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ABSTRACT 
 Power conservation, target prediction and the routing path are some key element in the design of the 
wireless sensor network (WSN). Emerging application of wireless sensor network require Real-time quality of 
service (QoS) guarantees to be provided by the network. The idea of the duty cycle is to switch between the 
wake up state and the sleep state periodically. In some case, the sleep pattern of the node may also be forced to 
wake up or sleep based on the demand called sleep scheduling. Once the prediction of the target is processed the 
next step is to select the routing path to carry the information to the sink node. In this paper the power 
conservation, target prediction and reducing the latency (delay) are some of the main constrain. So we proposed 
Probability-based Prediction and Sleep Scheduling protocol (PPSS) and Anycast protocol to improve the power 
efficiency of proactive wake up and to reduce the latency (delay) in the wireless sensor network. Anycast 
protocol will reduce the expected one-hop-delay in wireless sensor network. The experiment is carried out in the 
network simulator and the output result is provided in the video format achieving the power conservation, target 
tracking and reducing the delay in wireless sensor network.  

 
Index Terms—Power conservation, target tracking, QoS, sleep scheduling, anycast, delay, wireless sensor 

network.  
 
 
 

1. INTRODUCTION 
 Wireless sensor network is used in many 
application and one of the typical application is the 
mobile target tracking. The wireless sensor node is 
small in size and hard to recharge once deployed [1].  
    In military application the main goal of the sensor 
node is to track the mobile target. Unlike prediction 
that studies target prediction [2], [3], target tracking 
system should ensure a continuous monitoring with 
low prediction delay [4], [5] (or) high coverage area 
[6]. Once the mobile target is predicted the sensor 
node should report to the sink node without loss in 
the tracking performance. In WSN the QoS is 
consider highly means then the power Conservation 
is negligible if power conservation is highly 
considered means then QoS is negligible. Today 
depending on the application many sensor node have 
been introduced. The common aspect is most of the 

time the sensor node will be put Into idle listening 
which leads to power consumption [7], in Order to 
avoid power consumption duty cycling is the most 
commonly used approaches [8]. The concept of the 
duty cycle is to put node in sleep state and wake them 
up periodically. In some case, based on the demand 
the node is forced to sleep or awakened. This is 
known as sleep scheduling [9]. The most commonly 
existing efforts about proactive wake up will simply 
awaken all the near by nodes  in the area[6], [10], 
[12], where the target is expected to arrive and it is 
not necessary to put all the nearby nodes in awakened 
stage for target prediction[11], [13], [14]. So in order 
to reduce the power consumption for proactive wake 
up we go for sleep– scheduling [9].  This paper will 
focus on the sleep scheduling approach and anycast 
protocol approach [16]. To the best of our knowledge 
this may be the first paper with the concept of 

probability – based target prediction and sleep 
scheduling protocol combined with anycast approach. 
Our proposed work will improve the power efficiency 
of proactive wake up, with limited loss on the 

tracking performance and reducing the delay. The 
delay reduction will leads to power conservation. The 
target prediction approach is based on kinematics 
rules and theory of probability [12], [14], [15]. Once 

http://www.goniv.com/
mailto:sathishplan@gmail.com


Power Conservation Target Prediction in Wireless Sensor Network Using Sleep Scheduling 
 

goniv Publications Page 41 

the target is predicted based on the result, PPSS 
enhances power efficiency by reducing the number of 
proactively awakened nodes and controlling their 
active time in an efficient manner. We designed the 
flow chart for PPSS that run on every node. The 
concept of anycast protocol will select any one node 
from the awaken nodes based on the count of node to 
the sink node (i.e., the particular node will be selected 
based on the minimum count between the node to the 
sink node). 

The efficiency of the PPSS is compared with the 
existing approaches like circle-based proactive wake 
up method (circle) [6], and the minimal contour 
tracking algorithm (MCTA) [12]. It is clear that PPSS 
provide around 25-45 percent on power conservation. 
Compared to MCTA it will provide 16.9 percent of 
power conservation [15]. 

We analysis the efficiency of PPSS any anycast 
protocol with simulation – based experiments that is 
carried out in the network simulation tool, which is 
represented by the video format. This paper 
contributed on 

1.    Designing a target prediction scheme based 
on both kinematics rules and theory of 
probability, here the power efficiency of 
proactive wake up with both awakened node 
reduction and active time control efforts.   

2.    Design flow of PPSS, which run on every 
node. 

3.    We designed a anycast protocol to carry the 
information to the sink node. 

The upcoming section of this paper is organized as 
follows. In section 2, we presented the related works. 
In section 3, we provided the system architecture and 
the design flow. In section 4, we design the anycast 
protocol. In section 5, we had given the experimental 
result. Finally in section 6, we conclude the paper 
with the future work. 

