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Abstract 

The explosion of wireless technologies including wireless networks, large flat displays, sensors, personal digital assistants 

(PDA), smartphones, and embedded devices are playing a great role in the communication and service delivery of daily life. 

Nowadays it is possible to extend different applications such as providing voice calls, remote consultation, remote discussion, 

remote health service, access other applications, and so on wirelessly to anywhere in the world over short or long distances. In 

consideration of the various advantages of wireless technologies, in this work, the aim to explore the use of wireless technologies 

in the health domain for remote health domain. The main objective of this work is to design and implement a telehealth support 

system that helps improve the quality of the existing health system. The system allows health professionals to have adequate 

access to patients, to medical information, to give health-related services remotely, remote consultation, and remote education to 

patients/people anywhere and anytime. This telehealth support system is developed using a Java programming language with 

different editions for different purposes such as J2EE to develop both server-side and client-side applications of the system, JSP 

to design the web interface for the server-side application of the system, J2ME CLDC/MIDP platform which ships with J2ME 

wireless toolkit emulator to develop and demonstrate MIDlet applications on the target small computing device, and MySQL 

database for data storage management. 
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1. Introduction and Background 

The explosion of wireless technologies including wireless 

networks, touch panels, large flat displays, sensors, personal 

digital assistants (PDAs), cell phones, and embedded devices 

has the potential to transform traditional habits and ways of 

living [22]. This enables people to communicate, access ap-

plications, and transfer information over short or very long 

distances without wires as well as physical movement. This 

provides freedom of movement and the ability to extend ap-

plications anywhere in the world. The term "wireless" most 

often refers to telecommunications [1], which can be facilitated 

with various Wireless Protocols including: Bluetooth, UWB, 

ZigBee, Wi-Fi, and so on [24, 27]. Nowadays, it is uncommon 
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to see the involvement of this wireless technology in various 

instances to facilitate different developments in human society. 

The involvement of wireless technology in the health domain 

plays a pivotal role in improving the provision of healthcare [28, 

29, 30]. This work explores the use of wireless technologies in 

medical applications for remote health education. 

The use of wireless technology is on the rise in hospitals, 

medical offices, assisted living facilities, and homes with a 

number of advantages, which created new possibilities known 

as telemedicine, telecare, and telehealth in healthcare fields 

[10, 11]. Most of the time these three terms are used inter-

changeably, when in fact they are different depending on the 

coverage and application. 

Telemedicine specifically refers to medical information 

exchange over a distance using telecommunication technol-

ogy [12]. Telecare refers to a technology that allows patients 

at home to stay safe and healthy through the use of tele-

communication technology [9]. However, telehealth is the 

broad term that refers to providing healthcare services, health 

education, health management, and health information ser-

vices over a distance via telecommunications technologies [5, 

23] and it is the expansion of telemedicine [2]. It allows re-

mote doctor-patient consultation, remote monitoring of vital 

parameters, remote health education, and teleconferencing 

between specialists, and enables practitioners to evaluate and 

diagnose patients remotely or it is available at home, in the 

clinic, and in the hospital [25]. Telehealth application offers 

an effective means of improving the quality of health for any 

country, especially for developing countries like Ethiopia 

which have several health-related problems and a shortage of 

medical doctors and specialists. 

Therefore, due to the recent technological advances various 

researchers are interested in studying the establishment and 

usage of wireless technologies as a vehicle for improving the 

quality of healthcare provision in healthcare fields. Recent 

efforts include mobile technology to monitor biosignals, fol-

low up patients, and advise patients on sexually transmitted 

infections respectively [12, 17, 18]. Other work focuses on 

collecting, sharing, and managing medical information as well 

as medical news based on different mechanisms like wire-

lessly using PDA, and using Service Oriented Architecture 

(SOA) [4, 6]. Some are also designed and implemented spe-

cifically in a special area called cardiology/tele-cardiac [13, 

15, 16]. However, the aforementioned existing systems and 

the other efforts [3, 19] are focused on achieving remarkable 

improvement in healthcare services specifically on the cura-

tive aspect of the patients and less attention is given to health 

education on disease prevention and control, health man-

agement, and provision of health information services. The 

importance of health education on disease prevention and 

control is more effective than getting everyone sick and 

treating/following them individually. In consideration of this 

importance, this work focuses on health education, health 

management, and health information services of telehealth 

applications. 

