
PERFORMANCE EVALUATION OF MOBILE 
AD HOC NETWORK BASED COMMUNICATIONS 

FOR FUTURE MOBILE TELE-EMERGENCY 
SYSTEM 

DUDUKU V VISWACHEDA 

~ PERPUST. ~JtAN 
UNIVERSITI riii(LAYS!!\ SABAH 

THESIS SUBMITTED IN FULFILMENT FOR THE 
DEGREE OF MASTER OF SCIENCE 

SCHOOL OF ENGINEERING AND 
INFORMATION TECHNOLOGY 

UNIVERSITI MALAYSIA SABAH 
2008 



UNIVERSm MALAYSIA SABAH 

BORONG PENGESAHAN STATUS TESIS@ 

JUDUL: PERFORMANCE EVALUATION OF MOBILE AD HOC NETWORK 
BASED COMMUNICATIONS FOR FUTURE MOBILE 
TELE-EMERGENCY SYSTEM 

IJAZAH: MASTERS OF SCIENCE IN COMMUNICATIONS 

SESI PENGAlIAN: 2005-2008 

Saya, DUDUKU V VISWACHEDA mengaku membenarkan tesis sarjana ini 
dlsimpan di perpustakaan Universiti Malaysia Sabah dengan syarat-syarat 
kegunaan seperti berikut: 

1. Tesis adalah hakmilik Universiti Malaysia Sabah. 
2. Perpustakaan Universiti Malaysia Sabah dibenarkan membuat salinan 

untuk tujuan pengajian saya. 
3. perpustakaan dibenarkan membuat salinan tesis ini sabagai bahan 

pertukaran antara instltusi pengajian tinggi. 
4. TIDAK TERHAD. 

Alamat: 
No 14, Block 4, 
Jln Haiwan, 
Likas Bay, Kota Kinabalu, 
Sabah, MALAYSIA 

Tarikh: 6 Mac 2008 

Disahkan oleh 

PERPUSTAICAAN 
UNIVERSITI MALAYSIA SABAH 

(TANDATANGAN 

~STAKAWAN) .. 

(Peny.li.: L~ AS BARUKANG) 

Tarikh: G ~ ~g; 

@CATATAN: Tesis dimaksudkan sebagai tesis Ijazah Doktor Falsafah dan Sarjana 
secara penyelidikan atau disertassi bagi pengajian secara kerja kursus dan 
penyelidikan, atau laporan Projek Sarjana Muda (LPSM) 



DECLARATION 

The materials in this thesis are original except for quotations, accepts, summaries and 

references, which have been duly acknowledged. 

28 JANUARY 2008 

ii 

DUDUKU V VISWACHEDA 

PSOS-008-004(A) 

UMS 
UNIVERSITI MAlAYSIA SABAH 



TITLE 

DEGREE 

DATE OF VIVA 

1. SUPERVISOR: 

DECLARATION BY SUPERVISOR 

: PERFORMANCE EVALUATION OF MOBILE 
AD HOC NETWORK BASED COMMUNICATIONS 
FOR FUTURE MOBILE TELE-EMERGENCY SYSTEM 

: MASTER OF SCIENCE 

: 14 JANUARY 2007 

DECLARED BY 

LIAWAS BARUKANG 
c 

2. CO-SUPERVISOR (If Applicable): 
(Name of Co-Supervisor) (Signature) 

iii 

UMS 
UNIVERSITI MALAYSIA SABAH 



CERTIFICATE FORM 

NAME 

MATRIC NO. 

filE 

DEGREE 

VIVA DATE 

1. SUPERVISOR 

LIAWAS BARUKANG 

2. INTERNAL EXAMINER 

WAN MAHANI ABDULLAH 

3. DEAN/ DIRECTOR 

DR. ROSA LAM HJ SARBATL Y 

: DUDUKU V VISWACHEDA 

: PSOS-008-004A 

: PERFORMANCE EVALUATION OF MOBILE 
AD HOC NETWORK BASED COMMUNICATIONS 
FOR FUTURE MOBILE TELE-EMERGENCY SYSTEM 

: MASTER OF SCIENCE 

: 14 JANUARY 2007 

DECLARED BY 

iv 

1 'it -s UKANG 
LECTUm 

~htl of EI,tut,it; & lalo, .. IIOI T,"""U 
'.ht"llIlblJrlll II 

f . -' 

