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Abstract — Wireless Sensor Networks (WSN) is a
popular and interesting field of research in the sidy of
wildlife. In this paper, the design of a WSN that wll be
used to remotely monitor wildlife is proposed. The
sensor nodes designed were small, low powered units
allow them to be mounted onto animals. Each sensor
node was designed to monitor the body temperaturef o
the animal it was mounted to and the light intensit of
the animal’s external environment. This sensed datevas
then relayed to a base station node for further
processing. A user application program running on he
base station computer was developed to receive thata
from the base station node and store it in a struared
text file format for further analysis. Both the hardware
and software designs of the WSN and the data sample
collected from the sensor nodes relating to tempetare
and light are presented.

Index Terms — Graphical User Interface (GUI),
Identification No (ID), Medium Access Control (MAC),
Direct current (DC), Transistor-Transistor logic (T TL),
Industrial Scientific & Medical (ISM), Serial Perip heral
Interface (SPI), Open Systems Interconnection (OSI)
Cyclic Redundancy Code(CRC), Universal Synchronous
Asynchronous  Receiver  Transmitter  (USART),
Complementary Metal Oxide Semiconductor (CMOS).

. INTRODUCTION

IRELESS SENSOR NETWORKS is an emerging

field of research which combines sensing
communication and processing on a single devidéeda
sensor node [1, 2]. These nodes are often smalke) and
their individual capabilities are limited (most diy in
processing capability and power availability). Agesult,
nodes work together amongst themselves to allovaicer
phenomena that the WSN is monitoring to be recormted
acted upon.

II. A WIRELESSSENSORNETWORK FORWILDLIFE

MONITORING

A. Application background
WSNs are becoming increasingly popular in tieéd fof

wildlife monitoring [3]. The goal of this designgject is to
develop a WSN to monitor the environmental condgiof
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an animal’s habitat such as light intensity, aslwabnitor

the body temperature of the animal itself, and tteday this
data back to a base station for further procesdimghis
application of the WSN, nodes were mobile as thag to

be attached to animals, namely cattle. Cattle whosen for
the prototype as they were less likely to damagestimsor
units and could be interacted with more easily than
carnivorous animals. Light conditions and the body
temperature of the animal were chosen as the péeesre

be monitored to research the effect of these pammen
the behaviour pattern of animal being studied. Othe
parameters such as location and movement are smis$ied

in this paper as the project was allocated a lodgktiand
such parameters required higher cost equipment o b
monitored.

B. System Functionality

Each sensor node will be mounted onto an anifitedse
nodes will sense light intensity conditions of theimal's
environment and the body temperature of the aniimel
mounted to. Nodes will be in standby mode to recerergy
consumption, only becoming active at certain times
perform measurements and forwarding of data actioss
network to the base station [4]. The received detbbe
analyzed to produce results on a specially desigeasly to
use GUI at the base station.

C. System Specifications

1) Functional Requirements
"« Light intensity and body temperature readings stoul
be taken periodically and sent to the base stdtion

further processing.
Each node should be able to forward/relay datagtack
from other nodes out of range of the base station.
Nodes should be self-configuring and have a uni§ue
to distinguish between each other.
Each node should alert the base station when ftsriga
is low.

Non-Functional Requirements:
Nodes should be robust as they will be used in the
environment/on wildlife.
User-friendly and easy to understand interfaceaaeb
station to process received data.
Collars should be easy to fasten onto animal, and
comfortable for animal to wear.
Nodes should conserve energy as far as possible.

D. Physical Design of Node

Since the node was designed to be used on knirha
required an attachment mechanism. Each sensoriatioies
encased in a hard plastic box (figure 11-1), aridcited onto
a collar which is used to mount the node onto thienal.
The light sensor is protected by a transparent roaoyeand



the temperature sensor is fitted on the insidéefcollar so
that it came into direct contact with the animaliedy.
Silicone is used to seal applicable parts of tis@enode to
prevent them from being damaged in rainy weather.

Figure II-1: Sensor node prototype hardware

[ll. SENSORNODEDESIGN

A. Module Break-down

The architecture of each sensor node is depictdeigare
[-1[1].
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Figure 1ll-1: Sensor node architecture
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B. Architecture description

In this section, the architecture module ofdksign is
briefly explained.

