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Abstract—Target localization and tracking are one of the basis of the speed estimated by a small humber of
the important applications of sensor networks. Majority of border sensors that have minimally extra capabilities.
localization and tracking techniques developed for wireless The proposed method computes a region or a band in
systems rely on expensive infrastructure of specialized \ypich the trajectory of target lies on the basis of inter-
sensors and overlapping deployment. In this paper, we g0 gistance traveled by target and optimize it using
propose & novel technique to track the target using binary intra-sensor distance traveled. We have evaluated the
detection and sparse non-overlapping deployment. Our ) ' X .
technique tracks target on the basis of time it spends pr.oposed mgthod on various sc-enarlos.of target mqtlon
inside and outside the vicinity of the sensor. On the basis With simulations on NS2. Experimentation shows high
of time interval and estimated speed, distance traveled by accuracy of our model even with low infrastructure cost.
target is computed on the basis of which we formulate  We present related work in Section Il. We give detailed
a mathematical model to track the target. The approach description of problem in Section Il followed by the
computes a band in which target lies. We simulate the nronosed approach, Band method, in Section IV. We
tracking scenario in NS2 and evaluate the proposed algo- hap present experimental results in Section V and finally

rithms. . . . .
conclude and discuss open issues in Section VI.

I. INTRODUCTION Il. RELATED WORK

Continuous improvement in wireless sensor network Tracking mobile targets in large scale sensor networks
(WSN) technology makes it feasible to use WSN ihas gained extensive attention recently. Widely used
variety of scenarios. One such scenario is target trackiagproach of tracking involves localizing using principle
which involves identifying an object by its signature andf triangulation law (Figure 1a) which requires at least
tracking it. Target tracking is used in domains such alsree sensors to measure distance to the target at any
border infiltration, enemy tracking, battlefield etc. [1]given time [7]. Thus it requires overlapping deployments
[2]. The need of high accuracy in estimating the targahd sophisticated mechanisms of sensors to measure
location is met by use of sophisticated sensor technologigtance, resulting in increased cost of infrastructure.
and support of overlapping sensor deployment [7]. This A small class of literature focuses on localization of
results in an increased infrastructure expense. In théget using binary detection of sensors [3], [4], [5]. In
paper, we propose a novel approach to track target[8] authors make use of a weighted average of time
which even a sparse deployment of sensors with nagpent by target in the vicinity of sensor. In [5], the
overlapping sensing region is sufficient. Further, the seadthors mark the region of arc from which the target
sors are not required to have any sophisticated hardwarassumed to have entered and take the middle point of
on it. They are required to detect only entry-exit time adrc as the location of the target. These approaches use
the target within their vicinity. simple sensors for binary detection. They still require

The time of entry and exit of the target within thedeployment of sensors with overlapping sensing regions.
vicinity of the sensors is collated at the central servek simple method to track target with non-overlapping
The central server then estimates the distance travesgdirse deployment is to just report the sensor in whose
by the target in the circular vicinities of sensors owicinity the target is detected. The infrastructure and
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Fig. 1. (a) Localization using triangulation (b) A simple method.

IV. PROPOSEDAPPROACH BAND METHOD

Band method uses the distani®’ to compute a band
in which the trajectory of the target lies. Further, the
Fig. 2. Target's entry and exit from vicinity of a sensor.  distanced!” is used to reduce the width of the band.
Band method assumes that the target moves in a straight
line with a constant speed inside and outside the vicinity
computation cost of this approach is low. However, the the sensors. In that case, it is possible to estimate the
tracking accuracy is low as well. This method eStimat%@stancesdgf", andde*. Note that we use this method for
the track in the form of a band or a region in which targejon-jinear motion as well which introduces small errors.

trajectory lies. The size or the width of the resulting band Obtaining the band within which the track of the target
is 2+ 7, wherer is the radius of the sensing region ofies involves following steps:

the sensor. This is shown in Figure 1b.
In this paper, we propose a technique, Band method®
to track a target. This approach requires sensors to only

Vicinity Vi of Sensor Si Vicinity Vi+1 of Sensor Si+1

Step 1: Compute a band between the two vicinities
Vi and V;11, BandInterSensor;, using distance

. - d;)ut,
detect time of entry and exit of the target. . Step 2: Compute a band inside vicinity;,
IIl. PROBLEM DEFINITION BandIntraSensor;,
In this section, we define various terms used in this* Step 3: Reduce the width aBandInterSensor;
. . . . 1 1 n n
paper with a detailed description of problem. using distancel;" andd;} .