/ 

OR. ROSALAM HJ. SARBATLY 
Dean 

ScnooI 01 ~ and Information Technology 
~ Malaysia Sabah 

'UMS 
UNIVERSITI MALAYSIA SABAH 



ACKNOWLEDGEMENTS 

Thank you GOD. 

I would like to express my thanks to the vice chancellor, Universiti Malaysia 
Sabah and the Dean Dr. Rosalam Hj sarbatly, School of Engineering and Information 
Technology for giving me an opportunity and providing the facilities for the 
convenience of my research work. 

I would like to express my sincere and profound gratitude to Mr. Liawas 
Barukang for his valuable supervision, expert advice, technical guidance, and reviews 
on my research. He encouraged me to go into deep study in the area of MANIT. His 
consistent motivation and encouragement allowed me to perform better and 
unleashed my capabilities in many areas, especially in the field related to thesis. 

Special thanks for Mr. Mohammad Sigit Arifianto, for his assistance in 
research and my co researchers Lisa P. Y. Voon and Jim J. Jinsin. Finally, I would 
like to thank my parents for their support and encouragement all throughout life, 
especially my dad PM Dr. Duduku Krishnaiah. 

v 



ABSTRACT 

PERFORMANCE EVALUATION OF MOBILE ADHOC NETWORK BASED 
COMMUNICATIONS FOR FUTURE MOBILE TELE-EMERGENCY SYSTEM 

The needs to provide medical services in remote areas have motivated 
researchers to develop tele emergency systems. The tele-emergency is defined 
as the delivery of health care and sharing of medical knowledge over a distance 
using the telecommunication applications in emergency situations. In most 
cases, it is very likely that very remote areas and disaster struck areas lack 
telecommunication infrastructure. Tele-emergency system operating in such 
areas must have advanced wireless technology supporting it. The previous 
researchers on telemedicine system totally depended on WLAN transmission 
and satellite communications only for patient to doctor consultation and inter 
hospital services. In disastrous conditions such as earthquakes, floods and 
natural calamities the telecommunication infrastructure deteriorates then an 
emergency ad hoc setup should be installed to save many valuable lives. The 
satellite communications help for some extent in communication, but in rural 
areas those base station setup is not possible and very expensive for 
implementation. Our present work is based on mobile ad hoc network, which is 
the latest technology in form with less implementation costs rather than satellite 
communication. The mobile ad hoc network is combined with the mobile IP and 
MIPV6 to form the architecture of the proposed mobile tele-emergency system. 
Apart from the other existing models of the telemedicine systems, the proposed 
architecture has more advantages in terms of infrastructure costs, easily 
accessible to the users and more reliable for transmission. The tele-emergency 
system requires data, voice and video transmission in its network. Our 
evaluation is based on simulation of the various rru-T standard CODECs of 
VoIP, video over MANET using discrete event simulator NS-2. In our simulation 
results we observed that rrU-T G723.1 works well in the MANET environment 
bettering from the other CODECs for VoIP in fixed and mobility environments, in 
fixed network for packet delivery fraction it showed a varying performance of 
84.3% to 40% for increasing number of connections from 4 to 20. For average 
end to end delay G723.A recorded a more stable delay rate in all connections 
ranging from 0.22 to 0.58 second. G723.A also worked well for normalized 
routing load, the transmission quality of the CODEC is also good for more 
number of connections. From the simulation of video CODEC performance 
evaluation, it is observed that H.263 works well in random small scale 
environment and also in multiple video flow of 57.6kbps speed video 
transmission. In MANET routing, the mobile wireless nodes suffer signal 
interference due to the existence of the other active nodes. In an emergency 
scenario, there should be a method to route the traffic from and to the gateway 
without presenting extra load to the area, while maintaining the quality of the 
links from the gateway to the destinations within an acceptable level. We 
proposed the gateway routing optimization using genetic algorithm, the result 
of our simulation in gateway routing of mobile nodes over MANET shows that 
the best alternative routes given by GA can replace the routing given by the 
conventional MANET routing protocol. 
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ABSTRAK 