1) Communication Module

and offers an output of up to 12-bit resolution 4],

making it a very accurate sensor. In addition, tués 1-

wire® interface, it only requires a single port pim the host
microcontroller for communication. The raw outpubrh

the sensor was stored in two bytes and forwardelettase
station for further collaborative processing withie User-
Interface program.

3) Processing Module

The processing module in each sensor nodeibttain”

of the node. It comprises of a single 8-bit low-goad
ATmegal6L microcontroller [11] which was selected
because of its low intrinsic power, various perigie
features and its easy-to-use instruction set. Thenédgal6L
has 512Bytes of onboard EEPROM, thus eliminating th
need for any external storage device. During thsigte
phase, a node’s unique ID is stored here (sectieB-L).

4) Real Time Clock

The DS1302 low-powered real time clock is utedog
the time and date of each measurement on eachrssrd®
[6]. The device is also used in the timing synciwation
needed for data transfer between nodes (sectid+2Y-

5) Power Source

Each sensor node is equipped with a 9V alkdbaktery
which is regulated using a LM2905 3V regulator. T3é
output is used to power all components within thdenand
thus serves as the node’s energy source. Each Inasle
functionality to monitor its battery status usirge tonboard
comparator of the microcontroller unit (MCU) to cpane
the node’s battery voltage to the internal band rgdégrence

The NRF905-C433 radio transceiver [5, 6, 12 and 13]voltage of the MCU. Battery status that is senthi® base
which operates in the 433MHz ISM band was usedhen tstation is one of two values, i.e. a “0” signallitizat the

prototype sensor node. Interfacing to the NRF90% waattery is healthy, or a “1” signalling that thetieay is low.

performed by the use of SPI between the devicetmntiost
microcontroller. The configurable power output legéthe
device was set to 6dBm to achieve a balance betavg@od
range and moderately low power consumption [6].

2) Sensors

A low voltage light sensor and temperature serae
used on each node. The purpose of the light seisst
monitor the light intensity conditions of the anifea
environment. This sensor is used to investigatesffext of
varying light conditions on the behavioural pattenf the
animals being studied. A Light Dependant Resist@R)
[8], configured in a potential divider circuit, wakosen for
this sensing purpose as it was inexpensive, robimple to
use, and responded to visible light conditions t(tivhich
can be seen by the human eye) with good sensitiVite
Analogue-to-Digital Converter (ADC), of

analogue sensor reading into an 8-bit binary vatbieh is
then converted to a light intensity value at theebatation
using a lookup table. The light sensor was caldataising
the Lutron LX-105 Light Meter.

The DS18B20 temperature sensor was selecteaséoin
each node. This sensor can operate on a low vo(te})é)

the host
microcontroller on each node, used to convert the r

IV. COMMUNICATION PROTOCOLSPECIFICATION

The Communication protocol is divided into fdayers
from the OSI model. These four layers are descriisidw:

A. Physical Layer

The physical layer is responsible for inter-@od
communication. The radio transceiver used is resiptm
for how information is transmitted across the mediu
Figure IV-1 shows the structure of each physicakpathat
is transmitted.

10-bit 32-bit 128-bit 16-bit
Preamble | Receiver Address Payload CRC
(HRF905) (HRF905) (HRF905)

Figure IV-1: Structure of Physical Packet

The preamble is used by the radio transceivers
synchronize the sender and receiver's frequenaethat
they may communicate. The receiver address is byed
receiving node to determine whether the data istéeif or
not. The payload contains the data which is todre along
with some other essential parameters as describgtiel
MAC layer. The 16-bit CRC is automatically addedthg
radio circuitry to perform error checking [12, 13].



