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ABSTRACT 
Detecting and tracking of targets in remote inaccessible areas is an important application of Wireless Sensor Networks (WSNs). 

The use of wired networks for detecting and tracking intruders is not practicable in out-of-reach areas. In this work, an attempt is 

made to implement the tracking algorithm with minimum hardware, so as to satisfy the requirements of a sensor node. The mean-

shift tracking algorithm is adopted due to its algorithmic efficiency and simplicity. The algorithm tracks the target for a longer 

period of time and is invariant to clutter and camera motion. The algorithm has been implemented in Spartan 3E FPGA. 
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INTRODUCTION 

 
 A wireless sensor network (WSN) consist of many sensor nodes that collectively communicate with each 
other wirelessly to a centralized base station. Many sensor network based applications need hundreds to 
thousands of sensor nodes, often deployed in remote inaccessible areas. A wireless sensor node not only 
behaves as a sensing component but also has on-board processing, communication and storage capabilities [6]. 
Examples of WSN applications includes intruder estimation as a part of military surveillance, detecting 
suspicious movements or failures in a manufacturing process and detection of forest fires. One of the most 
important areas where the advantages of sensor nodes can be exploited is for tracking moving object in which 
the network of wireless sensor nodes are given the task of tracking a particular object. If a target is detected, 
then it has to be conveyed to the sink node. Then, the sink may initiate some queries to know the location of the 
target, so that it can estimate the subsequent trajectory of the particular object and keep querying the appropriate 
set of sensors [3].  
 Objecttrackingrefers to the problem of using sensor measurements to determine the location, path and 
characteristics of object of interest. The typical objective of object tracking is to determine the number of 
objects, their identities and their states. So the object has an important role in tracking. Usually objects can be 
anything that the user wants to track like a person walking through the scene or a ship in the sea or a car moving 
along the road. Based on the type of object, the tracking is named as object tracking or vehicle tracking or 
pedestrian tracking. The object is normally indicated by its shape and appearance. The various forms of shapes 
associated with the indication of object are rectangular, elliptical or even free form. This work is based on kernel 
tracking which is in rectangular form.  
  The three main features used for tracking are color, texture and shape/edge of which color, is the most 
broadly used feature due to its simplicity and ease. Here the pixel color values of the image are considered to be 
the influencing one. Before looking at tracking, the detection of object and highlighting it from the background 
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in a critical task to be carried out. It can be done by using point detectors, segmentation and background 
subtraction. While detecting an object, in order to avoid some error due to the environmental conditions or 
lighting effect, information from multiple frames are usually taken. This helps in differentiating between the 
frames and the tracker can manage to come up with successful tracking. 
 The number of ways in which the object can be tracked depends on the classification of tracking. It can be 
tracked by using points, kernels and silhouettes. Point tracking characterize each frame by point however the 
paper uses kernel tracking which is associated with histogram. Hence the histogram of one frame will be 
compared to the next and so on in order to know the motion of tracking.  

 
Mean-shift Algorithm 
A. Introduction 
Mean-shift algorithm for tracking moving objects was initially given by [5]. It is essentially a tool for finding the 
modes or peaks in a probability density function. It is an efficient approach in tracking objects whose appearance 
is defined by color though it is not only limited to color. It aims to find the region that has most similar 
distribution of color. The background is determined by the area surrounding theobject. It is supposed to be three 
times larger than the size of the target. Now the probability function of the target model is represented by, 
 �� = � � � �||
�||�                                         �1
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 Where C is the normalization factor which ensures the target model value to be equal to 1 and  kis the 
kernel profile which adds more weight to the pixels whose locationsxiare closer to the center of the object. 
In the same way, the probability function of the candidate model can be given by,       ���� = �� � �
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 After these initialization, the similarity function between the target and the candidate model can be 
calculated by using the following:      ��� = ���,���� ����                                                      �3 
 By taking the distance of the similarity function, the complete mean shift vector can be computed by using, 
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 This vector gives the direction of trajectory of the object from one frame to another. 
 
Properties of mean shift: 
• Itisbasicallyatoolforfindingthemodesi.e.peaksinadistributionorasetofdatasamples the ROI(region of interest).  
• It is computed iteratively for obtaining the maximum density in the local neighbourhood.  
• It has the direction and size same as that of gradient of the density estimate.  
• The steps are small and refined near maximum probability distribution. 
 
Mean shift tracking: 
 Mean-shift tracking tries to find the area of a video frame that is most similar to a previously initialized 
model and close to the tracker’s location in the previous frame. By applying the technique to each video frame 
in sequence a region can be tracked overtime. 
 In this work, the algorithm has been concentrated on single object tracking. As described in Fig. 1, initially 
a frame was chosen which can be of any color space. The image has limited range of brightness of less than the 
ideal quality. The resolution of the frame was maintained low in order to reduce the complexity in processing 
the image. Then the frame was divided into equal number of matrices based on the size of the frame. For the 
case of a 512×512 image, there will be about sixty four 64×64 matrices and for a 128×128 image, there will be 
about sixty four 16×16 matrices. Depending on the need and the accuracy, the matrix size can be taken. Lower 
the size of the matrix, higher will be the tracking accuracy. 
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Fig. 1: Mean shift based tracking. 
 