Keperluan untuk membekal perkhidmatan perubatan dalam daerah yang 
terpencil telah mendorong penyelJdik untuk membangunkan sistem tele­
keeemasan. Tele-keeemasan bo/eh didefinisikan sebagai penyaluran healthcare 
dan perkongsian pengetahuan perubatan pada jarak yang berjauhan 
menggunakan aplikasi telekomunikasl: Dalam kebanyakan kes, kawasan yang 
dilanda malapetaka adalah memerlukan infrastruktur sistem komunikasl: Sistem 
tele-kecemasan yang beroperasi dalam kawasan berkenaan adalah memerlukan 
sistem komumkasi tanpa wayar yang maju. Penyelidikan sistem tele-kecemasan 
terdahulu menumpukan perhatian terhadap penggunaan transmisi WLAN dan 
komumkasi satelit untuk perhubungan di antara pesakit dan hospital untuk 
pemenksaan doktor. Walaubagaimanapun, dalam masa bene ana seperti banjir, 
gempa bumi dan bene ana alam yang lain, infrastruktur komunikasi akan 
musnah dan sistem ad-hoc perlu dipasang. Sistem komunikasi satelit amat 
berkesan bagi kawasan terpenci~ tetapi ianya amat mahal untuk dibina. 
Penye/idikan yang te/ah kami lakukan adalah rangkaian berasaskan rangkaian 
mudah-alih ad hoc, merupakan teknologi terkini bagi sistem komunikasi muda­
a/ih tanpa wayar, yang memerlukan kos pemasangan yang amat rendah 
berbanding dengan sistem komunikasi berasaskan satelit. Rangkaian mudah­
a/ih ad-hoc, bersama dengan lP mudah-alih dan MlPv6 te/ah dibentuk sebagai 
senibina sistem komunikasi tele-kecemasan yang dicadangkan. Sistem tele­
kecemasan memerlukan transmisi data, suara dan video mela/ui rangkaian. 
Penilaian kami terhadap prestasi adalah dalam bent uk simulasi berbagai codec 
piawai ITU-T untuk VolP dan video me/alui MANE0 menggunakan perisian 
simulasi NS-2. Keputusan simulasi menunjukkan bahawa codec ITU-T G723.1 
mempunyai prestasi yang /ebih balk berbanding dengan codec VolP yang lain 
dalam keadaan persekitaran pegun dan mudah-alih. Dalam keadaan 
persekitaran pegun, packet delivery fraction menunjukkan prestasi 84.3% ke 
40% untuk bilangan connection dari 4 ke 20. Untuk purata end-to-end dela~ 
G723.A menunjukkan delay yang agak stabi/ iaitu di antara 0.3 ke 0.58 s.aat. 
G723.A juga sesuai bagi normalized routing load, and kualiti transmisi juga baik 
bagi connection yang banyak. Berkenaan dengan prestasi codec video, H.263 
amat baik dalam persekitaran yang berskala kedl dan juga dalam aliran video 
pe/bagai untuk kelajuan transmisi VIdeo 57.6kbps. Dalam routing MANE0 
terminal mudah-alih tanpa wayar adalah dipengaruhi oleh interference 
disebabkan adanya sumber transmisi yang lain berada di sekitarnya. Semestinya 
perlu ada cara untuk menga/irkan trafik rangkaian dari dan ke gateway tanpa 
pertambahan beban pada rangkaian, dan mengekalkan kua/iti komunikasi dari 
gateway ke destinasi pada tahap yang memuaskan. Ada/ah dicadangkan 
mencadangkan gateway routing optimization menggunakan algoritma genetic, 
dan memetakan perbandingan di antara gateway routing menggunakan GA, 
dan fungsi kos /a/uan yang dipilih dalam sistem yang menggunakan AODli. Hasil 
simulasi menunjukkan bahawa gateway routing untuk nod mudah-alih dalam 
MANET boleh menggantikan routing yang sediaada. 
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CHAPTER 1 

