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ENERGY EFFICIENT MODEL FOR DEPLOYING WIRELESSBODY AREA
NETWORKSUSING MULTI-HOP NETWORK TOPOLOGY

ABSTRACT

Wireless body area networks (WBANS) offers a loapplication opportunities in the area
of health care. Recent developments in sensorsaahd communication technologies have
motivated many researchers to design WBAN systeors application in healthcare
provision. Power consumption is still a limiting:tar in realizing a WBAN with a very long
lifetime.

In order for wireless body area networks to ensudespread use and adoption, some of the
design constraints should be solved to promotekead meet social expectations. As a
result, design of energy efficient WBANS is reqdite enhance battery life at the same time
ensure that sensor nodes are small enough to berently worn or implanted in the body.
Energy consumption in WBANS happens during senging;essing and communication.

This research focused on designing an energy efiechodel during communication
between sensors. The parameters were simulatedhaiemented using MATLAB and
Simulink simulation software. The sensors are ramlgidocalized on a plane and distance
between them calculated.

The model uses a relay between the sensors amddnéinator to reduce power
consumption by sensors during signal transmisdibe.relay is dedicated to retransmitting
signals only.

Key Words: Wireless Body Area Network (WBAN), Energy effiogy, Sensor, MATLAB,
Relay.
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CHAPTER 1: INTRODUCTION

1.1 Background

A Wireless Body Area Network (WBAN) is a set of lgm@wer and lightweight
wireless sensor devices that are used to monitdous human body functions or the
surrounding environment. This technology supporanynhelpful applications, including
ubiquitous healthcare and end user electronicsagiains. Energy efficiency is one of the
vital design considerations as wireless netwonkg &pplication in healthcare, because of the

limited battery life of sensors, terminals and otm®bile devices.

A Wireless Body Area Network (WBAN) offers many &ipption opportunities in
medicine, health care, multimedia and sports. Tlagg#ication areas are motivated by the
unrestrained liberty at which people can move andkwith the sensor implanted on worn
on their bodies. A WBAN connects independent semsales that can be deployed in the
clothes worn by people, on the body or under tha sk a person, with communication
happening wirelessly over radio frequencies. Actaydo the design and deployment, these

nodes are normally positioned in a star or mulf-bapology (Wout J. etal, 2011).

1.2 Problem Statement

WBAN is a wireless network which enables commumitatamong sensor nodes
operating on the body surface or inside the hunwy ldo collect information on various
body parameters and even motions. In the deploy@mieWBAN networks, communication
between the sensor devices is of the critical des@nsideration. Communication between
sensor nodes needs to consume minimal power aaedhogh reliability. In the recent past, a

lot of the research in the area of WBANSs has bdesciéd to areas like sensor circuitry,
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minute sensor design, processing of signals byémsors protocols in WBAN implantation

and other related issues, (Min Chen. et al, 2010).

Star topology is associated with high power condionpn relaying data over long
range single-hop point-to-point links. The issue ami-body sensor movement, wireless
connection links which are unreliable and chandiog time to time and the importance of
reliability and fast data signal transmission atimial energy use are some challenges facing

deployment of WBANs (Wout J et al, 2011).

Recent developments in reduced power wireless rtrissgn, communication and
signal processing have triggered enormous attemitime deployment and design of wireless
technology in healthcare and biomedical researshyeall as WBANs. Among the issues of
utmost importance in WBANS is low power consumedtoy circuitry of the sensor, signal
processing and transmission of the data. The senst®s implanted in or worn on the body
have small battery capacity or can get little epdrgm their surroundings. Thus to prolong
the life of the network, mechanisms to conservegnbas to be adopted. As such efforts
towards design of sensors which used less powaivis among many researchers. Protocol

design and network set up can be optimized to eeénergy used.

The use of wireless transceiver which consumesgower to minimize the amount
energy required normally will lead to a small cage area in signal transmission. This
implies that a multi-hop topology is one of the tbegsign choices for implementing

WBANS, (Majid N. et.al 2010).

A lot of research has been conducted towards deweJgower efficient WBANS.

The focus has been on protocol design, energyiaftid AC schemes, use of wake up radio
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concept where the sensor sleeps when it is not egnwating and wake up only when it has

data to send (Al Ameen et al, 2012)

(Wout J et al, 2012) investigated energy consumgticstar and multi-hop topologies
and found that multi-hop topology is associatedhwiwer power consumption but the
sensors closer to the coordinator uses a lot aofggn® transmit signal from sensor nodes

further away.

This research proposes a multi-hop topology modethvuses a relay between the
coordinator and distant sensor nodes. The relagdscated to transmit signals from distant

nodes only while sensors closer to coordinatorstrandirectly to the coordinator.

1.3 Objectives

1.3.1 Main Objective

The main objective of this research is to developeaergy efficient model for

deploying WBANSs using multi-hop network topology.

1.3.2 Specific Objectives

The specific objectives of this research are:

I. Identify factors affecting energy consumption in YANBs

ii. Design an energy efficient model for deploying WBAMNsing multi-

hop network topology

iii. Test and validate the model.

14



1.4 Justification of Study

The World Health Organization (WHO) observes thatirgg for the old people is
becoming a significant challenge, at the same t@nszeable group of people suffer from
lifestyle related diseases such as obesity and ctitenic diseases because of their inactive
lifestyles in their day to day life. This situati@ontinues to worsen the declining quality of
services offered by the near overwhelmed healtle sgstems, (Min Chen. et al 2010).
WBANSs will play a very big role in monitoring thegad, the environments they stay in and
other parameters of interest. The information ctdld is used to trigger an action like insulin
injection for diabetic people or transmitted to tledevant people who are responsible for

monitoring them.

To enhance WBANs adoption the devices are supmoée small enough as not to
interfere with the wearer. This research will comgnt other efforts towards reducing
power consumption in WBANs considering that eneggficiency is one of the main
challenges in deploying WBANS. In WBAN technologgsearch has been carried out and

various models proposed which seeks to reduce poovesumption.