 Considering the mean shift algorithm, the mean values for each of the divided matrix was calculated. It was 
done just by adding all the pixel values inside the matrix and dividing the same by the number of elements 
within the matrix. These steps were carried out for all the consecutive frames in the video. 
 The algorithm aims to find the peak distribution of any given samples. Hence the algorithm has assumed the 
object position as the matrix whose mean is the highest. The procedure follows for all the frames in the video. In 
the end, tracking was done by linking all such highest mean.  
 Though it can effectively track the object, the algorithm fails at times when the background and the 
foreground is indistinguishable by its color range and pixel values. In order to overcome this drawback, the 
frame difference method was adopted to accurately focus the foreground target by diminishing the background. 
By applying this method, the object can be tracked very clearly without losing it.  
 Meanwhile in order to carry out the tracking algorithm in the chosen hardware, there is no possible way for 
direct image input. Therefore the binary or hexadecimal value of the image’s pixel point has been determined. 
The pixel values for each of the frame were obtained such that the value after diminishing the background 
focuses only on the object. These values are then stored as a text file which was later read as an input by the 
device. 
 
B. MATLAB outcome: 
 The input video was divided into a number of frames. Each frame has a unique pixel distribution which 
defines the histogram of the frame. The 3-D surface diagram as in Fig. 3 shows the point or range where the 
pixel value tend to be at the maximum.Based on this, the Region of Interest (ROI) was chosen and further 
processing was done. 
 
 
 
 
 
 
 
Fig. 2: ROI in Frames. 
 

     
 
Fig. 3: Pixel Distribution in frames. 
 
 This distribution also shows where the object is assumed to be located. The x and y coordinate are the frame 
axes and the pixel values are from 0 to 255 as per gray scale. Themaxima differ for each frame and the 
difference in maxima between each frame is calculated using the vector as discussed previously.   
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II. Implementation and Results: 
 An optimized implementation of the algorithm was done to study the real time tracking and to know about 
its hardware feasibility. The hardware we consider for our study is SPARTEN 3E. 
 The Spartan-3E is a family of FPGA (Field Programmable Gate Arrays) which are designed to meet the 
needs of high volume and cost sensitive applications. It is a superior alternative to mask programmed ASIC 
because of its low initial cost, limited development cycles. Also FPGA programmability permits design 
upgrades in the field with no hardware replacement. Due to its low cost, this kind of FPGA is ideally suited for a 
wide range of consumer applications. 
 
Mean shift Implementation: 
 The target is considered to be moving throughout the scale of frames. The change in background due to 
lighting or other environmental conditions is restricted which leads to ease the implementation of the algorithm. 
The size of the kernel matrix is limited to a maximum of 32x32. In order to calculate the mean values, adder 
modules are involved that pushes some weight to the computation. 
 It also involves divider and square root modules to calculate the mean-shift vector. These modules greatly 
improve the performance of mean-shift to track the object accurately.  
 From Table I, it can be clearly seen that the algorithm is implemented with hardware which is halfway less 
than what was actually available. This certainly has eased the implementation of the algorithm even in battery 
operated and power saving wireless sensor node for tracking purposes. While each node has utilized only less 
power, the overall power hunger was reduced abruptly and hence the algorithm can be used even in remote 
inaccessible areas.  
 The timing constraints as in Table II, has its best case achievable to be 11.201 ns and the worst case slack is 
of 0.809 ns. The delay obtained from the report is 1.162 ns of which 63.7% is due to the logic and the remaining 
32.7% is from the routing process.  
 Figure 4 gives a visual idea regarding the minimum hardware utilization of the algorithm to be implemented 
in wireless sensor node.  
 
Conclusion And Future Work: 
 In this paper, an attempt was made to detect the object in hard-to-reach areas and the hardware necessary for 
that is also showcased. The algorithm works on fixed point computation with grayscale components and it 
effectively notices the position of the object in every frame. The implemented result also shows the minimum 
hardware utilization which makes it possible to be used in wireless sensor nodes. Since FPGA is reconfigurable, 
the system can also be further extended to meet higher constraints in the future.   
 Further, the algorithm can be made to work on higher frame size and can be designed to capture multiple 
objects. This task may take more hardware yet it still have the possibilities to be implemented in any type of 
FPGA. 
 
Table I: Post synthesis report. 

Logic Utilization Used Utilization 
Slices 773 31% 

Slice FFs 98 2% 
4 input LUTs 1294 26% 
Bonded IOBs 19 28% 
BUFGMUXs 1 4% 

 
Table II: Time and Delay report. 

Criteria 32 × 32 frame 
Execution Time 104.28 secs 

Delay 4.04 ns 
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Fig. 4: Area Utilization. 
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