INTRODUCTION 

1.1 OVERVIEW 

According to the Malaysian act of telemedicine, Act-564, 1997, Telemedicine means 

the practice of medicine using audio, visual and data communications. The European 

Commission's Healthcare Telematics Program defines Telemedicine as the rapid 

access to share and remote medical expertise by means of telecommunications and 

information technologies, no matter where the patient or relevant information is 

located. Therefore, it involves the practice of delivering health care over distance 

using telecommunications equipment as simple as telephones and fax machines or as 

complex as PCs and full-motion interactive multimedia. The world's population 

continues to increase without commensurate increase in the funds available for 

health care. It is a known fact today, that citizens the world over tends to receive 

lower quality of care (especially specialist consultations) in the rural sectors. The 

needs to provide medical expertises in rural areas have increased the researchers to 

design the usage of tele-emergency system. 

Telemedicine can help meet the increasing demand for universal access to 

high quality medicine, irrespective of geography. The tele-emergency system has 

been supported by lot of technologies such as satellite communications, mobile 

communications using WLAN, PSTN. By electronically connecting service providers (of 

primary, secondary and tertiary care) and patients, telemedicine allows the creation 

of virtual service networks potentially capable of addressing salient problems in 

modern healthcare, e.g., service accessibility, quality, performance, service 

providence, utilization effectiveness/efficiency and costs (Bashshur et al., 1995). The 

research work in the fast growing development and implementation of telemedicine 

applications, (Istepanian, 1999), shows that the whole world is working after the 

telemedicine applications. 

The research done by (Hajime et al., 1994), shows that the medical data such 

as voice, video can be transmitted through satellite by wireless communication from 

emergency situation to the hospital, but needs very expensive eqUipment to setup 

the infrastructure in the rural areas and to maintain them. 
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The research done by (Konstantinos et a/./ 2004), on MedLAN system is 

capable of connecting to an external device and transmits video, audio and still 

images and retransmission using static WLAN technology. 

1.2 RESEARCH OBJECTIVES 

The main objectives of this research are: 

i. To provide architectural infrastructural setup for the mobile tele-emergency 

system. 

ii. To investigate the performance of various voice CODECS such as G.711, G.723.1 

and G.729A in voice over internet protocol over mobile ad hoc network for mobile 

tele-emergency system. 

iii. To investigate the performance of H.263 video transmission over mobile ad hoc 

network for mobile tele-emergency system. 

iv. Using genetic algorithm for gateway routing optimization in mobile ad hoc 

network for mobile tele-emergency. 

1.3 SCOPE OF RESEARCH 

Mobile ad hoc network is the rapidly growing technology without infrastructural 

setup, MANET was used for the design of the mobile tele-emergency system. Mobile 

ad hoc network was integrated with mobile IP and IPV6 to form the mobile tele­

emergency, the performance evaluation of various voice over IP CODECs and video 

CODEC was evaluated through simulation of NS-2. 

1.4 RESEARCH METHODOLOGY 

Systematic steps and iterations of work are carried out to accomplish the research 

objective. Thus, the research methodology is carefully laid out as in the following: 

1.4.1 Literature Survey 

Literature and biography of Tele emergency units are presented, overview of mobile 

ad hoc network, mobile IP and mobile IPV6 is studied and its characteristics are 

investigated. Studies on various VoIP and video CODECs in MANET implementation 

for mobile tele-emergency system are presented. 

1.4.2 DeSign and Modelling of Mobile Tele-Emergency system 
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2 UNIVERSITI MALAYSIA SA BAH 



The mobile tele-emergency system is designed by combining the mobile ad hoc 

network with mobile IP and MIPV6. 