B. MAC Layer handshake that has to occur for nodes to begin dabg

exchange. Other transmitting nodes that have tiroed

The MAC layer is responsible for coordinating emh waiting for the ACK packet will contend for the retime
nodes are to transmit and receive data and whenatteeto  slot searching for reachable nodes to transfertdata

become active or go back to sleep. After communication is complete between the pairedes,
both nodes step back to the original broadcastiéegy and
1) Node Identification do not take part in slot contention during the #sthe two

period cycles. These nodes will however, stilldisfor the
In the proposed design, each node has a unigbase station broadcast packets so that they mal their
identification within the network. This is storedtlin the sensed data to the base station in remaining tifrtheo2
node’s memory in the form of an 8-bit number. Tlhenber period cycles.
is assigned at the design phase and the node e khis
ID for the duration of its life. Since IDs are &in length, During the next 9 timeslots within the periather nodes
the network can accommodate a maximum of 256 nodes. follow the same procedure like the nodes that comoated
in the first timeslot. The reduction in the numlzérnodes
2) Node discovery & Synchronization that contend for each time slot helps to reduceptssibility
of collisions in the medium. If for some reasonnede
All nodes within the network will be mobile atlus the wasn’t able to communicate with another node duthmg
network topology is not fixed. Nodes will alwaysviato first period cycle, it will try again in the secopériod cycle
perform node discovery to determine the next hapdia using the same rules as the first cycle. All nogedack to
transmission. When a node switches to an active,stawill ~ sleep [14] after the second period cycle, to awaterthe
attempt to discover its neighbours. A form of tisietting is  event of the next half hour.
used to realise this functionality [7]. Each node will perform sensing measurements evatfy h
hour period. Thus a maximum of 48 readings willthleen
In order to realise data transfers to the lsigton from per sensor node day. The real-time clock will hakgintain
each node, we assume the following: timing synchronization across the nodes in the agtw
. Nodes are fully mobile, and may move at any time (Section C — 1).
. Speed at which nodes move is relatively slow
compared to the rate at which data transfer occurs.  The above protocol uses a mixture of routingcepts.
« Al nodes are willing to participate in data excgen Like the SPIN [15] protocol, a node sends data t&o i

«  Each node possesses its own unique ID that is se@@ighbours, but only the closest neighbour nodee(dened
by all active nodes. by quickest response to a broadcast). A receivig rwill

not send back data to a sending node on the reaxefsince
The real time clock on each node will help defae it will remember the sending node’s unique ID, avilil not

when a node is to take readings from its sensatsaien it accept a handshake from a node with the same Ien
transmits this data to other nodes or the basmstaEvery Next frame. The receiving node sends the dataedbétse
half hour, on the real time clock, two cycles ofomgs Station when a connection is acquired.
periods occur. Each period is broken into ten 25ms . .
timeslots. During each timeslot, only 2 nodes wik 3) Nodediscovery by base station
communicating and transferring data at a time. Twil$ ) ) _
help reduce the congestion of the network and timeber of The base station will send out a broadcastyeenute.

nodes that are trying to communicate in each tiie s Nodes within range will discover the broadcast jpand
attempt to communicate with the base station. Nomids

Assume that a half hour has just occurred ennibde’s USe the listen-before transmit mechanism to comeate

real-time clock. The first 25ms timeslot of thesfi250ms ThiS is made possible by the carrier detect pin toe
period now begins. The node will then generatermloen NRF905 [12] which is set high by the radio whenetrere
number to determine whether it goes into transmieoeive IS @ carrier in the medium. A 3 way handshake asriged
mode for the rest of that time slot. Nodes that are in the node discovery phase (section IV — B — 2ptmake
transmitting mode will send out a broadcast patetlert Place for communication to occur. Data transfemeen a
other nodes within their neighbourhood of theirsesnce. Node and the base station is also only at a pfesgiency
After sending out this broadcast packet, these sauid dete_rmlned at design time. Nodes are as;umed ta be
then wait for an acknowledgement (ACK) packet fram mMaximum of 2 hops away from the base station, duhé
neighbouring node which is in receive mode. grazing range of the animals.

Nodes in receive mode will listen for a broatgaacket C. Network Layer
from any transmitting nodes within their neighbauot,
and reply to this broadcast packet with an ACK pack 1) Broadcast Packets:
After sending this ACK packet reply, the receivingdes .
will then wait for an ACK packet from the transriig Broadcast packets will be sent out from nodew tto

node. Once the transmitting node receives the A@gket time to alert other nodes of their presence. Brasticwill
from the receiving node, it will then include inettACK also be sent out by the base station at certaia imervals

packet that it sends to the receiving node, a vali@ alert neighbouring nodes that they are withimgeaof the

then communicate in. This will complete the thremyw forwarded to allow nodes to synchronize their reaie



