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Abstract

We consider the problem of data fusion in wireless sensor network (WSN) for event detection application. For
such an application, maximizing accuracy and network lifetime are the two primary requirements in the design of
WSNs. In [1], an optimum one bit data fusion rule, called Chair-Varshney ( ��� ) rule, has been proposed which is
derived from an optimum likelihood ratio test, for a star topology. This requires one bit of local decision transmission
from every node to the base station which in turn makes the one bit final decision about the occurrence of the
event. Here, we propose an efficient way to extend ��� rule for tree topology which is more realistic topology
resulting in greater scalability and coverage.

I. INTRODUCTION

Wireless Sensor Network (WSN) [2] has come into existence with the development of low power and
small size sensor nodes. These sensor nodes can sense, process and communicate information among
themselves to collaboratively perform a particular task. We consider event detection using wireless sensor
network (WSN) [3], [4]. The event of interest could be an intruder crossing the line of control, rise of
ambient temperature above some threshold, camera detecting a burglar in a sensitive area, disaster control
applications like detection and prediction of Landslide, Volcano, Tsunami or Earthquake [5]–[8]. The
problem of event detection is a binary hypothesis testing problem in which the event hypothesis � takes
two values ���
	���
 indicating the non-occurrence and the occurrence of the event.

For detecting an event accurately in a large area, we prefer the deployment of large number of
inexpensive, albeit less precise sensor nodes in an application area rather than having a few expensive
and more precise sensor nodes. For less precise sensors we assume that either 1 bit or small number of
bits are used to quantize the information sensed by them. In the former case, the ����� sensor ��� observes� �������
	���
 , which contains information about event hypothesis as observed by the sensor. In the latter
case, along with information about the occurrence of the event, sensors also have the information about
the confidence on their observation about the event. For example, a sensor may use 2 bits to quantize the
sensed data and thus it observes

� �������
	���	�� 	"!#
 . Here,
� ��$%� and

� ��$&� indicate the non-occurrence of
the event with more and less confidence respectively, and

� �'$(� and
� �'$)! indicate the observation of

occurrence of the event with less and more confidence respectively.
As in our previous work [3], [4], here we focus on the problem of efficient data fusion while reducing

the number of bits transmitted in the wireless sensor network. Distributed detection using multiple sensors
with various network topologies were considered in [9], [10]. Communication is considered to require
more power per bit as compared to computation and sensing [11]. Thus, to improve upon the network
lifetime, in [1], [9], [10], [12]–[15] the observation of each sensor and the communication to its parent
was considered to be one bit. In [1], [13]–[15], authors consider target detection application in which
local sensors have different performance indices, measured in terms of probability of detection (*,+ ) and
the probability of false alarm (*.- ). The popular Chair-Varshney ( /10 ) rule [1] gives an optimum way to
fuse the one bit information received at fusion center from every sensor node. This requires knowledge
of performance indices (*,+ s and *.- s) of all the sensors nodes. This gives excellent result as compared to
the traditional counting rule for a star topology.
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However, WSN with star topology has restricted scalability in terms of area covered by the nodes.
This is because nodes deployed far apart from base station may not be within its communication range
or they may require more power to transmit to base station. In tree topology, the nodes lying far from
base station needs to transmit to their nearest node and not directly to the base station. This significantly
reduces the communication cost. Here every node can be considered as a fusion center and can be used
to do some processing on the received data before transmitting, while in centralized star topology, the
processing capability of nodes is not leveraged. Therefore, in our work we concentrate on aggregation
schemes for tree topology.

In [16], aggregation scheme based on majority rule with a specific cost for routing was proposed for tree
topology. This combination of aggregation scheme and routing results in a cross layer optimization. But
this approach does not result in much gain in accuracy. In [3], we proposed a one bit weighted aggregation
scheme ( 2435� ) for tree topology which results in an improvement in accuracy as compared to the scheme
presented in [16]. However, in 2435� each node required additional knowledge of its children’s number
of descendants, and the results obtained were also suboptimal.

In this paper, we show the extension of /60 rule requiring one bit transmission in a star topology [1],
to a tree topology. Numerical results are presented which show a significant improvement in the accuracy
of /60 rule over other one bit aggregation schemes, for a tree topology.

