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Abstract

In traffic video, background differencing is frequently applied for dete ing

vehicles. Therefore, background extraction is a key technology in traffic flo (a?agtectlon

system. In this paper, the way of modeling for background with single C% model is

introduced, and a simple experimental system for the bac dextra% affic video is
c

designed and realized. Furthermore, defects of Gaussia ra application are
improved.
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1. Introduction O

With the rapid development of % nd rising living standard, video
surveillance is widely applied in dai e At the‘& eginning, video surveillance was only

applied in some key departmen banks lic security bureaus, etc. while at present,
video surveillance has alrea n qune n, especially in the traffic road system, it

seems that the monitoringsspreads aII crossroads of each street. However, at first,
when more and more ring mfor on is achieved, it is difficult for the monitoring
personnel to proc onltorl V|deo information at a certain moment. Secondly, the
monitoring perso |deo information constantly, which may have a great
impact on t a h. Th|r I g -term employment of these monitoring members may
bring in a ost. T , aiming at the existing problems of video monitoring, the
intelligent video surveﬂ% IS put forward, and it mainly consists of two parts: front part and

of the front part is imaging, while the rear part is computing. The

it may predict eXisting danger according to the judgment of vehicle violation, the motion trail
vehicCles in complicated traffic environment. Later, it will send prompt message
ring personnel according to the specific conditions, and it may alarm for some
ses, which will get the video monitoring personnel to process specific problems
ith the constant soaring of video monitoring data, the intelligent video surveillance
lace of most manual work, posing a huge positive influence on the timeliness and
effeCtiveness of the video monitoring system. Besides, it also saves substantial human power,
and in long-term sense, it reduces the economic cost.

When the intelligent video surveillance is applied in traffic, it turns to be intelligent
transportation system, in which the extraction of moving target from traffic video sequence is
one of the most critical steps. Furthermore, background extraction is also the foundation of
motion detection, and the difference between the current image and background image will be
applied for expressing the moving targets. With this method, it can achieve plenty of traffic
information. Such system usually detects the moving vehicles with background differencing.

rear part. The main f(&
intelligent video & nce mainly extracts sensitive information in each scene, for instance,
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Consequently, background extraction is also one of the most crucial technologies in the traffic
flow video detection system.

At first, modeling of background shall be carried out for background extraction. The key
steps of background modeling are to detect the moving targets by aiming at the current
background frames. Binary classification can be employed for solving this problem, namely
each pixel dot is divided as the background pixel dot or the foreground pixel dot, and then it
will be processed for obtaining the required results.

Generally, the scene with no moving targets is captured in background image acquisition,
but it cannot realize the self-adaption, and it can only be applied for the short-time monitoring.
Furthermore, it cannot be applied in the background modeling of intelligent monitoring
system. Many scholars of this field attempt to construct background model satisfying the
conditions with a lot of information. For instance, the top-layer extraction result is taken as
the feedback result of background estimation for judging if these pixel dots are in the
background part or moving foreground, thus to solve the binary classification problemp.

In the research field of digital image processing, the target segmentation and %e};“n of

igh fr

—r

digital image is a significant research hotspot, for it has attracted extensive om the

researchers in the pattern recognition, computer vision, digital image prqcéssing, etc. and it

has a wide application range. With the intensive stu the tar

extraction of digital image, it will certainly drive th -term,_dev

recognition, computer vision, digital image processig :
Target segmentation and extraction is a significapt regearch WI the field of computer

vision and digital image processing. Substantizl@ia age processing method can be applied

for target segmentation and extraction, and it i widely jed in the pattern recognition.
Therefore, it has attracted the attention of @ s researchegS” In the traffic video detection,
the quality of speed of generating back Adimag t 0 be significant factors influencing
the performance of detection system.gf qualitg, i e unsatisfactory, it may result in the
substantial noise in the differenci backgr&and current input image, which may
impact the detection of foreg@%et. Ift eed of background generating is too slow, it
may not be able to realize the™eal-ti ifements, which may result in the failure of
practical application. C quently, e entire traffic video detection system, a

background generati’ng@ m v&‘a able quality and speed is quite crucial.

2. Research

Backgro odel i ished through the analysis of video frame in the background
generating a pdatin orithm, thus to generate the real-time background. The common
background generatifighalgorithms consist of background modeling based on statistics,
background mo@ ased on Gaussian model, and background model based on Kalman
filtering.

For th ckground modeling algorithm based on statistics, the background image is
d according to the mean value of pixels in video sequence. It is simple in
ut it may be interrupted by the foreground moving target easily. Consequently, it
plied for cases with few moving targets, and the background is visible for most of

i
R

e background modeling algorithm based on Kalman filtering is favorable for the tracing
of moving targets, and it is a linear dynamic system recursive technique in Gaussian noise.
The distinct edition of background estimation mainly lies in the different tracing state space.
The simplest state variable is the grey level of pixel, but the calculated amount is substantial,
and it cannot be applied in the real-time system.

