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Abstract - Object tracking is an important step used in many computer vision applications to track targets like vehicles, 

human, birds etc. in an environment. Object tracking is the technique which is used to track object from the image or 

from the video. The video consists of multiple frames and in each frame we find the location of that object. To find the 

location of the object technique of probability has been applied and this technique the location of the object is predicted 

based on the probability density which works well on single and multiple objects. In this paper, improvement has been 

proposed in probability based technique to track multiple objects from the video which uses a combination of particle 

filter , kalman filter and frame differencing method considering the issues like degeneracy, non-linearity, partial 

occlusion. In this proposed technique the object showing the maximum variation will be tracked automatically based on 

the movement of the object without human intervention. The proposed technique is implemented in MATLAB. We 

analyzed the difficulties in video object tracking and tried to overcome these with more accuracy and less computation 

time. The enhanced method has shown better results based on the selected object tracking parameters  
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I. INTRODUCTION  

Object Tracking has been an area of interest in many computer vision applications. It has been the building block of many high 

level video analysis applications like public and commercial security, smart data video mining, law enforcement, detect accidents, 

medical therapy and military security. Detecting the moving objects in a frame is an important task and forms the foundation on 

many high level applications. Many of the existing methods are able to track the objects in predefined environment and do not 

consider the problem of non-linearity and occlusion. Object tracking usually deals with non-stationary image sequences, target 

objects which change their position over time. In this paper an enhanced method based on particle filter is proposed for multiple 

objects tracking. In a tangled environment particle filter embedded with shape, color, texture and edges is an impressive method 

for tracking single and multiple objects in an image sequence. The active objects are handled by estimating the probabilities of all 

the active objects in the given time frame. Tracking multiple objects involves many challenges which do not exist in single object 

tracking. One of the main issues is appearance of new objects and disappearance of existing objects. Moving objects are typically 

the primary source of information, most methods focus on the detection of such objects.  

 

II. REVIEW OF LITERATURE 

In paper [1] the object-tracking algorithm using a combination of temporal differencing and template matching. Each object is 

classified and becomes the template. They used that template to track the corresponding object in the next frame. Template 

matching is guided by motion detection i.e. matching was be done at the old location of the object and also at the new motion 

regions in the current frame. In paper [2] they analyzed the state-of-the-art tracking methods, classified them into different 

categories, and identified new trends. In this survey, they categorized the tracking methods on the basis of the object and motion 

representations used, provided detailed descriptions of representative methods in each category, and examined their pros and 

cons. In paper [3] proposed a novel algorithm for automatic video object tracking based on a process of subtraction of successive 

frames, where the prediction of the direction of movement of the object being tracked was carried out by analyzing the changing 

areas generated as result of the object’s motion, specifically in regions of interest defined inside the object being tracked in both 

the current and the next frame. This moving region was displaced in the direction of the object’s motion predicted on the process 

of subtraction of successive frames. Paper [4]  presented a survey on object tracking on moving objects discussed the feature 

descriptors that are used in tracking to describe the appearance of objects which are being tracked as well as object detection 

techniques. In paper [6] a brief survey is presented of different object detection, object classification and object tracking 

algorithms available in the literature including analysis and comparative study of different techniques used for various stages of 

tracking. In paper[8] proposed an algorithm to track an object, moving with an unknown trajectory, within the camera’s field of 

view. To achieve this Kalman Filter (KF) was used for tracking and estimation because of its simplicity, optimality, tractability 

and robustness. In paper [9] a probabilistic object tracking model based on condensation algorithm is proposed. A novel object 

tracking algorithm based on particle filtering associate with population was used to track objects in synthetic frames and natural 

video frames. In paper [10]  a robust and real-time method for tracking objects is proposed based on Motion segmentation. 
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III. PARTICLE FILTER 

Particle filter also known as condensation algorithm is used in many computer vision applications especially for object tracking as 

it keeps the record of the state of the object based on the probability density over a given time. It is used for solving the non-

Gaussian and non-linear objects tracking problems. Particle filter has been used in image and video processing, weather 

forecasting, natural systems etc. Particle filter is based on the idea of the posterior probability density. Particle filter uses sequential 

Monte Carlo method to find the approximate Bayes probability. It enables to associate data for multiple object tracking and 

handles various uncertainties. In most of the video based object tracking problems our aim is to track the objects in a sequence of 

frames. To track the objects in real time we have to consider the problem of non-Gaussianity and non-linearity. To solve dynamic 

moving multiple object tracking we have to consider these two points. Particle filter is applied to many state models. 

