl e. ",?msgToPatient) 

->(?phone CAPHC:hasMessageToSent ?msgToDoctor) 

(?pd CAPHC:hasMessageToSent ?msgToPatient)] 

[ Potentia l_Pregnancy_ Rule: (?p rdf type CAPHC:HIVA IDSPalient) 

(?p CAPH C:hasSpecialCase "potential ror pregnancy"lV\xsd:string) 

(?p CAPHC:hasStanedART "faise''''''xsd:booican) 

(?p CAPHC:hasDoctor Jd) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat("Hello Dr.", ?dname, ", ",?pname," has a potential 

ror Pregnancy, please avoid any use orEFv. You can usc 

NYP instead.", ?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)) 

Figure 5. 7 Rules/ or the second scellario 
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Figure 5.9 Messages to Dr.Abebe reminding Ihe special cose ofwlro Alma: 
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Scenario III 

Similarly in the scenario of Kebede, third scenario, the system generates messages to be sem 10 

the doctor since there is co - infection of both HI V and TB as shown in table 5.3. In addition, by 

Ihe time that the CD4 count of Kebede becomes less than or equal to 350ccllsl mm1
, i1 sends a 

message both to the doctor and Kebede as shown in figure 5. 11 and 5.12. The rul es for Ih is 

scenario arc pre sented in figure 5.10. 

Table 5 3 Con text Processing for scenario III 

CootClt FlDai CORiell ' '-;-' , 
HIV - TB co • infection Kebede and Dr. Abcbe have 

CD4 <- 350cells/mmJ message to send 

[Coin feet ion Ru le2: (?p rdf:type CAPHC:HIVAIDSPatient) 

(? p rdf:type CAPHC:TBPat;ent) 

(?p CAPHC:hasStartedART "false"""xsd:boolean) 

(?d CAPHC:treats ?p) 

AodOii 

Send the right message 10 the 

right user 

(?d CAPHC:hasDevice ?phone) 

(? p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat("Hello Dr.",?dname,", ",?pname," has HIV-TB coinfection and 

didn't start ART yet, please initiate ART as soon as possible. ",?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

[ ART_failure_Rule: 

(? p rdf:type CAPHC:HIV AlDSPat;ent) 

(?p CAPHC:hasStartedART "true"""'xsd:boo1ean) 

(? p CAPHC:hasPhysiologicalParameter ?param) 
C t"""'x5(i"string) 

(?param CAPHC:hasParameterName "CD4 oun . 
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(?param CAPHC:hasVaiue ?cd4Val) 

le(?cd4 Va l,350) 

(?d CAPHC:treats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat("Helio Dr.",?dname,", The CD4 count of ",?pname," has been detected 

as ",?cd4 Val, ",This indicates that the ART medication given might have 

fail ed; therefore, plasma viral load measurement is required (ifafTordablc) and 

the second line regiment has to be initiated. ",?msgToDoctor) 

strConcat("Your CD4 value is currently ",?cd4Val,". Please meet your doctor as soon 

as possible. ",?msgToPatient) 

->(?phone CAPHC:hasMessageToSent ?msgToDoctor) 

(?pd CAPHC:hasMessageToSent ?msgToPatient)] 

Figure 5.10 Rules o/the third scenario 
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Figure 5.11 Message to the doctor about HIV-TB co - injection of Kebede 
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Figure 5. J 2 Message fO the doclor and Kebede about Kebede 's CD4 after ART 
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In addition to these, the system also di splays to patients the status of each vital sign parameter 

periodically via the ir mobile phone. This service is handled by the Status Display Service 

component and commonly given to all patients. This makes patients to be conscious about their 

health statuS and helps them for better personal self health management A sample display of 

statuS for a given patient is shown in figure 5.11. 

+Sun -
f Health InfOlmatlOn 

CD4Count : 3)1 

IS"'y'Ne!lhl , .0 (Un' .. Wolghl) 

I H"artfleat , 62 (Noonol RII.) 

I T"npm ... , .0 (F ... ~ 
Cough : 0 (None) 

NightSweat : 1 (Medium) 

Diarrhoea : 12 (Chronic) 

BloodP,.8Iura: 1391112 (HIgh NormII) 
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. 5 13 Vital Signs StolllS Display Figure . 
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Chapter Six: Discussion and Conclusion 

In the fir st chapter, when we di scuss about our methodology, we have said that we did an 

observati on of ART service delivery mechanism in one hospital - Ihc Black Lion Hospital. We 

visited the Black Lion hospital in order to observe their service regarding to ART. We were Ihere 

together with doctors and nurses workin g on the HIV/AIDS department orlhe hospita l for about 

5 days to observe the overall ART service given to victims. We preferred Ihc Black Lion 

uospita l for it is the largest referra l hospital in Ihe country and is part of AA U (Addi s Ababll 

University) . We have also prepared a questionnaire to HIV/AIDS professional s nnd collected 

detailed in formation. The questionna ire is attached in th is paper as Appendi x E. From our 

observation and the feedback through the questionnaire given by proressiona ls, we ha ve got 

better understandi ng about the existing ART service delivery system. Following the SlI me 

principle, we used medical professionals in the same hospital and cva luated our proposed 

pervasive healthcare system by comparing it to the existing ART service delivery system. This 

enapter will also report on the result of the evaluation. 