Several design issues are considered in WBAN depoy including scheduling,
topology control, node placement in relation toeotkevices, and node localization. The
other critical areas of concern are; energy consiempduring signal relay and sensing,
network duration, and the distance the signal caerc These issues are important because it
is quite cumbersome to keep changing batteriehansands of micro sensors after they are
deployed. These are the main critical issues dittigaanuch research work by various

researchers and enthusiasts alike. (Navid et dl)201
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(Reusens E. et al 2009) underscores the importaineaergy efficient topologies in
WBAN. They observe that radios used in the desigd deployment of WBANs are
miniaturized thus does not allow use of large b@sewhich could otherwise prolong the

network duration.

(Emil Jovanov & Aleksandar Milenkovic, 2011), ididies low power operation,
sensor integration, system integration and usealilation and identification as four
technical issues which influence the uptake of wibeys health monitoring applications.
Low power operation allows design of smaller bagtgrwhich enhance wear-ability and ease

of use eliminating the need for frequent battergnges/recharging.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This research aims to investigate the energy efiiy in multi-hop wireless body
area networks. Some research has been carried Witeless Body Area Network (WBAN)

architecture and energy consumption both in stamamlti-hop topologies.

WBAN connects independent nodes (e.g., sensorsaetugtors) that are deployed
around the body like in the clothes worn by persgiaced on the skin or deployed a few
millimeters below the skin. The network typicallgpwers a few centimeters around the body
and the network nodes are connected through a esgelcommunication link. The
deployment normally is implemented using multi-ferpa star, (Wout J. etal 2011). WBAN
has attracted applications in various such asrel@cts for consumer applications and other
innovations which enhances ubiquitous healthcale general network topology used in
wireless body area networks is the star topologh wensor nodes relaying data to a central
processing node for data fusion. Generally, muwf-hommunication is used in regular senor
sensor networks with network connection being guae by use of router between the
nodes. Implementations of involve signals beingidnaitted in one hop to the network

coordinator/sink, (Min Chen. et al, 2010)

Some issues have been highlighted as regards WEANm and deployment. Among
the critical considerations are issues like schiadultopology control, node placement in
relation to other network devices, and node loa#lim. Other important concerns which has
attracted much interest from researchers includesgg consumption of the network devices,

lifetime of the nodes and the entire network, atge of signal strength. All these issues are
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considered as the most critical since replace esten thousands of micro sensors could be
impossible after these networks are deployed. Muotrk has been done to try and address
these issues, many works exist that take theseedsdnto account in designing
communication protocols used deployment of WBAN, diaeaccess control (MAC)

protocols and physical layer, (Meenakshi Bansalladoop Kaur 2011).

The deployment and adoption of WBAN depends on Hmvdesign constraints are
addressed. Some of the issues are highlighted by Q¥en. et al 2010);
“Several design issues must be addressed in codendble the deployment
and adoption of BANs. At the hardware level, boénsors must be small,
thin, non-invasive, wireless-enabled, and must lble ¢ operate at a low
power level. From the communications perspectitves imperative to design
appropriate medium access control (MAC) protocolsrisure higher network
capacity, energy efficiency, and adequate qualftyseryvice (QOS). At the

application level, innovative architectures shoble implemented for the

corresponding applications”.

Energy consumption is a very key parameter in depénmt of WBANS, it is therefore
imperative that energy demands of WBANSs shouldssnaall as possible. WBAN consumes
energy during sensing, communication and data psieg. A lot of energy is consumed
during communication, (Meenakshi B and Navroop 301 the last few years researchers
have been looking at various techniques for raajiznergy efficient design and assembly.
Numerous ways have been proposed to minimize poaesumption including addressing
architecture challenges, assembling, operatinggsysthemes and efficient integrated circuit

designs.
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2.2 State of the Artin WBAN

2.2.1 WBAN Architecture

Figure 1: WBAN Architecture

Source: (Laurie Hughes, 2012)
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WBAN consist of various components which work tégetto collect, process, store,
and transmit data from the body to specific pomkere the data is required for monitoring,
interpretation or emergency response. The basicpooents are sensor nodes, control

unit/sink and a gateway which connects the sertedie wider network.
2.2.1.1 Sensor nodes

Sensor nodes are designed to collect analog sidrats the body. Sensors can be
used to collect physiological data, human moven@nenvironmental phenomena. The
functions of sensors are detection of signals,atigrocessing and transmission of the signals

using a radio transmitter or transceiver.
Nodes can be of any of the following types:

. Nodes inserted under the skin: This is a sensoe mugkrted into the
human body either under the skin or deep into oy hissues.

. Deployed on the body surface: A sensor node plaoedhe body
surface or around the body but not exceeding tvntiroeters away.

. Externally deployed: A sensor node that is not hing the body,

normally between two centimeters and five metreayaw
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Figure 2: Sensor Modules

e

nsor N
Sensor Node S—

Microprocessor

Module ossssssss Bus

Random Access Memory

-

Source: (Min Chen et al 2011)

2.2.1.2 Control Unit/Sink

The sink/control unit plays the role of data cdilec from the sensor nodes via the
wireless radio channel link and transmits the data local as well as to remote devices like

personal computers for further analysis and moimgor

The sink has a microcontroller and a wireless tangr to control all the activities

between the nodes and the external WBAN.

2.2.2 WBAN Communication Technologies

2.2.2.1 |EEE 802.15.1/Bluetooth

This is a communication technology used for sigmahsmission within limited

coverage area, normally not more than ten metrediameter with data rates of 3 Mbps.
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Bluetooth devices operate in the 2.4 GHz indusstdantific and medical (ISM) band, using
frequency hopping among 791 MHz channels at 1,68@s/sec nominal rate to prevent
interference. Three different classes of devicesspecified by Bluetooth standard. These
classes have varied transmission power with eagimgp@ertain coverage area ranging from
1 to 100 m. It supports both data and voice apipdina though it is associated with high
bandwidth and low latency thus its use in ubigqwstbealth care, (Min Chen et al 2011). The

limitation of this technology is its high power sumption.

