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 Target tracking is one of the most important applications of Wireless Sensor Networks 
(WSN). Wireless sensor nodes provide accurate information since they can be deployed 
and operated near the phenomenon. These nodes have the possibility of collaboration 
among themselves for the progress of target detection and tracking precisions. Target 
tracking in a Wireless Sensor Network (WSN) environment servers as a challenging 
research topic. There are many schemes for accurate target tracking. Those target 
tracking schemes used in WSN employ many methods which fails to track the target 
accurately due to non-availability of target data at regular intervals and missing of 
packets. Though existing tracking schemes in WSN scheme detects the target, it fails to 
identify the target. This work is done to overcome these problems, with the help of 
Kalman filter to handle maneuvering targets and multiple sensors to detect and identify 
the targets. This project proposes the design and working of a Kalman filter in order to 
locate and track an object. The target’s position from the network, is given as the input 
to the Kalman filter which works in a recursive manner to find the next position of the 
object. The implementation was done in MATLAB 7.10.0(R2010a) environment and 
simulation results are presented. 

 
INTRODUCTION 

 
 The wireless sensor networks which is also called as wireless sensor and actor networks are spatially 
distributed autonomous sensors to monitor physical or environmental conditions, like temperature, pressure and 
so on. Then they cooperatively pass their data through the network to the main location. The WSN development 
is encouraged mainly by military applications such as battlefield surveillance. These are applied in industrial 
process monitoring and control, machine health monitoring, and so on (Dallil.A  et al). One of the important 
application of wireless sensor network is target tracking. (Li. D, K. Wong et al) 
 
Target Tracking: 
 Target Tracking is generally applicable in military and war field. It is carried out in 2 ways, active and 
passive tracking. A signal from our own ship is transmitted which hit the enemies object and some portion of 
signal is reflected back. These echo signals are collected to identify the location of the target. This is active 
tracking. Some acoustic signals from enemy ship are collected like mechanical vibrations or sound signals 
through which we find the target location. Generally these signals are noisy signals which when used gives 
corrupted results. So, the noise should be minimized to the maximum extent possible because noise can’t be 
completely removed from the measurements. Different adaptive algorithms like LMS, WLMS and RLS are used 
for minimizing the noise. Target tracking requires a real time localization estimation algorithm (Lau. E.-E.-L et 
al). One of the methods include acquiring signal strength for location estimation (Prasad Kalane et al) which 
gave in accurate results.  Later, Time of Arrival and Time difference of Arrival played the role in locating the 
target (Dr. K Rameshbabu et.al) but was very difficult to implement. 
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While tracking a target two major problems are identified: 
• The object can be tracked only if it does not move beyond the searched region.  
• The appearance of the target can be affected by factors such as lighting and occlusions, which leads to 
inaccurate tracking.(Sandy Mahfouz et al) 
 Predicting the location of the target, and searching in a region centered around that location will solve these 
problems. This can be done using Kalman filter and hence it was proposed for target tracking (P.H. Tseng, K.T. 
Feng) 
 
Methodology: 
Kalman filter: 
 A famous paper describing a recursive solution to the discrete-data linear filtering problem was published 
by, R.E. Kalman in 1960 after which the Kalman filter became a most common subject of research and 
application (L. Zhang et al). Kalman filter is a linear quadratic estimator which produces the estimates of the 
current state variables and it is the elementary filter for all the other models (S. Vasuhi et.al). As the next step 
the corrupted next measurement is observed and updated using a weighted average. All the variables are 
Gaussian distributed. Additional past information is not required since this algorithm is recursive. The Kalman 
filter normally operates as a predictor and a corrector. So the two steps involved are Prediction and updation. In 
order to project forward the current state and error covariance estimates thereby obtaining the a priori estimate 
for the next time step, the prediction process is carried out. The update equations are responsible for the 
feedback which gives an improved estimate when a new measurement is incorporated into the a priori estimate. 
The predictor equations initially predicts and projects the current state estimate ahead in time. The predicted 
measurements are updated by a weighted average which is the Kalman gain with the help of update equations. 
As we know that Kalman filter is recursive in nature, the entire process is repeated with the previous 
measurements in order to predict the new estimate. This recursive nature of Kalman filter is very helpful in 
tracking of the target in sensor networks. 
 
Mathematical Modelling: 
 The Kalman filter initially assumes the state of a system at a time t obtained from the previous state at time 
t-1 according to the equation, 
Where              

                                                                    (1) 

•  is the state vector containing the terms of interest for the system  

•  is the vector containing any control inputs . 

• is the state transition matrix which applies the effect of each system state parameter at time t-1 on the 
system state at time t . 
•  is the control input matrix which applies the effect of each control input parameter in the vector  on 
the state vector. 
•  is the vector containing the process noise terms for each parameter in the state vector. The process noise 
is assumed to be drawn from a zero mean multivariate normal distribution with covariance given by the 
covariance matrix . 
Measurements of the system can also be performed, according to the   model 

  
Where 
• is the vector of measurements 

• is the transformation matrix that maps the state vector parameters into the measurement domain. 

