THE IMPLEMENTATION OF BIOLOGICAL TUNNEL ROUTING PROTOCOL
(BIOTROP) IN TUNNEL WIRELESS SENSOR NETWORK (TWSN)

MOHD MUZAFFAR BIN ZAHAR

UNIVERSITI TEKNOLOGI MALAYSIA



THE IMPLEMENTATION OF BIOLOGICAL TUNNEL ROUTING PRO@OCOL
(BIOTROP) IN TUNNEL WIRELESS SENSOR NETWORK (TWSN)

MOHD MUZAFFAR BIN ZAHAR

A thesis submitted in fulfilment of the
requirements for the award of the degree of

Master of Engineering (Electrical)

Faculty of Electrical Engineering

Universiti Teknologi Malaysia

FEBRUARY 2013



Dedicated to my beloved wife, Hasnizom binti Hassan,
and also to my beloved family, especially my mother; Khadijah binti Haji Omar,
my father; Zahar bin Samsuddin, my siblings, who have encouraged, guided and

inspired me throughout my journey of education.



ACKNOWLEDGEMENT

I would like to praise to ALLAH who has given meetbpportunity to pursue
my Master Degree and also who has given me thayapliysically and mentally in

order for me to complete this thesis.

I would like to express my gratitude and thanksmg supervisor, Dr.
Sharifah Hafizah for her concern, support, motatiencouragement, patience, and
guidance from the beginning of my study until tthissis is completely written. Her
support and care have helped me though variousadbst and difficulties. Her

motivation and time have guided me to finish thaschwork in time.

The partner, Mohd Husaini Mohd Fauzi, for her gr@sgistance, suggestion
and friendship during my research and provided ery Yelpful initial guidance to
model the programming codes during my simulatiacess. And | want to give my
special thank to my wife, Hasnizom binti Hassan,payents and family for their full

support, care, and understand during my mastey stad also in my life.

And lastly, special thanks for all friends who hadwectly or indirectly
offered help support and suggestions, contributingards the successful completion

of this thesis writing. Thank you very much.



ABSTRACT

A sensor network is composed of a large nhumbereaar nodes that has
expanded tremendously. The sensor nodes can beyddplin any possible
applications such as environmental monitoring, stdal sensing and diagnostic,
infrastructure protection, battlefield awarenessl aontext-aware computing. In
Wireless Underground Sensor Network, the sensoresiochn deploy in two
conditions whether buried completely in soil ordted in underground confined area
like Tunnel Wireless Sensor Network. Due to differe in the implementation of
experimental site, the development of a reliablemanication can be an important
consideration for this project. Therefore, the bestiting protocol for tunnel
environment named as Biological Tunnel Routing &rot (BIOTROP) using
TelosB sensor nodes is proposed. There are sixisenses which were deployed
really in a tunnel model at a predetermined distanihe developing process of
routing protocol will not neglect the basic limitai of sensor nodes like scalability
of network and power transmission. This projectlengents the forwarding progress
that is based on Packet Reception Rate (PRR), Queity Indicator and remaining
power battery. In minimising the clarification pess of network’s path, the
BIOTROP upgrade the capability of routing protogoltunnel environment. Three
challenging conditions were setup in experimentacess such as low power
transmission, all nodes appear as source node wenty and faster transmission
rate. The results have shown more than 70 penfethie transmitted data packets
were successfully delivered at the base stations lalso can be implemented
practically in tunnel when PRR increases more 2@percent compared to in a free