Bluetooth Low Energy technology is not very diffetrérom the standard Bluetooth.
It offers ultra-low power consumption and reducedtcbut still preserves the other features
of Bluetooth. Bluetooth Low Energy technology wasreduced by Nokia company in the
year 2004. It was designed to enable wireless atimmebetween small devices and mobile
terminals. Those devices are normally too smallneet the power requirements of the
regular Bluetooth radio but they are the best oygtifor use in heath-monitoring and related

applications.

The other features which Bluetooth Low Energy tetbgy which from regular
Bluetooth includes; data packet format, radio tcenger design and baseband digital signal

processing, (Mehmet R. Yuce and Jamil Khan, 2011).

2.2.2.2 |[EEE 802.15.4/ Zigbee

This is the most commonly used standard in low paleeices because of its support
for low power consumption. Zigbee implements soorefions in the MAC layer including;
network beacons generation by the coordinator, leymization, MAC association and

dissociation, encryption and CSMA/CA schemes.
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The standard comes with:

I. Application layer: This is layer where applicatiamework is specified and
defined to support varied applications.

il. Network layer: This layer enables network connetaad helps in

The 802.15.4 standard is incorporated in Zigbeénplement media access control and
physical layer functions and offer full protocoask. Figure 3 below shows Zigbee protocol

stack.

Zigbee standard operates in the following frequeranyds:

I. 868 MHz — this is used across Europe in healthappéications.

il 915 MHz — used in the USA as the industrial sdienand medical frequency
band.

iii. 2.4 GHz - this is the frequency band used globadyiSM frequency band in
healthcare applications (ISM worldwide). The 2.4 Z515M band is the most
popular and has data rates of up to 250 kb/s happesver up to sixteen

channels, (Laurie Hughes et al, 2012).

The 802.15.4 standard allows sensor nodes to degaoed in two models:

I. Fully Function Device (FFD). The sensor in this mot able to transmit and
receive from all the devices in the network set ligs usually supplied with
power from other external sources.

il. Reduced Function Device (RFD). The sensor devicthisi model is design to
accomplish limited functions. It is normally depéaywith inbuilt source of power
thus the reduced roles.
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Data transmission can happen from the sensor dewi¢tke coordinator, from the
coordinator to the sensor device or between seatesaces. The control of data transfer is a
function of the device. The devices can poll therdmator for data transfer, a feature which

makes Zigbee energy conserving since the devicsleap when it is not sending.

Zigbee has two modes for multiple access schemagdmeand non-beacon enabled

modes.

Figure 3: Zigbee Protocol Stack

Application/Profiles

ZigBee
Alliance

IEEE
802.15.4

2.2.2.3 Medical Implant Communication System (MICYS)

MICS is a short range standard applied often ihg#@tg sensor signals from various
parts of the body in wireless body area networkaltiMiop structure is used as the design

choice to implement this. The MICS is a short rasigedard thus its application is limited to
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implant and on body sensors which are often a feinmter from the skin. MICS has very
low power emission making it the best option foe usith sensors in universal health

coverage monitoring system as compared to ultra Wwahd

2.2.24 UltraWide Band (UWB)/IEEE 802.15.6

This technology offers very big bandwidth and hitgtia rates for data transmission. It
is not prone to interference thus promises religbih emergency applications when used
with Global Positioning System (GSI). UWB is usedpbsition and locate transceivers in a
network. This is very important in medical faci#si where more often than not, there are
normally emergencies which require localization.e Tiechnology is associated with the
limitation due its receiver complexity thus not fdar deploying wearable applications in

health monitoring.

2.2.3WBAN Channel Characterization

The wireless connection between WBAN devices caturgc at various channel
frequencies. Most available designs use the indilistscientific, and medical (ISM)
frequency bands or ultra-wide band (UWB). The clhrapecification of the WBAN is a
critical process in the design and deployment ofAMBincluding an estimation of the path

loss between two nodes on the body and other dieaistics (Reusens E. et al, 2009).

2.2.3.1 Radio communication

A WBAN inter connects tiny sensor devices. Radiohi®logy is used in signal
transfer. Radio communication is frequency-baseceless networking technology that
enables sensor nodes to communicate over seleegdehcies. This area attracted much
interest over the years and has fueled researcthenarea of a body-centric wireless
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communication channel. The evaluation of the pragiag modes has been largely
influenced by the increasing focus in wireless mapilons on the body. Use of the Medical
Implant Communication System (MICS) at 402 MHz @54Hz, allows bands of 300 kHz

to be achieved.

However, due to the high availability of componemts wireless body sensor
networks both the industrial, scientific, and matligSM) bands between 400 MHz and 2.45
GHz, and the ultra-wideband (UWB) frequency allamatbetween 3.1 GHz and 10.6 GHz
are frequently seen in actual implementations. Mogeently there is an interest in
investigating the performance of WBANs operating maitlimeter wavelengths and in

particular at 60 GHz.

Radio communication is influenced by path loss faaing processes. The task force
TG6 of the IEEE 802.15.6 working group has highiggh channel modeling issues for
WBAN (Yazdandoost et.al, 2009). The work highligiMarious scenarios which can be

implemented as shown in the table below;
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Table1: List of Radio Communication Scenarios

Scenario | Description Frequency Band Channel
Model
S1 Implant to Implant 402-405 MHZ CM1
52 Implant to Body Surface | 402-405 MHZ CM2
83 Implant to External 402-405 MHZ CM2
54 Body Surface to Body | 13.5,50.400, 600, 900 MHZ | CM 3
Surface (LOS) ).4.3.1-10.6 GHZ
55 Body Surface to Body | 13.5,50.400, 600, 900 MHZ | CM 3
Surface (NLOS) ).4.3.1-10.6 GHZ
S6 Body Surface to External | 900MHZ CM4
(LOS) 24, 31-10.6 GHZ
57 Body Surface to External | 900 MHZ CM4
(NLOS) 24 31-106 GHZ

Source: ( Yazdandoost and Sayrafian, 2010)

2.2.3.2 Fading
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In WBAN communication, channel fading can occur dige various reasons,
including; reflection, energy absorption, shadowing body and posture and diffraction.