•   is the vector containing the measurement noise terms for each observation in the measurement vector. 
Like the process noise, the measurement noise is assumed to be zero mean Gaussian white noise with 
covariance . 

 The initial state vector  contains the position and velocity of the object. 

    =                                                                                                        (3) 

 Then the force applied as and the mass of the object m is stored in the control vector  

m

Ft=tU                                                                                      (4) 
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 The force applied during the time period Δt and the position of the object are related and written in matrix 
form as  

=                                                            (5) 

 On comparing with (1) we get, 

                                                                                                     (6) 

                                                                                                      (7) 

 The Kalman filter algorithm involves two stages:  
• Prediction  
• Measurement update. 
 
Prediction Stage: 
 The standard Kalman filter equations for the prediction stage are 

                                                                                   (8) 

 =   +                                                                                                                        (9) 

 where   is the process noise covariance matrix associated with noisy control inputs. 
 In the prediction step the next estimate is predicted with the knowledge of the initial state Since KF is based 
on Gaussian distributinon, the variances and covariances of the variables are also predicted and stored in the 
matrix  The Kalman filter is known to be the optimal estimator in case of a standardized one-dimensional 
linear system with measurement errors associated with a zero-mean Gaussian distribution.  
 
 Measurement Update: 
 The next step is to update the measurements that were predicted in the previous step. This update requires 
calculation of Kalman gain.  
 Thus the measurement update equations are given by  

                                 (10) 

= -                                                                              (11) 

 is the Kalman gain and is given by 

                                           (12) 

 The Gaussian pdfs of the predicted value and the measured value should be calculated in order to find the 
next estimate. The information about the state of the system is obtained from various sensors. Sometimes the 
units and the scales may not be the same for all the variables. So the sensors are modelled with a new matrix . 
Due to the uncertainty some states tend to be more likely than the other. The two Gaussian blobs are: One 
surrounding the mean of our transformed prediction, and one surrounding the actual sensor reading we got. Now 
both these pdfs are multiplied to find the maximum likelihood. Thus the pdfs tend to overlap hence resulting in 
the final estimate. This process is repeated to track the entire path of the object. 
 Mathematically, 
 PDF of the predicted state is given as 

/2                        (13) 
 PDF of the Observed or measured state is given as 

/2                                 (14) 
 On multiplying both we get the final estimate as, 

/2   (15) 
 
Where 

•  = . +  / ( +  ) 

• = +(  ( - ))/ ( +  ) 

• = ( . ))/ ( +  ) 



10                                                    Claudia Grace Rajakumari V. and Nesasudha M., 2016 
Australian Journal of Basic and Applied Sciences, 10(5) Special 2016, Pages: 7-12 

 

• = . – [ / ( +  )] 
 

RESULTS AND DISCUSSION 
 
 The simulation tool used here is Matlab 7.10.0(2010a). With assumed values of the position and velocity the 
input to the kalman filter that is the initial path of the object corresponding to equation (1) is generated. The graph 
obtained is shown in figure 1. 
 

 
 
Fig. 1: Initial state. 
 
 With assumed values of the position and velocity the path of the object according to the observer or the 
measured state of the object corresponding to equation (2) is generated.  
 

 
 
Fig. 2: Observed or Measured state. 
 
 With these inputs the kalman filtering is carried on as per the mathematic modelling. These inputs undergo 
two stages Prediction and Updation and then the final estimate is determined. According to the Mathematical 
modelling multiplication of the two Gaussian PDF’s should be done. Firstly, the PDF of the Predicted state is 
determined and the graph figure 3 is obtained. 
 

 
                                
Fig. 3: PDF of the Predicted state. 
 
 The PDF of the Observed path as shown in figure 4 is obtained. 
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Fig. 4: PDF of the Observed value. 
 
 On multiplying the predicted path and the path the final estimate obtained and the graph is obtained as 
shown in the figure 5 
 

 
 
Fig. 5: PDF of the Final Estimate which is obtained on multiplying the PDF of Predicted state and the.  
 
PDF of Observed state: 
 Finally, as these values are equated to the update equations, we get the path of the object that we are 
tracking. As the initial state and filtered output are plotted together the graph obtained is shown in the figure 6. 
From this graph the Initial Path and the path after filtering is found to be more or less the same since the error 
has been removed during the filtering process. 
 

 
 
Fig. 6: Predicted Path of the object after Kalman filtering. 
 
Conclusion: 
 Thus, a simple Kalman filter approach is proposed through this work in order to track an object in wireless 
sensor networks. There are many schemes for accurate target tracking. Those target tracking scheme used in 
WSN employs many methods which fails to track the target accurately due to non availability of target data at 
regular intervals and missing of packets. But this method provides a simple way to find the next postion of the 
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object under considerstion. Here, the initial state of the object is taken as the input and the next state and 
covariance is predicted and the state and the covariance is updated using weighted average to get the final 
estimate. This prediction and updation of the state is done in recursive manner which is considered to be the 
unique characteristics of this Kalman filter. The simulation is done using MATLAB and the results are obtained. 
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