space condition.
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ABSTRAK

Sebuah rangkaian pengesan terdiri daripada sebitahgsar nod pengesan
yang berkembang dengan pesatnya. Nod pengesan digleiakan di mana-mana
aplikasi seperti pemantauan alam sekitar, perindnspengesanan dan diagnostik,
perlindungan infrastruktur, kesedaran medan pemieamp dan sedar konteks
pengkomputeran. Di dalam Rangkaian Peranti Pendgsaah Tanah Tanpa Wayar,
nod pengesan boleh digunakan dalam dua keadaanaskditanam sepenuhnya di
dalam tanah atau diletakkan di ruang tertutup baaaah seperti Rangkaian Peranti
Pengesan Terowong Tanpa Wayar. Disebabkan perbezapak dalam
melaksanakan eksperimen, pembangunan satu komuwydag boleh dipercayai
menjadi satu pertimbangan yang penting untuk projekKSehubungan itu, Protokol
Penghalaan Terowong Biologi (BIOTROP) yang menggananod pengesan
TelosB dicadangkan. Terdapat enam nod pengesantgkigditempatkan di dalam
sebuah model terowong dengan jarak yang telahagkah. Proses pembangunan
protokol penghalaan ini tidak akan mengabaikandaataasas nod pengesan seperti
keupayaan skala rangkaian dan kuasa penghantagak fhi mengemplementasi
perkembangan kehadapan yang berdasarkan KadairRaaerPaket (PRR), Pautan
Penunjuk Kualiti dan baki kuasa bateri. Dengan mé@mimkan proses mengklasifi
jalan rangkaian, BIOTROP meningkatkan kebolehariogm penghalaan di dalam
persekitaran terowong. Tiga keadaan mencabar ditetepkan di dalam proses
eksperimen seperti kuasa penghantaran yang resdatya nod pengesan diatur
sebagai nod sumber secara serentak dan kadar pésgima yang lebih cepat.
Keputusan ujikaji telah menunjukkan lebih 70 pesatlaripada paket data yang
dihantar berjaya sampai di stesen pangkalan. k& pugktikal dilaksanakan di dalam
terowong apabila PRR meningkat lebih daripada 2fatpe berbanding dalam
keadaan ruang terbuka.



CHAPTER 1

INTRODUCTION

1.1  Background

There are several types of wireless communicatio¥SN such as Wireless
Underground Sensor Networks (WUSN) and UnderwateeMés Sensor Network
(UWSN). In WUSN, devices are either buried compjetender dense soil, or placed
within a bounded open underground space, such rmeasnaind road / subway tunnels
[1]. Sensor nodes which are deployed in mines abavay tunnels are called Tunnel
Wireless Sensor Network (TWSN). In TWSN, althoudte tsignal propagates
through the air, the propagation characteristicSEM waves are significantly
different from those of the terrestrial wirelessachels. This is due to confine space
caused by the structures of the mines and roadubway tunnels [1]. This
consolidate that TWSN has unbalanced communicdtad which leads to early
invalidation of nodes close to the base station AZfual tunnel cross sections are
similar to a rectangle or a circle. However, the E&Id distribution and attenuation

of the modes in rectangle waveguide are almossdinee as the circular waveguide

[3].



Based on the challenging of physical conditiortunnel environment, the
routing protocol must ensure the secure commumwicadind connection to send the
data from source node to base station. In thiseptpjt is envisaged, the proposed
routing protocol shall be an easier method tharvipus model done in various
approach. This is considering ant’s behavior thdttry to find any way to reach
the food area. Besides that, the ant agent guidsal lay optimal forwarding

calculation to determine the best next hop neighbou

1.2 Problem Statement

Basically, there are several general challendiog multi-hop routingin
WUSN where originally the sensor nodes are manufadtto be low processing
powered, low data reliability and need low energynsumption with limited
computational capabilities and limited coverageedéh basic limitations already
challenges the implementation of sensor nodes irSWerea like underground soil
conditions monitoring in agricultural or sport fisl wall crack sensing in tunnel
transportation, leak sensing in underground fuek tand enemy aware detection in
battlefield. On the other hand, there are five niagtors that impact communication
with  EM waves underground. These factors are exrempath loss,
reflection/refraction, multi-path fading, reducedopagation velocity, and noise.
However, the relevant factors that occur in undmrgd tunnel environments are

extreme path loss, reflection/refraction, and rapétih fading.

The tunnel lining may contain various materialsluding sodium silicate,
lime, silica fume, cement, and bentonite [30]. Hfere, the composition of each
material can contributes more path loss due to mahi@bsorption, a major concern
when using EM waves. Otherwise, underground patbel® are highly dependent on
the soil type and water content. In tunnel envirenm the soil-wall interface

introduces reflection and refraction because of tHd#ferent attenuation



characteristics of soil and air. The reflected algmay improve or impair the
communication performance depending on the distart@een nodes. Furthermore,
broadcasting waves at medium transitions will beigléy transmitted and partially
reflected, then also cause multi-path fading phesram. In certain condition that
involves transmission of data from underground &lnoa ground surface, multi-path
fading effect will especially be pronounced for semrs deployed near the wall

surface, where the wave is close to the soil-&arface.