Before going directly to the comparison of the two systems, let's discuss some poi nts that \\ c 

have obtained from our observation and questionnaire about the ex isting ART service delivery 

mechani sm in Black Lion Hospital _ assuming that a similar approach mi ght be practiced in 

other hospitals and healthcare cenlers in the country, In the hospital, patients come to the 

HIV/AIDS department to check their blood for HI V that may be recommended from other 

d 
. fr h TB d rtment IrH1V is round in the blood or 

epartments of the hosp ital for example om I e epa . 

these patients, then they will be registered in the department as HI V carrier so that they can get 

the pre _ ART and ART services, From the CD4 cell count and other medical information or 
. . ART or not If the CD4 cell count of a 

patients, the doctors in the department deCide to start . 
. . HI V _ HBV co - infection they initiate 

patIent is below 200ce ll slmm) or if there IS HIV - TB or 
, " r 'ble to start ART and will be gi\'cn the 

ART for such patients. Otherwise, the patIent IS not e Igl 

pre - ART follow up service, 
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For the fi rst case, once the patient has started ART, he/she will be gi ven ARV drugs to be taken 

for three months. When the patient finishes hislher med icine after three month s, then he/she wi ll 

come again and take the medicine for another three month, which thcy call refill;',g . This wa)' 

the patient wi ll continue taking the drugs from the hospital periodically. In addition, their bod)' 

weight wi ll be measured each three month. The other important appointment given to such 

patient is the appointment to check fo r the CD4 cell count and present to the doctor el'ery .I'Ll: 

1110,,11, . In add ition, the patient will be strongly advised to come and report to the department if 

there are any HIV symptoms and pain feelings at any time without any appointment. Based on 

the CD4 ce ll count and other pain information reported, the doctor wi ll nna lyze whether there is 

ART failu re or any drug side effect complexity. 

For the second case, i.e. for patients currently not eligible for ART, they will be instructed to 

comc and check their CD4 cell count e'~e'ry j'ix mont" . Similnrly, these patients are also strongly 

advi sed to come and report to the department if there are nny HIV symptoms and p.lin 

complexi ti es at any time. From this information, the doctor dec ides whether to ini tiate ART or 

not based on el igibility criterion to start ART. 

6. 1. Evaluation 
Havi ng thi s much information about the existing system, let's evaluate the importance of our 

proposed system over the former. Again for ou r evaluat ion work, we have used the scenario of 

the three pat ients fo rmulated in the previous chapter. For the case of Ashebir, the system 

" n h" d "d t to the hospita l when some HIV symptoms appear - in this case III uences 1m to eCI e 0 go 

persistent fever, chron ic diarrhea and severe weight loss. In addition, since messages arc sent 

both to Ashebir and hi s doctor, the doctor may enforce Ashebir to come soon in case he delays. 

Th " I " d" I nd the body we ight coaching services also makes Ashebi r to know e v1ta sign status 1SP ay a 
" " " h" h h Ips him to be more alert and active participant for hi s about h1 s health condlt1on W IC e 

healthcare tha n the ex isting system. 

I h doctor for carly ART initiation. In the existing 
In the second scenario, the system he ps t e 

.' fI ART will be requested to come and check for 
system, persons who are currently not eligible or , 

. thi s scenario we see thtH the CD4 cell count 
thei r CD4 cell cou nt every six month. However, 10 , 
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of wlro Almaz reaches to the ART stan" , 1 r mg va uc lour months before hcr appointlllent of CD4 

check up. Using our system, the CD4 cell count check up time inlcrva l can be schedu led 

according to the need, for exam pl e every 2 weeks or every month based on thc patient Iype. 

Therefore, by reducing the long time required to get CD4 c II " '( , h) f e count In.ormatlon SIX mont 5 0 

patients it can improve the quality of the ART service. Another important th ing that we can sec 

in this scenario is the reduction of possible med ical errors. We ha ve seen that the system rem inds 

Dr.Abebe about the spec ial case of wlro Almaz that she has a potent ial for pregnancy. In the 

ART recommendation presented in the previous chapler, we suw that EFV drug must not be 

given for women in the fir st trimester of pregnancy or having a potentia l for pregnancy. The 

doctor may fo rget this condition of Almaz since he recorded this trut h two months ago. This way 

ou r system can avoid many si milar medica l errors happening since the ART medication is very 

complex and specific to a target patient. 

