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Abstract

In this paper, we propose the object tracking method 
based on color histograms and particle filtering. Particle 
filtering is a time series filter for estimating a state using 
probabilistic approach. Unlike deterministic approach 
such as template matching algorithm, it is more robust to 
occlusion or clutter because of its having many hypothe-
ses. Moreover, color histograms are robust to partial 
occlusion, scale invariant and computational efficient. 
However, histogram has no spatial information. To solve 
this, multi-part histogram which has color histograms 
divided into sub-regions has been proposed in the past. 
However, multi-part histogram also has a disadvantage 
of no working in tracking an object having plain color. 
Therefore, we propose the adaptive target color repre-
sentation by determining to use which multi-part color 
histogram or single-part color histogram in initializing a 
target. Our tracking method successfully tracks an object 
having multi-color or plain color on video sequences in 
outdoor scene.  

1. Instructions

Object tracking is an important task for many vision 

applications such as visual servoing, surveillance, hu-

man-computer interfaces, or compression, etc.  

One of the important parts for object tracking is ob-

ject’s model describing its appearance such as contours, 

appearance template, or other features. We use a method 

based on color distributions. Color distributions are ro-

bust to partial occlusion, rotation, scale invariant and 

have a low computational cost. Object tracking methods 

using color distributions have been proposed by other 

researchers in the past. Some of them are based on de-

terministic approach. Others are based on probabilistic   

approach. Deterministic approaches are proposed by 

Bradski (“Camshift” in [2]) and by Comaniciu et al 

(“Meanshift” in [3]). These techniques are based on 

searching a region whose color content best matches a 

reference color model. The search is deterministic. This 

deterministic search might run into problems in case of 

clutter or occlusions. In contrast, probabilistic ap-

proaches using particle filtering (or Condensation) [1]

can solve these problems. Particle filtering has proven to 

be efficient and reliable in case of clutter and occlusions 

in visual tracking. These tracking methods based on 

color distributions expressed by color histograms and 

particle filtering [4], [5] successfully track an object in 

cases of clutters and occlusions. However, these tracking 

methods might fail to track an object when another ob-

ject whose color histograms are similar to the object to 

track is nearby. To solve this, other methods in [5], [6]

propose multi-part color histogram. Multi-part histogram 

is color histograms divided into sub-regions (such as 

Figure 1 (b)). The tracking method in [5] proposes 

multi-part histogram and particle filtering. In [6], several 

tracking methods (particle filtering, Meanshift, and so 

on) are combined with multi-part color histogram. These 

results in [5], [6] show that multi-part histogram is more 

robust than single-part histogram because of using ob-

ject’s spatial information. However, we find that it is less 

robust when object’s color is plain because of using no 

spatial information. 

In this paper, we propose the object tracking method 

using the adaptive target color representation and particle 

filtering. The adaptive target color representation is 

based on multi-part histogram and single-part histogram. 

We use the determination to use which multi-part histo-

gram or single-part histogram. This could solve the 

problem of multi-part histogram and single-part histo-

gram above. Furthermore, to combine the adaptive target 

color representation with particle filtering, our tracking 

method is robust in cases of clutter and occlusions.  

The outline of this paper is as follows. In Section 2,

we describe our tracking method in detail. In Section 3,

we show and discuss the performance of our tracking 

method on several video sequences in outdoor scene. 

Finally, we summarize our conclusions. 

2. Tracking by the adaptive target color 

representation with particle filtering 

In this section, we propose our object tracking method 

in detail. Our method tracks the rectangular region cov-

ering the object set by a user in initializing step. We 

introduce a target’s color model and how to combine the 

adaptive color model and particle filtering as follows. 

2.1. Color model 

We use color distributions as tracking object’s features. 

The color distributions are expressed by color histograms 

discretized bins. Color histograms have advantage of 

robustness against object deformation and partial occlu-

sion. We calculate color histograms in Luv color space to 

decouple chromatic information from shading effects. 

