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Cooperative detection of moving target in
wireless sensor network based on Adaptive
Learning Decision Fusion

Yee Ming Chen and Chi-Li Tsai

Abstract—Detection of a target occurrence is one of the main
tasks of wireless sensor network in many applications. This paper has
proposed a novel method of decision fusion based on simple
reinforcement learning using the past experience for cooperative target
detection. Simulations show that the proposed adaptive learning
algorithm for fusion of weighted decisions could improve the detect
probability effectively against ‘OR’, ‘AND’” and ‘K-out-of-N’ fusion
rules. Monte Carlo Simulation results also show that proposed method
achieves both better target detection and lower detection miss
performance.
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I. INTRODUCTION

D ISTRIBUTED target detection in wireless sensor

network(WSN) is the process of observing and evaluating
an event using multiple sensor nodes using cooperative
detection mechanism mainly includes centralized control,
distributed and relay mode three kinds of approaches [1].
Current approaches to target detection in sensor node of WSN
transmit raw data to an external target for evaluation or rely on
simplistic pattern recognition schemes. This implies either high
communication overhead or low target detection accuracy,
especially for complex multiple targets. Therefore, this paper
adopts the centralized control approach due to low
communication overhead. In the centralized control approach,
every node distributed in the different position detects the target
signal independently, and the detection result is transmitted to
the fusion node. The fusion techniques are further classified as
data fusion and decision fusion techniques [2]. In data fusion
techniques, all the sensor nodes share their detected raw
information like detected energy or other statistical information
while in decision fusion technique all the sensor nodes take
their local decisions and generally share the decision by
sending ‘0’ or ‘1’ corresponding to absence and presence of
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target’s signal respectively. The conventional decision fusion
rules generally used at fusion node are AND, OR and
K-out-of-N rules. For decision fusion rule, the fusion node
makes final decision according to the number of sensor nodes
claiming the presence of the target’s signal. In conventional
decision fusion rules, all the sensor nodes are assumed to the
same average SNR. However, this assumption is unrealistic.
That in practical, the collaborative sensor nodes are likely to
experience the different fading due to their variable
environments [3]. Consequently, average SNR must be
different from node to node. We assume that each collaborative

SNR;

- S SNR;'
Censored sensor node’s weight factor can be measured by
dividing SNR value of that censored sensor node with the sum
of SNRs of remaining censored sensor node. The weight factor
of a censored each sensor node is measured at fusion node using
SNR value of that censored sensor node and SNR values of
other censored sensor nodes. The concept of ‘weight’ in this
paper is a number assigned to a resource, and the number
reflects the importance of the resource to a certain sensor node.
Therefore, WSN’s nodes select spectrum resources to use based
on the weights assigned to the spectral resources. Resources
with higher weights are considered higher priority.

Reinforcement learning is a computational approach of
learning used to maximize some notion of long-term reward.
Moreover, this learning process does not require training
examples when any prior information about the signal is not
available [4].

In this paper, a novel method of decision fusion by simple
reinforcement learning is proposed in which the sensors’
decisions are weighted based on their estimated signal-to-noise
ratios (SNR) and the fusion threshold is not necessarily fixed.
The method called adaptive learning algorithm for fusion of
weighted decisions. In each round, weight depends on the
presence /absence of the target in previous round. In other
words, it can be said that the presence /absence of the target
signal can be detected by the weights in each round. Two
modules are included in the framework. In the first module, the
signal is transmitted to sensor node which individually energy
detector performs spectrum sensing and provide binary
decision. In the second module, instead of just providing the

node has different average SNR denoted by w;
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binary decision the sum of products of weights with detection
information is sent to the fusion node which helps is making
final decision. The best aspect of proposed research is that in
each round, value of weight is increased /decreased depending
on the presence/absence of the binary decision at each sensor
node in the previous round. In each round with update in weight,
the probability of detection also changes which enables
efficient usage of spectrum by exploiting sensor nodes’ past
experience.

For decision fusion rule, the fusion node makes final
decision according to the number of sensor nodes claiming the
presence of the target’s signal. Let L denote the number of
sensor nodes claiming the presence of target signal. In fusion
node, F, the final decision is given by

DECISION FUSION APPROACHES

H, ifL>K

where K =1, K=Nand 1<K <N are corresponding to OR rule,
AND rule and K-out-of-N rule respectively [6].

(1) OR rule:

Like in logical OR operation, the target exists if there is one
or more sensor nodes detecting the presence of target signal.
We assume that there are N sensor nodes, the detection
probability P4and the false alarm probability Ps in the “OR”
rule can be expressed as

Py = T (3) PE(L = PON® @)

P = Xio () P — PONE 3)
(2) AND rule

The target exists if all the sensor nodes detect the presence of
target signal. The probability of detection and false alarm
detection for AND rule is given as:

Py = PY
P =PN

(4)
()

(3) K-out-of-N rule

The fusion node declares presence of the target’s signal if at
least K out of N sensor nodes report presence of the signal. The
probability of detection and false alarm detection for
K-out-of-N rule are given as:

Py = IR (i) PI (1 = PON* (6)
P = TN () PE (@ — PN (7
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I1l. FUsION OF WEIGHTED DECISIONS

This section deals with the idea of fusion of weighted
decisions in Section I. Basic steps carried to decision fusion in
cooperative fashion are described as follows:

(1) The signal from the target is transmitted through the
channel to N number of sensor nodes. The channel
considered is a Rayleigh fading channel [7] and noise is
AWGN noise.