Health education is a means to teach and counsel one or 

more people on the proper way of healthy living in order to 

improve one's health. By this people are able to learn how to 

prevent the spread of various kinds of diseases which can be 

categorized as communicable diseases, Sexually Transmitted 

Infections (STIs), non-communicable diseases, di-

et-deficiency diseases, and so on through the training and 

methods being taught in education. People are able to have 

better access to information regarding general prevention of 

diseases, including the knowledge of what to do and how to 

act during the increase of diseases. Therefore, this work fo-

cuses on developing a generic telehealth support system using 

wireless technologies, which can enhance the existing 

healthcare applications by introducing remote health educa-

tion on disease prevention (pre-disease), and disease control 

or reaction (post-disease) as well as enhance the provision of 

health information services to the public at large. 

The system developed provides a platform for interaction 

between doctors and patients in remote locations, enabling 

health professionals in distinct locations to share information 

as well as to monitor patients remotely and give them timely 

health information and support. The proposed system would 

even include a situation in which a doctor in one hospital can 

get/give support from/to a doctor somewhere in another hos-

pital via digital imaging between professionals. Patient charts, 

X-rays, and other diagnostic materials can be transmitted 

digitally between doctor’s offices/smart devices. This poten-

tially supports the extending of health information services 

available at anytime and anywhere. 

2. Statement of the Problem 

In Ethiopia, the government is the main healthcare provider 

which have a number of hospitals, health centers, health posts, 

health stations, clinics, pharmacies, and drug shops [33]. 

However, the healthcare system of Ethiopia is among the least 

developed in Sub-Saharan Africa and at present it is not able to 

effectively handle the significant health problems facing the 

country [35]. According to [20, 21], out of the total population 

85% live in rural areas which makes Ethiopia one of the least 

urbanized countries in the world. The rapid growth of the pop-

ulation with a low ratio of health professionals exacerbates 

critical gaps in basic health services [14]. The healthcare sys-

tem in Ethiopia can only be able to provide basic health ser-

vices to 72% of the population [14]. The ratio of medical doc-

tors to the population is one of the lowest in the world [32], 

which is a big problem that affects the health of people in the 

country up to the extent of losing of life. 

The other health related problem is that resulting from lack 

of awareness and education on infectious diseases, com-

municable diseases, and nutritional deficiencies. In most of 

the rural areas an estimate of 60-80% of the health problems 

related with such kind of problems [8, 14]. Also the most 

common diseases that cause mortality among many Ethiopi-

ans are HIV/AIDS, tuberculosis, malaria, and various com-
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municable diseases that occur due to improper sanitation and 

malnutrition [7]. In addition to this, due to poor transportation 

and other infrastructures in the country, it has been a chal-

lenging task to deliver health services and educate the rural 

people; also health professionals may not be motivated to 

educate remote people. As a result, the rural people have to 

travel long distances to get proper healthcare service and their 

journey is difficult as the land is characterized by mountain-

ous terrain and there is no adequate transportation. But, uni-

form healthcare coverage requires that healthcare be freely 

available to all citizens. 

In addition to this, issues such as widespread poverty, low 

education levels, inadequate access to safe water, poor nutri-

tional status, poor sanitation facilities, and poor access to 

health services have contributed to the high burden of the ill 

health situation in the country [34]. Indicators such as infant 

mortality (97 per 1000), under-5 mortality (140.1 per 1000), 

and maternal mortality (871 per 100,000) speak more about 

the health and the general socioeconomic situation of the 

country [34]. Generally, life expectancy at birth is currently 

about 54 years and is expected to decline to 46 years if the 

present HIV infection rates are maintained. According to 

government statistics, 3.5% of the population in the age group 

of 15-49 in 2005 were reported to have HIV/AIDS [35]. Ma-

laria is the primary health problem in the country. In total, as 

much as 80% of the health-related problems in the country are 

due to preventable communicable and nutritional diseases 

[35]. These are the major challenges the country is facing in 

its effort to reach the goal of universal coverage [33]. The 

government has chosen to strengthen primary healthcare as a 

strategic approach to solve the problems and to address a 

major gap in the country’s healthcare system; lack of physical 

access to even basic healthcare facilities in rural areas. 