In the last scenario (scenario of Kebede), we see the system helping the doctor to identify the 

criteria fo r starting ART and early detection of ART fai lure. It tell s the doctor that Kebede has a 

TB co-infection and must start ART irrespecti ve ofil is CD4 cell count. It also gives in formation 

about what drugs were given to cure hi s T8 infection . This information is very important for the 

doctor because it is utilized to decide whic h ART drug option to init iate as th is dniS option 

depends on the type of drug given for the T8 infection. After init iating ART for Kebede, the 

doctor detects ART fa ilure via CD4 cell count measurements. Accordin g 10 the existing system, 

CD4 information is available only each six month which may lead late ART failure detection . 

However, our system gives CD4 in format ion every lime according to the needed schedule. Th is 

helps the doctor to recognize any ART failu re very early and take the necessary deci sions. 

We also eva luated the proposed pervasive healthcare system based on the validity of its decision 

in case of critica l conditions. Table 6.1 presents the validity of the decision by comparing it to 

what doctors wi ll decide with simi lar information. In thi s table, we li sted around 14 simple 

C 
't' I "I' 't I order to compare the deci sion of the system wi th the rcal decision 

fI Ica cases lor Simp ICI y. n 

f d h d a questionnaire and gave to a doctor working on HI V/A ID 
a actors, we ave prepare 

d 
' 81 k L' h 'tal to provide his dec ision when ccrtain patient condit ions appear. 

epart ment In ac Ion OSpl 

We have included the fill ed questionnaire in Appendix F. 
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Table 6.1 Evaluating the quality ohyslem's decision 

No. Context System'. Deddo. DoCtor'. Dedtio. 
(Ioformation) 

J CD4 < 350cells/mm Must start ART irrespective Must stan ART irrespective of 
of disease stage disease stage 

2 Over 10% of Sever weight loss, and must Follow the p.1ticnt and if not 
presumed or measured start ART becau se of known problem stan 
body weight loss ART 

3 under 10% of Moderate we ight loss, Follow the pati ent, sec causes for 

presumed or measured informs the both the patient that and investigate further for 
body weight loss and the doctor ART in itiation. 

4 HJV - TB co - Must start ART irrespective Treat TB and initia te ART 
infection of disease stage and CD4 irrespective of di sease stage and 

cell count CD4 cell count 

5 HIV - HBV co- Must start ART irrespective In itiate ART irrespective of 

infection of disease stage and CD4 di sease stage and CD4 cell count. 

cell count good for selection of sped fie 

ART 

6 Appearance of one or Must start ART irrespective ART initiation according to WHO 

more HJV symptoms of CD4 cell count ifno CD4 cell count awak es 

of stage three 

7 Appearance of one or Must start ART irrespective ART in itiation after trcatin g the 

more HJ V sym ptoms of CD4 cell count opportun istic infection 

of stage four 

8 CD4 < - 350cells/mm Suspect that there may be Consider treatment fai lure, 

ART fa ilure Adherence. then accordingly 
after starting ART 

decide either change, or work on 

adherence 

Must start ART irrespective Must start ART irrespective of 
9 Disease stage three 
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ofCD4 cell count CD4 cell cou nt 

10 Disease stage four Must start ART irrespcctive Must start ART irrespective of 

ofCD4 cell count CD4 cell count 

I I If the patient is in the Recommend not to initiate ART must not be EFV based 

first trimester of EFV regiment 

pregnancy and must 

start ART 

12 If the patient has a Recommend not to initiate ART must not be EFV based 

potential for EFV regiment 

pregnancy and must 

start ART 

13 If the pat ient has a Recommend not to initiate Beuer if ART is not EFV based 

psychiatric ill ness and EFV regiment 

must start ART 

14 Appearance of PPE* Notify the doctor to decide Will take hislhcr own deci sion 

whether to initiate ART or whether to in itiate ART or not 

not 

* Most physicians would recommend the initiation of ART in the presence of PI'[s 

6.2. Conclusion and Future Work 
In pervasive computing environments in general, conlext management is an important key issue 

of concern. For pervasive healthcare systems speci fi cally, context management needs much more 

concern because medica l context is very sensitive and needs much more care than othcr conte xts 

for it is about saving life. Therefore, these systems need an excellent context management 

platform fo r solv ing technical healthcare problems in transmi ssion of vital signs. frequency of 

transmission of vital signs, network communication cost, conlext refinement, and management of 

large contexts. In this thesis work, we have proposed our own innovative pervasive healthcare 

system architecture in response to the above problems. Our contributions regarding these issues 

through thi s new proposed architecture are summarized as follows: ~ •• ~~-
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We have identified which vital sign data to Iransm·11 Ih h I h . , I 0 C ea t ca re Unit l Or HI V/AIDS 

pati ents. These include CD4 count body w' ·'ghl I f 
' OSS, presence 0 diarrhea , body 

temperature, blood pressure, coughing, heartbeat and night sweet. Of these vi la l signs 

CD4 count and body weight loss have strong impact on the hcalthcarc ofl-ll VIAl OS. 

