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ANN Based Dual Prediction for Object Tracking
in Wireless Sensor Networks
Phiros Mansur, Sasikumaran Sreedharan

Abstract— Wireless Sensor Networks(WSN) are highly demanding areas of research and object tracking is one of the prime task in its
major applications. Among the existing tracking techniques intelligent methods shows better prediction and tracking. Latest research
trend shows that use of Artificial Neural Networks(ANN) provide the best results in object tracking. In this paper we propose an ANN
based dual prediction scheme for energy efficient object tracking. Initially, a cluster based data mining technique is used to find the
association rule from past object movement data and prediction is made based on this rule. In second stage a feed forward neural
network is used to predict the object location based on the live data from sensor nodes. According to simulation results in Matlab, the
proposed model minimizes energy consumption and object missing rates significantly.
Index Terms—Artificial Neural Networks, Object Tracking, Prediction , WSN.

I. INTRODUCTION

multiple paths are not addressed. Also assumption, like the
object would follows the previous paths is a weakness of this
model. To overcome these problems, we have already
suggested a fuzzy based clustering model[10] that improves
the efficiency by reducing missing rates.
In one of our works[16] we have proposed a different
prediction method, Fuzzy and data mining combined method
which resolve the problems of equally weighted paths. This
method integrates technologies like fuzzy logic and data
mining. From our previous studies we noticed that the
influence of noise from communication data in a sensor
network affects the prediction and tracking of the mobile
objects badly. So we recommend an ANN based dual
prediction model with a clustered data mining approach to
improve the tracking by accurate prediction.
The rest of this paper is organized as follows. Section 2
describes the recent works related to the role of ANN in
positioning, object tracking, and location estimation in
WSNs. Proposed ANN based dual prediction is explained in
Section 3 with a detailed design for tracking moving objects.
Section 4 presents the results and analysis based on the
simulation of the new system. We concludes the paper in
Section 5 with our findings and future research directions.

Wireless Sensor Networks are self-governing networks
made of tiny units called sensor nodes capable of reading
events of interest in the surrounding areas. A sensor node is a
small device with a microcontroller, RF transceiver and
battery backup. The sensor nodes can sense the changes in its
neighboring area and send the data to sink nodes. These data
collected by the sink nodes are aggregated and transmitted to
the base station where the real manipulation of data takes
place.
Object tracking is one of the major applications of wireless
sensor networks where energy conservation plays an
important role [1],[17]. Location management involves the
processes of detection and tracking of objects. Important
tracking methods in use are cluster based, mining based, fuzzy
based predictions and their combinations. Recent trends in
research shows that many intelligent methods are used in
clustering of nodes and selection of cluster heads[10].
Afterwards Cluster Head (CH) locates the object using the
gathered information and predict the next location of the
object[3]. Then adjacent nodes are enabled to carry on
monitoring the object. Suppose the prediction goes wrong and
unable to track the object, then CH activates the
supplementary nodes to trackback the missed object[19]. It
means a better prediction model can considerably reduce the
energy consumption and increase the life of network. The
authors of [2] suggested an object tracking model by using
data mining techniques. Even though prediction has improved
in this method, some critical cases like equally weighted

II. ANN FOR OBJECT TRACKING WSN
Sensing and transmission, data aggregation and intelligent
computing are most important in the development of wireless
sensor networks and its applications[13]. Nowadays Artificial
Neural Networks are widely used to build up localization
framework in WSN. Object tracking is the process of finding
spatial coordinates of a moving object and tracking its actions
continuously. Tsai[18] provides details of target tracking and
classification. One of the old tracking models is tree-based
object tracking[17]. If any object enters in the sensing area the
node communicate with each other and choose a root node
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Basic sensing and data collection is done by normal sensors
which sends the gathered information to cluster heads. We
consider every sensor node is synchronized with three referral
nodes due to the reason that we deals with 2D
localization[13]. Normal sensor nodes are considered as
stationary.
Localization is done by referral nodes which sends their
locations to sink nodes[12],[13]. This information is passed to
normal sensor nodes in the sensing region also. Tracking is
done by the pair wise spatial relationships between the
referral and normal nodes, or between a pair of normal
nodes[12]. We assume that the object is moving in a random
fashion. Referral nodes are setup with GPS units and
communicate with normal nodes in a multihop path. Sink
nodes are the main processing stations. According to
Aghaeipoor[20] the distances between nodes can be easily
calculated with the parameters Received Signal strength
(RSS) and Time of Arrival (ToA). Although the RSS
approach is easy to implement, ToA method is more accurate.
Once the network is initialised the referral nodes broadcast its
position and normal nodes estimate their distance to referral
nodes. When an object enters into the node's vicinity, sensor
node changes to detected mode and compute their distance to
the moving object from the RSS value of object.

which collect data from all adjacent nodes by using a
spanning tree. The tree is reconstructed if the object is missed
or it is far from root node. Even if this method tracks the
objects more accurately, tree based method consumes high
energy[4].
Cluster-based tracking model organize the entire network
as clusters and member nodes recognize the object and
forward this information to CHs[12] as shown in Fig. 1.
Cluster heads estimates and determine object location by
using aggregated data and send the information to sink
node[5],[6]. The key benefit of clustering model is that it
reduces consumption of energy and boost lifetime of the
network[7]. Recent researches focus on another efficient
tracking method, i.e., prediction-based tracking. This system
predicts next position of object with the help of some known
parameters like object speed and movement behavior[8],[9].
Object tracking techniques also make use of other parameters
like arrival-time, signal-strength, object-frequency, and angle
of arrival etc. We can also see some methods make use of
binary sensors predicting presence or absence of object with
1-bit information[14].