However, the healthcare delivery in primary healthcare facil-

ities has been highly affected by the lack of skilled manpower 

and finance. 

The country not only has a limited number of health centers 

but also a big shortage of health professionals to cover the 

health services for the nation at large [32, 33]. This influences 

inadequate treatment for many people, especially in remote 

areas. 

In current working experience to get health service, the 

patient has to go to the nearby health center and consult the 

health workers at the centers irrespective of whether the 

workers are specialized in the area of his/her disease or not. 

Particularly, this problem is more challenging for patients 

with chronic diseases, which need continuous follow-up as 

well as specialized professional consultation on how to pre-

vent and manage the disease. Additionally, the patients must 

go to the health center early in the morning and get registered 

to get a card for medical services. Since the number of health 

workers is limited in numbers, the user is expected to stay at the 

center and wait until his/her turn comes to see the health 

workers. This process may consume many times of the patient 

as well as the time of the health professionals. In addition to the 

time wastage, the patient might be asked for a costly service fee 

which he/she might not afford. Due to the aforementioned and 

related problems, the existing health system is not a motivating 

system for patients to diagnose from time to time and to consult 

health professionals when needed. 

Proposed Solutions 

A preferable solution to this problem is to effectively utilize 

the existing professionals and enhance the existing health 

system using wireless technologies to deliver and access 

health services for all populations living in both rural and 

urban areas. According to [26], the Ethiopian government had 

the initiative to implement the pilot project of telemedicine in 

a few selected Hospitals. Hence wireless technology is a 

powerful tool to use, by considering the problems in the cur-

rent system and the advancements in wireless technology, this 

study aims to design a Wireless Telehealth Support System 

that addresses the following objectives: 

1) Enhances the existing healthcare system by introducing 

various telehealth applications including remote health 

education on disease prevention and disease con-

trol/management. 

2) Enhances the provision of health information services to 

the public at large. 

3) Recommends the patients to get more sophisticated 

treatment or consultation from specialized professionals. 

4) Also recommend any health professionals to get support 

from other specialists by informing where the special-

ized person is working/located and by allowing mailing 

or teleconferencing with the specialized person. 

This helps the patients to save time and money as well as 

allows them to get the services easily at home or anywhere with 

low or no cost and high privacy, providing the ability to 

healthcare providers to save patient history and valuable in-

formation in their system. The system also provides a chance to 

make communication between health professionals and allows 

them to have adequate access to patients, to medical infor-

mation, to give health-related services remotely, remote con-

sultation, and remote education to patients/people anywhere 

and anytime. It also enables patients to send video and 

high-resolution images between two distant locations, doctors 

can easily examine patients in offices thousands of miles away. 

As a result, rural patients do not need to make long trips to 

urban centers to get proper health services as well as to consult 

specialists. In addition to this, the system is user friendly by 

providing the users with some easily selectable features to 

select as they need and send it to the specialist or to any health 

professionals to get any support easily in different manner. 

3. Objectives 

3.1. General Objective 

The general objective of this thesis is to design and im-

plement a telehealth support system using wireless technolo-

gies. 
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3.2. Specific Objectives 

In order to achieve the aforementioned general objective, 

this work has the following specific objectives; 

1) Study the existing system and identify its problems with 

appropriate propose solutions of problems. 

2) Identify the functional and non-functional requirements 

of the system. 

3) Design a prototype model for the system based on iden-

tified requirements. 

4) Implement and demonstrate the proposed system. 

5) Finally test the validity of the system. 

4. Methodology and Tools/Software 

Usage 

The different methods that used to design telehealth Sup-

port System at various phases are as follows: 

4.1. Data Source and Data Collection Methods 

Conduct literature review and related works: various re-

views and assessments were done on different kinds of liter-

ature including books, research reports, journal articles, and 

written documents. The literature review deals with the re-

view of important concepts that are related to this work as 

well as used in this work in order to identify the existing 

techniques and analyze the current situations of the area. The 

reviews are categorized into three categories:- first, they pro-

vide general information on various wireless technologies and 

the use of wireless technology in the health domain. Secondly, 

some telehealth-related terms including health telematics, 

e-health, telecare, telemedicine, and telehealth were discussed. 