clocks with that of the base station. The trangmitD will

also be sent so that receiving nodes will know frwhich

node the broadcast is from. Note that one shouldoafuse
the idea with receiver address and node ID. In rotde
facilitate node discovery and broadcasting, all@sotave
the same address. It is the node ID (that is stamethe
node’s memory) that is unique to each node. Hefwea
node to send a broadcast it simply has to loadotydoad
appropriately as described by the above packettstieiand
sends it. No receiver node ID is required as allesowill be
intended to receive the data. All broadcastingdeedat a
frequency of 433.2MHz. The frequency of each stdtef
handshaking) is given by the equation below

communicationfreq,, = 4332MHz + (nx500Hz) ... (1)

For example, the frequency of communicationuodag
within the third timeslot (n=3 in the above equatiarthere n
is the slot number) in the second period would 3& 2MHz
(which is the base frequency) plus 3 times 500 ghing a
frequency of 434.7MHz.

2) Acknowledgement packet:

Acknowledgements are used to allow nodes terdeghe
whether they are in communication lock with anothede
or if their last sent message was received coyrectl

3) Data packet:

Data packets will include the sensed data dk asethe
time-stamp, battery status and transmitter nodead@nsure
that the data arriving at the base station is pt ihe
correct flat-file.

D. Application layer

This layer is responsible for determining tleased data

payload in the data packet. Temperature is outputhé

Description of the format of data received at thedstation
User-interface application program (user-app):

*  NodelD

This unique number found in the memory of everyssen
node is used to differentiate between nodes im#iaork.
The user-app also uses this node ID to name thdilexn
which data for a specific node is stored.
* Battery Satus
The battery status is either a “0”, which indicatekealthy
battery, or a “1”, which implied that the battesylow.
e Day, Month and Year
These three bytes represent the date at whictetieed data
in the packet was obtained. These values can likhysthe
user-app to filter viewing of data to certain dately.
*  Hour, Minute and Second
These three bytes indicate the time at which tinsext data
in the packet was obtained (i.e. they representitestamp
of the sensed data).
 Temp_MSByteand Temp_ LSByte
These two values represent the raw temperature foata
the node. The user-app manipulates this data toubtie
actual body temperature of the animal.
e Light Intensity
This value is the raw light intensity reading. Tinger-app
will convert this reading to a unit in Lux usingl@ok-up
table and interpolation routine.
e Bytes12t0 16
These bytes are reserved for future use. Perhapsutmber
of nodes in the network will increase beyond 256¢gkeby
more than just one byte will be required to repnégbe
node’s unique ID. These extra bytes may be cordidjdor
such a purpose at a later stage.

V. BASESTATION

A. Architecture of Base Sation

All messages sent from sensor node to basmerstate

form of an MSByte and an LSByte. Time and date fromelayed via a sink node called the base statioe nwtich is

each node are also sent in the data packet givitijex
stamp to the sensed data. A single byte is usstbte each
parameter, i.e. the day is stored in one byte, thihmonth

connected serially to the base station.

B. Base Sation Node Components

in another and so on. This allows the base station

microcontroller to easily manipulate the incomiregal The
application layer at the base station is also nesipée for
passing received data from sensor nodes to thei®the
serial interface. The base station microcontrahers had to
remove only the required data and push it throbghserial
port in the format described #igure IV-2: Format of data

sent from base station microcontroller to PC below.
Data

HodelD
Battery Status
Dayr
Month
Year
Minute
Hour
Second
Temp_MSByte
Temp_LSByte
Light Intensity

Figure IV-2: Format of data sent from base station
microcontroller to PC

The USART on the base station node’s microcdletr
was connected to the serial port of the base stdB€) via
a MAX232 level shift converter using a male-to-féena
DB9 serial cable. This level-shift converter waguieed to
prevent the TTL level components on the microcdlgro
from being damaged by the CMOS-level voltages ia th
base station PC. Since the base station will havde
constantly powered as not to miss any data reagptie
primary 3V power source at the base station wilbb&ained
by regulating a standard 5V DC power supply usimg a
LM2905 3V regulator.