Fading can be classified either as small scalargelscale.

2.2.3.2.1 Types of Fading

There are three types of fading considering thect$fof multipath:

Small Scale Fading: Small scale fading occurs wiheme are rapid variations in
phase and amplitude of the signal which are redeinea particular area due to changes in

posture and the location of the sensor device erdialy.

Flat Fading: This arises when the bandwidth ofrtiedbile channel is greater than the
bandwidth of the transmitted channel. Flat fadim@me in which all frequency components

belonging to a received radio signal changes sanetiusly in the same proportion.

Large Scale Fading: Large scale fading occurs d@uenotion over large areas,
particularly the distance between on-body anterositipns and external node. The received
signal power changes slowly because of signal adteom which is influenced by the

geometry of the path profile.

2.2.3.2.2 Small scalefading

Many models have been used to describe the occerreinthis type of fading. The

commonly used models are:

Rician fading model: This model is characterizedabyon fading component called
the line of sight. Rician distribution characteszbe amplitude gain. It is a stochastic model

for the influence of transmission channel on relgmal.
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Rayleigh fading model: It is similar to the Ricdading channel model. The Rayleigh
fading is basically caused by multipath receptibis a statistical model for the influence of
a signal transmission channel on a radio signatait be a good model representation for
tropospheric and ionosphericansmission as well as capturing the effect bogdi and
various urban developments on radio signals. Rglyleading is suitable for communication

between receiver and transmitter without a linsight.

Additive White Gaussian Noise Model: This modetisaic linear white noise with a
constant spectral density and Gaussian distribudfamplitude to the transmission channel.

It is a good model for space and satellite commatioo channels.

Rayleigh and Rician fading channels can be usethpdure behavior of real-world
communication channels in wireless networks like AMB The main parameters which can
be simulated includes time dispersions, DopplezatfEhifts and multipath scattering effects

arising from relative mobility between the receiaad the transmitter

2.2.3.3 Path loss

Path loss in WBAN is affected by both distance &eduency. The path loss model
in dB between the transmitter and receiver as fonaif distance d based on Friis formula in

free space is described by, Yazdandoost and Sagréf010)

PL(d) = Plg + 10nlogo(d/dy) 1)

Where:

PL, refers to the path loss at distange d

N refers to the path loss exponent.
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2.2.3.4MAC layer

This layer defines the way signals are transmittadthis layer, the challenge is
achieving an optimum balance between reliabiligtelhcy and power consumption. In
practice, an Asynchronous media access controbisally used with Zigbee to prevent
network signal collisions. Carrier sense multipteess with collision avoidance and other
mechanisms are generally used to implement thig 3énsor lifetime is enhanced by

implementation of protocols which are not energgmsive (Ruden, et al, 2011).

MAC protocols use various techniques to reduce p@eesumption:

I. Transmission schedule and listening periods — Meatopols use this
technique to synchronize and maximize data transfer

il. Turning off radios — This normally happens duringder idle periods. The
protocol reduces the amount of energy requirehéylevice.

iii. Low-power listening (LPL) approaches — involves gshemes polling by
the primary device for data transmission or receptiThis eliminates

energy loss through idle listening.

Several other power efficient MAC protocols havermeleveloped and investigated.
MAC protocols have been surveyed by (Garth V. gp@l2). It has been shown that
many MAC protocols offer greater energy conservaand best node-to-node data

delay over the IEEE 802.15.4 MAC.
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2.3 Review of Available WBAN Simulation Tools

Simulation is a very essential tool to study WBAd thus the choice of a particular
tool should be informed by the accuracy requiredtails, and scalability as well as

performance, (Unruly and Syafnidar, 2011)
(Egea-Lopez, 2005) highlights some key aspectsarchoice of a simulation tool:

‘However, obtaining reliable conclusions from rasbdbased on simulation is
not a trivial task. There are two key aspects #hatuld be evaluated before
conducting experiments: (1) The correctness of mhedel and (2) the

suitability of a particular tool to implement theodel.’
Several simulation tools are available for varimetworks. Simulation researchers

have studied various tools both commercial as agbpen source:
2.3.1 Optimized Network Engineering Tool (OPNET)

OPNET is a commercial network simulation tool usedresearch and teaching in
institutions of higher learning. It's discrete anbject-oriented simulator used for general
purposes. OPNET has very many features includiadyais tools, model library, planer and
OPNET modeler thus its wide application in perfoncea modeling in network industries as

well as in evaluation of local and wide area newsqiNurul and Syafnidar, 2011)
232 MATLAB/SIMULINK

MATLAB (Matrix Laboratory) is software developed bWatworks Inc. for
simulation and modeling high performance computati@nalysis and visualization.
Scientific researchers opt for MATLAB largely besauthe software is flexible, reliable,

analytical capabilities and very good graphics @ih4 et al, 2012)
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Simulink is a program that extends the usabilitg application of MATLAB with a
graphical interface for modeling, simulation andalgeis of dynamic systems. It allows

changing of parameters to check the effect of #reation (Nurul and Syafnidar, 2011).

2.3.3 OMNeT++

OMNET++ is a discrete event simulator used for s$ation of ad hoc networks and
other problem areas both wired and wireless. Ivides simulation platforms and tools

where one can create simulations (Nurul and SyafniD11).