Lastly, it provides information on the use/status of telemedi-

cine/telehealth applications in Ethiopia. Also based on various 

related work this study tries to identify the usage and gap of 

the existing works and try to design and develop a telehealth 

support system that improves the quality of the current 

healthcare system by incorporating health education for dis-

ease prevention and management in the existing health system. 

This helps the patients to have a better awareness of how to 

prevent and control the spread of communicable diseases. 

Also, it allows patients to connect directly to their doctors or 

health professionals and enables them to access their medical 

history as well as their health progress from anywhere. 

Interview and Questionnaires: in order to get various in-

formation about health and health education delivery, differ-

ent stakeholders of the health-providing systems in the coun-

try including Ministry of Health (MOH), AAU Faculty of 

Medicine (FOM), and Ethiopian Public Health Institute were 

contacted. Also ethio-telecom stakeholders was interviewed 

in order to know current status of telehealth services in 

Ethiopia. 

Observation: - some of the existing health service providing 

centers were observed physically. 

4.2. System Analysis and Design Methods 

System analysis is the part of the system development life 

cycle that determine how the current health system functions 

and assess what the user would like to see in the new system. 

During system development, there are expected levels of 

capabilities like functionality of the system that are expected 

by the users of the system. The system analysis model is used 

to correct and capture all functionalities as well as to eliminate 

unnecessary requirements. The analysis model mainly con-

tains three models [36, 37]. The first model is a functional 

model that can be described by a use-case diagram, the second 

model is an object model that is described by class diagrams, 

and the third one is a dynamic model that can be described in 

terms of sequence diagrams, state charts, and activity dia-

grams. Regarding to this fact, this study aim to construct the 

model analysis based on formalized requirements of the sys-

tem. In this work, the analysis model will be described in 

terms of a functional model, object model, and dynamic 

model using use case diagram, class diagram, and sequence 

diagrams respectively. 

System design is the process of defining the architecture, 

components, modules, interfaces, and data for a system to 

satisfy specified requirements [38]. During the design phase, 

the analysis model was transformed into a system design 

model. The objective of design is to model the system with 

high quality and it discusses the details that need to be defined 

to run the requirements stated for final implementation, i.e., 

there is a shift from the application domain to actual imple-

mentation. 

The task of system design includes the definition of the 

design goals of the system, decomposition of the system into 

subsystems which refers to the process of breaking down the 

system into manageable pieces to understand the complexity 

of the system, hardware/software mapping which shows the 

deployments of the components, and persistent data model 

that describes the database structure. 

4.3. Development Environment and 

Programming Tools 

To develop the proposed system the following tools and 

technologies were utilized. 

Java 2 Enterprise Edition (J2EE): is used to develop both 

server-side and the personal computer client-side application 

of the system. 

Java Server Pages (JSP): is used to design the web inter-

face for the server-side application of the system. 

Java 2 Micro Edition (J2ME): is a CDLC/MIDP platform 

which is used to develop and demonstrate MIDlet applications 

running on mobile clients. In order to run MIDlet applications 

on the target small computing device, the .JAR and .JAD files 

are installed in mobile devices. 

Wireless Toolkit 2.5.2: is used to facilitate the development 

of the mobile client-side application of the system. It is also 
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used as a standalone Integrated Development Environment and 

provides the byte code pre-verification tool, implementation of 

API class libraries, and a device emulator [39]. 

NetBeans 8.2: is an IDE which used as an integrated de-

velopment environment for both the client side and server side 

applications of the system. 

MySQL: is used for developing a database that stores in-

formation about system users, maintained requests, healthcare 

providers, and others [31]. 

Microsoft Visio: is used for designing different UML dia-

grams that are used during different developing phases of the 

system. 

5. Significant/Beneficiary of the System 

Health is one of the basic or critical things for human be-

ings. Regarding to this, there are different organizations that 

provide health services. The MOH is one of the responsible 

organizations in Ethiopia which has a responsibility in con-

trolling various health sectors. So, in order to keep the quality 

of life of the population as well as to improve the delivery of 

health and health related services this system contributes a lot. 

As a result, by using the system MOH and various health 

centers, health professionals can improve the quality of health 

services. It also allows patients to get proper medical support. 