Background model based on the Gaussian distribution can adapt to the illumination
changes well, and it has perfect robustness for stopping or slow targets. Therefore, the
modeling of video background with Gaussian distribution is introduced and analyzed in this
paper.

In practice, it is quite difficult to extract a completely ‘pure’ background image. Owing to
the influence of external factors, such as the light ray, atmosphere, and so on, the background
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will also change accordingly. For the moving target detection problem of the video camera, a
well-known solution is the optical flow, which mainly work out the optical flow field of
image sequence with partial differential equation, thus to predict the motion state of the video
camera. As for the fixed video camera, optical flow method can also be applied. However, it
is quite complicated, and it is really difficult to conduct real-time calculation. Since the
background variation is quite slow when the video camera is fixed, Gaussian background
model is employed in this paper.

In this paper, background extraction is carried out by aiming at the traffic video with fixed
video camera. Since single Gaussian model has good timeliness and robustness when
compared to other background extraction method, and it is also applicable for the fixed video
camera, single Gaussian model is selected as the research object, for analyzing the principles
and process of single Gaussian model in the background modeling of traffic video. A simple
experimental system is accomplished, realizing such functions as the achieving of background
storing of foreground and background. Furthermore, the disadvantages of applyln ausst
model in traffic video are analyzed, and some improving methods are proposed. v

3. Experiment Design Principles @Cﬁ

3.1. Theoretical Basis of Single Gaussian Model
Gaussian distribution, also called normal dlst Qmmon probability
distribution model, which is frequently applied in d@ I |mage ssing, computer vision
and pattern recognition for depicting some r quarltlgrlatlons such as the feature
distribution, noise, pixel grey level, etc. | n, Gaus stribution is also applied for
the localization processing, such as sm o@ fllterl abor transformation, etc. On one
hand, normal distribution reflects a statl related to the variable quantity in
nature, and on the other hand, n@ |str|bu s good mathematical properties, for
instance, it has the same functiogabdorm in the-time’domain and frequency domain. Besides,
it has continuous derivative o order, m@ it convenient for research and analysis. The
background modeling algoeithm base ssian distribution mainly judge if the pixel is
background dot or no h the b und distribution model, thus to distinguish the
foreground and b dot. finally, the foreground dots obtained will form the
segmented objec ithin implementation, it mainly inspects the matching of
each pixel t abssian distribwtion in the background model, for instance, when the pixel
value is in he model, it is considered that it is in accordance with the
dlstrlbutlon tis th ground model. If it does not match any Gaussian distribution in
the background mopa, is considered as the foreground dot. Background model is
n

established throu ing, and it is updated constantly during the modeling process. Only
slight human in ence is needed, and the rest can be realized automatically.

3.2. PI’II’Q and Process of Establishing Gaussian Model

Si ussian model is a processing method of image processing background extraction,
e for invariable background. Other methods, such as mixed Gaussian model, are the
sions of single Gaussian model. Single Gaussian model is the most convenient, and with
parameter iteration method, there is no need for modeling every time.
According to the single-distribution Gaussian background model, for s background image,
the distribution of specific pixel luminance satisfies Gaussian distribution. Namely, for the

background image, B (X, y) satisfies:
IB(X,y) ~ N(u,d) )
Namely, it satisfied the equation flx) = I e‘%
The graph is shown as follows V2zo
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Thus, the color distribution of the image can be expre seﬁzsmgl model and

the Gaussian model is n(x,ut,Xt), in which Xt stands for t limit ofNéaglt pixel dot, and t
stands for the time.

It can be concluded that when n(x,ut,Xt)<Tp (pr thr h\/ e dot will be judged
as foreground dot, or it is the background dot. \
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In a length ofwideo, especially when the video camera is fixed, the background generally

stays invafl That is to say, for some pixel dot, the color of the background is near a mean

value, a e won’t be great variations. If in a certain moment, the color value is above the
strai Tp, it can be considered that it is the color value is background. Once there are

gfes ges in the color, namely below the straight line Tp, it means that the current color
3 @ s the color of foreground. Thus, foreground and background can be distinguished.

Consequently, each pixel attribute of the background model consists of two parameters,
namely the average value u and variance X.