We preprocess vita l signs context data obtained from medical sensors inside the mobile 

phone o f th e patient before sending the contcxt data 10 the hcalthcarc un it to determine 

the status of each vital sign. Then the mobi le phone will only send vila I sign data ha vi ng 

abnormal status. Therefore, the frequency of transmi ssion of vital signs depends on the 

status of their value. This shifting of some ta sk of conlc:..:t proccssing to the mobile sidc 

also helps to minimize the communication cost for transmitting vital signs dn ll!. In 

add ition, it increases the efficiency of the server in the hea lthcare un it in context 

management for it may be crowded with very large volume of patient data. 

• We developed a very large hospital ontology which represents very specifi c concepts in 

ART servi ce. Even though it is very specific to a particular domai n, it is structured from 

general to specific domains so that one can extend it to include all types of mcdical 

serv ices (departments) in a hospital. 

• For better context management, we separated the high level schema ontology and the 

onto logy instances as different components. The schema ontology is stored in an 

OWLlRDF format and the instance data in an ordinary re lational database . We used thi s 

hybrid context management technique because ontology languages are better to represent 

and manipu late context knowledge, but very poor to handle retri eval and management of 

large record data. In versely, ordinary databa se management systems arc very good in 

f I d d 18 bUI poor to represent knowledge of all concepts and management 0 arge recor a , 

their relationships in a domain. 

Most of all , we developed a generic architecture for pervasive medical systems that can 

. 'th minor modification. All it needs is to extend the 
be app li ed for other disease types WI 

• 

domain ontology and add relevant rules. 
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In order to prove the concepts that we raised in our system we h d 1 .• , ave eve Opt'u a prOiOlypc 

implementation of the system. For demonstration purpose, we have prepared scenarios of three 

patients representing di fferent patient cases. We have implemented a major number of 

components that we designed in our pervasive healthcare system. Fina lly, we presented 

di scussions and evaluat ions on the system by showing how it rcal ly improves the hcalthcarc 

industry by comparing it to the existing manual hea lthcarc system. 

Even though we have designed a promising pervasive healt hcarc system, we bel ieve thai slill ou r 

system can be enhanced in different aspects. For exampl e, in addition to the viln l sisn contexts, 

other contexts can be added to make the system more pervasive like the activity of the paticnt 

(doctor), the locati on of the patient, the educational status of the patient, etc. Such contcxts cnn 

determine how and when to deli ver messages to patients. The othcr open issue is the privacy Ilnd 

security of patients during transmitting their vital sign information. Fina lly, due to budget 

constraints we didn' t implement all of the system using rea l medical sensor devices and deploy it 

on a smart phone. Therefore, our system can be implemented and deploycd usi ng thcse real 

devices with minor effort to make it a real and usable system instead of It simulation. 
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Appendices 

Appendix A: WHO Clinical Staging of "IV Disease in Adults and 
Adolescents 

Clinical stage I 

Asymptomatic 

Persistent generalized lymphadenopathy 

Clinical stage 2 

Moderate unexplained weight loss (under 10% of presumed or measured body weight) 

Recurrent respiratory tract infections (si nusitis, tonsillitis, otitis media, pharyngiti s) 

Herpes zoster 

Angu lar chei litis 

Recurrent oral ulcerations 

Papular pruritic eruptions 

Seborrhoeic dermatitis 

Fungal nail infections 

Clinical stage 3 

Unexplained severe weight loss (over 10% of presumed or measured body weight) 

Unexplained chronic diarrhoea for longer than I month 

Unexplained persistent fever (intermiuent or constant for longer than I month) 

Persistent oral candidiasis 

Oral hairy leukoplakia 

Pulmonary tuberculosis 
. a meningiti s, pyomyositis, bone or 

Severe bacterial infections (e.g. pneumonIa, empyem , 
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joint infection, bacteraemia, severe pelvic inflammatory disease) 

Acute necrotizing ulcerative stomatitis, gingivitis or periodontitis 

Unexplai ned anaemia (below 8 gldl), neutropenia (below 0.5 x 10911) and/or chronic 

thrombocytopenia (below 50 x 109/1) 

Clinical stage 4 

HIY wasting syndrome 

Plleumocystisjiroveci pneumonia 

Recurrent severe bacteria l pneumonia 

Chronic herpes simplex infection (orolabial, genital or anorectal of more than I month 's 

duration or visceral at any site) 

Oesophageal candidiasis (or candidiasis of trachea, bronchi or lungs) 

Extrapu lmonary tuberculosis 

Kaposi sarcoma 

Cytomegalovirus disease (retinitis or infection of other organs, excluding liver, splcen and 

lymph nodes) 

CeOiral nervous system toxoplasmosis 

HIY encephalopathy 

EXlrapulmonary cryptococcosis including meningitis 

Disseminated nontubercu lous mycobacteria infection 

Progressive multi focal leukoencephalopathy 

Chronic cryptosporidiosis 

Chronic isosporiasis 

Disseminated mycosis (histoplasmosis, coccidiomycosis) 