For each of them, the system benefit is as follows: 

The system shall allow the health professionals including 

health extension workers, clinicians, nurses, specialists, 

medical doctors, etc. to:- 

1) Send requests for support on cases that they want a 

specialist’s or other professional’s support/advice. 

2) Update or delete the previous request. 

3) Receive the recommendations/advice made by a spe-

cialist for the request. 

4) Give/get support to/from other specialists and discuss 

concerning a certain case if the case is somewhat diffi-

cult as well as if the available data cannot lead to defin-

itive diagnosis in real-time interaction using telecon-

ferencing or in-store and forward telehealth system. 

5) Exchange the patient’s medical data securely for more 

clarification. 

The system shall allow:- 

1) The users register themselves with the telehealth system 

through means of Internet facilities either at home or at 

anywhere, at anytime with their mobile/wireless devices. 

2) Any registered user gets the privilege of accessing the 

telehealth system for any service like health education 

on disease prevention and management, consultation, 

accessing any clarification related to different diseases, 

etc. 

3) A registered user to maintain any requests using their 

devices. 

4) Patients based on their request to get the response that 

suggests suitable tests which have to be carried out by 

the patient through the Internet. 

5) Patients with the assistance of a health professional to 

undergo the prescribed test. 

The system shall allow the Coordinator (may be MOH or 

Administrator) to:- 

1) Manage announcements of different information. 

2) Manage user accounts. 

3) Maintain detailed information on health professionals. 

6. Application Results of the System 

6.1. System Architecture/ Framework of the 

System 

The system architecture shows the overall organization and 

communication between the users and the system. The main 

components of the system architecture include a mobile client, 

web client, and system server. The following figure shows the 

general architecture of the system. 

 
Figure 1. The General Architecture of the Proposed System. 
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Mobile Client 

The mobile client component is the client side application 

of the system which runs on small wireless hand-held devices 

like mobile phones. 

Web Client 

This is the other client side application of the system which 

helps the users of the system who use laptop or desktop 

computers to get telehealth services. 

Web Server 

The server side application of the system including web 

interface and database application resides on the web server. 

This also contains the telehealth application which is the heart 

of the system. 

6.2. Hardware/Software Mapping 

The hardware/software mapping model of the system de-

scribes the relation between the hardware and software 

components and nodes as well as the communication tech-

nology that can be used for the system. The following figure 

shows the hardware/software mapping (deployment) of the 

telehealth support system. 

 

Figure 2. Deployment diagram of Telehealth Support System. 

6.3. The Prototype 

The prototype of the system is composed of a mobile client 

application running on small wireless computing devices like 

mobile phones, a web client application running on personal 

computers and a server side application capable of handling 

the user requests. 

Mobile Client Application Interface 

The mobile client application interface is an interface for 

the mobile client application that can run on mobile devices. 

When the application is started on mobile devices, it displays 

the login form that requires users to enter their username and 

password and verify the user’s authentication. The login form 

of mobile application is shown in Figure 3. 

  
Figure 3. Login Form for Mobile Client Application of Telehealth 

Support System. 

On a successful login to the system, the system displays the 

main menu of the system with different options. From the listed 

application let the user selects the registration form, then the 

system display the form which contains various information 

about the requester which are used for future process. 

  
Figure 4. Registration Form for Mobile Client Application of Tele-

health Support System. 
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After the user is registered for the request, the user can send, 

update, and delete the request by selecting from the given 

options. The following figure shows the request sending form 

with different list of options, list of symptoms with check 

boxes, list of the methods of communication, option for 

telehealth education. 

  
Figure 5. Maintain Request for Mobile Client Application of Tele-

health Support System. 

The result is sent to the mobile client after sending the symp-

toms and receiving a sent request confirmation message. Figure 

6 shows the result of the request based on some selection of the 

user. If the user needs details about various diseases s/he can 

click on the “Disease information” link to get more understand-

ing of how to prevent, and control the disease, symptoms of the 

disease and other information from the system. 

  
Figure 6. Result of the Request for Mobile Client Application. 