Although the TWSN area circles by limitations ohser nodes manufactured
setup and challenging environmental, most of rebess come with unique and
special method in developing routing protocol. ghiweight routing protocol is a
major scheme chosen by certain researcher to naaithie power consumption and
total coding size in sensor node. Even though alitye the detail and various
problem handler schemes in proposed routing prbtedbcontribute inversely to
tackle thousands of possibilities and unexpects#t situation. Otherwise, the
researcher sets the different active time of senede as well as limits the number
of source node to control the signal traffic. Hoeevt is quite tough in installation
process and not maximizes the sensor nodes thaibdisd. Therefore, the ideal
routing protocol must have nature awareness, teliatheavy source node, effective
in ad hoc situation and faster transmission ratéh Wower power consumption.
Although many kind of application occur in tunnehderground such as
environmental monitoring, infrastructure monitorinigcation determination, and
security monitoring, the core challenging problemTWSN is how the routes in the

network maintain and reliable in multi-hop commuation.



1.3  TheObjectives

The objectives of this work are:

I.  To design practical model of routing protocol imtel environment based on

capability of TelosB motes in TinyOs 1.x.

ii. To adapt the Real-time Routing Protocol with Loadtiibution (RTLD)'s
concept in forwarding decision technique that sédor tunnel condition.

iii.  To implement the Ant Colony Optimization (ACO) methby using Forward
Ant, Backward Ant and Data Ant agent to improve grebability of data

packets delivered.

1.4  Scope of the Work

This research study involves several scopes. ¥irsli covers the
development of the routing protocol in TinyOS eowmment using NesC
programming language embedded in TelosB mote. Tésdmum numbers of hops
use in this experiment are six. Therefore, the maxrn number of nodes is limited to
a maximum number of seven nodes. One node setasasstation node and others
six nodes will act as source node as well as irgdrate node. The implementation
of project just focuses on tunnel environment argplias the optimization
parameters to select the best next neighbour rédally, this project covers the
development of ant agents which are Forward Antkard Ant and Data Ant in
the routing protocol. This project does not incluithe other part of the ACO

technique such as the pheromone table and thealatag table.



1.5  Significance of the Study

The routing protocol developed in WSN area using types of function
nodes which are Full Function Device (FFD) and Redaunction Device (RFD) [1]
to create multi hop communication. FFD node wiliyptwo roles at the same time
which are source node and intermediate node. Mei#@\R#D node just receives
and forwards the data packet from source to desimaBoth functions are
implemented to reduce the congestion of signakrdeioto guarantee the data packet
delivered. Therefore, proposed routing protocolllehges this limitation by setting
all nodes as FFD and run in the confine region Wwisctunnel underground. Hence,
the usage of sensor node is in fully functionaldibon to improve the effectiveness
of sensing in any application. In addition, thepgwsed algorithm in BIOTROP has
been developed in simple programming codes in THiyOx. So, the further
improvement and study will be easier and more lfllexiOtherwise, BIOTROP uses
low power transmission to enhance the lifetime a&ns®r node in real

implementation.

1.6 Contributions of the Thesis

i.  Three ant agents successfully implemented in pexgbatgorithm although in

tunnel environment.

ii.  The proposed routing protocol was tested at resil led and achieves the

stable performance to guarantee data packets delive



1.7 Resear ch Outline

This thesis is divided into five chapters, whiclschbe the entire process of

the research. The outline of the thesis is asvidio

Chapter 1 highlights the background of the research problstatement of
the problem and objectives of the research. Itofedld by research scope,

significance of the study, contribution of the tiseend thesis outline.

Chapter 2 is anoverview on the types of routing protocol in WSNdan
followed by discussion on the specification of IE&E2.15.4. Then, it continue with
the description on Wireless Underground Sensor bietv\WUSN) generally and
specifically on Tunnel Wireless Sensor Network (TMySAfter that, the literature
review on related research works done by otherarekers is viewed followed by

related researches that implements in this project.

Chapter 3 discusses the details on the research processngtasith
discovery on the basic concept and provided fgcifit TinyOS version 1.x. After
that, discussion followed by the details on systdesign of proposed routing
protocol. Next, continued with the experiment téstd that divided to two

subsections which are hardware component and seftveemponent.

Chapter 4 discusses the experiment result of BIOTROP that s@ttwo
different power transmissions which are -25 dBm ab®sl dBm. The comparison
result for both experiment setups are analyzedldetthis chapter. In addition, the

result for each node also compared in tunnel enunent and free space condition.

Chapter 5 concludes the research work and gives the suggefiofuture

development of the related research project.
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