OMNET++ has a graphical user interface, modulahigecture, abstraction and

protocol implementation, (Qutaiba et al, 2012).

2.3.4 NS-2/3 (the Network Simulator)

NS-2/3 is a discrete event and object-oriented kitou designed for network
simulation. It has found wide application in wirgte sensor networks because of its

scalability (Madani et al, 2010).

235 TOSSIM (TinyOS mote Simulator )

TOSSIM is a simulator which can represent discegnts in sensor networks. It can
monitor transmitted packets since it has an extaysiem for communication. TOSSIM can

be used to visualize simulations (Qutaiba et a1, 220

2.3.6 GloMoSim/QualNet (Global Mobile Information System Simulator)

It's a parallel, general purpose simulator whicHilsary based with capability to
simulate several nodes thus use in studying laiggess networks like WSNs (Madani et al,

2010)
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Table 2: Simulators used in Some Selected IEEEndtaiand Conference Papers

Published from 2007 to 2009

Simulator [EEE Transact | IEEE [EEE [EEE | Overall
T ti ICC
ransaciions om | ons GLOBEC | INFOCOM (%)
Communicatio | on oM
ns Network
[EEEACM | ©
ns-2 14%; 37% 45% 39% 59% | 428
OPNET 6% 404 82 3% 17% | 7.6
MATLAB T8% 32% 200 32% 13% | 368
Qu alNet 1% 5% 12% 3%% 42
GloMoSim 1% 1% 3% 3% 1.6
OI'»-ﬂ"TEﬂ— 2% 204 08
Others (user | 2% 5% 10% 11% % | 6.2
written
program)
Total 100%% 100% 100% 100% 100% | 100

Source: (Nurul I. and Syafnidar A. 2011)
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2.4 Simulation Phases

Simulation is a process which involves a numbestafes;

2.4.1 Problem Formulation

This phase entails understanding the problem efrést, organizing the system into
objects and activities into a form which can becexed experimentally. Getting the solution
to the problem requires one to choose the way lege it from the potential solutions. At
this stage inputs, outputs and processes are fideinto enable building of the conceptual

model in the next phase.

2.4.2 Conceptual Mode

At this stage, the structure and layout of the aisj@nd attributes are built to reflect
all the features of the system. The output shoiNe @ picture of how the components

interact and critical areas of the system.

2.4.3 Collection and Analysisof Input/output Data

This step involves studying the attributes ideeatlfin the preceding phase to enable
one to obtain input/output data of the system. tebutes are classified as either stochastic

or deterministic.

244 Modeing

In this phase, the conceptual model and the ddkected for output/input are used to
develop an elaborate representation of the systemstructure and behavior of the system is

defined using the attributes, interfaces and metlatckady identified in the previous phases.
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A model is developed showing how the attributes aadables relate and any assumptions

made are highlighted.

245 Simulation

At this stage the model developed in the previobhasp is implemented using a
chosen simulation tool. There are various progrant tools which can be used to achieve
this. Algorithms are developed and translated grsjc programming language or model for

simulation.

2.4.6 Verification and Validation

Verification and validation is done in almost d&éetphases of simulation. Verification
checks the consistency among the conceptual megsiem model and simulation model

while validation involves comparison of the modetlasystem reality.

2.4.7 Experimentation

The objects of the conceptual model are used toh&isimulation. Different ways are

use to set up experiments and data outputs aectadl/observed.

2.4.8 Output Analysis

During this phase various tools are used to analyme visualize the outputs. The

process allows better understanding of the system.

2.4.9 Advantages of Simulation

. Enables simulation of complex

. Eliminates the complexities of analyzing difficult
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. Allows prediction of behavior by using sensitivdapalysis and varying
model parameters.
. Enables easy system changes thus leading to sysi@omvements

. Enhances greater understanding of analytical pnable

2.4.10 Disadvantages of Simulation

. Simulation lacks accuracy, the model is not an esegalica of the real-
world systems

. Simulation may not allow study of several paransettronce
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2.4.11 Simulation Phases Chart

Figure4: Simulation Phases Chart
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Introduction

This chapter discusses the methodology used to bite ta achieve the stated

objectives of the research project. There are uarioethods which can be used in research.

This research is focused on energy efficiency thusch of the work will be
simulation and analysis. The study identifies ussezondary data from previous work on
application of star and multi-hop topologies in ldgment of wireless body area networks.
This method enables comparison of the two topotogigerms of their efficiency and energy
consumption. This approach will also enhance tloegss of identifying energy consumption

factors in WBAN.

3.2 Current Methods

3.2.1 Actual Design

This method entails actual assembly of all the comepts required to develop a real
world product. This method requires a lot of tiee designing, sourcing of components and

actual development of the product.

This method provides actual parameters when usedatows the developer to vary

various parameters during experiments be able mgpitae design in the actual application.

The cost, availability of materials and time facte the main limitation of this

method.
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3.2.2 Analytical Approach

This method involves breaking down a larger problainfocus into small parts to
enhance easy solving. This entails applicationafous formulas and tools to achieve the

solution. Each parte becomes a smaller and eashardle.

This method is easier to use since it entails ileny the components and subject

them to closer examination.

The disadvantage of this method is that it doeshawe the visual aspect. It is not

easy to understand especially by people who arexpmrts in the field of focus.

3.2.3 Simulation

This method involves use of a simulation programefaresent an actual system. This
entails defining the parameters of interest andtifieng a suitable simulation tool to capture

the relationships and behavior of the actual system

Simulation is widely used in research becausentdeitself well to represent the
actual system in a cheaper way. It also allowsatian of the system parameters to execute
what if analysis. This method gives a visual outihuis makes it easier to understand how a
system works. It is also easier to execute andstakeshorter period of time. Simulation
allows very high level of detail to be included lithe only limitation being one’s

imagination, programming skills and the hardwanade&sed for simulation.