 

 Particle filter has two steps  

1.) Prediction 

2.) Update 

 

 

 

                                                                                                       Observation 

 

                                          

 

 

 

                                                               Hidden state 

 

 

Figure1: Probabilistic model for tracking 

 

Prediction: Each particle xt
(i) evolves independently according to the state model, This prediction step yields an approximation of 

the prior probability density function: 

p(xt) ≈
𝟏 

𝑵
  ∑ 𝛿(

𝑁

𝑖=1
xt – xt

(i) ) 

 

Update: Each particle’s weight is evaluated based on the latest measurement according to the likelihood .The posterior 

probability density function at time t in the form of a discrete approximation can be expressed as 

p(xt|z1:t) ≈ ∑  𝛿(
𝑁

𝑖=1
xt – xt

(i) ) wt
(i) 

 

Degeneracy Problem: It is a hypothesis tracking method which calculates the posterior distribution using a set of weighted 

particles. Particles are weighted based on the likelihood and weight of each particle is updates based on the data associated and 

the observations from the current image frame. Weight disparity which leads to the weight collapse is a main problem 

encountered in the particle filter which can be solved using the resampling before the weights collapse. This problem is called 

degeneracy problem. In the resampling technique the particles with the minimum weights are discarded and new particles with 

higher weight in the likelihood are generated. The performance of the object tracking algorithm can be also improved by the 

proper choice of resampling method. Most common sampling techniques are importance sampling, stratified sampling, sequential 

importance resampling etc. 

 

Sequential importance resampling: In this paper we have used the sequential importance resampling technique as this is 

suitable for non-linear motion tracking and posterior probability estimation.  

Sequential Importance Sampling is a special case of Importance Sampling. Importance Sampling only works decently for 

moderate size problems. When performing importance sampling, it is quite common that all of the weight is attributed to only a 

very small subpart of the particles whereas they characterize the area of interest. Resampling allows to reallocate particles from 

low density regions into high density regions thus making a more optimal use of available particles which are used to track the 

objects in the given time frame. As the time index n increases, the variance of the not normalized weights {wn(X1:n
(i))} tend to 

increase and all the mass is concentrated on a few random samples or particles. We propose to reset the approximation by getting 

rid in a principled way of the particles with low weights Wn
(i) (relative to 1/N) and multiply the particles with high weights Wn

(i) 

(relative to 1/N). The main reason is that if a particle at time n has a low weight then typically it will still have a low weight at 

time n + 1. We want to focus our computational efforts on the promising parts of the space. 

IV. KALMAN FILTER 

Kalman filter is a successful linear optimal recursive estimator which is used to estimate the parameters of interest from the 

indirect, uncertain and inaccurate observations. Kalman filter processes the measurements as they arrive. The kalman filter 

reduces the mean square error in the estimation provided the noise is Gaussian. Kalman filter clears the estimates up to the state 

estimation level. The kalman filter framework is based on the prediction of process and correction of the prediction. It predicts the 

locations using a linear dynamic model. The steps used in kalman filter are given below: 

1.) State Prediction: At first the kalman filter makes a prediction sk for each step k  

Xt Xt+1 

Yt Yt+1 
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sk = Csk-1 + D uk 

 

Where sk-1 is the process state at step k-1 and C is the process transition and uk is the control vector. 

 

2.) Correction: After predicting the state at step k ,it corrects these prediction using the kalman gain . 

 

Kalman Gain: kalman filter calculates the kalman gain KG to correct the estimate sk. 

KG= Ak BT(BAkBT + Nk)-1 

 

Where Ak is the matrix converting state space into measurement state and N is the noise estimation used. 

After calculating the  kalman  gain and measurement from the current step the state is corrected . 

