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Abstract—The CamShift is an adaptive version of Mean 
Shift algorithm. It has received wide attention as an efficient and 
robust method for object tracking. However, it is often 
distracted or interfered by the other larger objects with similar 
colors. This paper presents a novel tracking algorithm based on 
the mean shift framework. Unlike the CamShift, which uses the 
probability density image determined by the color feature, the 
proposed algorithm employs the probability density image 
derived from both color and shape features. Experimental 
results indicate the proposed algorithm improves robustness 
without sacrificing computational cost, as compared to the 
conventional CamShift algorithm.  

I. INTRODUCTION 

Object tracking is an important task in video processing 
and computer vision. It has wide applications such as video 
surveillance, human computer interaction, vehicle navigation, 
and intelligent transport system [1]. Several challengeable 
issues on the robustness of object tracking include 
illumination changes, occlusions, and distractions, etc. Real-
time processing is a fundamental requirement in object 
tracking.  However, robustness and processing efficiency are 
often conflict, and thus a compromise must be taken. Many 
methods have been presented to improve robustness and/or 
computational efficiency [2]-[6]. 

Among various tracking methods presented, the Mean Shift 
algorithm is a popular one due to its simplicity and efficiency. 
It is an iterative kernel-based deterministic procedure which 
converges to a local maximum of the measurement function 
[6]. Bradski [6] modified the Mean Shift and developed the 
Continuously Adaptive Mean Shift (CamShift) algorithm for 
face tracking. CamShift is an adaptive version of mean shift 
based on a probability density image obtained with a back 
projection method from the color histogram of the target. It 
has received wide attention recently as an efficient and robust 
method for object tracking. However, the conventional 
CamShift method still suffers from drawbacks such as 
distraction by similar color objects, interference of 
background, and occlusion. 

This paper presents a novel tracking algorithm based on the 
mean shift framework. Unlike the conventional CamShift 
algorithm, which uses the probability density image 
determined by color feature, our method calculates the 

probability density image from color and shape features of the 
target to be tracked. Using this density image, we can 
compute the moment features and then estimate the object 
center based on the zeroth order moment. Experiments 
indicate the proposed algorithm perform better than the 
conventional CamShift in distraction and interference. 

II. THE PROPOSED TRACKING ALGORITHM  

The main difference between the conventional CamShift 
and our algorithm is the derivation of the probability density 
image (probability map). In the conventional CamShift, the 
probability density image is obtained from the color 
histogram of the target model. However, our method designs 
a dominant color filter function based on the histogram of the 
target image to generate the object template, which implicitly 
includes the shape feature of the target. The dominant color 
filter function is also applied to the search window to generate 
a dominant color map. By matching the object template with 
each target candidate in the dominant color map, we obtain 
probability map. Using the probability map, we compute the 
moment features and then estimate the object center and 
object size based on the moments. The proposed tracking 
algorithm is summarized in Figure 1, and the detail 
procedures are described step by step in the following. 

 

Figure 1.  The block diagram of the proposed tracking 
algorithm 



Step 1 
Initially, a user manually chooses a target with size w × h 

to be tracked, which is referred to as object window. We then 
define a search window centered at the object window with 
size (s×w)×(s×h), where the scaling factor s is set to 1.3. 
 

Step 2  
Generate color histogram with N bins using the image 

pixels within the object window, as illustrated in Figure 2. 
The histogram denotes the color distribution of the object to 
be tracked. 

 

 
 

Figure 2.  Color histogram 
 

Step 3 
Define M (M<N) dominant colors and then design color 

filter function as 
 CFሺkሻ ൌ ቄ10   if k belongs to defined dominant െ color binsotherwise      ሺ1ሻ 

 
Figure 3 demonstrates the color filter function with M=2.  

 

 
 

Figure 3.  Binary color filter function 
 

Step 4 

Generate a binary object template by applying CF to the 
images pixels within the object window as 

 Oሺi, jሻ ൌ ൜1, ሺkሻܨܥ ݂݅ ൌ 1 for pixel xሺi, jሻ0, ሺ݇ሻܨܥ ݂݅ ൌ ,ሺ݅ݔ ݈݁ݔ݅ ݎ݂ 0 ݆ሻ                 ሺ2ሻ               

   
Note that O(i,j)=1 represents that the color of the pixel at (i,j) 
belongs to the defined dominant colors. The object template 
includes the implicit shape information of the target to be 
tracked, as demonstrated in Figure 4.  
 