However simulation is only an estimate of the alcsyyatem thus solutions may not be

accurate. Any errors in input will alter the output

Simulation doesn’t produce a tangible projects juist a simulation.
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3.4 Proposed methodology

3.4.1 Introduction

In this research, simulation is chosen as the pyimeethod to carry out the work. As
indicated earlier, simulation provided the requicetivenience, time and cheaper alternative

to realize the aims of this research.

Simulation is a widely used technique for represgnteal-world systems, normally
dynamic. The model mimics a real system allowing a6 simulation tools and emulators
running on computers to study various systems.& hsx a number of simulation tools which
can be used to simulate various scenarios in WBaMNdies as described in the previous

sections.

Simulation is used in this research to enable theysof effects of various factors on

signal transmission in WBAN.

3.4.2 Characteristics of Proposed Methodology

MATLAB R2009a and Simulink simulation program isedsfor this project to be able
to capture how radio signals are affected by varitactors in multi-hop topologies. This
simulator can represent various network processsgding routing, protocol clustering and
provide statistical information of the various netw devices such as the residual energy

devices and show the transmission channels.

Simulink is a graphical user interface applicatramch enhance the use of MATLAB
to model and simulate various systems. Simulinkrsfivarious blocks for building different

simulation models. The systems are developed agescusing components from various
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blocks. Many elements of block diagrams are avhldlom various block sets such as
communication and signal processing block setsingumodel development, Simulink and
MATLAB can be used together allowing data transfetween the two interfaces without any

limitation.
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CHAPTER 4: CONCEPTUAL MODEL

4.1 Conceptual Design

The conceptual model is based on a typical WBAN arious applications, with
focus on the factors which affect energy consunmptioring communication between nodes,

relays and the sink.

The model outlines the relations between the varmmmponents, their attributes and

interfaces.

Figure5: General Conceptual Model
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4.1.1 Model components

4.1.1.1 Sensing Unit

This carries the sensors which collect data fronoua parts of the body. The sensors
collect physical signals like pressure, movemeemperatures etcetera. The sensor picks

these analog signals which are then transferratidoyransmitter.

4.1.1.2 Transmitter

The transmission unit basically relays the colldctiata from the sensors to the
receiver. The other parameters of importance iaymnefj of signals are distance and signal
strength. The distance separating the transmittérraceiver is measured to get the optimal
distance which will use minimum power to send tiggal. The signal strength is measured at

the transmitter and receiver to be able to estalitie optimal distance.

4.1.1.3 Channd

The channel describes the parameters betweenath@ntitter and the receiver. There

are a number of channel parameters which will arile transmission of signals including:

Noise This is composed of any interference from theiremvwnent which may affect
the signal transfer between the transmitter andebeiver. The kind of noise represented in

this model is additive white Gaussian noise (AWGN).

Path loss The path loss component is also factored inroslel. This component is
affected by distance and body movement. Path Idsddepending whether it is a line of

sight or non line of sight communication.
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4.2 Data/l nput Data
4.2.1 Node L ocation

Node placement is achieved by using a MATLAB codleandomly generate node
positions on 150 cm plane/graph. The choice of @®0graph was informed by using an

average height of a person 150 cm.

The nodes are randomly placed on the graph andistence between the reference
point (coordinator) and the nodes are calculatedguthe algorithm below. The x and y
coordinates of the sensors are used to calculaedistance by applying Pythagorean

Theorem.

If the distance between the coordinator and the@emode is less than or equal to a
predetermined distance (R), the sensor transmitset@oordinator. Otherwise it transmits to

the relay.

For all node pairs

Distance between nodes,mand reference point (coordinator)
X=abs(xx;)

Y=abs(yi-yj)

Distance=sqrt(X+Y?)

If Distance;<=R,

Connect = coordinator

Else

Connect = Relay
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Figure 6: Random Nodes L ocalization Chart
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The distance between the nodes pairs from MATLABuWation are shown in the table

below:
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Table 3: Distances Between Node Pairs

Node Pairs Distance (cm)

1-2 85.6401
1-3 35.9114
1-4 67.6729
1-5 95.1741
1-6 80.4471
2-3 57.6061
2-4 125.9178
2-5 10.2681
2-6 88.5481
3-4 70.5833
3-5 67.8456
3_6 54.4830
4-5 136.1085
4-6 58.5161
5-6 95.1741
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4.2.2 Radio Propagation Energy Model

The radio energy model used in this project wap@sed by (Reusens E. et al, 2009).
This model uses the distance (d) between the trigbesrand the receiver and assumes the

loss of energy due transmission chann®l. (the model equations are shown below:

End(k,d) = Erx—eledK) + Erx —amdk.d) (2)
Erx(K,d) = Erx —elec X K + EampX k X o (3)
Erx(k) = Erx- eled K)Erx(K) = Erx-elecX K (4)
Erx(K) = Erx - elecX K (5)
Where;

Erx is transmission energy in Joules

Erx is energy consumed by the receiver in Joules

Erx—elec @re energies required by the circuitry of trantamiand receiver in nJ/bit.
Eampis the energy required by the amplifier circuitibit.

k is the packet size in bits

Since in WBAN there is attenuation due to path,lagsath loss coefficient parameter

nis added to the equation above thus can be wiaen
Erx(k,d) = BiecX K + Empxnx k x d' (6)
The parameters in the above equations depend dgpbef transceivers used. There

are two transceivers commonly used in WBANSs, Normtkc2401A and Chipcon CC2420.
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Nordic nF 2401A is a single chip and consumes lawegy. The bandwidth of both

transceivers is 2.4Ghz.