 

sk
- = sk + KG (Zk –Ask)  

V. METHODOLOGY 

The methodology used in the proposed algorithm can be summarized as follows: In the first step we extract the frames from the 

videos and then we detect the foreground objects from these frames to minimize the background effects .The foreground object is 

calculated by differentiating the foreground image and the current image. As a result we obtain the foreground image in the binary 

layer. The track is initialized in this step .In the next step we apply the particle filter in the minimized area obtained from the first 

step to calculate the posterior probability of the particles, each particle is assigned a weight and then the objects the predicted 

based on the particle set. The weight values are updated based on the information from the current frame. To obtain better and 

even particle sets we apply the sequential particle filter technique. The particle filter tracks the objects in the adjacent frames 

rapidly .To obtain the precise locations of the objects we apply the kalman filter in the last step. The estimations obtained by the 

particle filter are used as the input to the kalman filter and thus kalman filter is applied to the more corresponding valuable 

regions obtained by the particle filter. Kalman filtering gives complete recursive target location estimation through the processes 

of prediction of state and updating the measurement. The estimations obtained by the kalman filter in the last step are the final 

results. The experimental results how feasibility and effectiveness of the proposed algorithm. 

 

 

 

 
 

Figure2: Block diagram of the proposed method 

 

Performance Evaluation: In order to evaluate the performance of the algorithm three parameters are calculated based on the 

ground truth. A region matching procedure is adopted which allows to establish a correspondence between the detected objects 

and the ground truth. In ground truth association six cases can occur with the detected regions. Let us assume that we have N 

Extract frames Foreground Detection

Track intialisation

Particle filter

Sequential importance resampling

Predicted object location

Kalman FilerPrecise Object location
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ground truth regions and M detected regions. Under these conditions Ct is a N × M matrix. Let us define two auxiliary vectors 

L(i) and C(j) 

    L(i) =M∑ C(i, j)
𝑚

𝑗=1
                i ∈ {1,…….,N} 

C(j) =M∑ C(i, j)
𝑛

𝑖=1
                j ∈ {1,…….,M} 

 

1) Correct Detection: Correct detection is used to check that the detected region matches one and only one region. 

CD ∃i : L(i) = C(j) = 1 ∧ C(i,j) = 1 

 

2) False Alarm: The false alarm is used to check those detected regions which have no correspondence. 

FA ∃i : C(j) = 0 

 

3) Object Detection Rate: Object detection rate measure the rate at which the objects are tracked. The value of object 

detection rate should be between 0 and 1. Value closer to zero corresponds to poor detection rate and value close to 1 

represents a good detection technique 

ODR = 
1

𝐺𝑇
 ∑

𝐺𝑇𝑀

𝐺𝑇

𝐺𝑇

𝑔=0
 

 

VI. RESULTS AND DISCUSSION 

The proposed algorithm was used to track single and multiple objects in various frame sequences. According to the results 

obtained the proposed algorithm is successful to track single and multiple targets. The developed algorithm is efficient even in 

the presence of dynamic motion and partial occlusion. We have implemented the proposed algorithm in Matlab. The video 

datasets were obtained from PETS2004/2005 and video surveillance repository. The results obtained are for single object 

tracking are shown in figure 2 and results of multiple objects tracking are shown in Figure 3. With reference to results shown in 

[14]   Lehigh Omnidirectional Tracking System has achieved the best results Lehigh Omnidirectional Tracking System which 

is used to detect small non cooperative targets such as snipers only. In comparison with the results obtained by our enhanced 

non-linear probabilistic multiple target tracking method are better. 

 

Performance Parameters Existing Technique 

(LOTS) 

New Technique 

(EPBT) 

Correct Detection 91.2 94.6 

False Alarm 7.2 6.1 

Object Detection Rate - 0.94 

 

Table1: Performance evaluation 
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Figure 3: Single Object Tracking 
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Figure 4 : Multiple Object Tracking 

 

VII. CONCLUSION AND FUTURE SCOPE 

An enhanced technique based on probability using frame differencing, particle filter and kalman filter has been introduced in this 

paper. At first the efficiency of the developed method has been checked for single objects and then it is examined for multiple 

objects tracking. According to the results obtained the developed method tracks multiple objects with more accuracy and less 
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computation time. The probabilities are calculated using combined particle filter and kalman filter. The method is able to manage 

partial occlusion. The performance of the proposed probabilistic method is assessed based on the object tracking parameters. 

According to the results obtained the developed method is efficient and tracks the objects with more accuracy and less computation 

time. The probabilities are calculated using combined particle filter and kalman filter approach after track initialization using frame 

differencing method. This method is suitable for tracking object based on the motion of the objects and it is also able to track the 

objects showing non-linear motion and track the objects in case of partial occlusion. This work had concluded that combined 

particle filter and kalman filter approach has shown better results. Sequential importance resampling generates a better particle set 

as compared to the importance sampling. The probability based technique is more accurate and requires fewer computations. 
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