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Abstract. In the process of target detection under complex background, the color of target
(foreground) is often similar to the color of the background which causes noise during background
updating, and the integrity of the target extracted from the image has been affected. In view of this
situation, an improved algorithm based on Kalman filter is proposed. The algorithm analyzes the
difference of background subtraction results in different channels of multiple color spaces, then the
mix-color space is built and the detection results of each channel in the mix-color space are
integrated. The background updating algorithm based on Kalman filter has been improved from the
update region and the updated background was closer to real background. The experiment results
show that under the complex background, the algorithm can remove the background noise
effectively with high accuracy and good applicability.
Introduction
In recent years, target detection has become a hot issue in computer vision. It has an extensive
application prospect in security monitoring and intelligent transportation.
There are 3 major common methods. Optical flow method [1], background difference method [2]
and frame difference method [3] are common algorithms of target detection. The moving objects
can be detected by Optical flow method without knowing any information of scene, but it is not
suitable for real-time processing. The inter-frame difference method has the performance of simple
implementation and low complexity, its disadvantages that it cannot extract the complete target.
Being sensitive to ambient noise is the shortcoming of frame difference, which is overcame by
background difference method. Compared with the optical flow method, the background difference
method has lower computational cost and lower noise sensitivity for the requirement of real-time
detection. The background cannot be immutable in the implementation of the background
difference method. Therefore, a background update model should be added to ensure that the
background image can change with the environment changes.
Jesse Scott et al. [4] proposed a background update algorithm based on Kalman filter which
estimates the changes of background in real-time and effectively reduce error of target detection. Ji
et al. [5] combine the motion area from four frame difference algorithm with moving target
determined by Surendra background difference method to get the moving area image, the real-time
background model can effectively established. That method can adapt to the sudden illumination
very well and determine the threshold quickly. As a result, the accuracy of target detection was
improved.
The background update algorithm is analyzed from different angles through above algorithms.
All of them have achieved good results, but they ignored the research on multiple color spaces
while focusing on a single color space. Compared with the single color space, multiple color spaces
have a larger amount of information.
Therefore, this paper detects targets in multiple color spaces and builds the mix-color space by
analyzing the complementarity of detection results in different channels. On this basis, an improved
background updating algorithm based on Kalman filter is proposed to deal with the problem that the
color of human body is similar to the background.

Copyright © 2016, the Authors. Published by Atlantis Press.
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

694

Advances in Intelligent Systems Research, volume 130

Proposed Algorithm
Background Difference Algorithm Based on Mix-color Space. In this paper, we use the
background difference method and the process of it can be presented by Eq. (1) in which I(i,j,k)
represents the image at time k, B(i,j,k)represents the background image at time k, I represents the
foreground image obtained by the background difference method.

I  i, j,k   I  i, j,k   B i, j,k 
(1)
The single-channel background difference results in mix-color space are integrated in this paper.
The mix-color space [6] is a color space obtained by reassembling three channels which have better
detection results than others. Color space is usually described by three relatively independent
channels where different channels can represent different color characteristic, detection results are
also different in different color space as a result [7]. RGB, HSV, YCbCr, YUV, etc. are widely used
currently. The re-combination in this paper refers that the three best channels detection results are
combined by OR operation. As shown in Eq. (2), where p represents the three best color channels in
mix-color space, I represents the foreground image which integrated by the detection results of the
three best channels.
3

I ( i, j,k )   I p ( i, j,k )

(2)

p 1

In order to analyze and compare the detection results of each color channel, the differential
operation between each channel and the corresponding channel of background image is calculated.
The mixed color space can be established with the three channels which can get a more complete
target after integrating by observing and analyzing the detection results.
Improvement Algorithm of Background Updating Based on Kalman Filter. This paper
assumes that the camera is stationary, human motion environment is not dramatic changes and the
human will not stay in the same position for a long time. In this case, the paper uses the median
method for background modeling [8].
Firstly, the foreground image of the initial frame is obtained by the background difference
method. In order to eliminate the influence of illumination and scene changes on the human body,
the background needs to be updated in real time. Background updating algorithm based on Kalman
filter [9] is applicable to situation that the changes of moving target is much larger than the
background and it often used to solve the problem of background updating. The slowly changing
background image is predicted by time-domain recursive of Kalman filtering theory, B(i,j,k+1) is
the result of the previous state prediction. The images were divided into two parts: the stationary
background and the foreground include the moving human body, and then a more accurate
background model can be built through weighted updating of the two parts.
However, the updated background images remain some of foreground images because of the
holes in the detected foreground regions. In this paper, the background algorithm of Kalman filter is
improved based on mix-color space and the background update region is adjusted. The background
and foreground integrated by the results of three channels in mix-color space are used to make a
recursive prediction and update the background to reduce background residual noise. The improved
algorithm is shown as follows.
B  i, j,k  1  B  i, j,k   g  k  *  I i, j,k   B i, j,k  
g  k    * 1  M  i, j,k     * M  i, j,k 

1
M p ( i, j,k )  
0

I  i, j,k   B  i, j,k   Th

(3)
(4)
(5)

otherwise

3

M ( i, j,k )   M p ( i, j,k )

