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Abstract
Due to advancement in MEMS technology today wisesemsor network has gained a lot of importance Wide range of its
applications includes environmental and habitat itwing, object localization, target tracking, sedy surveillance etc.
Wireless sensor networks consist of tiny sensoiceg\called as motes. The constrained computatmmep, battery power,
storage capacity and communication bandwidth ofitne motes pose challenging problems in the deaighdeployment of such
systems. In this paper we provide study and prp&tgnplementation of architecture and algorithm f@twork of tiny wireless

sensors for localization purpose.
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1. INTRODUCTION

A WSN is a network of devices that have sensintyaion,
processing, and wireless communication capabllitiyeless
sensor networks have several potential
especially in the area of military operations [1][2Sensors
can be used to detect physical phenomena, suchoignm
acceleration, acoustic and light. The collected protessed
sensor data can be transmitted through wirele$s.lifhe
main benefit of WSNs comes from the tiny size awl tost
of the nodes, which makes it possible to deployenmumber
of nodes in a wide geographic area. For effectse af the
data from the sensors, the position of the senswst be
known. Finding the location of the nodes manualygastly
and sometimes it is not feasible. Therefore, nostesuld
estimate their own locations after deployment.

If both distance and angle measurements are alailab
between pair of sensor nodes, the relative poshigtween
a pair of sensor nodes can be obtained, which mties
network localization more successful. The locatafnan
arbitrary node with respect to a single beacon ben
obtained by adding the relative position measurdésnen
between pairs of nodes (motes) lying in a path fittven
node to the beacon, and can be calculated in ebdisd
fashion [7]. To be suitable to WSNs, a device tcasuee
relative angle between a receiver-transmitter nmestiny
enough so that it can be integrated into a wiretesssor
node. Specialized radio hardware equipment will oy
increase the cost but also make it tedious to sak@ntage
of continuous improvements in protocols for wirslesnsor
networking that is seen in past few years. Theadist
between two nodes by considering the fact that R@fies
calculated at the one node is inversely proportiemahe
square of distance between two nodes. In this papgetest
the practicability of a simple procedure for estiimg the
DoA (Direction of Arrival) of an incoming radio wav
from a transmitter by using parabolic reflector the

applications

receiver. When the reflector is coordinated in sacay
that the incoming signal is limelight at the reegiantenna,
a high RSSI value is observed. At other orientatiohthe
reflector, a minimum RSSI is observed. The DoA &a&n
estimated by choosing for the direction in whiche th
maximum RSSI is observed.

2. EXPERIMENTAL APPARATUSAND
METHOD

The DoA measuring device, shown in Figure 1 coas$t
a Transceiver, rotational parabolic reflector, arad
processor board. The transceiver is the Indiantinstof
Technology, Hyderabad Mote ( IITH mote) with whip
antenna, operating in the 2.4 GHz band, which hason
board capability of measuring received signal gitenA
200 steps-per-revolution stepper motor was userbtiae
the transceiver and reflector. The receiver ischgd to the
parabolic reflector in a way that the motor shaitl ahe
antenna placed in the focal axis of the reflectdhe
parabolic reflector is a sheet of aluminum, berb ia
parabolic form. Stepper motor is controlled by 8051
microcontroller.
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3. DOA SEARCH ALGORITHM

At every single angular position of the reflectae take at
most 50 number of RSSI measurements within a tiote-o
period of 3 seconds. LéYl; be the number of measurements

receives at single angular positio =6; of the reflector,

wherej = 123.....200. With angular position
8; =018......... 3582 and N; <50 for everyj. Let r, () be

the value of k™ RSSI measurement given at angular

position6; , where k= 1,2,3............ Nj.
For IITH mote we have found that for our experiment
RSSI value in between -36 to -100(in dbm). Let S
denotes the matrix containing RSSI values at vagiou
angular positions. Elements of matrix S are catewlaa s
SQ.j) = no. of k that Nrk(J):—ldbm

i (1)
By observing the element of matrix S we can get the
angle between sender mote and receiver mote.

4. DESIGN OF PARABOLIC REFLECTOR
The equation of a parabola with focal length F dBn

Fig-1: DoA measuring device written in the (x, z) plane as:
Figure 2 shows IITH mote, which is used in our x* = 4F (F - 2)|¥ S%
eXperimentS. .............. (2)
The parabola is described by two parameters, thmeler D
SmememT and the focal length F. We also define two auxiliar
. parameters, the vertical height of the reflecto) @id the
el OB -~ R max angle between the focal point and the edgé®fdish

kemper

(). These parameters are related to each other &y th
following equations

F
B:—B .................. (3)
4dtan —
2
D2
:ﬁ ...................... (4)
Fig-2: IITH mote
i 5 3
One full revolution of the stepper motor is takem i L ; i -
experiment for DoA and distance estimation between H
transmitter and receiver. Sender mote always séredRSSI - Fl g, .
data to receiver. During experiments, RSSI| values a i1 s BT
received at every angular position of the reflectwhich " Qo g
leads to a curve of RSSI versus angular positiohe T E“?atl
calculated DoA is the angular position of the retibe I o I

where the maximum signal strength has been achid¥ed

to fluctuations in RSSI, the RSSI values are naedly Fig-3: Focal point of parabolic Reflector
used. The algorithm used to search for the maxiraigmal

strength is described below.
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To analyze the reflector, approximations from gewime
optics are used. Since the reflector is large ik&lato a
wavelength, this assumption is reasonable.

