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I. INTRODUCTION dio = dip +n; i =1...N wheren; ~ N(0,0?) since the

Target localization is one of several applications that capT—DOA eSt'mate obtc_';uned by ge s cross co rrelanpn
talizes on the sensor network framework. There have beel’fv.'éh Gaussmn.data is asymptotically normally distributed in
number of investigations for target localization and tracking 9" SNF; el;\:/lr_ong;nt _[%]HT_hle ?)Crar:er Rao Bound (CRB)
sensor network context. These ideas, however, were mostly Battained as = (H'Q )™ [3] where

perimented only in centralized processing scenarios. The study To—Ts _ T1—Ts  Yo—Us _ Y1—Us
of the parameters that affect both the localization accuracy Do b Do by
and the energy expenditure is significant for the decentralized H= : : @)
system design. In this paper, we focus on Range Difference fogts — Bpfs Hopdls — HNUe
RD) based target localization due to the feasibility of real- . . :
(. ) 9 . : y ._andQ = diag(c?, . ..,0%). In this scenario we assume that
time performance. Our study will emphasize the analyst| measurement noise has uniform variance within the cluster
of the localization performance associated with decentralizelf 9 o 5 g :

So thato] = 05 = ...05, = o is assumed.The performance

processing. Assuming a dgnsely and uniformly dlstnbute0 the estimator can be evaluated by Mean Square ENy )
sensor placement, we derive the Mean Square Error whe]n . - 2 h 9 L
the cluster is activated. The influential parameters which ar the estimate af{ |2, —zs|"} = E{(: —xs)" + (4 —

: 2} > CRB(%s) + CRB(js) CRB can be obtained under

the number of participating sensors, the distance betw assumption of high SNR environment [2]. We are assuming

reference sensor and the actual target location, and the sizijczft such a condition is met and the localization performance
the activated clusters are explicitly presented in the expression. . . o b
evaluated using this bound.By substitutith and Q and

The derived expression is verified by simulation results. WR | . .
. . . using the assumption of a large numberéfto approximate
also discuss the benefit earned from the analysis and suggest a . ; :
. S . the summation by the expectation over the uniformly random
solution for an optimization problem that would aid the large .
Sensor locationdM ;, can be presented as follows

scale system design.

Il. LOCALIZATION PERFORMANCEANALYSIS 7 —128(f+¢)k?+96mk+128(f—¢) )
o N \ =37k532(f+e)k2—127k3 —32(f+¢)k2+36mk+64(f—e)
Sensor field and clustering aspects are assumed as folloWs: = o2 [ —128(j+¢)k®4+96mki+128(j—e)k® )
. . . . N \ —32(f+e)k3+247k2+32(f—e)k—37
» Sensors are uniformly distributed in the dense field 2)
« One sensor is selected to be a cluster head In (2), k = 2o where the upper and lower expression
e The _pro>_<|m|ty of the cluster head to the actual targgkpresent the case o < & < 1 and k& > 1 respectively.
location is Do f and e are the short version of(Z, k) and ¢(%,k) when

« The sensors located within the radio range from the ( - <1 andf(sin™" (1), k) ande(sin™" (%), k) whenk > 1
cluster head, hereafter called cluster members, participg\;ﬁerefw, k) ande(¢, k) represent the elliptic integrals of the
the localization process first and second kind. It is noticeable from the expression that

o The intervals of time series data received by cIustq\r/Igg is proportional tos? and % M. _ is also a function of
members are sent to the cluster head for TDOA estimai®g ratio of Dy and R,. We plot the curves betweeh and

The cluster members’ coordinates are denoted B4;: in Figure 1(a) and 1(b) where? is 0.01 and N =
{(z1,11),...(zn,yn)} and (zo,y0) denotes the cluster 50,100,150,200. The curves illustrate thaM;, increases
head location. Assuming the target is located at (zs,ys) with growing rate ask increases. We conducted monte carlo
generating real valued, continuous time, zero-mean, jointymulations with 1000 different topologies. 100 sensors are
WSS Gaussian random process, the differences of theiformly placed within the circle having radius3. = 5. Dy
distance between sensarsaand j (i,j = 0,...,N) and the varies from0 to 5 in the case the target is inside the cluster
source denoted by;; can be obtained by the basic relation(0 < & < 1) and5 to 10 in the case the target is outside the
dij = D; — D; whereD, = \/(ms — ;)2 + (ys — y:)%. By cluster ¢ > 1) ando? = 0.01. Figure 2(a) and (b) illustrates
using (zo,yo) as a location of reference sensor, we hauwbe curve betweedM; and D, when the target is inside and