 
2. RELATED WORKS 
 In wireless sensor network power 
conservation and delay reduction is one of the 
attracted areas. So many research works had been 
done in recent years. The major application of the 
WSN is the target prediction and it is been widely 
studied. In [1], the authors proposed the PPSS for the 
target prediction and power conservation in WSN. In 
major application the role of the senor node is to keep 
track the mobile object continuously. Many of the 
existing research work are done on continuous target 
tracking and not focused on power conservation. 
 The mobile target has been predicted based 
on existing several algorithm like “circle-based 
method” (circle) and the minimal contour tracking 
algorithm (MCTA). These both will be similar in 
sleep scheduling pattern. While this algorithm put all 
the nearer nodes into active state. So that the mobile 
target is predicted continuously but power 
conservation is negligible. In the wireless sensor 
network every nodes is placed based on the x-axis 

and y-axis. Using GPS [20], the location of each and 
every node is well known to each other. 
 In [6], the author C.Gui explained about the 
target tracking using “circle-based method”. The 
concept behind is all the nodes are deployed on the 
circle basis. In “circle-based method” they do not go 
for the direction and distance of the target. Once the 
mobile target is predicted all the nodes in the circle 
pattern will follows the same sleeping pattern (i.e. all 
the nodes are in awakened state) and the tracking 
performance will be high. 
 The author Jeong.J in [12], explained about 
the MCTA algorithm depend on the kinematics to 
predict the tracking areas, as well as by reducing the 
active node compared to the “circle-based method”. 
The MCTA algorithm reduces the active node much 
smaller than that of the “circle-based method” 
without differentiated sleep scheduling. MCTA 
algorithm holds the continuous mobile target tracking 
and clears the way for power conservation. 
 Generally the mobile target prediction 
scheme includes Bayesian estimation method [17], 
[19], dynamics-based prediction [18], and 
kinematics-based prediction [12], [14]. The most 
widely used method is the kinematics-based 
prediction only. 
  The author in [17], [19], explained that the 
Bayesian estimation method will find new measures 
to modify the past states as well it can able to predict 
the future states, but the power conservation is not 
achieved by sleep scheduling. The example of 
Bayesian estimation is the particle filtering [17], [13], 
based on the distance the location is fixed and then 
going for the sleep scheduling as similar to the 
“circle-based method”. In [18], R.M.Taqi, explained 
about the dynamics-based prediction. It predicts the 
exact location at where the target is moving, but does 
not consider all the available possibilities. In 
[12],[14], the authors explained about the kinematics-
based prediction. It explains about the motion of 
object without considering the causes for the motion, 
example is MCTA algorithm and prediction-based 
energy saving scheme (PES) [14]. 
 Compared to the existing method the PPSS 
uses kinematics and theory of probabilities for target 
prediction and the power conservation. In this the 
alarm node will predict the mobile target and it will 
send the alarm message to all the nodes in the cluster. 
Based on the alarm message the node near to the 
mobile target is put into active mode and all other 
nodes in the cluster are forced to sleep mode. The 
nearer node to the mobile target will keep on tracking 
with some limited loss and achieving the power 
conservation. The alarm message consists of the ID 
and the position of the alarm node (based on x-axis 
and y-axis), the state vector state (n) and the predicted 
result.  Once the target is predicted the node has to 
forward the information to the sink node. For the 
sensor node the sensing area will be small and 
communication range will be larger. If the existing 
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routing method like unicast and broad cast method 
are there, but some problem exist. In unicast the 
information will be carried out in a single path. If any 
one of the node fail means then the information to the 
sink node will fail and so no acknowledgment to the 
source node. Again the retransmission process will be 
carried out leads to power consumption. At the time 
of the traffic also the acknowledgment will be delay 
and leads to retransmission. This is the problem that 
we are facing in the unicast protocol. The next 
technique is the broad cast method, in this method the 
data will be received to the sink node. Here also 
power conservation is a problem. Compared to 
unicast the broad cast technique will achieve higher 
degree of data efficiency. If we use this technique at 
the sink node same data will be receiving many time 
because due to broad cast in nature, but only one time 
the actual date is accepted and all other copy of that 
data are been deleted. In the deterministic routing 
protocol the next hop is a fixed one. So the sending 
node must wait the next hop to wake up, here there 
will be delay. The node between the sending first 
nodes to the sink node will be in maximum number. 
The major problem with the deterministic routing 
protocol is the maximum delay. Here the path is 
already determined and no change of path under any 
condition (i.e., like node failure or at the time of 
congestion). The entire nodes in the path have to be 
waiting for the next node to wake up. So in order to 
reduce the delay and to overcome the problem we 
proposed Anycast technique. The concept behind is 
that it will select any one of the awakened node from 
the available node and start passing of the 
information in that path. Selection of that particular 
node will depend on the minimum count of the node 
to the sink node, here the data is send to the sink node 
and the power conservation is also achieved 

 
3. PPSS DESIGN FLOW 
 In this part we are going to see the system 
architecture assumptions, PPSS protocol and the 
design of anycast protocol. 
 
3.1System Architecture Assumptions 
 We consider the wireless sensor network 
work in a duty cycle mode (i.e., periodically on and 
off). Every node will have different active time. 
Communication will be based on the MAC protocol 
[29]. 

 
 

Fig. 1. System architecture. 