C. User Interface

The User-interface application program (usey}ap
(shown in Figure V-1) is implemented in Microsoftsual
Basic 6 ®. The user-app allows the user to viewstmesed
data collectively and to perform comparative arialys



1) Design Approach

The design approach undertaken for the impléamtien
of the user-application at the base station is @dmwn

means of entering the node’s ID in a text box. @kt of
sensed data could be selected in a similar fashioithe
application a button nameWiew Statistics on the graph
window was created to enable the user to view ssiegi

approach to break down the system into subsystems duch as average temperature, average light ingeasitvell

perform data acquisition, data storage and datlysina

User

Bas=se Station
Microcontroller

Figure V-1: Software System Functionality
2) Implementation

The two most essential project components dhatused

as minima and maxima values per day.

VI. LITERATUREREVIEW

In [17], the authors presented contention basebhybrid
versions of CSMA and TDMA in that they maintain the
synchronized time slots. S-MAC [17] was used theBUC
Rene Mote [18], Atmel AT90LS8535 microcontroller9]1
and TR1000 from RF Monolithic [20] for MAC testing
purposes. S-MAC [17] applies message passingdocee
contention latency for sensor-network applicatiotist
require store-and-forward processing as data mtwesigh
the network. In [21], authors developed a lightuityl AC

in the user-app were the MS Chart® and MS Comm@alled B-MAC which is used as the default MAC foicil

activeX controls (mscomm32.0cx
respectively). These allowed data to be transfetinesugh
the serial port and provided a means to generat®usa
plots which could be used for data analysis.

a. Data Acquisition

Data is transferred from the base station ro8&CU to
the PC via a serial connection. The user-app, beiagted
in an event driven programming language, reactsettain
events to provide its functionality. The user-apmsw
designed to respond to incoming data on the sendlwas
performed using the SComm_OnComm sub procedure.
The incoming data is read from the serial portia form of
a string of ASCII characters, which is then coneérinto

integer values to alloXData to store the incoming data in

the form of separate numerical values. In addit@otext file
format was chosen to store the sensed data from rezate,
named according to its node ID. Nodes having axgsfiles
had the sensed data appended to the file, wheexasodes
had a new file created and the sensed data wtdt&n

L,0%, 1,January, 2009, £: 1. 40, 26.0823, 180
1,0, 1,January, 2009, 2: 12: 41, 28.0825, 181
1,08, 1,January, 2009, 2: 12 43, 26,0623, 210
1,08, 1,Jaruary, 2009, 2: 12: 44, 26,0825, 222

Figure V-2: Database structure — for single node (@de 1)

The automatic generation of flat files elimedthe error
that could have occurred from users entering wréleg
names. Accessing specific information from the dasa is
done using the node ID and date specified by tlee. dthe
file matching the node ID is opened and all recdrdging
the date specified by the user have their temperadnd
light parameters stored in a 48-element array @&lings
per day), which is then used to plot graphs asirediy the
user.

b. Plotting of graphs, Satistical Calculations and Choice
of node data

The wuser application was designed to providéic

functionality to display graphs showing changes tle
animal’s body temperature and changes in its enmient’s
light intensity. Both parameters may be viewed gay or
per month. An additional feature provided allows tiser to
select a specific node whose data he/she wantgeto by

and mschrt20.oc¥nd outperforms S-MAC for broadcast traffic. BoVEC

and S-MAC were implemented in TinyOS. In B-MA®,
measure latency, each node is connected to adossope.
Upon submission of a packet to the MAC protocol, a
hardware pin was toggled. When a packet is receiaed
different pin is toggled. Using an oscilloscope thaus
captured the time between each pin toggling todytble
total latency. Routing in WSN is a key technologyl avery
challenging problem. Many routing algorithms haweeib
proposed to satisfy the requirements of sensor ork&sv
[22]. A source routing protocol in which the sen#t@ows
the complete hop-by-hop route to the destinationsisd in
DSR where as AODV adopts using traditional routing
tables, one entry per destination [23] to maintainting
information.

VIl. TESTING& RESULTS

In order to test the design, three sensor nadeiscussed
in section Il were developed. A breadboard was used
connect and test all the components (shown in digt-4)
before actual Vera-board and PCB designs were dbime.
results which we obtained were satisfactory as ther
design specifications and all components were wgrkis
planned. Figure VIII-1 shows the output of the
microcontroller at the base station, which was fiesti by
viewing incoming characters on terminals. The wissl
transceivers were tested using the STK500 developme
board from ATMEL [16]. The sensed data readingsewer
taken every second and then output onto the scrEas.
procedure involved deliberately causing the tentpesaand

light conditions to increase and decrease so that

corresponding results could be seen on the usdicaipn
at the base station.

