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Abstract: The result of motion object detection will be affected by illumination changes. This paper proposes a 
novel background model based on local texture feature, which is described by local binary pattern (LBP), and 
LBP is gray-insensitive. Every coming frame and background is converted into LBP at first. Foreground 
probabilistic frame is generated by operation of exclusive or current LBP and background’s LBP. It represents 
the probability of a pixel belonging to foreground. Then background can be updated adaptively and fast by 
foreground probabilistic frame. Experimental results demonstrate the effectiveness of the proposed approach in 
dealing with sudden illumination changes. It can relative precisely obtain moving objects and update 
background model quickly. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 

Moving object detection is an important research 
topic in the field of computer vision, it has been 
widely used in many areas, such as intelligent video 
surveillance, human-computer interaction, visual 
navigation. It is in the bottom of the entire video 
processing system, and it is the basis of a variety of 
subsequent advanced processing, such as target 
tracking, target classification, behavior recognition, 
scene understanding and so on. 

Current detection methods of the surface target 
commonly have light flow method, inter-frame 
difference, background modeling method in motion. 
there is computing capacity in optical flow method 
[1], and it is more sensitive to noise, there are high 
hardware requirements, timeliness and usefulness are 
poor, illumination changes can’t be handled, 
especially when there is the light mutation in scene, 

its effect is poor. Frame difference method [2] is the 
difference in time-domain, which is subtraction 
between two to three frame images with different 
moments, this method is very effective in dynamic 
scenarios, illumination changes can be handled 
slowly to a certain extent, when there is a sudden 
change in the light, it can’t effectively detect the 
target. Background modeling method is that moving 
targets are detected by a differential between current 
image and background image [3-6], the calculation 
speed is fast, a more complete characterization data 
can often be provided, but the background image 
with modeling is more sensitive to light changes, 
there will be a lot of pseudo-target point. As Cheng 
et al. [7] proposed a light-sensitive background 
model (ISBS), the algorithm illumination changes 
slowly with good results, but it can’t handle the 
situation of the light mutation. Hu et al. [8] built 
background modeling by the image histogram 
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gradient, there is certain robustness in illumination 
change, Toth et al. [9] introduced homomorphic 
filtering to reduce the influence of illumination 
change, Aach et al. [10] build a simple model by 
Bayesian theory, the sensitivity is reduced to light 
illumination change. 

Local Binary Pattern (LBP) was first proposed by 
Ojala et al. [11], the basic idea is that the gray value 
of the center pixel is set into threshold, compared the 
pixel points with its circular neighborhood, binary 
code is used to describe local texture, it is less 
susceptible to gray linear change of the whole image, 
when the gray of the image has uniform changes, the 
LBP texture feature is constant, and therefore LBP 
texture features has a gray-invariant. There is a 
simple calculation, classification capabilities are 
strong, the described texture feature extraction has a 
significant effect. 

This paper mainly researches that background 
modeling method can’t adapt to sudden changes in 
illumination, LBP texture features are insensitivity to 
light, the adaptive background update strategy is 
designed, in conditions of light sudden changes, LBP 
texture features have robustness, for maintaining 
background, and the prospect location and outline 
can be well positioned, a moving target detection 
algorithm is presented, which is robust to  
illumination changes. 

 
 

2. The Basic Framework 
 
LBP texture features are with gray invariance, a 

robust background illumination model is built. Firstly, 
the prospect probability plots are gotten by XOR of 
the current frame and the background frame LBP 
texture features, the current context is calculated for 
re-use of prospect probability plots, the initial target 
is obtained by a further difference, the moving target 
is gotten the initial target morphological processing, 
the algorithm processes is shown in Fig. 1. 

 
 

 
 

Fig. 1. Algorithm flowchart. 

3. Background Modeling 
 

3.1. LBP Texture Features 
 

LBP describes the image texture through the joint 
distribution of P pixels on the annular neighborhood 
of each pixel and its radius R. Wherein gc represents 
the gradation value of the local neighborhood center, 

( )1,,1,0 −= Ppgp   corresponds to a gray value of the P 

dividing points P on the ring with the radius R, which 
is different (P, R) in combination, LBP operator is 
not the same, Fig. 2 is three kinds of different LBP 
operator. 

 
 

 
 

Fig. 2. The annular symmetry neighborhood  
of different (P, R). 