In the cluster every node is been placed with 
respect to the x-axis and y-axis. Every node will 
know their location using GPS [30]. Once the mobile 
target is been predicted then the target location is 
determined by either sensing or by calculation [10], 
[24]. The sensing radius is termed as ‘r’ and the 
communicating distance is termed as ‘R’. R will be 
greater than ‘r’ by twice are even more.  

When the target is predicted the alarm node in the 
cluster will send the alarm message to the entire 
neighbor node based on the predicted result the nearer 
node will put into active and the other entire node 
will be put into sleep. 

In this paper, we consider the mobile target 
tracking and the tracking information about the target 
is been send to the sink node. 
 

3.2 PPSS Design Chart  
 The PPSS flow chart is designed based on 
target prediction and power conservation. The 
network is formed with the PPSS that run in an 
individual node. If the alarm node predicted the target 
it will send the alarm message to the entire 
neighboring node based on the predicted result. The 
alarm message consists of the ID and the position of 
the alarm node (i.e. based on the X-axis and the Y-
axis) and the predicted result. Once the alarm 
message is received the entire individual node 
decides for the awakened node or not. If no, means 
awakened node is reduced to save power. If yes, 
means then the schedule sleep pattern is made (i.e. 
when and how long the node has to be wake up). The 
predicted information is send to the sink node. 
 

The PPSS has three stages. 
1. Target prediction 
2. Awakened node reduction 
3. Active time  

 SSS1 SINK       
A   
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Fig. 2 PPSS flow chart. 

 
4. ANYCAST PROTOCOL DESIGN 

 Anycast packet forwarding schemes will 
reduce the one- hop delay under asynchronous sleep–
wake scheduling [21], [22].The optimal anycast 
technique is been proposed to save the power that 
used to carry the information. The concept behind is 
that it will select any one awakened node. The 
particular node selection will depend on the minimum 
count of the node to the sink node. 

 
Fig. 3 communication between nodes 
 

The anycast protocol [21], [23] uses the forwarding 
decision to its neighboring nodes. The work in [24], 
[25] proposes anycast packet – forwarding protocol. 
The anycast protocol in [26], [27] make use of the 
hop- count information (i.e., the number of hops for 
each node to reach the sink) such that the forwarding 
decision is taken to reduce the hop count to the sink 
as soon as possible. In our prior work [27], we 
developed deterministic routing protocol which will 
not reduce the end-to-end delay. In the asynchronous 
periodic wake – up patterns along with an optimal 
forwarding policy can minimize the expected end-to-
end delay. In WSN the node i has a set Ni of 
neighboring nodes to which node i is able to directly 
transmit packet when the source node i has a packet 
to send means it has to wait for the neighboring nodes 
to wake up. The beacon signal of duration Tb and ID 
signal of duration Tc as shown in Fig. 3. Then the 
sender will listens for acknowledgements for duration 

Ta. This procedure is repeated until it hears an 
acknowledgement (CTS: clear-to-send) for duration 
Ta. The beacon signal is continuously send and the 
source node receives, CTS from all to neighbor and 
the decision is taken based on the count to the sink 
node s. The   node that has the event information to 
be send means, first it will send the beacon signal to 
all the near by node. Until the awakened node 
receives the beacon signal the sender node will 
transmit the beacon signal. Once the awakened node 
receives the beacon signal the receiver node will send 
back the acknowledgement to the sender. Like this 
the packets are been forwarded to the neighbor node. 
Finally the event that is predicted is been send to the 
sink node. The sink node will be in active state for 
ever to receive the event information. Once the end-
to-end delay is reduced means it leads to the power 
conservation.   
 

5. SIMULATION RESULT 
 PPSS protocol with simulation-based result 
is examined: the simulation was conducted in an 
environment developed in C++, and the prototype has 
been simulated using NS2 network simulator. PPSS 
was compared to Circle scheme [6] and MCTA 
algorithm [12]. The primary difference among the 
three protocols is how they reduce the energy 
consumption for proactive wake up: 1) Circle 
awakens all the one hop neighbors of the alarm node, 
thus consumes the most energy; 2) MCTA 
compresses the area where nodes are awakened, but 
still awakens every node in the area; and 
3) PPSS compresses the awaken region, awakens 
selected nodes only, and further reduces their active 
time. 
 

 
 

Compare to the all other algorithm used PPSS 
algorithm consume low power only. So the power 
conservation by PPSS is been achieved. Once the 
mobile target is been predicted the event information 
is carried out to the sink node by the anycast protocol. 
The end-to-end delay is been reduced by using 
anycast protocol. It is compared with the 
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deterministic routing where the delay is high 
compared to the anycast protocol.  

 
 

6. CONCLUSION AND FUTURE WORK 
 
 The duty-cycle in the sensor network and the 
sleep scheduling of the PPSS algorithm reduces the 
awakened node reduction and the power is conserved. 
There is a small delay in the continuous target of the 
mobile target but the power is been conserved. Once 
the target is been predicted the event information is 
been send to the sink node by the optimal anycast 
protocol. While the end-to-end delay is been reduced 
which leads to the power conservation. In future we 
are trying to implement this concept and may go for 
the research with receiver based multicast with relay 
point. We assume that it will still reduce the end-to-
end delay. 
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