Color histograms are composed of a 1-dimensioal L his-

togram with bins and a 2-dimensional uv histogram 

with bins. Therefore, total bins of color histograms 
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are . We determine the color histograms in a 

rectangular region and describe the color histograms 

as .
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mmm

mu

up
,,1

p

To calculate a similarity between candidate color his-

tograms and the reference histogram, we therefore need a 

similarity measure on color histograms. A commonly 

used measure is based on the Bhattacharyya coefficient 

[7]. The distance between two bins normalized histo-

gram  and 
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When two normalized histograms are a perfect match, 

we obtain .0d

 Generally, a region to calculate histogram is represented 

as Figure 1 (a). The histogram calculated by this region 

has no spatial information. This can be a problem in 

tracking a color object because a spatial layout of target 

is beneficial. Therefore, we use a multi-part color histo-

gram [5], [6]. This is a color histogram divided into 

sub-regions. We choose a multi-part histogram divided 

into two sub-regions as Figure 1 (b), because multi-part 

histogram has advantage of spatial color layout such as a 

human (e.g. one’s colors of the shirt and trousers).  

 Hence the distance between two multi-part histo-

grams ,  is calculated using the 

average of the Bhattacharyya distance (in equation (1)) 

as
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where and are i-th sub-region histogram shown as 

Figure.1 (b) respectively, and is calculated by 

equation (1). 
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Figure 1.  Histogram representations. 

2.2. Combine adaptive target color representa-

tion and particle filtering 

To track an object, we estimate an object’s state at

time . We define the object’s state at time as

t
s

t t

tttt
scaleyx ,,s       (3) 

where , specify the center of the rectangular region 

and is the size of the rectangular region at time .

We use particle filtering to estimate the object’s state. 

t
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Particle filtering (or Condensation) [1] is a time series 

filter for estimating a state. It was originally developed to 

track objects in clutter. The idea of particle filtering is to 

approximate the probability distributions of a state by a 

weighted sample set. The sample set at time can be 

written as , where is the object’s 

state defined above, 
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is its weight, and represents 

the number of samples. The sample set is propagated by 

a system model. Then, the new generated sample set is 

weighted in terms of the observations, and the mean 

state
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Thus, particle filtering generates a new sample set at 

each step, we obtain estimated an object’s state. 

We apply particle filtering to our tracking method. The 

key elements of a tracker using particle filtering are 

propagation using a system model and observation of a 

sample set.  

We choose random walk as a system model. The rea-

son we use this system model is that we assume various 

situations in case of occurring occlusion, clutters, or tar-

get appearance change by a moving camera. The 

situation such as an image form a moving camera does 

not apply a first order model [4], [5] to a system model.         

Random walk is represented as 

11 ttt
wss   (5) 

where is a system noise. We use the uniform distri-

bution which has zero mean as a system noise . We 

define that the range of the uniform distribution is

changed by the rectangular region size covering the ob-

ject. When the rectangular region size is large, the 

velocity of the rectangular region on image is high, oth-

erwise it is low. Therefore, the range of the uniform 

distribution is described as below. 
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Where, and are the range of the center
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t
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rectangular region respectively, is the range of the 

rectangular size at time , and are the 

width, height of the rectangular at time  respectively, 

and , are parameters. Thus, to predict the state of the 

sample set, each sample is propagated by equation (5).  
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To weight the sample set, we use color histograms as 

observation. Observation accuracy depends on tracking 

object’s features. As we describe multi-part histogram 

above, it is more robust than single-part histogram. 