HNodelD

Battery status

Date (Day:Month:Year]

Time [HourMinute:Second)

or
oL o
oL o

c—; Temperaturs [(MSBEyte:LSEyte]

Light Intensity level (from ADC)

an instance of the 16 bytes of

<
COML: 9500, 5H1 Mo hancih. e ™Y Echo on data forwarded

Figure VII-1: Testing of data reception from serial port on a
terminal in the Codevision C Compiler



[4]

Light Intensity
|

[5]
[6]

Figure VII-2: Results for prototype sensor node teting

Figure VII-2 shows body temperature and ligitensity
vs. time for node 1 under a test procedure. Figite3
shows the data written to the database as viewaddrtbox
in the user-application.

[7]

(8]

Mode ID Battery Status Date Temperature

1 Ok 1.January, 2009 0: 15: 24 26.250 30 [9]
1 ]9 1. January, 2009 0:15: 26 26,250 21

1 ok 1. January, 2009 0:15: 27 25250 22

1 [n]. 1. January, 2009 0:15: 28 260625 23

1 Ok 1 .Januar: v, 2003 0: 15: 30 25.250 21

1 Ok 1.January, 2009 015 3 26.250 el

1 Ok 1.January, 2009 0: 15: 33 26.250 23

1 ]9 1. January, 2009 015 234 26,0625 24

1 ok 1. January, 2009 0: 15: 36 250625 139

1 [n]. 1. January, 2009 0:15: 37 25250 27

1 ak 1 .Januar: v, 2003 0: 16: 39 26 0625 a3

1 Ok 1.January, 2009 0: 15: 40 26.0625 75
1 Ok 1.January, 2009 0: 15: 42 26.250 1006
1 QK 1. Jaruary, 2009 0:15: 432 26,0625 1074
1 ok 1. January, 2009 0: 15: 45 25250 4B

1 [n]. 1. January, 2009 0: 15: 46 25250 12

1 Ok 1 .Januar y, 2003 0: 15: 48 25250 13

1 oK 1.January, 2009 0: 15: 49 26.0625 12

1 QK 1.January, 2009 015 51 27125 11

1 QK 1. Jaruary, 2009 0:15: 52 28.0625 11

1 [n]. 1. January, 2009 0: 15: 54 280625 12

1 ok 1. January, 2003 0: 15: 55 29.500 12

1 Ok 1 .Januar y, 2003 0: 15: 57 29.0625 28

1 Ok 1.January, 2009 0: 15: 68 28.0625 36

1 Ok 1. January, 2009 [ ] =] 29.500 33

Figure VII-3: Results for prototype sensor node teting as
appearing on User-app

Figure VII-4: Hardware testing

VIIl. CONCLUSION& FUTURE WORK

In this paper, both the hardware and softwasghs for
a WSN designed for wildlife monitoring have been
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international workshop on Wireless sensor networks
and applications, USA, 2002.
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www.pteg.net, 2007.
NORDIC Semiconductor,
Radio Protocol Guidelines,”
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J. Hill, “System Architecture for Wireless Sensor
Networks,” PHD thesis, University of California,
Berkeley, 2003.
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[16]ATMEL, “STK500 user guide,” www.atmel.com, 2000.
[17]W. Ye, J. Heinemann, and D. Estrin, “An energy
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in Proceedings of the IEE INFOCOM, New York, June
2002.
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ATI0LS4434-4AC.pdf.

presented. The results presented would highlighe th20] http://www.rfmonolithics.com/products/data/tr1008fp

outcome of the system. The sensor nodes that vesigried

are small and robust, able to be used as requireithd

specifications. The system design could be expaiéae

future by introducing more nodes within the netwankd

upgrading the system to a multi-network capable. dne
addition, with an increased budget, different semsmuld

also be added to each node as the current desayrsdior

expansion of more data to be transferred from ntude
node/base station.

[23] Md. Anisur Rahman,
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