Let the sensos; be located afz;,y;) with circular We discuss above steps in the following sections.
sensing region or vicinity}); of radiusr;. Let the time .
of entry and exit of the target within the vicinify; of a A Obtaining BandInterSensor;
sensors;, bet’; andty, respectively. As aresult, the time  Let 4 is the distance traversed by the target in a
spent by the target withiit;, A" = ¢ —¢%,. The time straight line after exiting from circl&; before entering
spent outside the vicinity/;, of sensom; before entering circle V;; (Figure 3 ). ComputingBandInterSensor;
the vicinity Vi1 of the sensos; 1, A% =1 — ¢4, involves obtaining point€ and D on V; and pointsC’

This has been shown in Figure 2. Given the time eind D’ onV;, . The BandInterSensor; is obtained by
entry and exit of the target for all the sensors that haysining pointsCC’ and pointsDD’. The region bounded
detected the target and an estimate of the speefdthe by line segmentsCC’ and DD’ contain the track of
target, it is possible for a central device to estimate thiee target. Below, we present a method to obtain points
distance,d;” = Al x v, traveled by the target within C,C’, DandD’.
the vicinity of a sensogk;. Similarly, it is also possible  Given d?“, the pointC' is identified on the circlé/;
to estimate the distana&™" = A}, x v traveled by the such that a circleZ, with centerC' and radiusi®** is just
target after exiting the vicinity of sensef and before touching the circlel; at point A’ (Figure 4a). Moving
entering the vicinity of sensof; ;. On the basis of the the pointC' towards F on circlel; would result in the
distancesd;", andd;", we define the problem of targetcircle Z moving away from the circlé/;,; resulting in
tracking as: Compute track of the target, given no point A’ on circle V;,,. As a result, the identified

. the distanced!”, traveled by the target within thepoint C is the farthest point oi; from which the target

circular vicinity V; of a sensors; and the distance can exit if it has to enter the circl&;,, after traveling



, ing out of joining endpoints”' D of arc ExitArc; and
" Sl endpointsC’'D’ of arc EntryArc;,1 as in Figure 3.

BandInterSensor; has a width of2h whereh (see
Figure 4) is given by

h=(1/2r)y/((2r)? = r2)(r2 — ?)) (2
Fig. 3. Obtaining a band between two circular vicinities.  The detailed mathematics behind the widihs based
on simple trigonometry principles (Pythagoras theorem)
applied on triangleO;,CX and triangle O, 1CX of
Figure 4. The width2h of the band can be further
reduced as detailed in the next section.
k B. Reduction of band BandInterSensor; to
BandRInterSensor;
e In this section, we consider reducing width of band
N[ et BandInterSensor;. We do this by estimating the exit
arc on the vicinity of sensok; on the basis of the
distanced™ traveled inside the circld/;. Given that

BandInterSensor; has been estimated, we also have
an estimate of entry ar€;B.D; on V; (see Figure 4b).

o\ e Consider entry of target from poin®/.The target can
F:;;"“'e'eg‘ exit from two pointsK; and L; after traveling distance
d™. As the point of entry of the target moves towards
Fig. 4. (a) Heighth of band. (b) reduction of band D}, the exit pointK; would move towards point/; and

point L; move towards poinfV;, resulting in an exit arc
K;M; and L;N;. This has been shown as "favourable
distanced?“’. Note thatd4’ is the point of intersection of region of exit” in the Figure 4b.
the line joiningO,;, andC and the circleV; . The exit arc on vicinityV; therefore is a result of
Similarly, it can be proven that” is the farthest point intersection ofC; B; D;, and (K;M; U L;N;). That is,
on circle V;; from where target can entdr;; after
leaving V; and travelling distancely**. The point on
circle V; from which target must have left to entey,; ExitRArc; is arc M;D; in the example in Figure 4b.
is A. Note that pointd and pointC’ are symmetrical to  Using similar logic and using distancé’;,, it is
point A’ and C. We have an elegant proof of the abovgossible to estimate an entry aftryRArc; 1 on the
concept which we omit due to space constraints. vicinity of sensorV;.,. EntryRArc;+1 IS an intersec-
Similarly, we can identify pointdD and D’ on lower tion of arcC;,Bj, D; ., and (P 1Rip1 U Sit1Qi41)
semicircle ofV; and V;;; symmetrical to point> and Where arcP; ;1 R;1 and arcS;;1Q;1 are "favourable”
C’. Again, pointD is the farthest point from where targetegions of entry on vicinity/;., obtained using distance
can leaveV; and pointD’ is farthest point from where d;} ;. That is,
target can entel; ;. As a result, we obtain a band or
a region enclosed by segmen€C’| and |DD’| which
always contains the trajectory of the target. Finally, the bandBandInterSensor; is reduced to
We define BandInterSensor; as the band boundedthe band between the resulting exit arc on vicinify
by segmentCC’ and DD'. The band is identified by given by Equation 3 and entry arc on viciniy,; given
the minor Arc(CD) defined asEzit Arc; and the minor by Equation 4.
Arc(C'D’) defined asEntryArc;, 1. See Figure 3. The Note that the union or intersection of arcs may result
band BandInterSensor; is thus represented as: in a disjoint arc. We combine such a disjoint arc as a
continuous arc by combining the two extreme points
of the disjoint arc. The continuou&zitRArc; and
where Band(ExitArc;, EntryArc;+1) is a band result- the EntryRArc;y; are thus computed by combining

