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Abstract— Object tracking is one of the best application for spatio-temporal video segmentation. The target object is 
segmentation space time using proper feature selection. The proposed particle filter based tracking method use colour feature 
to distinguish target object from scene. The Hardware architecture is implemented on Xilinx Zed board (xc7z020) 
development platform. 
 
Index Terms— FPGA, Particle Filter, Object Tracking, Video Segmentation. 
 
I. INTRODUCTION 
 
Object tracking is the demanding research area in the 
domain of computer vision. It has vast applications 
like video surveillance, traffic monitoring and 
automation. The particle filter is the statistical method 
which approximates recursively the sequence of 
posterior probability. The posterior probability is 
associated to the state-space dynamic model. It use 
finite set of weighted samples known as particles. 
The proposed work consist of: 
 Implementation of SIR (Sampling Importance 

Resampling) Particle Filter algorithm. 
 Application of resampling operation on every 

frame of the real time video. 
 Interfacing of CMOS camera module to FPGA 

board. 
 Hardware implementation of object tracking 

system in VHDL using Xilinx 14.2 software. 
 
II. PARTICLE FILTER ALGORITHM 

 
The sampling step of Sampling Importance 
Resampling (SIR) Particle Filter algorithm considers 
the samples from predefined distribution model. The 
individual weight is obtained from the likelihood 
computation. The likelihood is defined as the 
similarity between the prior knowledge of object and 
sampled values. In this case colour of the object is 
used as prior, thus used to derive importance 
function. The weight is account for the fact that, 
generally the proposed distribution is not equal to the 
true distribution. In resampling step the particles with 
lower importance weight is replaced by the samples 
with higher weight. This step is necessary since only 
finite number of particles are used to approximate a 
continuous distribution. Thus resampling allows 
application of particle filter in situations in which true 
distribution differs from the proposed or predicted 
distribution. The dynamic model with randomness 
spread the particles. This step generate updated set of 
particles. The prediction step is follows the particle 
update step and process repeats. Figure 1 shows the 
visualization of Sampling Importance Resampling 
Particle Filter. 

 
Figure 1:  Visualization of SIR Particle Filter Algorithm. 

 
The importance weight computation is performed 
using likelihood estimation for different sampling 
locations. The likelihood estimation depends upon 
conditional probability of measurement function 
zkgiven the sampling location xkas shown in Eq. 1. 

																	푃(풛 |풙 ) =
√  

푒 (풛 풛 )     (1) 
 

Here the measurement implies RGB vale of the pixel. 
 

The weight computation is performed using Eq. 2. 
w = 푒 ( ( ) max( ))                           (2) 

The particle get updated using dynamic model and 
random sampling as in Eq. 3 
풙 = 퐹  풙 +  푣   (3) 
Here Fk represents Jacobian update move. 

 
III. SYSTEM DESIGN 
 
Figure 2 shows the block diagram of system for 
object tracking in video using particle filter 
algorithm. 
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Fig. 2 Block Diagram of Object Tracking System 

 
(1)Input video: The camera provide real time video 
as the input to the Zed board. The VHDL code for 
camera interfacing with Zed board is used to program 
the Device Control registers of OV7670 camera.  
(2)Initialize Image Sampling Locations: The initial 
image sampling locations are considered only for first 
frame and for subsequent frames updated locations 
are used. With respect to 256	× 	256 image 
resolution, total 64 regions of the image are 
considered. The X and Y co-ordinates of center pixel 
of these regions and dimension of the regions defines 
state-space model.  
(3)Frame Buffer: The image captured from camera 
is stored in memory of size 2 × 24 . The memory 
stores RGB values corresponding to 256	 × 	256 
pixel locations of image. The RGB565 data input 
format is chosen to capture image using camera such 
that Red and Blue colour components are represented 
by 5 bits, while Green colour component is 
represented by 6 bits. For each colour 8 bits are 
allotted in frame buffer. Thus, three ‘1’s for Red and 
Blue and two ‘1s’ for Green are concatenated as least 
significant bits to convert RGB565 format to 
RGB888 format. This 24 bit data is stored in frame 
buffer. The RGB values corresponds to pixels at the 
sample location are considered for further 
computation. Thus RGB values of total 64 pixels are 
required for computation on every frame. These 64 
pixels are termed as the particles. 
(4)Likelihood Estimation: The statistical approach 
is used for likelihood estimation. The likelihood is 
defined as the similarity between the prior knowledge 
of object and sampled values. In this case colour of 
the object is used as prior, thus used to derive 
importance function. The likelihood function 
represents conditional probability of measurement for 

given particle location. The measurement implies the 
pixel value representing RGB components. 
(5)Weight Computation: The individual weight is 
obtained from the likelihood computation. The value 
of weight is more for the particles which lies on the 
target object. The weights are normalized and 
cumulative sum is calculated. Cumulative sum 
produce monotonically increasing values. 
(6)Particle Resampling: In resampling step the 
particles with lower importance weight is replaced by 
the samples with higher weight. This step is 
necessary since only finite number of particles are 
used to approximate a continuous distribution. Thus 
resampling allows application of particle filter in 
situations in which true distribution differs from the 
proposed or predicted distribution. The resampling 
step modifies the state space model, such that it 
contains multiple copies of particles which track the 
object. The array of state space model of resampled 
particles is used for computation of centre estimation 
of the target object. The arithmetic mean of  X and Y 
co-ordinates represent estimated centre of the target 
object. 
(7)Particle Update: The particles gets updated by 
random sampling around tracked position of the 
object using the dynamic model. The particles which 
were concentrated on tracked object gets dispersed by 
drift of the value which equals width and height 
parameter. The randomness is introduced in both 
coordinates and dimension parameter. This module 
predict the location of tracked object in subsequent 
frames. The prediction step is corrected by using the 
measurement step and the process repeats for all the 
frames. 
 (8)VGA Frame Buffer: The Zed board has 12-bit 
colour output such as 4 bits each for Red, Green and 
Blue colour. The input frame buffer contains 8 bit 
colour component. So, 4 most significant bits of each 
colour components are accessed for VGA frame 
buffer.  
(9)Monitor: The output video is displayed on 
monitor by connecting VGA cable to Zed board. The 
VGA connector has five active signals for (horizontal 
/vertical) synchronization and colour (RGB) signal 
control. By changing the analog levels of the three 
RGB signals all other colours are produced. 

 
IV. SIMULATION AND EXPERIMENTAL 
RESULT 
 
The object tracking results are obtained in single 
colour and multiple colour environment. 
 
The results proves the ability of design to distinguish 
and track target colour in multicolour 
environment.The region around estimated center of 
detected object is shown by Pink or Blue colour 
whose dimension is 14	 × 14. 
The object having Blue colour  is tracked by selecting 
the Dist vector according to colour as shown in Fig.3. 
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Fig. 3 Tracking Results of Blue Object 

 
The White object is tracked among White, Red, 
Green and Blue objects as shown in Fig.4. 
 

 
Fig. 4 Tracking Results of White Object in Multicolour 

Environment 
 

CONCLUSION 
 
The performance improvement is achieved with the 
use of on-chip resources. The system is implemented 
on Zed board development platform. The algorithm is 
optimised employing look up table method for 
resampling stage. This architecture is designed in 
VHDL for parallel and pipelined computation using 
limited on board FPGA resources. 
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