Nordic nF 2401A transceiver is chosen for this @cbjbecause its low power

consumption. The parameters of the two transcemergjiven in table 5 below

Table 4: Radio Parameters of Nordic nF 2401A Transceiver

Parameter nF 2401A CC2420 Units
DC Current(Tx) 103 174 mA
DC Current(Rx) 18 197 mA
Supply Voltage(min) |19 21 v
ETy- e 16.7 96.9 nJ/bit
ERs - elec 36.1 1728 nJ/bit
Einp 1979 271e-T Thit
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CHAPTER 5: IMPLEMENTATION AND TESTING

5.1 Implementation

5.1.1 Simulation M odel

The simulation was done using Simulink. The simafatmodel is as shown below.

Figure 7: Simulation Model
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The components of the simulation model are expthbedow:
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5.1.1.1 Bernoulli Binary Generator

The Bernoulli Binary Generator block uses the Balindlistribution to randomly
produce binary numbers. The Bernoulli distributiith parameter p produces zero with
probability p and one with probability 1-p. The Beulli distribution has mean value 1-p and
variance p(1-p). The Probability of a zero paramspecifies p, and can be any real number

between zero and one.

5.1.1.2 Differential Encoder

The Differential Encoder block performs signal esiog on the binary input signal.
The output is the logical difference between thespnt input and the previous output. More

specifically, the input and output are related by

The input can be either a scalar or a vector. ihh®l output value is formed by

getting the logical exclusive-OR of this value wikie initial input value.

5.1.1.3 OQPSK Modulator Baseband

The OQPSK Modulator Baseband block is used to periignal modulation. It uses

offset quadrature phase shift keying method to @beethis process.

It receives the encoded signal from the binary dacbefore the signal is released to

the transmission channel.

5.1.1.4 AWGN Channel
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This block represents a typical transmission chhbgeadding interference to the
signal. The block adds white noise the signal s #@ffects of the interference can be

captured.

The relative power of noise in an AWGN channely@idally described by quantities

such as

. Signal-to-noise ratio (SNR) per sample. This is ridwgo of the signal

strength to that of noise.

. Ratio of bit energy to noise power spectral dengip/No). This

guantity is used by BERTool and performance evalndtinctions in this toolbox.

. Ratio of symbol energy to noise power spectral dg(Es/No)

The relationship between Es/No and Eb/No, bothesgad in dB, is as follows:

Eg/No(dB) = B/No(dB) + 10logo(K)

Where k is the number of information bits per syimbo

The relationship between Es/No and SNR, both espces dB, is as follows:

5.1.1.5 Free Space Path L oss

The Free Space Path Loss block represents chaarshpters which affects signal
transfer. The distance between the receiver antbrirdter is the main variable affecting
signal power loss. The block varies the amplitatléhe received signal element by a value

determined by carrier frequency and distance & pasameter when decibels is used.
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In this simulation, distance and carrier frequepayameters are used since distance

between the nodes was calculated and the freqdent$M band is 2.4 GHz.

This block accepts a column vector input signale Tiput signal to this block must
be a complex signal. The reciprocal of the losapplied as a gain, e.g., a loss of +20 dB,

which reduces the signal by a factor of 10 corradsdo a gain value of 0.1.

5.1.1.6 OQPSK Demodulator Baseband

The OQPSK Demodulator Baseband block is used makigemodulation. The block

takes in the baseband representation of the inguidlsand demodulates it.

The block outputs integer symbol values from O tar 2-bit binary representation of

the integers depending on the set type of outpuatnpeter.

5.1.1.7 Differential Decoder

This block plays a very important role in convegtihinary input bit to equivalent

signal element which can be transmitted throughchaanel.

5.1.1.8 Bit Error Rate Calculation

This block calculates the rate of error occurrendbe received signal. It does this by

comparing transmitter output data and receiver datgut.

The output of this block is normally connectedtte bit error display block.

5.1.1.9Bit Error Display

The Display block is used to show the bit errorghi@ signal received calculated in

the bit error calculation block.
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The output is displayed in three rows. The upper shows the error rate, the middle

row shows the error bits and the lower row displiagsnumber of comparisons.

5.1.1.10 Display

It shows the data of its input on its display icon.

5.1.1.11 Spectrum Scope

This block is used to calculate and display out@aitgarious times of the input. The

input can be sampled or frame-based matrix or vecto

This block is used to produce a spectrum of thaeaigt can produce time domain

spectrum or frequency spectrum.

5.1.1.12 Voltage Controlled Oscillator

This block produces a signal which shifts from dpgimum frequency with a value

proportional to the input signal.

This block produces an output signal which can $eluo represent the magnitude of

a signal.

5.1.1.13 Periodogram Block

This block calculates an approximation componerftshe spectrum which not

parameters. It is used to show the graphical vanaif an input over time at different times.
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CHAPTER 6: DISCUSSION OF FINDINGS AND CONCLUSION

6.1 Discussion of Findings

From the results of the simulation it is eviderdttipath loss varies upwards with
increase in distance. Figure 7 in the previousi@@a@hows a steady rise in path loss with
increase in distance between the transmitter amdetteiver. This implies that when a relay is
used, the interference on the signal due to freeespath loss is reduced thus enhancing

energy reduction during transmission.

Node placement in relation to coordinator and relay be varied to achieve optimal

distance separating the transmitter and receiver.

The RSSI parameter can be used to check the ssyesigth. From the simulation
model, a peridogram is used to capture this on matg verses frequency plot as shown

below.

6.2 Performance Metrics

6.2.1 Path Loss Calculation

Path loss shows the relative strength betweenr#resritted power at the sending

node and received power at the receiver.

The path loss between the sending and the receamgnna was calculated as a

function of distance parameter using the formulscdbed earlier in equation (1):

PL(d) = Plo + 10nlogo(d/ch)
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The path loss can also be calculated as functidrothf distance and frequency using

the formula

PL = 20logo(4ndf/c) (7)

Where d is the distance between the transmitterecelver, f is the frequency and c
is the speed of light. In free space, path losgficaent n used is 3.38 since LOS is assumed

in this work (Elias J and Mahaoua A, 2012)

In WBAN n varies from 3 to 4 for line of sight (LOS) transsi@ and 5 to 7.4 for

non line of sight (NLOS) transmission.