Recurrent septicaemia (including nontyphoidal Salmonella) 

Lymphoma (cerebral or B cell non-Hodgkin) 

Invasive cervica l carcinoma 

Atypical di sseminated leishmaniasis 
HIY ssocialed cardiomyopathy 

Symptomatic HIY-associated nephropathy or -a 
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Appendix B: Part ofthe code for ContextPreprocessorAndProvider 

Component 

public class ContextPreprocessorAndProvider extends TimerTask{ 

pub lic fina l void run(){ 

int contcxtArray [] "'" receiveContextO; 

storeC ontex t( contextArra y); 

scndContextO; 

} 

pub lic int [] receiveContextO{ 

int parameters[] ; 

parameters "" new int[9]; 

parameters[O] = context.cd4Count; 

parameters[l] = context.bodyWeght; 

parameters[21 = context.heartBeat; 

parameters[3] = context.bogyTemprature; 

parameters[4] = context.cough; 

para meters[51 = context. nightSweet; 

parameters[6] = context.diarrhoea; 

parameters[7] = context.rnaxBloodPressure; 

t m,·nBloodPressure; parameters[8] = contex . 

return parameters; 

}lIend of receiveContext method 

public void sendContextO{ 

h reCenter/ContextRcccivcr"; 
String urI = ''http://1ocalhost:8080/Healt ca 

HttpConnection hnpConn % null ; 
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DataOutputStream dos == nu ll; 

int rc; 

try { 

htt pConn = (HttpConnection)Connector.open(url); 

II Set the request method and headers 

hnpConn.setRequestMethod(HttpConnection.POST}; 

httpConn.setRequestProperty("User.Agent", System. 

getProperty ("microed ition.profites"»; 

hnpConn.setRequestPropeny("Content ·Language", "en-US"); 

/I Getting the output stream may flush the headers 

dos = httpConn.openDataOutputStreamO; 

llsend contexts from contextStore to the server 

IlRecordEn umeration re == cOnlextStore.enumerateRecords(null, null, false); 

for(int i :=:: I ; i <= 8; i++){ 

String param = new String(contextStore.getRecord(i» ; 

dos. writeUTF(param); 

l/os. nushO; /I Optional, getResponseCode will flush 

} 

/I Getting the response code will open the connection, 

II send the req uest, and read the HTTPresponse headers. 

II The headers are stored unti l requested. 

rc = httpConn.getResponseCodeO; 

if(re!:: HnpConnection.HTTP_OK) { 

throw new IOExeeption("HTTP response code: "+ re}; 

} 
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} 

catch (ClassCastException e) { 

throw new I lI egaIArgumentException("Not an HTTP URLh); 

} 

catch (IOException ex) { 

ex. pri n tS tack T raceO; 

} 

catch (RecordStoreNotOpenException rsnoe) { 

rsnoe.pr intStackTraceO; 

} 

catch (RecordStoreException rse) { 

rse. printS lackTraceQ; 

fi nally ( 

i f(dos != nuII)( 

try ( 

} 

dos.closeO; 

catch (lOExce ption ex) { 

ex. pri ntStackTraceO; 

} 

i f (httpConn != null)( 

try ( 

hnpConn.closeO; 
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) 

catch (IOException ex) ( 

ex. pri ntStackTraceO; 

) 

) 

) 

)llend of method send context 

public void storeContext(int Dcontext){ 

1/ code for context preprocess and store 

) 

Appendix C: User defined Rules 

@prefix rdf: <http://www.w3.orpj1999/02/22-rdf-syntax-ns#>. 

@prefix CAPHe: <http://www,ow]-ontologies,comiCAPHC_Onlology.ow1#>. 

@prefix xsd: <http: //www,w3.orgl2001IXMLSchema#>. 

@include <RDFS>. 

@include <OWl>. 

[Vital Sign_Ru le: (?phone CAPHC:readsPhysiologicalParameter ?param) 

(?phone CAPHC:hasOwner ?patient) 

(?patient rdf:type CAPHC:HIV A1DSP,tient) 

->(?patient CAPHC:hasPhysiologicalParameter ?param)] 

[ Coinfectioo_ Rulel : (?p rdf:type CAPHC:HIV AlDSPatient) 

(?p rdf:type CAPHC:HBVPatient) 

(?p CAPHC:hasStanedART "false"N\xsd:boolean) 

(?p CAPHC:hasFu liName ?pname) 

(?d CAPHC:treats ?p) 
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(?d CAPHC:hasOiCe;vliC'cee?j?pPthiOoo;nee))---------- - ----, 

(?d CAPHC:hasFu liName ?dname) 

strConcat("Hello Dr.",?dname" "?pnamc" has 'IIV 'IBV " . , • " , ..- -r COI",ccllon 

and didn't start ART yet PI ... . ease mlllate ART as soon as possible.",?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

[Coinfection_Rule2: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p rdf:type CAPHC:TBPatient) 