ToA
Sensor
Fig. 1. Communication in Clustered WSN
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Latest trends in research shows that conventional systems
are merged with intelligent methods to attain high level of
accuracy in tracking. We have presented an improved
tracking model by combining fuzzy logic and data mining
where we use the clustered architecture[16]. By combining
these computing techniques we have achieved better
prediction results and a low missing rates. A lot of noise
components are mixed with the sensor data because of the
heterogeneous environments in WSNs. Mere fuzzy inference
system could not address the problem of noise.
Many of the intelligent tools like ANNs are best suited for
wireless sensor network applications as they can predict the
accurate communication data and reduce redundant data
transmissions[20],[21]. Aghaeipoor and Mohammadi
proposed an ANN approach for target tracking using feed
forward artificial neural network in a noisy region of
interest[20]. Presence of various noise sources and hard
surroundings badly affect the localization of sensors.
Previous works were not considering noise effects and the
constraints on velocity and movement model. In this paper,
we suggest a new tracking model by using ANN and data
mining in a clustered architecture to be used in noisy
environment.

Object

Fig. 2. Distance Calculation between Object and Nodes

Thus various distances like object to sensor node and
object to referral nodes will be calculated as shown in Fig. 2.
The distances are feed to the NN as input to make a prediction
about the location of object. The x-position and y-position of
the target are found by the trilateration technique[20]. Neural
network structure has been used to reduce mse error in
distance calculations.
B. Data Mining for Initial Prediction
Clustering is an important tool for data mining where the
sensor nodes can be grouped in to several clusters based on
some parameters. We have made a detailed study[10] about
fuzzy based clustering methods and found that ideal clusters
are formed with the best CH by the use of FL in clustering.
Generally, object tracking WSNs shows definite patterns in
the movement behavior of object. At the same time frequently
it will be random also. The Time of Arrival(ToA), location
and moving path of objects can be used to frame some
association rules by applying suitable data mining
technique[2].
The authors of [2] have proposed a prediction scheme
based on Apriori algorithm to determine association rules
from a transaction database(TB). After several passes over

III. PROPOSED ANN BASED DUAL PREDICTION
A. Modeling the System
In the proposed scheme there are three types of sensor
nodes: 1) Normal sensor 2) Referral node and 3) Sink node.
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the TB it finds some rules which clearly indicates the past
movement behavior of the objects. Based on this rules the
system can predict the next moving location of the object
assuming that the object follows same path. We noticed the
following problems in prediction while using this method: 1)
Instead of previous paths when the object moves in a different
direction, the object will be missed and 2) In the rules of
movement behavior, there may be multiple paths with equal
possibilities. As a solution to these problems we can use ANN
to refine the communication data and make a better
Fig. 4. Structure of Artificial Neural Network
prediction to minimize the missing rates.
Let us see the object moving through the network in a
arbitrary and irregular manner. Sensors in the vicinity of
object compute the distances to object and to referral nodes
by using RSS and TOA respectively. Sensor nodes transmit
the distance values to CHs and from there to sink nodes,
where ANN takes these input data, estimate it and generate
the output, i.e., the coordinate positions of the object.

C. Prediction by Artificial Neural Network
The sensor network is created like a mesh (grid) as shown
in Fig. 3 by placing the referral nodes in fixed the position.
Normal sensor nodes are placed in the junction points. The
distance between the object and referral nodes are given as
input to the neural network. Then coordinates of object is
obtained as output. We place the abstract object at random
points in the network for collecting its distances to referral
nodes.

Sensor Nodes
Deployment

The tracking system consists of two phases, namely,
Association Rule mining and ANN prediction. After
deploying WSN, neural network learning is conducted by
considering abstract locations of objects.

Initialization
(Clustering)

Association Rule
Mining

Data Mining based
Prediction

ANN based

Prediction

Final Object
Position
Fig. 3. Mesh Network for training ANN

Fig. 5. Flow chart of Mining and ANN Prediction

Normally a multilayer NN is created with neurons in the
input, hidden and output layers. We use a feed forward
network to attain the best results with 3 neurons in input, 4
neurons in the hidden layer, and 2 neurons in the output layer,
as shown in Fig. 4. At the same time, NN training was carried
out by the LM method of error back propagation[20]. If input
data contains noise, the neural network training can tackle it
by better estimation and that trained network will be used in
the final prediction[15].

Thus sink node predicts the object location in an efficient
and accurate manner. Fig. 5. depicts various processes
involved in object tracking and prediction process according
to our proposed system.
IV. SIMULATION AND RESULTS
The simulation and analysis was conducted in Matlab
platform. The simulation network consists of randomly
deployed 1000 nodes in a square area. For the comparison of
energy consumption and missing rate we took thousand
rounds. The system is created for 2D localization and assumes
that sensor nodes are stationary while the object is moving in
a random fashion[13]. Referral nodes senses its own location
with the help of GPS devices and communicate with all
adjacent nodes.

Published By:
International Technology Foundation for Research
6

ANN Based Dual Prediction for Object Tracking in Wireless Sensor Networks
dual prediction scheme minimizes the missing rates to make
an energy efficient object tracking system. The simulation and
numerical analysis shows that the proposed model saves
energy remarkably and exhibit high practicability with better
predictions. In the future, we plan to integrate technologies
like ANN and fuzzy logic to enhance optimization in object
tracking sensor networks to produce best results.
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