Fig-4 :Tworaysleaving the focal point and reflected
from the paraboalic reflector

Analysis of the structure via straight line raysnfr the focal
point is carried out with each ray acting as a @lavave.
Consider two transmitted rays from the focal poartjving
from two distinct angles as shown in Figure4. Tafector
is assumed to be perfectly conducting, so thatrdlys are
completely reflected. It has been observed that bmys end
up travelling in the downward direction and pathglas
(<ADE and <ABC from Figure 4) are equal.

All rays emanating from the focal point (the souosefeed
antenna) will be reflected towards the same divectilThe
distance each ray travels from the focal pointi rieflector
and then to the focal plane is constant. For designvalue
of the diameter D should be increased to increaseain of
the antenna. The focal length F is the only fremipeter;
typical values are commonly given as the ratio Rijch
usually range between 0.3 and 1.0.

We have designed the parabolic reflector of théofahg
specifications

F =4cm

D = 24cm
h=9cm

X = 76 degree

5. FINDING THE DISTANCE BETWEEN
TRANSMITTER AND RECEIVER

By knowing the fact that RSSI value is inversely
proportional to the square of distance betweenstrétter
and receiver we get the distance between them.
Localization of sensor node:

With the calculation of the DoA and distance besw
sender and receiver we can get the accurate posifithe
sender with respect to receiver.

6. EXPERIMENTAL RESULTS

Figure 5 shows RSSI values in HEX at various amgula
positions. Further these RSSI values in HEX arevedad
into dBm which is shown in Figure 6.
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Fig-5: RSSI valuesin HEX at various angular positions

root@localhost:~/workspace/zxc/src

File Edit View Search Terminal Help

##+*RSST VALUE = 33

RSSI value = -60.32dbm

@8 FF FF 00 81 82 3F 0A 00 33

****RSSI VALUE = 33

RSSI value = -60.32dbm

0@ FF FF 80 01 82 3F BA 00 33

==x*RSSI VALUE = 33

RSSI value = -60.32dbm

m

@@ FF FF 86 81 82 3F GA 6@ 33
**#+RSST VALUE = 33
RSSI value = -60.32dbm

@8 FF FF 00 @1 82 3F 0A 80 33 [~]

Fig-6: RSSI valuesin dBm at variousangular positions

Serial forwarder is used to send data from PC ttembhe
serial forwarder program opens a packet source letsd
many applications connect to it over TCP/IP stréawrder
to use that source. Figure 7 shows our serial fatara

TinyO0S 2.x Serial Forwarder SR E A

Listening to serial@/dev/ttyUSED:57600 | Main
Listening for client connections on port 9002
serial@/dev/ttyUSBO:57600: resynchronising Server Port:

ooz |

Mote Communications:
[serial@/devtty USB0:57600|
| Stop Server

[¥| Verbose Mode
Pckts Read: 56

Pckts Wrttn: 0

Mum Clients: 0

Help

Clear
Quit

-

Fig-7: Serial Forwarder
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= root@localhost:~/workspace/Sample/src

File Edit View Search Terminal Help
[Val is-64.48737
Val is-63.322037
Val is-69.680664
[val is-71.94799
[Val is-65.99472
val is5-63.081375
Val is-66.86865
val is-73.25266
Val is-67.58281
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Val is-63.271362

Val is-64.60134

Val is-73.37934

Val is-69.56665

Val is-63.296696

Val is-63.132827

val is-73.31602

val is5-70.07333

val is-64.17871

val i5-63.2967

Val is-70.71934

Val is-70.947334

Max is & loc is-63.081375 57
Angle 1s 102.60000000000001
[root@localhost src]# []

(<

Fig-8: Angle between Transmitter and Receiver

Figure 8 shows the measured Angle between Trareymitt
and Receiver.

RSS!l in dbm Distancein cm
-78.56 400
-80.36 500
-82.36 600
-90.72 700
-91.00 800
-95.28 1000
-96.03 1100

Table 1. RSSI and corresponding distance

Table 1 shows RSSI and corresponding distance ketwe
transmitting and receiving motes. By measuring the
distance and angle between sensor nodes (motas3orse

node is localized.

CONCLUSION

The localization information is crucial for the oaton of
wireless sensor network. In this paper, we haveattmt
unknown node by incorporating RSSI and DoA infoliorat
The results of the experiment showed that it issjibs to
measure DoA and distance between motes with the dfel
RSSI and by using an actuated parabolic reflee®iong as
there is less reflecting parameter in between teiusrs.
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