Web Client Application Interface 

The web client application interface is an interface for the 

web client application that can run on personal computers 

(laptop or desktop). When the application is started on these 

devices and if the user clicks on the login button, it displays 

the login form that requires users to enter their usernames and 

passwords and verify the user’s authentication. If the user 

selects another operation like “Maintain_Request”, the ap-

plication takes the user to the maintain page that allows 

him/her user to register for sending requests and allow the 

user to update and delete the existing request as shown in 

Figure 11 and Figure 12 respectively. 

 
Figure 7. Login Form for Web Client Application of Telehealth Support System. 
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After the users have selected and filled in the fields of login form with correct login credentials, the system displays the re-

spective pages based on the selected and filled login credentials. On successful login, let the user is logged as an Administer, 

application takes the user to Admin page which contains different tasks that s/he performs as shown in Figure 8. On the other 

hand, if the patient or health professional wants to look at and get consultation or support from specialists, s/he can simply view 

some information by clicking on view professionals profile button. 

 
Figure 8. Admin page of Web Client Application of Telehealth Support System. 

 
Figure 9. Maintain professionals profile page for Web Client Application. 
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Figure 10. Maintain Account Page for Web Client Application of Telehealth Support System. 

Similar to mobile client application, the user can maintain request using web client application first he/she clicks on “Maintain 

Request” button, then follow the respective steps. 

 
Figure 11. Maintain request page for Web Client Application of Telehealth Support System. 

 
Figure 12. Send Request page for Web Client Application of Telehealth Support System. 
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After completion and sending the selected options as well 

as receiving a confirmation message, the result is sent to the 

web client. Also, if the user needs details about the disease 

s/he can click on the “Disease information” link and get more 

awareness on how to prevent manage, and/or control the 

disease and other information from the system including the 

symptoms of the disease. 

Server Side Application 

The server-side application of the system contains database 

applications reside on the web server. It is responsible for 

containing patient medical history, system user information, 

various profile information of the health professionals, gen-

eral disease information, and request information. 

7. Conclusion and Future Works 

7.1. Conclusion 

In developing countries like Ethiopia, there is a high 

shortage of medical health professionals that affects the 

quality of healthcare of people. Due to this as well as lack of 

adequate guidance and treatments, and lack of awareness on 

the prevention and control of various types of disease, a pa-

tient may suffer tremendously to the extent of losing life. 

Regarding this reality, there should be a means to exploit the 

health professionals in the country in order to give effective 

services. To alleviate these problems, using wireless tech-

nologies a telehealth support system that supports the existing 

system by incorporating health education and related services 

on disease prevention and control is proposed in this work. 

Using the developed system, both health professionals 

and/or patients can access health services while on the move 

or while they are away from their living or working site to 

give and/or get better treatment and guidance. This is very 

important and practical in the areas with a very high shortage 

of medical professionals. The researchers believe that this 

empowers health professionals to have adequate health ser-

vices access from anywhere and to give effective services to 

patients. Therefore, this helps to effectively utilize the insuf-

ficient resources, infrastructure, and health professionals in 

the country. Also, this improves the quality of patient care, 

and awareness around the people, since it enables both health 

professionals and patients to have adequate access to health 

services and information. 

In order to achieve the advantages of these wireless 

technologies the Telehealth support system was developed. 

In the development phase of the prototype, MIDlets appli-

cations are executed using a J2ME CLDC/MIDP emulator. 

A J2ME CLDC/MIDP emulator is an important tool that 

ships with the standard J2ME wireless toolkit and allows the 

demonstration of MIDlet based applications in web browser 

applet as well as emulates a physical mobile device. This 

emulator is also enables us to run MIDlets on mobile devices 

such as mobile phones and laptop as well as on desktop PC 

and to simulate how the MIDlet will run on a physical de-

vice. 

7.2. Future Works 

As mentioned in the previous section due to the limitations 

of material resources, in the development phase of the pro-

totype, emulators are used to demonstrate the prototype in a 

physical mobile device. However, the developed telehealth 

support system allows health professionals and/or patients to 

access health-related services from wherever they are. 

This developed system is particularly applicable only for 

health education on disease prevention and control, health 

management, and health information services for communi-

cable diseases and diet-deficiency diseases. In the future 

works, this health education service will be extended with 

other telehealth applications to various types of health prob-

lems like medical prescription as well as for all types of dis-

ease. 
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