In Section II, we extend /60 rule to WSN with tree topology and present numerical results for the
same. Here, we present numerical results to compare various one bit aggregation schemes for tree topology.
Finally, in Section III we conclude the paper.

II. CV RULE FOR TREE TOPOLOGY

In our work we focus on an efficient multibit decision fusion rule for a tree topology. In order to get
a better understanding of the multibit scenario, this section discusses the extension of /10 rule, requiring
one bit transmission, for tree topology.

We consider the occurrence of the equiprobable binary event with hypothesis � �7���
	��8
 in an
application area. Let 9 number of sensor nodes be deployed with uniform distribution in the application
area where an event may or may not occur. Consider that each sensor �:� is capable of observing one bit
quantized data

� �;�<���
	=�8
 about the occurrence of the event � with some known probability of detection*>+?� and probability of false alarm *.-�� . Here *,+���$A@CB � �,$&�
DE�F$(�HG and *.-H�I$A@JB � ��$K�
D �F$L�?G .
In [1], [14], CV rule is presented as optimum fusion rule for star topology (see Fig. 1). Fusion center �NM

makes one bit decision OJM about the occurrence of event � based on one bit decision OP� received from
every sensor node �I� for �Q$R��	"�#	�STSTSU	"V . Here OW�N$ � � , since decision of a node is its observation. To
implement the CV rule, the fusion center needs to know the probability of detection @X+
� and probability
of false alarm @1-H� of the received data OJ� from each sensor �I� . Here, @X+?��$Y@CBZOW��$[�
D � $[�HG and@6-H��$Y@CBZO\��$]�
D � $Y�?G . Since every node transmits what it senses, i.e. ( OC�^$ � � ), the performance
indices are also the same, i.e. @6+_��$`*,+�� and @1-H��$a*.-H� . The C-V fusion rule is a threshold test forb�c>d $ ef �hg�i j OW��kml�n @X+?�@1-T�No B��qprO\�sG
ktl�n �qpa@6+���qpa@1-T�vuxw (1)

The decision OJM of �IM can be obtained by b�c>d1yIz g�i{|
y z g}M

~ w (2)

In this section, we show the extension of CV rule for the tree topology (see Fig. 2). Here, every leaf
node has performance indices, @6+ and @6- same as *,+ and *.- respectively. In tree topology, starting
from leaf node and going towards sink node, every node �:� will compute the probability of detection@X+�� and probability of false alarm @1-�� of its decision OW� based on the @6+ s, @6- s of its children nodes.
It will then transmit this information to its parent which in turn calculates its decisions @X+ and @1- , and
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Fig. 1. Star Topology
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Fig. 2. A local view of the tree topology

transmits them to its parent. This repeats till the sink node. Thus for static topology these computations and
transmissions happen only once during the initial setup. However, for a dynamic topology, computations
of the performance indices and their transmissions to the parent node happens repeatedly depending upon
how dynamic the network is.

Next we calculate @6+?� and @6-H� at any node ��� having VW� children ��i�	"�I³�	�STSTS=	"� e'´ . Here we assume��� is aware of probability of detection @6+�µ and probability of false alarm @1-=µ of its every child �}µ . LetO $ j O¶i�	·OW³�	�STSTS¸	·O e'´ u , and ¹ be the set of all possible bit patterns of O for which
bqc>dLº ~

. Now
probability of detection @6+?� and probability of false alarm @6-�� of the decision OW� can be computed by@6+��»$ @JB b¼c>d½º ~ DE�F$(�HG

$ fm¾ e'´¿µ·g�i BZO6µU@X+Hµ o B��qp<O6µ=G¸B��qp`@X+Hµ¸GÀG (3)

and @1-T�Á$ @CB b�c>d½º ~ D �F$L�?G
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$ f ¾ e¿µÀg�i BsO6µU@1-Uµ o B��qp<O6µ=G¸B��qp`@6-¸µUG·G w (4)

Thus for the tree topology, every node acts as a fusion center. Every node makes its local decision
based on CV rule using equation (1) and (2). It also computes the @X+ and @6- of its local decision using
equation (3) and (4). These decision and probabilities are then communicated to their parent node. The
process of data (decision and probabilities) transfer starts from leaf node and completes at the sink node.