(?p CAPHC:hasStartedART "faise"lV\xsd:boolean) 

(?d CAPHC:treats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat("Hello Dr.",?dname,", ",?pname," has HIV -TO coinfcction 

and didn't start ART yet, please initiate ART as soon as possiblc.",?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

[ARTIllitiation_Rule I: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasStartedART "false"""xsd:boolean) 

(?p CAPHC:hasPhysiologicalParameter ?param) 

(?param CAPHC:hasParameterName "CD4 Count"""xsd:string) 

(?param CAPHC:hasValue ?cd4Val) 

le(?cd4 Val,350) 

(?d CAPHC:treats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFuJlName ?dname) 

rC (
"H II Dr"?dname~ TheCD4 countof",?pname," has 

st oneat e o~~,..:,::, ==''':'~~ ________ ------' 
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been detected as" ?cd4Val .. a d d'd ' • , ,n I n t start ART yet. Please 

initiate ART as SOon as possible.",?msgToDoclor) 

strConcat("Your CD4 value is currently" ?cd4Val " PI •. ,. case meet 
your doctor as SOon as possi ble. ",?msgToPalienl) 

->(?phone CAPHC:hasMessageTo$ent ?msgToDoclor) 

(?pd CAPHC:hasMessageToSent ?msgToPalient)] 

[ ARTlnitiation_Rule2: (?p rdf:type CAPHC:HIVA IDSPatient) 

(?p CAPHC:hasStartedART "fa lse"AAxsd:boolean) 

(?p CAPHC:hasWHODiseaseStage CAPHC:Stage 3) 

(?p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC:hasFuliName ?pname) 

(?d CAPHC:hasFuliName ?dname) 

strConcat("Hello Dr. ",?dname,", ".?pname," has WHO disease stage 3, 

please initiate ART irrespective ofCD4 counl",?msgToDoctor) 

strConcat{ltHello",?pname,",", "You have reached di sease stage three. Please 

meet your doctor as soon as possible",?msgToPatient) 

~>(?phone CAPHC;hasMessageToSent ?msgToDoctor) 

(?pd CAPHC:hasMessageToSent ?msgToPatient)] 

[ARTlnitial ion_Rule3: (?p rdf:type CAPHC;HIV AlDSPalient) 

(?p CAPHC:hasStartedART "false"~xsd:boolean) 

(?p CAPHC:hasWHODiseaseStage CA PHC:Stage_ 4) 

(?p CAPH C:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC: hasDevice ?pd) 

(?p CAPHC:hasFullName ?pname) 
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(?d CAPHC:hasFuIiName?dname) 

strConcat("Hello Dr," ?dname" "?pname" h WHO d' , " " , as lsease stage four, 
please initiate ART irrespective ofCD4 ""unl'" T D ) 

..v " msg 0 octor 
strConcat("Hello",?pname,",", "You have reached disease stage four. Please 

meet your doctor as soon as possible",?msgToPatient) 

->(?phone CAPHC:hasMessageToSenl ?msgToDoctor) 

(?pd CAPHC:hasMessageToSent ?msgToPatient)] 

[BodyWeighl_Rulel: (?p rdf:type CAPHC:HIVAlDSPalienl) 

(?p CAPHC:hasPhysiologicalParameter CAPHC: BodyWeight) 

(CAPHC:BodyWeight CAPHC:hasStatu s "Moderate Loss"""xsd:str ing) 

->(?p CAPHC:hasHIVSymptom CAPHC:Mocierate _weight_loss) I 

[BodyWeighl_Ru le2: (?p rdf:type CAPHC:HIVAIDSPalienl) 

(?p CAPHC:hasPhysiologicalParameter CAPHC:BodyWcighl) 

(CAPHC:BodyWeighl CAPHC: hasStatus "Under Weight"""xsd:stri ng) 

->(?p CAPHC: hasH IVSymptom CAPHC:Severc_ weighUoss) ) 

[BodyTemperature: (?p rdf:type CAPHC: HIV AJDSPatient) 

(? p CAPH C: hasPhysioiog ical Parameter CA PHC: Body T cmpratu re) 

(CAPHC:BodyTemprature CAPHC:hasStatus "Fever"""xsd:string) 

_>(?p CAPHC:hasHIVSymptom CAPHC: Persistent_fever)] 

[ Cough_Rule: (?p rdf:type CAPHC:HIVAlDSPalienl) 

(?p CAPHC:hasPhysiologicaiParameter CAPHC:Cough) 

(CAPHC:Cough CAPHC:hasStaIUS "High"~xsd:string) 
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-->(?p CAPHC:hasHIVSymptom CAPH C:Recurrenl_ 

bacterial_upper Jespiratory _ tract_ infect ions») 

[ Diarrhea_Rule: 

(?p rd f:type CAPHC:HIV AJDSPatient) 

(? p CA PHC: hasPhysiologicalParameter CAPHC:Diarrhea) 

