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A New Direct Search Method for Distributed
Estimation in Wireless Sensor Networks

Zhenxing Luo

Abstract: Distributed estimation is a popular research topic in
wireless sensor networks (WSNs). A maximum likelihood
estimation (MLE) method is widely used in WSNs for distributed
estimation. However, the MLE method is a computationally
intensive method. To overcome this problem, in this paper, a new
direct search method will be presented. This method has much
lower computation complexity while can achieve estimation
results similar to the results given by the MLE method.

Index Terms: Direct Search, Maximum Likelihood Estimation,
Wireless Sensor Networks.

I. INTRODUCTION

Target estimation and parameter estimation have gained
significant attention in wireless sensor networks (WSNSs)
[1]-[15]. A maximum likelihood estimation (MLE) method
has been used widely because this method can provide
satisfactory results [16]-[18]. However, the MLE method is
computationally intensive. In this paper, we will present a
new direct search method for distributed estimation, which
has much lower computation cost. This method is different
from the mean estimator in [19] because our method uses
quantized data while the mean estimator in [19] uses analog
data. Moreover, the sign estimator in [19] is also different
from our method. The sign estimator uses the sign of signals
and can be viewed as a particular example of methods using
quantized data.

The rest of this paper is organized in the following way.
Section Il provides formulation of the MLE method,
followed by the direct search method in Section Ill. Section
IV provides simulation setup and Section V presents results
and discussion. Finally, conclusion is presented in Section
VI.

Il. FORMULATION OF THE MLE METHOD

The MLE method has been widely used for distributed
estimation. Because the direct search method will be
compared with the MLE method, the formulation of the MLE
method will be replicated here. The MLE has been presented
in [16]-[18] and readers can refer to these references for more
details.
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Fig. 1 Diagram of a WSN

In the distributed estimation problem, one or more
parameters can be estimated. In this paper, for simplicity, we
only estimate one parameter ¢. The diagram of a WSN is
shown in Fig. 1. The parameter @ is estimated using a total

number of N identical sensors.
The signal received by the ith sensor can be expressed as
5= 0+w, (1)

where @ is the parameter to be estimated and W, is an

environmental noise. The noise W, is a Gaussian noise and
follows the distribution N(0,1) . The ith sensor, after
acquiring the signal s, , will quantize the signal s, into a
decision M, according to threshold 77 . For a given 8, M,
takes value | with the probability

P (m;,0) = Q(7;) _Q(77i(|+1)): J.;I(M) f(s;)ds, (2)

where R(X) is defined as

0 l _ﬁ
Q(X) = | —=== ?2dt. 3)
'!. N2
If the decision vector received by the fusion center is the
M:[ml’ My, =My, mN]v 4
fusion center can estimate @ by maximizing
N L-1
Inp(M|0) =2 > " (m, -D)In[ p; (77,,6)] ®)
i=1 1=0
where
1, x=0
ox)= . 6
8 {O, o ©)
Now, the MLE estimator can be expressed as
é:m{gxlnp(M|9). (7)

If the estimate of @ is unbiased, the CRLB can be
calculated by

E{[O(M) - 01[0(M) -] }= 3™ )
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Details about the method to calculate CRLB can be found
in [16]-[18].

I1l. THE DIRECT SEARCH METHOD

The MLE method for distributed estimation requires
iterative search in (7), which is computationally intensive. A
new direct search method (DSM) can circumvent this
problem. The direct search method can be expressed as

(s dt — The number of 0 decisions

L/Z N
The right side of (10) is the proportion of 0 decisions
received at the fusion center. The left side of (10) is the
probability that the decision arrived at the fusion center is 0.
The physical meaning of (10) is that the probability that the
decision is 0 should equal to the proportion of 0 decisions
received at the fusion center. The calculation of (10) is less
intensive than the MLE method because (10) requires only
one time search of the cumulative distribution function
(CDF) of a Gaussian distribution while the MLE method
requires iterative search.

(10)

IV. SIMULATION SETUP

First of all, we will validate the MLE method by
calculating the normalized estimation error squared (NEES)
values [8]. Then, we will compare the MLE method with our
DSM in terms of estimation performance and execution time.
Because the MLE method will give unbiased results, we will
use root-mean-square (RMS) errors as a performance
criterion. The CRLB will also be provided to serve as a
benchmark. We will set 8=5and 7, =5 for all simulations.

RMS errors are calculated based on 100 Monte Carlo runs.

V. RESULTS AND ANALYSIS

For Chi-square distribution with 100 degrees of freedom,
the 95% confidence interval is [0.742219, 1.29561] [11][15].
We can see that when the number of sensors was greater than
15, the NEES values fell into the confidence range (Table 1).

As for estimation performance, when the number of
sensors was large, the RMS errors given by the MLE method
were very close to the RMS errors given by DSM (Fig. 2).
Moreover, the RMS errors given by the MLE method were
also close to the CRLB. However, when the number of
sensors was low, the RMS errors given by DSM were lower
than the RMS errors given by the MLE method. A possible
reason is that the MLE method could not converge if the
number of received decisions was not enough.

Table 1: NEES values (100 runs, =5 ,and 7, =5)

Number of | 10 15 30 50 100
Sensors
NEES value | 9.9707 | 1.2135 | 1.0343 | 0.9831 | 0.9145
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Fig. 2 RMS errors given by the MLE method and DSM (100
runs, 6=5,andn, =5)
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Fig. 3 Execution time

The execution time can indicate the complexity of
calculation. The execution time of DSM was much shorter
than the execution time of the MLE method (Fig. 3).
Moreover, the execution time of the MLE method increased
linearly as the number of sensors increased. Therefore, we
can see that the MLE method is much more computationally
intensive than DSM.