ExitRArc; = C;B; D; N (I(FL]\/[2 U LiNZ') 3)

EntryRArc;y1 = C,£+IB,£+1D;-+1 N(Pi+1Rit+1 U Sit1Qiv1) (4)

BandInterSensor; = Band(ExitArcy, EntryArciy1), 1)



disjoint arcs. The reduced ban8andRInterSensori that the proposed method performs well with random
is thus represented as topology as well. The mathematical models and tracking
BandRInterSensor; = Band(ExitRArc;, EntryRArc;11)  (5) algorithm is implemented in MATLAB.
We have evaluated the proposed approach assuming
whereEzit RArc; and EntryRArc;y, are reduced CON- that the motion of the target can be modeled as a
tinuous arcs. , constrained random walk in a 2D plane. The target
We do band reduction procedure onlyijf' is smaller moyes with a constant speed,We assume that we have
than the diameter of; or 2r wherer is the range of the g estimate of the speed of the target. There are many
sensors;. We also compute a reduced band inside eaglkthods of estimating speed of a moving object. We have
vicinity V; given by implemented a technique in which the boundary sensors
BandRIntraSensor; = Band(EntryRArc;, EzitRArc;)  (6) sense the target multiple times by reducing its sensing
range. We then compute the speed of the target on the
basis of estimated average distance that it may have
Track = {E, X} (7) traveled inside the vicinity of the sensor. The proposed
speed estimation is accurate with around 5-8% error.
We have not discussed the details and results of speed
set of exit arcsFxitRArc; on the vicinity V; of sensor estimation method in_ this paper due to space co_ns_traints.
The randomness in the motion of the target is incor-

si, Vi, i=1...N. . R
In case N sensors have detected the entry and eﬁ?rated by allowing target to change its directigrat

. a random time betweew,,;, (0 sec) to and b
of the target,(NV — 1) inter-sensor bands andV — 2) allowing target to chan Z\uits( direct)ion ug%wrg:mtion by a
intra-sensor bands could be computed. As a result, there g targ g y

random angle in the range df6,,,.. Following are the
would be (N — 1) of BandRInterSensor; and (N-2) default values of parameters used in the experiments:
of BandRIntraSensor;.

The tracking error over complete track in Band ° ?_ensmg rg:mge ofasensmr]:z 10m,
method is computed as the average of average widtt® diStance between center of two sensalrs; 25m,

of all bands. We define the average width of a band as’ speed Of_ the object,= .5m/5(?c’ .
follows: « the maximum angle in which the motion of the

. target change the directio#f,,,, = 60°, and
an d(ExitRArc;) + sd(EntryRArc; . . .
wpend — 2 (EritRare:) Z (EntryRAresi.) ®) « the maximum time before which the target would
change its directiony,,q, = 10sec.

As a result, the complete track is given by

where E is the set of entry arc&ntryRArc; on the
vicinity V; of sensors;, Vi,i = 1... N and X is the

wheresd(.) is the shortest distance between the extreme

points of an arc. Figure 5 shows two instances of track of the target.
is: 5(a) 0,0 = 30° and in Figure 5(bY,,.. = 120°. It can

be observed that the estimated band is narrower in Figure
9 5(a) than the estimated band in 5(b). The figure is just
to demonstrate effectiveness of model in the tracking,

BlnterS i : . . e .
where W;="® s the average width of bandregyits and analysis of experimentation is discussed in
BandInterSensor; andWPIntras is the average width (est of this section.

of band BandIntraSensor; defined by Equation 8.