However, multi-part histogram has a disadvantage which 

is less robust than single-part histogram when object’s 

color is plain. This disadvantage is shown in Section 3 in 

detail. Hence, we use multi-part color histogram and 

single-part color histogram adaptively when a user sets 

the object in initializing step. Determination to use which 

multi-part color histogram or single-part color histogram 

is described as 

Td
21

,pp   (7) 

where and are sub-region histograms of multi-part 

histogram represented by Figure 1 (b), 

1
p

2
p

,d  is the 

Bhattacharyya coefficient in equation (1), and is a 

threshold of determination. According to (7), our method 
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could track an object having the relative position of col-

ors or not (See in Section 3). To weight each sample of 

the set, we calculate the Bhattacharyya coefficient . We 

assume that the sample set’s weight distribution is Gaus-

sian, and as color distributions of samples is similar to 

the reference color distribution ( d is small), the samples 

have large weights. Therefore, each sample weight is 

calculated as Gaussian with variance

d

by equation be-

low. 
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          (8)  

Next, to obtain the object’s state, we calculate the 

mean state of the sample set by equation (4). 
t

E s

  Finally, we select the new sample set from the sample 

set. This is called re-sampling. Re-sampling ensure the 

accuracy of the probability distribution of the state. Its 

technique is that the higher the weight of a sample, the 

more likely it is to be duplicated, in contrast the lower 

the weight, the more likely it is to be eliminated. We use 

re-sampling algorithm described in [1]. See [1] for de-

tails. We show our tracking procedure in Figure 2.  

Initializing 

(1) select an object to track by rectangular region 

(2) calculate sub-regions (in Figure 1 (b) )color his-

tograms p and in the rectangular region 
1 2

(3) detect to use which multi-part color histogram 

or single-part color histogram by equation (7) 

if this equation is fulfilled, the flag is equal to 1 

p

(4) calculate the reference histogram p

 if the flag is equal to 1, calculate multi-part 

color histogram 

 else, calculate single-part color histogram 
mu

uu pp
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Tracking 

   Given the sample set Nii

t

i

t
1,

11
s and the 

reference histogram p . Color distributions of each 

sample and their Bhattacharyya coefficient are 

obeyed as follows, 

d

If the flag is equal to 1, they are calculated as 

multi-part color histogram, and is calculated by 

equation (2), 

d

else, they are calculated as single-part color histogram 

and d is calculated by equation (1). 

(1) propagate each sample from the sample 

set by equation (5) 

i

t
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(2) calculate each sample weight 
i

t

(a) calculate color distributions of each sample
i

t
s

(b) calculate the Bhattacharyya coefficient for 

each sample

d
i

t
s

(c) weight each sample
i

t
s by equation (8) 

(3) estimate the mean object state by equation (4) 

(4) select next new samples

from the sample set 
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(5) repeat (1) ~ (4) during tracking object 

Figure 2.  Object tracking procedure. 

3. Experiments

In this section, we evaluate our proposed method. We 
first show need of the determination to use which 
multi-part histogram or single-part histogram on video 
sequences in outdoor scene. Then, we present the ex-
perimental results of our proposed method on these video 
sequences in outdoor scene.  

In experiments, we use eight video sequences under 

different conditions in outdoor scene. In Sequence 1-4, a 

walking person is captured by a moving camera. These 

Sequences include target appearance changes and back-

ground changes rapidly. In Sequence 5-8 walking 

persons are captured by a fixed camera. These Sequences 

include background clutters and target’s occlusion. Fur-

thermore, in Sequence 1, 2, 5, and 6, the target has the 

relative position of colors of the shirt and trousers. In 

Sequences 3, 4, 7, and 8, the target has plain color. The 

image size of these video sequences is 480640 . The 

experiments are implemented using a Windows PC with 

Intel Pentium4 3.0 GHz and 1.0 GB memory RAM.  

The parameters are the same for all test video se-

quences. They are described as follows. The bins of L 

histogram are 10
L

m , the bins of uv histogram 

are 1010
uv

m . Total bins are 110
uvL

mmm . The 

numbers of the sample set are . System noise 

parameters in equation (6) are respectively ,

200N

3a 10b .