1.4.3 Performance Evaluation Test on VoIP over MANET for 

Mobile Tele-Emergency system 

The performance evaluation of VoIP CODECs such as G.711, G.723.1, G.729A are 

evaluated in fixed static networks, mobility networks and multiple VoIP flow over 

MANIT. Various parameters such as average end to end delay, normalized routing 

load and packet delivery fraction are simulated using NS-2, a discrete event simulator 

for the mobile tele-emergency setup. 

1.4.4 Performance Evaluation Test on Video transmission over 

MANIT for Mobile Tele-Emergency system 

The performance evaluation of video transmission based on H.263 CODEC over the 

MANIT traffic is simulated on tele-emergency network evaluating static networks and 

mobility networks and multiple video flow by using NS-2, a discrete event simulator. 

1.4.5 Using Genetic Algorithm Gateway Routing Optimization In Mobile 

Ad Hoc Network For Mobile Tele-Emergency System 

This Chapter discusses the gateway routing optimization for a mobile ad hoc network 

(MANET). The result of our simulation in gateway routing of mobile nodes over 

MANIT is presented. The result shows that the best alternative routes given by GA 

can replace the routing given by the conventional MANIT routing protocol. 

1.5 THESIS ORGANISATION 

Chapter 1 starts with a background overview of tele-emergency system. This 

chapter covers the various telemedicine projects in the present implementation 

around the globe. The research objectives, scopes and methodology are also 

carefully laid out accordingly. 

Chapter 2 presents the literature survey on the tele-emergency system. The 

chapter also explains the basic terms in experimental design applied for the designing 

of the mobile tele-emergency system. 

Chapter 3 presents the description of mobile ad hoc network and various 

routing protocols used in it, mobile IP and MobileIPV6. 
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Chapter 4 presents the architecture of the mobile tele-emergency system 

using the combination of technologies i.e., mobile ad hoc network, mobile IP and 

mobileIPV6. 

Chapter 5 presents the simulation of various voice over IP CODECs such as 

G.711, G.723.1 and G.729 in mobile ad hoc networking environment using NS-2, a 

discrete event simulator. 

Chapter 6 presents the simulation of the H.263 video transmission over 

mobile ad hoc networking environment using NS-2 a discrete event simulator. 

Chapter 7 concludes the gateway routing optimization in mobile ad hoc 

network using genetic algorithm, the technique used here is permutative genetic 

algorithm. 

Chapter 8 concludes the summary of the research done and objectives for 

future works are discussed. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

"Tele-medicine" is derived from the Greek work "tele" that means "at a distance", an 

easy way of defining telemedicine would be to consider it as "medicine delivered at a 

distance". Since "tele" implies the existence of a telecommunication path and 

considers medicine at its broader sense, we can perceive telemedicine to be a 

science that "utilises information and telecommunication technology to deliver 

medical information for diagnosis, therapy and education" (Norris et a/./ 2000). A 

term very closely related to telemedicine is "tele-emergency". The tele-emergency is 

defined as providing medical expertise using the telecommunication technologies in 

emergency situations like natural calamities, accidents etc. 

2.2 TELEMEDICINE PAST AND PRESENT 

Historically, access concerns have driven much of the work to develop clinical 

telemedicine. Early applications have focused on remote populations scattered across 

mountainous areas, islands, open plains, and arctic regions where medical specialists 

and sometimes primary care practitioners were not easily reached. Most of the 

telemedicine projects from the 1960s through the early 1980s failed, however, to 

survive the end of grant funding or trial financing. Telecommunications costs tended 

to be high, and the technologies were awkward to use. Few projects appeared to be 

guided by a business plan or an appreciation of the project features and results 

necessary for a sustainable program. 

Recently, another wave of interest in telemedicine has prompted a range of 

new activities. Costs have dropped for many of the information and communications 

technologies supporting telemedicine, and the developing National Information 

Infrastructure (NIl) is making these technologies more commonplace and more 

easily used. 

Tele-radiology appears to be the most common application, in part because 

Medicare and other payers reimburse for radiology consultations without demanding 

the face-to-face relationship required for most other consultations. 
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