VI. CONCLUSION

In this paper, we presented a direct search method for
distributed estimation. The estimation performance of DSM
was comparable to the estimation performance of the MLE
method. However, the execution time of DSM was much
shorter. Therefore, DSM is possibly a better choice for
distributed estimation.

REFERENCES

1. I. Akyildiz, W. Su, Y, Sankarasubramaniam, and E. Cayirci, "A
survey on sensor networks,” IEEE Commun. Mag., vol. 40, pp.
102-114, 2002.

2. Z. X. Luo and T. C. Jannett, “Energy-Based Target Localization in
Multi-Hop Wireless Sensor Networks”, in Proceedings of the 2012
IEEE Radio and Wireless Symposium, Santa Clara, CA, Jan. 2012.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

International Journal of Innovative Technology and Exploring Engineering (IJITEE)
DEE (e 2CLss ISSN: 2278-3075 (Online), Volume-1 Issue-4, September 2012

3. Z. X. Luoand T. C. Jannett, “A Multi-Objective Method to Balance
Energy Consumption and Performance for Energy-Based Target
Localization in Wireless Sensor Networks”, in Proceedings of the
2012 IEEE Southeastcon, Orlando, FL, Mar. 2012.

4. Z. X. Luoand T. C. Jannett, “Performance Comparison between
Maximum Likelihood and Heuristic Weighted Average Estimation
Methods for Energy-Based Target Localization in Wireless Sensor
Networks”, in Proceedings of the 2012 IEEE Southeastcon, Orlando,
FL, Mar. 2012.

5. Z. X. Luo and T. C. Jannett, “Modeling Sensor Position Uncertainty
for Robust Target Localization in Wireless Sensor Networks”, in
Proceedings of the 2012 IEEE Radio and Wireless Symposium, Santa
Clara, CA, Jan. 2012.

6. Z. X. Luo and T. C. Jannett, “Optimal threshold for locating targets
within a surveillance region using a binary sensor network”, Proc. of
the International Joint Conferences on Computer, Information, and
Systems Sciences, and Engineering (CISSE 09), Dec., 2009.

7. Z. X. Luo, “A censoring and quantization scheme for energy-based
target localization in wireless sensor networks”, Journal of
Engineering and Technology, 2012, no 2, pp. 69-74.

8. Z. X. Luo, “Anti-attack and channel aware target localization in
wireless sensor networks deployed in hostile environments”, to appear
in International Journal of Engineering and Advanced Technology,
vol. 1, no. 6, Aug. 2012.

9. Z. X. Luo, “Robust energy-based target localization in wireless sensor
networks in the presence of Byzantine attacks”, International Journal
of Innovative Technology and exploring Engineering, vol. 1, no. 3,
Aug. 2012.

10. Z. X. Luo, “A coding and decoding scheme for energy-based target
localization in wireless sensor networks”, to appear in International
Journal of Soft Computing and Engineering, vol. 2, no. 4, Sept. 2012.

11. Z.X. Luo, “Distributed Estimation in Wireless Sensor Networks with
Heterogeneous Sensors”, to appear in International Journal of
Innovative Technology and Exploring Engineering, vol. 1, no. 4, Sept.
2012.

12.  Z.X. Luo, “Distributed estimation in wireless sensor networks based
on decisions transmitted over Rayleigh fading channels”, accepted by
International Journal of Electrical engineering and Communication
Engineering for Applied Research.

13.  Z.X. Luo, “Overview of Applications of Wireless Sensor Networks”,
to appear in International Journal of Innovative Technology and
Exploring Engineering, vol. 1, no. 4, Sept. 2012.

14, X. Sheng and Y. H. Hu, "Maximum Likelihood Multiple-Source
Localization Using Acoustic Energy Measurements with Wireless
Sensor Networks", IEEE Transactions on Signal Processing, vol.53,
no.1, pp. 44-53, Jan. 2005.

15.  R.X.Niuand P. K. Varshney, “Target Location Estimation in Sensor
Networks with Quantized Data”, IEEE Transactions on Signal
Processing, vol. 54, pp. 4519-4528, Dec. 2006.

16.  A.Ribeiro, and G. B. Giannakis, “Bandwidth-constrained Distributed
Estimation for Wireless Sensor Networks-part |: Gaussian case,”
IEEE Trans. Signal Process., vol. 54, no. 3, pp.1131-43, March 2006.

17.  A.Ribeiro, and G. B. Giannakis, “Bandwidth-constrained Distributed
Estimation for Wireless Sensor Networks-part 1I:  Unknown
Probability Density Function,” IEEE Transactions on Signal Process.,
vol. 54, no. 7, pp. 2784-96, July 2006.

18. G. Liu, B. Xu, M. Zeng, and H. Chen, "Distributed Estimation over
Binary Symmetric Channels in Wireless Sensor Networks," IET
Wireless Sensor Systems, vol. 1, pp. 105-109, 2011.

19.  W. Tao, and C. Qi, “Distributed estimation over fading channels using
one-bit quantization”, IEEE Trans. Wireless Commun. vol. 8, no. 12,
Dec. 2012.

Published By:

Retrieval Number: D0237081412/12©BEIESP Blue Eyes Intelligence Engineering

Journal Website: www.ijitee.org and Sciences Publication (BEIESP) )
’ 3 © Copyright: All rights reserved. ExploTing Innovation



http://www.ijitee.org/
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Xu,%20B..QT.&newsearch=partialPref