Meanwhile, with the passage of time, there may be slow changes in the background image.
As a result, the parameter of each pixel dot shall be updated constantly.

u(t+1,x,y) = a*u(t,x,y) + (1-a)*I1(x,y)
Tt+1 =(1-00 ) *Tt+okdt*dt

Here, a is the updating parameter, standing for the speed of background changed, dt is the
difference between the current pixel color and average color value.
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4. Overall Design Scheme and Programming Environment

4.1 Experimental Environment

In this paper, the program compiled is finished with OpenCv. OpenCv (Open Source
Computer Vision Library), namely the open source computer vision library, is a set of
function base developed by Intel Company based on the image processing of C/C++ language
and computer vision. It consists of a series of C function and slight C++ categories, realizing
many general algorithms of image processing and computer vision. OpenCv has the following
advantages:

Open C/C++ source code
Optimized code developed on the basis of the order set of Intel processor
Unified structure and function definition

Powerful image and matrix operational capability ?y

Convenient and flexible user interface.
Since OpenCv is only a class library, it requires the sup ﬂ ogr@g platform. The
programming software of this project or this paper is I 05,.¥nd the edition of
OpenCv is 2.0. As a result, OpenCv can be applie vidlnm%odwf ul image processing
function, and Visual C++ 2005 can also be applied Tarptaking a\ nterface.
4.2 Experiment Implementation Procesﬁ

Video consists of many frame imag the ba und extraction shall analyze each
pixel of each frame image. If Gau |str| uation is applied for analysis, the

calculation will be quite subs n@ herefore, e actual programing application, the

Gaussian distribution is transfor nd the (@nal form is:

i >Tp, both will mrﬂ@ 2mo and then logarithm will be taken for

both sides for multrpl 202. %“ e sign is transferred Finally, extraction of square
X—u

root is conducteﬁg oth S|de e following inequality can be obtained: | |§T.

Here, Tisa sho:d @own in the following figure.
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In this figure, if the color value of the pixel dot is distributed in the red lines, it will be the
background, or it is the foreground. With such equation transformation, a lot of calculation
amount will be reduced.
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4.3. Implementation Plan

In order to realize the background modeling, it should achieve the video source at first.
There are two sources: one is the real-time acquisition from the video camera, and the other is
to open the existing video files. After the video files are achieved, modeling of background in
video can be conducted.

With the above steps, background model can be set for the current video. It may take some
time to establish the background modeling for the video flow, for the program requires
constant updating for background model. Initially, all the pixel of the first frame picture is
deemed as the background, and then with the changes of frames, Gaussian model will update
the background according to the updating equation. When certain frames are updated, the
Gaussian model will keep the pixel value of which the difference from the current pixel does
not exceed the threshold. And then the pixel value will be kept in the matrix, and the
expectation matrix obtained is the background.

*
5. Application of Single Gaussian Model in Traffic Video C&Y\/

5.1. Experimental Computational Results %.
In this project, a length of traffic video with@i 0 gcamerasls taken as the

experimental material, and in the following part, i e peri% fect of background

modeling.

jginal Pieture Figure 5-2. Background Picture

Figure 5-3. Foreground Picture

5.2. Experimental Result Analysis

With the above experimental result, it can be observed that the timeliness of single
Gaussian model is perfect for the background modeling, but the background image achieved
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is not quite ideal, and there are still traces of moving cars in the background image. Therefore,
in the next step, the trace shall be removed.

6. Improvement of single Gaussian Model

Through analyzing the experimental result, it is concluded that background
modeling with single Gaussian model only may not achieve ideal background. As for
the removal of traces, with further study and consideration, some improved thoughts
about single Gaussian model are shown as follows.

It has been discovered through the experiment and previous achievements that the
background shall be updated constantly, so that it can satisfy the changes of scene.
During the updating process, the experiment shall guarantee the criterion of first-in
and first-out, namely, the newly added sample model shall be abandoned at first For
any newly added pixel point, the following updating strategy shall be select
if it is the background dot, and if it is, it should be added into the backgro odel
or it will not be processed. No matter it is the background dot or not, @ be added
into the background model. The above mentioned strate shave ntages and
disadvantages. The first one may increase the precisi ack ro etectlon for it
does not add the foreground dot into the backgr Q r, the accuracy of
judging the pixel dot will influence the f|n cessm%bt whlle the second
strategy does not require judgment, but it e pixel hat do not belong to

the background mode, which may result inthe ecllnk@)enment accuracy.

In this paper, the updating stra{@s sel @/e pdating, and the equation
_|x—=u
|s| |<T namely the p1X whos rence between the selection and
expectation is smaller than hold | be*selected as the background dots, and

then with the equati u(t+1, x a*u(txy) + (l-a)*l(xy), Xt+l
=(1-o )*Zt+a*dt*dt, thg=pew exp and variance will be updated. With this

€
equation, it can be se @t since,th rrent frame pixel takes up a certain weight in

he slo

may be influen

ing vehicles, as shown in the following figure.

updating the exp§ n, when%/ehicles moves slowly, the background updating

Figure 6-1. Original Picture Figure 6-2. Background Picture

In this frame picture, the red circle notes that the white car drives slowly, and the trace left
iS quite obvious.

7. Conclusion and Expectation

In this paper, the basic principles of single Gaussian model, and the implementation of
single Gaussian model in programming are studied. The defects of single Gaussian model is
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application have been discovered by observing the experimental result, and some improving
measures have been put forward. The real implementation of improved single Gaussian model
in programs, and the further improvement of single Gaussian model will be the direction of
further study and perfection of the paper.
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