 
 

In order to achieve gray invariance of this texture 
operator, the gray values of the P equal points 

( )1,,1,0 −= Ppg p   with annular neighborhood 

minus the center point gray value gc, joint 
distribution T is converted to 

 

( )cPccc gggggggtT −−−= −110 ,,,,   (1) 

 
Assume that gc and gP are each independent, 

Formula (1) is approximately decomposed into 
 

( ) ( )cPccc ggggggtgtT −−−≈ −110 ,,,   (2) 
 

In the Formula (2), ( )cgt  describe the gray 

distribution of the entire image, there is no impact on 
local texture distribution of the image, so the image 
texture features can be described by the joint 
distribution of the differential, i.e. 

 

( )cPcc ggggggtT −−−≈ −110 ,,,   (3) 
 

When the light additive changes of the image 
occur, the center pixel gray value and its ring 
neighboring pixel gray values generally do not 
change the relative size, i.e., gP - gc is not affected by 
light additive changes, therefore, sign function of 
difference between the central pixel and its 
neighborhood pixels can be used in place of specific 
numerical values, which can describe the  
image texture. 

 

( ) ( ) ( )( )cPcc ggsggsggstT −−−≈ −110 ,,,  , (4) 
 

where s is the sign function. 
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The results, which are obtained joint distribution 

T, are sorted by specific order on annular 
neighborhood pixels, which is constituting a 0/1 
sequence, by the counterclockwise sort in the paper, 
the right neighboring pixels of the center pixelas is as 

a starting point to calculate pixel, binomial factor p2  
is given for every ( )cp ggs − , the local spatial 

texture pixel may be represented as a unique decimal 
number, the decimal number is called LBPP, R 
number, which is reasons that the texture operator is 
referred to as local binary mode (Local Binary 
Pattern), LBPP, R number can be calculated by 
Formula (6). 
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p
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Specific LBP texture feature calculation process 

is shown in Fig. 3, the left side in Fig. 3 is the 
template of the threshold value, so that the 
neighboring pixels and the central pixel is compared, 
it is greater than 0, 1 is set, it is less than 0, it is set to 
0, which are obtained in Fig. 3, by counterclockwise, 
0/1 sequence constructor is sequence (10100101), the 
final corresponding decimal number (165) is 
calculated, LBP texture feature of the pixel value is 
165, LBP eigenvalue is found for each pixel in the 
image, LBP texture characteristic graph of an image 
is obtained, which are shown in Fig. 4.  

 
 

 
 

Fig. 3. Calculate the texture feature of the local binary 
pattern (P = 8, R = 2). 

 
 

 
Fig. 4. LBP texture feature map. 

Because LBP texture features at the edge are 
affected little by the neighborhood, these pixels of 
the image edges retain the original pixel gray value. 

 
 

3.2. Background Update Policy 
 
When illumination changes occur in moving 

target detection process, the background is constantly 
changing, so the target detection is good or bad, 
which often depends on whether the background 
update is accurate and timely, an accurate 
background model is built, which can effectively 
suppress illumination changes to bring on the impact 
in the target detection, the adaptive background 
updating strategy is proposed in this paper, when a 
new frame arrives, the background is updated by 
using Equation (7). 

 
( ) ( ) ( )( ) ( ) ( )( )yxByxIyxPyxByxB ttttt ,,,1,, 11 −− −−+=  (7) 
 

where ( )yxBt ,  represents background of the current 

frame, ( )yxBt ,1−  represents the previous frame 

background, ( )yxIt ,  represents the current frame, 

( )yxPt ,  represents the probability of the current 

foreground pixels, ( )yxB ,0
 is initialized with the 

first frame. 
 

( ) ( )( ) ( )( )( ) PyxBLBPyxILBPonesyxP ttt /,,, 1−⊕= (8) 
 

where ( )( )yxILBP t ,  is the characteristic graph of 

the current frame LBP texture, ( )( )yxBLBP t ,1−  

represents an LBP background texture feature map of 

previous frame, ( )xones  represents the number  

of 1 in the binary representation of x, P is the number 
of pixels on the neighborhood. According to LBP 
gray invariance, when certain pixel ( )yxIt ,  is a 

background, after XOR between ( )yxIt ,  and 

( )yxBt ,1− , the number of 1 is less, ( )yxPt ,  is small, 

whereas the number of 1 is large, ( )yxPt ,   

is large.  
According to Formula (7), when a pixel is 

background, ( )yxPt ,  is small, ( )yxBt ,  tends to 

( )yxIt , , the change of light can effectively 

suppressed, and the background is updated in the true 
background for a short time. When a pixel is 
foreground, ( )yxPt ,  is big, ( )yxBt ,  tends 

( )yxBt ,1− , the target can effectively detected.  
 