005 F—"Simulation Result
0,045} | = = Theoretical Expression 4
2 004 lr

0.035 4
0.03 A

MSE
MSE
D

B N =5 4 0.025 4

N =100 0.02 4
N =15 0.015 d

1 N =200 0.01

0.5
0.005

0.2 0.4 0.6 0.8 1k

(@)

Fig. 1. M;, increases with growing rate dsincreases wheo < k < 1 Fig. 2. M, with the variation of Dy and R, = 5 when the target is inside
(@) andk > 1 (b) (a) and outside (b) the cluster

—_Simuration Result
= =Theoretical Expressio

outside the cluster. The solid line represents the result from the

simulation whereas the dashed line is the one obtained from _ /
theoretical expression. The results show that the derivation é%
and the simulation are consistent although the small difference S

occurs due to the assumption of large number of sensors.

05

Il1. DISCUSSION s > Re 68 !

We have learned that to obtain good performance of REy 3. 0BJ(R.) for different values ofw; with RO = 6 and Dy ~
based localization, it requires not only a large number of(5,0.1) lead to different optimal solutions
sensors and small noise measurement variance but also a small
ratio of the proximity of the actual target location to the refer-
ence sensor and the cluster radius. Therefore, the cluster h@adhe derived expression presented by dashed line. We apply
should be the sensor which is the most likely located closé$eepest descent method to estimate the optimal value. of
to target. The derived expression is also useful wigncan and the solutions for these cases are 5.53, 6.15, and 7.03
be estimated based on the performance of detection schégfPectively. These are consistent with the simulation results.
and the sensor topologyz. can be properly designed to suitThe interpretation on the solution (In case = wy = 0.5,
the requirement of the accuracy. TH& selection causes afor example) is that the selection &. = 6.15 based on the
trade-off between communication overhead within the clustéte defined energy model is considered to be more efficient

and localization performance [4]. The optimization problerfince it requires only0.38% more transmission cost in order
can be formulated a®BJ(R,) = w; gggog T wey magg? to achievel3.23% less Mean Square Error in comparison with

where E(R?) represents the normalized value which ‘might pe normalized condition.

|n|t|aIIy expected to be incurred by the designed cluster with IV. CONCLUSION AND FUTURE WORK
radius R%. w; and w, wherew; + wy = 1 are designated

by the weighting of the importance between the two factorg
Considering a fixed sensor densjiyin the field, the number

- ) ; B 9
Zgii?;?\rs 'tr;];heeﬁlelfteré?szzogggogalﬁaixis_sig Ifcl)s inversely proportional to the number of participating sensors.
9 9y P y v M, decreases as the ratio @f, and R. becomes smaller.

; N 2 2 )
proportional to);_, ft; ~ NE{R;} where i; denotes the Th(frefore, a larger cluster and a closer distance from the

distance betwefn each cIusteDr member an% the cluster h% uster head to the target is desirable. The knowledge was
Thus, Ey, < R.. Let focr<1(32) and fr>1(372) represent

) ; ) . S applied in a case example of optimizing between communica-
rational function ofk in (2). The optimal solution®. is the (o cost and estimation accuracy. Future work is to consider
following the variation of noise variance as a function of distance to the

In this paper, we derive Mean Square Errdi{ ) of RD
ased localization associated with the decentralized processing
in sensor network application. It was found thd: is

£ arg min (Rc)4 o (RS)2 (fo<kg1/k21(gf)) target so that the expression of MSE will be more practical.
c = 1\ 5o 2\ 7 Do
RY R. f0<k§1/k21(g§) REFERENCES

. D Doy ) [1] G. C. Carter. Time delay estimation for passive sonar signal processing.
Either fo<r<1(F2) or fi>1(%) is used depending on the  IEEE Transactions on Acoustics, Speech, and Signal Proceskasg.
value of 2o, By assumingD, with a normal distribution~ [& Y- Huang, J. Benesty, and G. W. Elko. Real-ime passive source
R o . . localization: A practical linear-correction least-squares approdEEE
N(5,0.1) and R] = 6, we conducted monte carlo simulation  Trans. Speech and Audio Processi®¢8), Nov 2001.
by using 3 different values af;;0.2,0.5 and 0.8. The results [3] J. M. Mendel.Lessons in Digital Estimation TheorfPrentice-Hall, 1987.
; ; ; 5 [4] V. Raghunathan, C. Schurgers, S. Park, and M. B. Srivastava. Energy-
in Figure 3 ShO,W that the optlmal value@ dgpends ,On aware wireless microsensor networkSEE Signal Processing Magazine
the selected weights. By assuming the prior information of 2002.
estimatedDy, Dy = 5, we also include the result obtained



