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Abstract. With the rapid development of computer vision and image processing
technology, the detection of abnormal behavior in video has gradually attracted
more and more scholars’ attention. This paper proposes a fast method to detect
abnormal behavior in surveillance videos. Firstly, the Visual Background Extrac-
tion (ViBE) method was used to extract the foreground object. Then, the image
speedwas separated according to the optical flowmethod. Finally, theOtsumethod
was used to binarize the image, the detection effect was evaluated by defining the
density of moving pixels in a single frame of image relative to all pixels. In
this paper, an experiment with the sudden scattering of concentrated crowds was
conducted to simulate crowd abnormal behavior, the results show that the exper-
imental effect is in line with expectations. Compared with other commonly used
machine learning methods, the proposed method can be quickly used to detect
crowd abnormal behavior in a surveillance video, the detection results can also be
quickly evaluated, which has the advantages of low cost and convenience.

Keywords: Abnormal behavior detection · ViBE method · Foreground object
extraction · Optical flow method · Otsu method

1 Introduction

Abnormal crowd behavior usually refers to the occurrence of illegal and criminal inci-
dents in public places, the sudden dispersal of the crowd that had gathered together,
or the sudden appearance of people who violate the rules of crowd movement in the
regular movement of the crowd [1, 2]. With the continuous increase of urban population
and the number of densely populated areas, there are more and more security risks, the
occurrence probability of illegal and criminal behaviors also increases correspondingly,
such as fighting and robbery, which greatly endangers public security. If these abnormal
events can be detected in time, the harm of abnormal events to public security may be
reduced.

The main work of abnormal behavior detection is to extract target features from a
video and classify detection results. There are many ways to extract character features
and classify the detection results. Xu et al. [3] used the Principle Component Analysis
(PCA) for feature selection and the Support Vector Machine (SVM) for classification
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of human behaviors. Nady et al. [4] employ space-time auto-correlation of gradients
(STACOG) descriptor to extract spatio-temporal motion features from video sequence,
the K-medoids clustering algorithm was used to partition the STACOG descriptors of
training frames into a set of clusters. With considering the significance of the temporal
comparison of motion states for detecting changes in crowds, a method based on the
temporal context of motion was presented, to measure changes in the distribution of the
physical characteristic descriptors of crowd motion [5]. Rodriguez et al. [6] proposed
to leverage information on the global structure of the scene and to resolve all detec-
tion jointly, especially for some particularly challenging detection tasks, such as: heavy
occlusions, high person densities and significant variation in people’s appearance. In the
paper of Wang et al. [7], pedestrian features were extracted by the multi-feature fusion
method, the similar features in current frame of all candidate objects were matched with
the characteristic information of pedestrians in the previous frame. This method has
good robustness in complex traffic, but at the same time, the calculation is relatively
large.

In order to improve the efficiency of video analysis, this paper proposes to extract
the target foreground of the image firstly, then, carry out motion feature detection. The
development of foreground object extraction technology has been relatively mature so
far, most of them apply different processing algorithms, such as inter-frame difference
method [8], the principle is simple, easy to be implemented, it also has good robustness,
but is limited by the principle of inter-frame difference between adjacent frames, it has
poor speed recognition effect on moving objects and is prone to produce cavitation
phenomenon. Another example is the mixed Gaussian model method [9], although it
has the adaptability of real-time update and better extraction effect compared with the
former, it is difficult to obtain better results in the case of more noise in the image. In
the year 2011, Barnich et al. [10] proposed Vibe method, experimental results show that
comparedwith themixed gaussianmodelmethod, theViBemethod has the advantages of
higher speed and accuracy. VanDroogenbroeck [11] andBiao et al. [12] put forward their
own improvement suggestions based on ViBe method respectively in 2012 and 2016,
whichmade ViBemethodmore efficient and reduced the degree of “ghost phenomenon”
in foreground images.

In addition, the optical flow method [13–17] can accurately identify the optical flow
velocity of pixels. For the problem studied in this paper, the abnormal event detection
of sudden crowd scattering or irregular behavior in public places, speed characteristic
is the key to determine abnormal or not. Therefore, the concept of optical flow velocity
separation was proposed in this paper, the optical flow method was used to filter the
velocity, so as to filter out the low-speed information in the optical flow field and retain
the high-speed information.