 
Figure 4.  Tracking object template 

Step 5 
Generate a dominant color map by filtering the image in the 

search window using CF. The operation of this step is similar 
to Step 4. It is noted that the output dominant color map is 
also binary, as shown in Figure 5. 

 

 
Figure 5. Dominant color map of the search window 

Step 6 
Calculate a probability map by matching the object 

template with each candidate in the dominant color map. A 
candidate is a block with the same size as the object template, 
i.e., w ൈ h , taken from the dominant color map. The 
distance of neighboring candidates can be defined in advance. 
In our work, it is set to 10 for the consideration of 
computational efficiency.  

The matching between the object template O and a 
candidate block C is done with a simple binary comparison 
operation 



 SሺO, C ሻ ൌ ∑ Oሺi, jሻ ْ Cሺi, jሻ                                          (3) ْ    inversion of Exclusive OR   
      
The match probability map is obtained as         Pሺm, nሻ ൌ  SሺO,Cሻ୵ൈ୦                                    (4) 
               ሺm, nሻ   location of  a candidate    

Figure 6 shows an example of the probability map 
generated, in which different colors in the target circle 
represent different probability values. The center of the target 
has the largest probability value, and the regions which are far 
from the center have smaller probability. Since the distance of 
the neighboring candidates are 10, we copy the probability of 
a candidate to its neighboring pixels in the range of (-5 ~ +5) 
in x and y directions, respectively, and construct the 
probability map. 

 

 
 

Figure 6.  An example of probability map 

 Step 7 
Perform Mean Shift algorithm using the match probability 

map until convergence. Then we have the object center of the 
video frame. 

 

Step 8 
Update search window with the object center and then 

repeat Step 5 to Step 8 for the next frame. 

III. EXPERIMENTAL RESULTS 

The proposed tracking was applied to two video sequences. 
In our experiments, all videos are converted into HSV color 
space. Two types of features are conducted separately: H 
histogram and (H,S) histogram. They are quantized into 16 
bins and 16×16 bins, respectively. The number of dominant 
colors is set to 2.  

The first video sequence has 328 frames of 640×480. The 
tracking target is the left hand of a human, which moves 
randomly across the human face. As shown in Figure 7 (a)-(b), 
the tracking of hand with the conventional CamShift is 

distracted by the human face, and consequently loses track. 
However, Figure 7(c) indicates our algorithm can attack this 
drawback.  

The second video has 199 frames of 640×480, and the 
human head is the tracking target. In this scenario, a man who 
carries a box with color similar to tracking human face is 
moving from the one side to the other side. As shown in 
Figure 8(a)-(b), with CamShift, the search window size is 
affected by the box, and thus reducing tracking accuracy. 
Nevertheless, our algorithm keeps the same window size in 
the tracking process under the interference, as shown in 
Figure 8(c). 

From the experiments of the above two videos, we found 
that our algorithm can achieve satisfactory results with only H 
component. Thus we use H component only in this work for 
simplicity.  

IV. CONCLUSIONS  

This paper has presented a robust adaptive version of the 
Mean shift tracking algorithm. It derives the probability 
density image of a particular frame based on color and shape 
features. The implicit shape information of the region to be 
tracked is extracted with a novel dominant color filter 
function, which is derived from color histogram of the target 
to be tracked. Experimental results indicate our proposed 
algorithm offers better robustness than the conventional 
CamShift algorithm especially in distraction and interference. 
The robustness to occlusion and illumination change will be 
further investigated in the future. 
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Frame 1  Frame 92 Frame 131 Frame 259 

(a) CamShift with H histogram 
 

   
Frame 1  Frame 92 Frame 131 Frame 259 

(b) CamShift with (H,S) histogram 
 

 
Frame 1  Frame 92 Frame 131 Frame 259 

(c) Proposed algorithm with H histogram 
Figure 7. Comparison of proposed algorithm and conventional CamShift for hand tracking 



 

  
Frame 37 Frame 111 Frame 119 Frame 151 

(a) CamShift with H histogram
 

  
Frame 37 Frame 111 Frame 119 Frame 151 

(b) CamShift with (H,S) histogram 
 

   
Frame 37 Frame 111 Frame 119 Frame 151 

(c) Proposed algorithm with H histogram 
 

Figure 8.  Comparison of proposed algorithm and conventional CamShift for head tracking  
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