We are now interested to determine the system level probability of detection ( @XÂ ) and probability of
false alarm ( @6Ã ) as obtained by sink node in the tree topology. Let the final decision made by sink node
be O . We thus define @XÂÁ$%@CBZO[$&�
DE�Ä$K�HG and @XÃ)$A@JBsOÅ$&�
D �F$L�?G .@XÂ vs. @6Ã plots, also called as Receiver Operating Characteristic (ROC), for different fusion rules
in star topology is shown in [14]. ROC is obtained by varying threshold

~
and it represents the tradeoff

between @6Â and @XÃ . We define 3ÇÆUÆUÈ,É�Ê_ÆUË\$%� wÍÌNÎ @XÂ o � wÍÌNÎ B��:p¶@XÃ6G and consider it as a performance
evaluating parameter. This is a fair parameter to evaluate the performance for the given problem, since
we have assumed equiprobable event hypothesis. Thus an increase in @XÂ or decrease in @XÃ results in
increase of accuracy by the same amount.

Here in tree topology as every node is the fusion center, we have two options either to fix the threshold
for all the nodes or to have variable thresholds for different nodes.

1) CV with Fixed Threshold ( /60Ïp�Ã ~ ): Here the threshold
~

at every node is fixed and can be
decided based on the point in the ROC curve in which we want to operate. Here, we would be
basically interested in the threshold resulting in the best possible accuracy.

2) CV with Variable Threshold ( /60»p(0 ~ ): Here every sensor node �Ð� throughout the tree uses
different threshold

~ � . The optimum thresholds
~ $ j ~ iU	�STSTSU	 ~'Ñ u are those which results in the

maximum system accuracy. However, it is difficult to get such a set of optimal thresholds. Thus we
do the local optimization at each parent node by finding a threshold which maximizes the accuracy
of the decision made by that parent node. This also has an impact on overall increase in the system
accuracy.

A. Numerical Results
We present next the results for different aggregation schemes for tree topology with 97$»�T��� nodes

deployed with uniform distribution. Here all sensors are considered to have same precision * . We vary the
precision * of the nodes from 0.55 to 0.95 and look at the performance of various aggregation schemes. Fig.
3 and Fig. 4 show the computed results for accuracy and performance indices respectively for Counting
rule, Weighted Aggregation Scheme ( 243Ç� ) [3], Chair Varshney with Fixed Threshold ( /60(paÃ ~ ) and
Chair Varshney with Variable Threshold ( /60Áp40 ~ ). It is clear from the accuracy plot (Fig. 3) that/60Lp<0 ~ and /10�prÃ ~ both perform equally well in terms of accuracy as compared to the previously
proposed one bit aggregation scheme for tree topology. Thus, we recommend the use of /10rp¶Ã ~ , which
is more easily implementable, instead of the more complicated and computationally extensive /60ÒpÓ0 ~ ,
given that both have comparable accuracies. However, there is a slight difference in the @6ÂÔ	"@6Ã plots
(Fig. 4) of these two schemes. This is because of the chosen threshold for /10apÔÃ ~ which can be varied
to get similar values of @6ÂÕ	v@6Ã for both the schemes.

III. CONCLUSION

We considered the problem of event detection using wireless sensor network. We suggested the use of
tree topology instead of star topology for various reasons like scalability and coverage. The contribution
of the paper was to extend the existing optimum one bit decision fusion rule called /60 rule for the tree
topology. We have shown that this can be done in two ways either by fixing the same threshold at every
node ( /10Öp%Ã ~ ) or by using variable thresholds at different nodes ( /60ÖpA0 ~ ). We have shown by
numerical results that /60(p×Ã ~ performs almost as good as /60(pØ0 ~ while they both perform better
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than other one bit fusion rules. And since /60Ùp�0 ~ is difficult to implement as compared to /60Úp�Ã ~ ,
we recommend the use of /60�p½Ã ~ given that both performs equally well. The /60 rule thus outscored
all the previous proposed aggregation scheme for tree topology.
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