(CA PHC:Diarrhea CAPHC:hasStatus "Chronic"fV\xsd:string) 

-->(?p CAPHC: hasHIVSymptom CA PHC:Unexplaincd _Chronic_diarrhoea)] 

[ Pregnancy_Rule: 

(?p rdf:type CAPHC:HIV AJDSPatient) 

(?p CAPHC:hasSpecialCase "First Trimester Pregnant"N\xsd:string) 

(?p CAPHC:hasStartedART "fa lse"fV\xsd:boolean) 

(? p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(? p CA PHC:hasFullName ?pname) 

(?d CA PHC:hasFullName ?dname) 

strConcat("He llo Dr.",?dname, ", ",?pname," is in First Trimester Pregnancy, 

please avoid any use ofEFV", ?msg) 

-->(?phone CAPHC:hasMessageToSent ?msg)] 

[ Potential_Pregnancy _Rule: 

(?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasSpecialCase "potential for pregnancy"""xsd:string) 

(?p CAPHC:hasStartedART "false,",v'xsd:boolean) 

(?p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pn.me) 

(?d CAPHC:hasFuIlName ?dname) . 
" "? me" has a potcnllal for strConcat("Hello Dr.",?dname" ,. pna , 
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Pregnancy, please avoid any use ofEFV. You can use NVP instead.", ?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

[ Psychiatric_Rule: 

[PPE_Rule: 

(?p rdf:type CAPHC:HIY A1DSPatient) 

(?p CAPHC:hasSpecialCase "Severe Psychatric illness" ""'xsd:string) 

(?p CAPHC:hasStartedART "false"""x:sd:boolean) 

(?p CAPH C: hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat(ttHello Dr. ",?dname,", ",?pname," has Severe Ps),chalric illness, 

please avoid any use of EFV", ?msg) 

->(?phone CAPHC:hasMessageToSent ?msg)] 

(?p rdLtype CAPHC:HIV AIDSPatient) 

(?p CAPH C: hasWHODiseaseStage CAPHC:Stage _2) 

(?p CAPHC:hasHIYSymptom CAPHC:PPE) 

(?p CAPHC:hasDoctor ?d) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasFullName ?pname) 

(?d CAPHC:hasFullName ?dname) 

strConcat("Hello Dr.tt,?dname,", ",?pname," has PPE illness, please take your 

own decision whether to initiate ART or not", ?msg) 

->(?phone CAPHC :hasMessageT oSent ?msg)] 
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[WHODiseaseStage_l: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasHIVSymptom CAPHC:PGL) 

->(?p CAPHC:hasWHODiseaseStageCAPHC:StagU)] 

[WHODiseaseStage_2: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasHIVSymptom ?s) 

(?s CAPHC:appearedAtStage CAPHC:Stage_2) 

->(?p CAPHC:hasWHODiseaseStagc CAPHC:Stagc_2)] 

[WHODiseaseStage_3: (?p rdf:type CAPHC:HlVAIDSPatient) 

(?p CAPHC:hasHIVSymptom ?s) 

(?s CAPHC:appearedAtStage CAPHC:Stagc_3) 

->(?p CAPHC:hasWHODiseaseStage CAPHC:Stagc_3)] 

[WHODiseaseStage_ 4: (?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasHIVSymptom ?s) 

(?s CAPHC:appearedAtStagc: CAPHC:Stagc_ 4) 

_>(?p CAPHC:hasWHODiseaseStage CAPHC:Stage_ 4)] 

[ ART_Failure_Rule: 

(?p rdf:type CAPHC:HIVAIDSPatient) 

(?p CAPHC:hasStartedART "true"""xsd:boolean) 

(?p CAPHC:hasPhysiologicalParameter ?param) 

(?param CAPHC:hasParameterName "CD4 Count"AAxsd:string) 

(?param CAPHC:hasVaiue ?cd4Val) 

le(?cd4 Val,350) 

(?d CAPHC:treats ?p) 

(?d CAPHC:hasDevice ?phone) 

(?p CAPHC:hasDevice ?pd) 

(?p CAPHC:hasFuliName ?pname) 
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(?d CAPHC:hasFu liName ?dname) 

strConcat("Hello Dr.",?dname,", The CD4 count of ",?pname," has been detected 

as ",?cd4Val, ",This indicates that the ART medication given might have fa iled ; 

therefore, plasma vira l load measurement is required (if affordable) and the second 

line regiment has to be initiated . ",?msgToDoctor) 

strConcat("Your CD4 value is currently ",?cd4Val," . Please meet your doctor as soon 

as possible. ",?msgToPatient) 

->(?phone CAPHC:hasMessageToSent ?msgToDoctor) 

(?pd CAPHC: hasMessageToScnt ?msgToPatient)) 

Appendix D: Part ofthe Implementation of the Reasoner 

Compone nt 

public c lass MyReasoner extends Thread{ 

public MyReasonerO{ 

publ ic void runO { 

/I create owl Reasoner 

OntModel schema = ModeIFactory.createOIl(ologyModel 
MICRO RULE INF. FileManager.getO.loadModcl 