(2) At each sensor node, spectrum sensing is performed
individually using an energy detector.

(3) Now, the sum of the product of weight with the result of
individual detection at each individual sensor node is
forwarded to the fusion node.

(4) The fusion node applies proposed adaptive learning
algorithm or some conventional fusion rule and thus
provides the final result about the presence/absence of the
signal.

The basic flow chart that shows how the whole process of
spectrum sensing is carried out is shown in Figure. 1.
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Fig. 1. Adaptive learning algorithm flow chart
(1) Weight Initialization

Initially, weights are assigned to each sensor node
depending on different conditions to view which sensor node is
performing better. A much practical way of weight
initialization is depending on SNR. Lower the value of SNR
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better is the performance and so higher is the value of weight
for such sensor node.

SNR;

Wi (1) = Z_n_l SNR;

(8)

where SNR; is signal to noise ratio at i-th sensor node.

(2) Weight assignment in succeeding rounds

In this paper, it is considered that weight was updated at each
sensor node in each round. Weight assigned to each individual
sensor node depends upon the spectrum sensing result of each
individual sensor node of previous round.

Wl(k) +AW 'di = 1

wilk +1) = {wl-(k) —Aw ,d; =0

©)

where d; sensor node decision at ith sensor node about the
presence/absence of the target signal.
Py =1 —Ilizywik) X [1 =Py (k)] (10)
The reason to update weights and in this way is to increase the
weight of the i-th node gradually when it has much contribution
to the final decision. On the other hand, if a user experiences

deep fading, with lower SNR, its weight should be decreased to
reduce the influence on the final collaborative decision.

IV. SIMULATION RESULTS AND ANALYSIS

We consider N sensor nodes random deployed in a region of
interest (ROI) as shown in Figure. 2. WSN operate in
distributed cooperative manner; that divide population into
groups, each of group which select the node with the best
reporting channel gain as a fusion node. The candidate fusion
node then computes the final decision (according to (1)), from
the outputs of the sensor node within their ROI.
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Fig. 2. Cooperative target detection over WSN
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From Figure 2(b) scenario, Mont Carlo simulation results are
presented based on the proposed fusion of weighted decisions
scheme , and some conventional decision fusion rules such as
OR, AND, and K-out-of-N. The Mont Carlo simulation model
is developed using MATLAB.

We consider a group of N = 5 sensor nodes that cooperate
together to sense target. We assume that the received signal to
noise ratios (SNR) for each SU is different. Spectrum sensing is
performed using energy detection technique, where decision
thresholds are all set identical for each sensor node. Sensing
performance at each sensor node is evaluated by the probability
of detection corresponding to hypothesis H; and the probability
of false alarm corresponding to Hy. These performances depend
on the SNR determined at each sensor node. We have chosen N
= 5 sensor nodes with SNR= -10 dB for sensor node 1 ~3 and
SNR=-20 dB for sensor node 4, respectively. Sensor node 5
assigned as the fusion node. The channel between sensor nodes
and fusion node is assumed to be Additive White Gaussian
Noise (AWGN) channel. In this simulation, we evaluate the
proposed adaptive learning algorithm in terms of convergence
rapidity and correct weights estimation. In Figure 3, the update
weights of 5 samples of sensor nodes are given in Figure 2(a).
Obviously, we can see that the weights of high SNR (sensor
node 1 ~3), during the number of time slot, are increased and
the weights of low SNR (sensor node 4) is decreased. It could
be seen that the weights of sensor nodes with high SNR are not
same, because they encounter different fading channel during
time slots.
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Fig. 3. Update weight of four sample of sensor nodes
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Furthermore, fusion of weighted decisions schemes for
cooperative event detection the effect on the performance of the
proposed adaptive learning algorithm. In distributed detection,
some conventional fusion algorithms such as OR, AND, and
K-out-of-N rules were simply combining hard local decisions
sent from sensor nodes does not appear to be optimal when the
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sensors are localized in different environment conditions. In the
following results, the performance of the various decision
fusion methods is obtained from Monte Carlo simulations.
Figure 4 shows the simulation receiver operating characteristic
(ROC) curves for comparison of proposed adaptive learning
algorithm for fusion of weighted decisions with OR, AND, and
K-out-of-N fusion rules, respectively.
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Fig. 4. Comparative analysis of ROC

We can observe the detection performance in these figures
(Fig. 4) that proposed adaptive learning algorithm
outperformed by conventional decision fusion rules under
SNR=-20 dB, or -15 dB. For adaptive learning algorithm, the
probability of detection of fusion node increases rapidly from
P4=0to 1 between Ps.=0 and 0.05. For AND rule, the detection
performance significantly deterioration. The probability of
detection of the fusion node for K-out-of-N rule falls between
the probabilities of the OR rule and the AND rule.

Figure 5 depicts complementary ROC (CROC) curves under
the event probability of miss detection, in which the proposed
adaptive learning algorithm has the lowest probability of miss
detection (Pm) against conventional decision fusion rules such
as OR, AND, and K-out-of-N.
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Comparative analysis of CROC

V. CONCLUSIONS

In this paper we have proposed a novel method of decision
fusion by simple reinforcement learning of cooperative target
detection. The contributions of our proposed method is can be
concluded that weight assignment depending individual sensor
node of SNR provides a good detection information as
compared to other conventional fusion rules. Also, this method
provides higher probability of detection (Py) and lower
probability of miss (P,,) performance. In the future, this work
can be extended to reduce the overhead incurred in achieving
spectrum sensing reliability.
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