(6)

p 1
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B (i,j,k+1)represents the background image at time k+1, α is the motion factor, β is the
background factor, and the adaptive parameters α and β follow the Gauss distributions. Th
represents the threshold value, and is obtained by OTSU algorithm. M (i,j,k) represents the value
integrated by the three color channels. The value obtained by M (i,j,k) is substituted into Eq. (3) and
(4), then the process of an improved background updating is made.
Compared with the traditional Kalman filter background updating algorithm, the improved
algorithm can eliminate the foreground noise in the background image.
Experimental Results
The experiment was done under VS 2010 and OpenCV2.4.9. The hardware environment is a PC
with 2.80GHz CPU, 2.00GB memory, Windows 7 Professional 32-bit operating system. In this
paper, CASIA gait database Dataset A was selected. This paper is based on the image sequences
which with 0 degree of the image plane. Five sequences (hy, zjg, ljg, rj, wl) of pictures were
selected for evaluation of the algorithm, which included the sequence that foreground color is close
to the background. The total number of the test images is 192; each size is 352 × 240.
Establishment of Mixed Color Space. In this paper, RGB, HSV and YCbCr are chosen to
analyze and establish mixed color space. In the process of the image sequence, the original image
comes from RGB and HSV, YCbCr format need a conversion.
The image frame and the background frame are decomposed into 9 color channels: R, G, B, H, S,
V, Y, Cb and Cr. Then the foreground region is obtained by background difference and binarization.
Fig.1 is a frame image where the color of its foreground is close to backgroundimage, Fig.3 shows
the experimental results of the image, in which the white area is the detected foreground area. It can
be seen from Fig. 3 that when the background and the foreground’s color are close, the
single-channel background difference method is difficult to get the complete information, but the
foreground target information obtained by different channels can be complementary.

Figure 1.

Original image

Figure 2.

Human detection result in mixed color space

(a)R channel (b) G channel (c) B channel (d) H channel (e) S channel (f) V channel

Figure 3.

(g) Y channel (h) Cb channel (i) Cr channel
Binarization of foreground area in each channel

From experimental images, it was found that G、S、Cr channels could be combined to achieve
complementary effects. Therefore, G, S, and Cr were chosen as three channels of mix-color space.
The results after mixing and morphological processing are shown in Fig. 2.
From the results above, we can see that a better test results can be obtained when the foreground
color is close to background. After the experiment with the test images whose total number was 192,
the results showed that the accuracy of the binary image compared with the real image was 91%.
Background Updating. In order to improve the effectiveness of the proposed algorithm, the
Kalman background update algorithm and the algorithm with excellent performance of reference [5]
were used to detect the test image and compare it with proposed algorithm. From Fig. 4 (b), (c) and
696

Advances in Intelligent Systems Research, volume 130

(d), we can see that when the moving target and the background color are very close, the algorithm
[5] is more effective than the Kalman background updating algorithm, but there was still some noise
on the updated background. And the update result of the proposed algorithm was more close to the
current background, and the residual noise was less than the former two algorithms.

(a) Original image

Figure 4.

(b)Kalman

(d)Proposed algorithm

(c)Reference [5]

Images comparison before and after improvement

The initial frame is regarded as the standard image so as to analyze the performance of
algorithms objectively. The SNR [10] of the updated background images based on Kalman filter,
the algorithm of reference [5] and the proposed algorithm in this paper compared with the standard
image are calculated respectively. The results are shown in Fig.5. The SNR of the improved
background images obtained by the proposed algorithm is obviously improved compared with the
background images based on Kalman filter, and is higher than those of the reference [5]. In order to
show the improvement of SNR clearly, average value of three algorithms are listed in Table 1. It
can be found that SNR of the algorithm in reference [5] and this paper are all improved, but the
SNR of the proposed algorithm is higher than that of the reference [5], which shows that the
proposed algorithm is more effective than the reference [5] and the quality of the background
images are improved.
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It can be seen that the algorithm proposed in this paper solves the problem that some points of
the foreground is misjudged as the background points when the background color is to the
foreground, and most of the foreground points remained in the updated background are reduced.
Good detection results can be reached by this background update algorithm in this paper when it is
used to detect objects with complex background. The algorithm has strong adaptability to the
external environment, low noise and high efficiency.
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Table 1

SNR Comparison of Different Algorithms

Image

Average SNR of

Average SNR of

Average SNR of

sequence

Kalman

reference[5]

proposed algorithm

hy

35.14dB

35.17dB

35.40dB

zjg

36.82dB

37.33dB

37.45dB

ljg

34.74dB

35.17dB

35.45dB

rj

35.11dB

35.06dB

35.42dB

wl

34.80dB

35.68dB

36.13dB

Summary
Combined with the classical mix-color space, an improved algorithm based on the Kalman
background updating algorithm is proposed in this paper, which solves the problem of background
noise when the foreground and background color are close to each other. This method inherits the
advantages of Kalman background updating algorithm which can update the background in real
time. Experimental results show that the proposed algorithm improves the accuracy of background
updating.
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