 

4. Moving Target Detection 
 

After generating the background model, to 
calculate the difference between background and the 
current frame. 
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( ) ( ) ( )yxByxIyx ttt ,,, −=Δ  (9) 

 
When ( )yxt ,Δ  is greater than the threshold 

value ( )yxTt , , the pixel is the prospect otherwise it 

is considered to be the background, ( )yxT ,0
 is 

initialized to 20, ( )yxTt ,  uses the update strategy in 

the literature [7]. 
 

( ) ( ) ( ) ( )
( ) ( ) ( )
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Since this algorithm is based on texture features, 

when the background textures and the foreground 
texture are similar, the detected target will be many 
voids. For this case, after obtaining prospects, but 
also the prospects are needed for further processing, 
voids are eliminated. In this paper, morphological 
operations are used, the first operation is to expand 
target, and then the operation is etching target, voids 
can be eliminated to some extent. 

 
 
5. Experimental Results and Analysis 

 
To verify the effectiveness of the proposed 

algorithm, the three video sequences are selected to 
validate the algorithm, they are intelligent_room (IR), 
LightSwitch (LS) and TimeOfDay (TD). In Fig. 5, 
the first line is the video sequence IR, since there is 
the mirror-scene, when the target approaches the 
mirror, light localized mutations are caused. The 
second line is the video sequence LS, in a scene, due 
to light with cover, and the lamp suddenly is opened 
and closed, the illumination mutations are caused. 
The third line is the video sequence TD, a fixed value 
is artificially increased for the gray value of each 
pixel of a frame, the overall rate of mutation is 
caused by illumination, the gradation increments are 
selected into 7 in the herein experiments. 

 
 

 
 

Fig. 5. The simulation results were compared. 
 
 
The first column is the first image of video 

sequence, the second column is the illumination 
change video frame, 92th frame of IR section is 
selected, LS' 802th frame is selected, TD' 4737th 

frame is selected, the third column is the test results 
of GMM algorithm [4], the fourth column is the 
detection result of ISBS algorithm [7], the detection 
result of the algorithm in this paper is in the fifth 
column, the sixth column is the true background. 

The main hardware environment for experiments 
in this article: Intel Core (TM) 2 Duo CPU 
(2.00 GHz), DDR-2.00G RAM, NVIDA GeForce 
405 graphics card, a video sequence size is 160×120, 
processing speed is 8.9 / s. 

As can be seen from the above results, the 
proposed algorithm is robust to illumination. In the 
first experiment, the partial illumination mutation, 
which mirror caused, has been effectively suppressed, 
while the enhanced light in the reflector is false 
detected into the prospects in GMM and ISBS 
algorithm. In the second experiment, because the 
target has a shielding effect of the light, which results 
in illumination mutation, a large area of the target are 
detected by GMM and ISBS, while the use of this 
algorithm has a gray-invariant with LBP texture 
features, the target can be detected better. In the third 
experiment, the mutational effects of light are 
artificially increased, the background can be not 
updated in GMM and ISBS algorithms, the not target 
scene is detected to become a target, which results in 
false detection, and the detection of our algorithm 
have better results. You can also learn from the 
experiment, by our algorithm, the mutations, which 
are caused by background illumination, are updated 
soon, because the background updating strategy in 
this article is to allow every updated background be 
as close to the real background. 

 
 

6. Conclusions and Outlook 
 
This paper studies the moving object detection 

under illumination changes, the gray invariance of 
LBP texture features is used, a new background 
updating algorithm is proposed, the LBP texture 
features XOR between the current frame and the 
background frame is firstly used to get prospects 
probability plots, the current context is calculated by 
re-use of prospect probability plots, the prospects are 
gotten by further differential. By comparison with 
other algorithms experiments, the robustness of the 
algorithm is verified for illumination, the algorithm 
has a very good performance for partial illumination 
mutation and the overall lighting mutation. Dealing 
reflected light and shadows with complex 
background will be the direction of future research. 
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