N—-1 . N—2 .
gband _ ZE ) WiBIntewS + ZS ) WiBI”t”‘S
track (2N — 3)

B. Sensitivity Analysis

. In this section, we evaluate how sensitive our method

A. Experimental setup is to various parameters viz. parameters related to de-

The simulation of sensor network and the motion gfloyment of sensors and parameters related to motion of
the target is done in NS2. The experiment is setup the target. In this paper, we present results of evaluation
NS2 in such a way that random stabilization time isf the effect of change in range speed of targev,
introduced to detect target. The time spent by targehd maximum angld,,... We calculate the error on
in sensor vicinity is approx 3 sec and stabilizatiothe basis of average tracking er§{*"¢ in Equation 9
time introduced is on an average 0.5 sec. The areaanfd compare results of the proposed Band method with
simulation is 2000m X 2000m. We use grid topologthe existing method of same infrastructure described in
for our experiments. However, initial experiments sho®ection Il and shown in Figure 1(b).

V. EXPERIMENTS AND RESULTS



2 L : 0mqz INCreases. The reason behind such a behaviour is
’ i i that asf,,., increases, the motion of the target deviates
g more from the straight line motion which is principle of

: /&W‘“ proposed approach. As we deviate from the assumption
' ] ’ the estimation error increases. However, increase in the

u 22 band size is still not that much as compared to the
' SETEEE oo s 1 : existing approach proving our method suitable for all
@ —— ~ scenarios.

Fig. 5. The actual trajectory and estimated trajectory using Band V1. CONCLUSION AND FUTURE WORK

method. (@) maz = 30° (b) Omaz = 120°. We present Band method in this paper to track the
target with a sparse sensor deployment. Band method
2 o N . computes a band in which the track of the target lies.

band size

20 40
- — fo — %%13 ——  The method uses time of entry and exit of target in
P | ;7';;,_4 - &: .= the vicinity of the sensors. We present evaluation results

and show that the proposed approach tracks the target
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oo I radius ! Sigle with a good accuracy. In future, we plan to relax the
o ~iERdMamod ~-Eashng Metind assumption of constant speed of the target and perform
a (b) ()

more experiments with different sensor topologies. We
Fig. 6. Effect of speed of target (a), sensing rangeof sensor !olan to come up with a tradg _Oﬁ metric to evaluate
(b) and max anglé..... (c) value on tracking error in Band methodinfrastructure and accuracy efficiency. Also, we plan to
design a new approach to track the target using piece-
wise linear functions.

Effect of speed of the objectFigure 6(a) shows the
effect of change in the speed of targebn the average
W'dth_ O_f the band of our method which is almos_t half [1] I. F. Akyildiz, W. Su, Y. Sankara, and E. Cayirci, "Wireless
of existing method. It can be observed that the width @knsor Network: A Survey,” Computer Networks, 2002, pp.393-422.
the band decreases as the speed increases. The readghR. Horowitz and P. Varaiya. Control design of an automated

; ; ; ; ighway system. In IEEE, volume 88, pages 913-925, 2000.
behind this trend is that, as the time spent by the tar 3] J. Aslam, Z. Butler, V. Crepi, G. Cybenko and D. Rus, "Track-

in the vicinity of t_he sensor dgcreases, the probability Plfg moving object with binary sensor network,” in ACM Conference
the target changing its direction decreases as well. ThisEmbedded Networked Sensor Systems (SenSys), 2003.

results in better estimate of the distance traveled insidg4] S. Chits, S.Sundresh, Y.Kwon, and G.Agha, "Cooperative
cking with binary-detection sensor networks,” in Technical Report

the vicinity of the sensor. As a result, a better estimaliC s R 20032379, CS Dept., University of lllinois, 2003.
of the band is computed. [5] Z Wang, E Bulut, B Szymanski "Distributed energy-efficient

Effect of sensing range of sensoFigure 6(b) shows target tracking with binary sensor nethrks” in TOSN, 2010
the effectof change inthe sensing rangef the sensor (3 0 abacheperoral un e anvensoucen i
on the average width of the band. It can be observeglet using selected sensors” COMSNETS, 2009.
that the width of the band increases as the sensing range
increases. The reason is same, as radius increases target
spends more time and thus distance estimation becomes
poor. As the range increases, the width of the band
computed by the existing method increases much sharply
than the size of the band computed by our method,
proving our method more effective in scenarios of large
ranges.

Effect of maximum angle in which the object can
change its direction Figure 6 (c) shows the effect of
maximum angle in which the direction of motion of the
target can change. It can be observed that the size of the
band computed by band method increases as the angle
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