The distance was measured between the node aneldlgeas well as the coordinator.
In this investigation the 2.4 GHz frequency is uasdt is freely available and it is has been a
choice of many researchers in WBAN designs in fiaed. The path loss exponent in free

space is two (2) as highlighted by (Reusens Bl, &009).

MATLAB was used to randomly generate sensor noddsma range of 150 cm and
algorithm to allow connection between the sensar the coordinator if the distance is less
than or equal to the predetermine distance (R)raike the relay is used to send sensor data
to the coordinator. In this case the optimum dis¢achosen was 75 cm, though this can be

varied.
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Table5: Path Loss and Distance Datafrom MATLAB

Distance (cm) Path L oss

0.10 -45.9559
10.10 46.3465
20.10 60.1102
30.10 68.1863
40.10 73.9233
50.10 78.3762
60.10 82.0160
70.10 85.0942
80.10 87.7613
90.10 90.1142
100.10 92.2192
110.10 94.1236
120.10 95.8623
130.10 97.4618
140.10 98.9429
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A plot of path loss against distance depicted areimse in path loss with distance as shown

in the figure below:

Figure 8: Plot of Path L oss versus Distance Chart
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6.2.2 Energy Dissipation of the radio model

The energy required to transmit data at a ratés0fk/s for a period of 0.01 seconds

was investigated.
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6.2.2.1 Transmitter Energy

Table6: Transmitter Energy and Distance Datafrom MATLAB

Distance (cm) Transmitter Energy (nJ)
0 0.0061

10 20.9859

20 257.9027

30 1.1688e+003
40 3.4581e+003
50 8.0651e+003
60 1.6155e+004
70 2.9115e+004
80 4.8547e+004
90 7.6264e+004
100 1.1429e+005
110 1.6485e+005
120 2.3038e+005
130 3.1351e+005
140 4.1707e+005
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Figure 9: Plot of Transmitter Energy verses Distance
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6.2 Conclusion

In this research project, | proposed an energgiefit model for deploying WBAN
using multi hop topology by use of a relay betw#ensensor nodes and the coordinator. The
model uses an optimum distance to place a relayrdyansmitting signals from nodes
beyond the specified distance. The simulation skiothat the nodes uses lower energy to

send signals through a relay.
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The energy consumption graph showed that the i@daybe placed at a distance of

between 50cm and 75 cm to achieve energy efficiency

Path loss was used as a performance metric ambwes that the further the nodes
from the coordinator, the higher the path loss. bfsthe relay reduces path loss. However,
the relay also adds to the cost of system desigoesit will require higher hardware
specifications to be able to transmit signal frdra hodes. This challenge can be solved by

replacing relay batteries periodically when theydgpleted.

The transmitter energy required also was shownntwease with distance. This

implies that when a relay is used, lower energy baldissipated during signal transmission.

6.3 Further Work

This area of energy efficiency in WBAN is of utmastportance in deploying
WBAN for medical and health monitoring. In this easch, the effect of distance between the
receiver and transmitter on power consumption viees rhain variable investigated. The
receiver signal strength indicator can be usedheck the power of the signals at the

receiver.
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APPENDICES

Appendix A

This appendix contains the source code use toRatt Loss versus Distance as presented in

chapter 4
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clear all;

%Code calculates path loss

%path loss plot against distance

%Distance between coordinator and sensor is 75 leemwelay is used

% and 150 cm if there is no relay.

f=2.4*10"9

c=3*10"10

pi=3.14

d=[0.1:10:150]

PL = 20*log((4*pi*d*f)/c)

figure;hold,;

plot(d,PL)

xlabel('Distance [cm]’)

ylabel('Path Loss [dB]')

title('Path loss verses distance between TX and RX'

[il]



Appendix B

This appendix contains the source code for gemeratandom nodes and calculating

distances between node pairs using MATLAB.

clear all;

% Localization of the sensor nodes

% Sensor nodes are randomly distributed on a ane

% of 150 cm

% Nodes are dimmed connected if the distance batwee

% them is less than or equal to 75 cm

noOfNodes = 6;

rand('state’, 4);

figure(1);

clf;

hold on;

L = 150;

R = 75; % maximum range;

Xlabel('Distance in cm’)

Ylabel('Distance in cm’)

netXloc = rand(1,noOfNodes)*L;
[iii]



netYloc = rand(1,noOfNodes)*L;

for i = 1:noOfNodes

plot(netXloc(i), netYloc(i), '. y");

text(netXloc(i), netYloc(i),['Node" int2str(i)]);

title('Node Localization')

for j = 1:noOfNodes

distance = sqrt((netXloc(i) - netXloc(j))"2 + (ndbx(i) - netYloc(j))"2)

if distance <= R

matrix(i, j) = 1; % there is a link;

line([netXloc(i) netXloc(j)], [netYloc(i) netYloc{j, '‘Color’, 'g");

else

matrix(i, j) = inf;

line([netXloc(i) netXloc(j)], [netYloc(i) netYloc{j, ‘Color’, 'r');

end:;

end:;

end;

[iv]



Appendix C

MATLAB code used to Calculate Transmitter EnergyXkd) and Plot Transmitter Energy

Verses Distance

clear all;

%Receiver energy calculation

%PIlot of Transmit Energy verses Distance

Etxelec = 16.7*10"-9

Erxelec = 36.1*10"-9

n=3.88

d=[0:10:150]

k=250*10"3

Eamp = (1.97*10"-9)

figure;hold,;

for d =[1:10:150]

ETxkd = k*(Etxelec +(Eamp*n*d”~n))

ERxk = Erxelec*k

plot(d,ETxkd,'r*:")

xlabel('Distance [cm]’)

V]



ylabel('Transmitter Energy [nJ]")
title('Receiver Energy verses Distance between ickRX')
grid

end

[vi]