(OntModeISpec.OWL MEM_ _ - .. 
- \ohhh\lCAPHC Ontology.owl )); 

("D:\\workspace\\HealthcareCenter\ -

Model data ::; FileManager.ge tO.loadModel ,,). 
\\rdfDa t8 Ixt" "RDF/XM L , 

("0: \\workspace\\HealthcareCenter\\src .• 
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Reasoner owl Reasoner = ReasonerRegistry.getOWLReasollerQ; 

InfModelow ll nfModel = ModeIFactory.createi'!fNIodel 

(owl Reasoner, schema, data); 

IICascadi ng Reasoners 

List ru les = Rule.rulesFromURL 

("D:\\workspace\\HealthcareCenter\\src\\caphcRu les.ru les"); 

GenericRulcReasoner reasoner = new GenericRuleReasoner(rules); 

InfModel infModel = Mode IFactory.createilljModel(reasoner, owllnfM ode l); 

String queryString = "PREFIX CAPH C:<http: 

IIwww.owl- ontologies.comfCAPHC _ Ontology.owl#>"+ 

"SELECT ?phone ?message WHERE 

{?phone CAPHC:hasMessageToSent ?message." + 

"} "; 

Query myQry = QueryFactory.create(queryString) ; 

Query Execution qexec "" QueryExecutionFactory.create(myQry, in fM odcl); 

ResuhSet resul ts = (ResultSet)qexec.execSelectO; 

for (; resu lts.hasNextO ; ) 

{ 

QuerySolulion res = resuhs.nextSolutionO ; 

RDFNode phone == res.get("phone"); 

Resource phoneName = phone.asResourceO; 

Stri ng phoneNo = phoneName.getLocaINameO; 

String message = res.get("message").toStringO; 

St . C b - "/ "+ phoneNo+ "?"+ message; ring msg om - , . 
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} 

}llend of My Reasoner 

Appendix E: Questionnaire to HIV/AIDS Professionals 

1. Can you te ll me your responsibility in the hospital? 

2. Assume that somebody comes to you to check hislher blood for H[ V and sorrowfully. 

he/she is HIV positive. What do you do next to help this person? 

3. Assume that this person is currently not eligible to start HIV medicine. How do you 

monitor this person whether cri teria for staring ART ar~ developed in himJhcr or not? 

4. How do you decide when to start ART and what to start for HIV plus people? 

5. What are the common symptoms of HI VIA IDS that you practically experience? 
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6. How do you fo llow up a person who has st rted ART a so that you can determine whether 
there is treatment fail ure or not? 

7. From your practical experience, what are the most common opportunistic infect ions that 

frequently affect the health of HI VIA IDS patients? 

8. What are the important laboratory tests that you conduct in the process of ART? 

9. Do you have enough resources in the hospital to perform the recommended laboratory 

tests such as CD4 count, CD4 percentage, viral-load, etc for effective treatment? 

10. How do you decide, for example on when to start ART, what to start, ART switching 

and the like if there is lack of resources to carry out the above laboratory tests? , 

11. Do you think that the HI V/AIDS patient to professional proportionality is fai re? 

many patients will be assigned to one professional (doctor, nursc or councilor)? 
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12. What about the proportionality between number or patients and patients rooms in case or 
need or hospitalizat ion? 

13. Arc there any ri sky behaviors such as alcohol, unsare sex, chat, illegal drugs, ctc. 

practiced by patients that crcate problems in ART and racilitate death? 

14. How do you council HI V plus people and AIDS patients? How do you contact them? Arc 

you effccti ve? 

15. Do you have different professionals, doctors, nurses and psychologists? 
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Appendix F: Questionnaire to Doctors to know their decision on 

certain patient conditions 

\Vh". rio r"u dccid o: (luring Iho: followillg (""dll ill'" "f nl,lrnl< 

. I I , . ,ual 10 20Ck:d"/m",~ When the CD4 .:ell COWl! of 11 pallcm becomc~ cs,\ l mil '" e 

( \ Mo=t (tV'. ~ RT 

,. , 
, \).>-<>-- L 

6. WII\!Ll H[V symptoms of 
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10. When the disease stage oftlte patient bc(omcs stage four? 

11. What special ART drug is !lot initimed if the patient is in the follo",;ng conditions and --=--
must stan ART? 

J.. Firsllrimeslcrof pregn3.!lcy tJ1l..t E'ft! heJel 
~ Hasapotc!1Iial for pregnancy ,uol- EPI Wi') 1't/7....,,..., 
~ Has a psychiatric illness ". • !?fU \.aJJ 'I't. 
> Appearancc ofl'PE t.llI{l !":Oj Q~ ,~#: t4YP ro.t~ i tlf 

1'".)""" Y IlO.\ ~ _ 

2 
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