The variance to weight each sample in equation (8) 

is 1.0 . The threshold of determination to use 

multi-part histogram in equation (7) is .4.0T

The results are shown in Table 1. Table 1 shows the 

performance of tracking an object using single-part color 

histogram, multi-part color histogram, and our proposed 

method (the adaptive target color representations based 

on multi-part or single part color histogram) with particle 

filtering on eight video sequences.  

First, we exhibit need of the determination to use 

which multi-part histogram or single-part histogram 

shown in Section 2.2. According to Table 1 using sin-

gle-part histogram and multi-part histogram, we found 

that an advantage and a disadvantage of multi-part histo-

gram. The advantage is that multi-part histogram is more 

robust than single-part histogram in video sequences 

except for Sequence 3, 4, 7, and 8 (object’ color is plain). 

These results show that multi-part histogram is more 

robust than single-part histogram because of using spa-

tial information. In the other hand, the disadvantage is 

that the performance using multi-part histogram is less 

than that of using single-part histogram when the object’s 

color is plain (such as Sequence 3, 4, 7, and 8). Therefore, 

a tracker using multi-part histogram is inferior to one 

using single-part histogram in tracking a plain color ob-

ject. Furthermore, in experiments, the average computing 

time of multi-part histogram takes 10 milliseconds more 

than that of single-part histogram. This shows that sin-

gle-part histogram is beneficial when object’s color is 

plain, because one’s computing time is no more than that 

of multipart histogram even though one’s performance is 

equal to that of multi-part histogram. Thus, we propose 

the adaptive target color representation based on 

multi-part histogram and single-part histogram. 
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4. Conclusion

We propose the object tracking method based on the 

adaptive target color representation based on multi-part 

color histogram and single-part color histogram and par-

ticle filtering. We show the advantage of robustness and 

the disadvantage of multi-part histogram on video se-

quences in outdoor scene. The advantage is that it is 

more robust than single-part histogram using its spatial 

information. The disadvantage is that it is less robust 

than single-part histogram when object’s color is plain 

because of no spatial information. Therefore, we propose 

the tracking method using multi-part color histogram and 

single-part color histogram. In initializing an object to 

track, our tracking method determinates to use which 

multi-part histogram or single-part histogram. Further-

more, by combining the adaptive color representation 

and particle filtering, our proposed tracker could track an 

object in cases of clutters or occlusion. In experiments, 

our tracking method successfully tracks the object hav-

ing multi-color (e.g. relative position of the shirt and 

trousers) or plain color on video sequences in cases of 

target’s appearance change or occlusion.  

Future work includes using an object’s other features 

(e.g. edge). We are planning to combine color informa-

tion and other features to solve the problem that a color 

distributions based tracker is poor if a similar looking 

object is nearby. 

Then, we evaluate the performance of our proposed 

tracking method. According to Table 1, our proposed 

method can track an object which has the relative posi-

tion of colors (e.g. the shirt and trousers) or plain color 

by selecting multi-part or single-part color histogram 

adaptively. Thus, our proposed method can solve the 

problems of multi-part histogram and single-part histo-

gram. The tracking results using our proposed method 

are showed in Figure 3 and 4. Figure 3 and 4 shows 

tracking results of Sequence 2 and 6 respectively. In Se-

quence 2, the person’s appearance changes by a moving 

camera. In Sequence 6, the person is walking in case of 

occlusion and clutters. Our tracking method successfully 

tracks the object in case of these severe situations.  

Table 1. Comparison of tracking accuracy results 

for different target representations. 

Sequence
Numbers of frames 

of tracking successfully 

No
Total 

frames 
Single-part Multi-part 

proposed 

method 

1 788 736 788 788 

2 534 346 534 534 

3 1315 1315 1315 1315 

4 1308 1308 815 1308 

5 300 171 300 300 

6 269 158 269 269 

7 377 337 336 337 

8 229 229 229 229 Acknowledgments 
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