In the presented work, the abnormal behavior detection based on the improved ViBe
algorithm aswell as optical flowmethodwas conducted. In order to detect the occurrence
of abnormal events more easily, an abnormal event scoring mechanism was proposed,
the mean score of high-speed part of optical flow field was calculated, the occurrence of
abnormal events was detected according to the mean score.
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2 Foreground Object Extraction

Background subtraction approach is one of the relatively common algorithms used
in foreground detection. By which the foreground target was judged according to the
changes of gray scale and other features. In other words, the current image and the back-
ground are differentiated. When the difference value is greater than a certain threshold,
the target is considered to be detected [8]. The principle flow is shown in Fig. 1.

Fig. 1. Flow diagram of the background subtraction method

For the background subtraction method, the accuracy of the final foreground target
detection was directly affected by the selected background model. Therefore, it is par-
ticularly important to select an appropriate algorithm to solve the background model.
This paper mainly refers to the current advanced and efficient ViBe algorithm [10–12]
for solving the problem.

2.1 ViBE Algorithm

ViBE algorithm uses neighborhood pixels to create a background model, and detects
the foreground by comparing the background model with the current input pixel value,
which can be subdivided into three steps:

Step1: Initialize the background model for each pixel in a single frame of image
It is assumed that the pixel values of each pixel and its neighbor pixel have similar
distribution in the spatial domain. Based on this assumption, each pixel model can be
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represented by its neighborhood pixels. In order to ensure that the background model
conforms to statistical law, the range of neighborhood should be large enough. When
the first frame of the image is entered, that is, when T = 0, the background model of
pixels can be expressed as follows:

BK0
M = f 0

(
xi, yi

)∣∣∣
(
xi, yi

)
∈ NG(x, y) (1)

in which,NG(x, y) represents the adjacent pixel values in the airspace, f 0(x, y) represents
the pixel value of the current point. In the process of N initialization, the possible times
of pixel (xi, yi) in NG(x, y) being selected are L = 1, 2, 3, …, N.

Step2: Foreground object segmentation for the subsequent image sequence
When t = k, the background model of pixel point (x, y) is BKM

k−1(x, y), the pixel value
is f k(x, y), then, the following formula is used to determine whether the pixel value is a
foreground.

f k(x, y) =
⎧⎨
⎩
BKk−1

M (xr, yr) > T foregound

BKk−1
M (xr, yr) ≤ T background

⎫⎬
⎭ (2)

in this case, the superscript r is chosen at random, T is the preset threshold. If f k(x, y)
meets the background N times, the pixels f k(x, y) can be regarded as the background,
otherwise are the foreground.

Step3: Update method of background model
The update of Vibe algorithm is random in both time and space.

Randomness in time: Among N background models, one is randomly selected and
set as image PG, Table 1 represents the image of PG position x and its eight pixels
in the neighborhood. When a new frame of image Pt is obtained, if the pixel Pt(x)
corresponding to the x position in the image Pt is judged to be the background, PG

needs to be updated. This extraction process reflects the randomness of time.

Table 1. Selecting PG randomly from N frame background

PG(1) PG(2) PG(3)

PG(4) PG(x) PG(5)

PG(6) PG(7) PG(8)

Randomness in space: A pixel PG(r) is randomly selected in the eight neighborhood
of PG(x), and PG(r) is replaced by Pt(x), which reflects the randomness of model update
space.



212 X. Zhao et al.

2.2 Improved Vibe Algorithm

(1) Median filtering

In order to further improve the quality of the image obtained, the correlation method of
morphological processing was adopted in this paper, to conduct secondary processing
on the foreground target image extracted by Vibe algorithm, and filter out the relevant
noise in the image.

As a signal processingmethod, median filtering [18] technology can effectively filter
out noise. In this paper, the median filtering technology was used to replace the element
points in the extracted foreground target image with the median of each element point in
the specified field. The pixels in the foreground object in the image are closer to the real
value, and the noise in the image was further eliminated. In two-dimensional images,
the output formula of median filtering is as follows:

g(x, y) = med{f (x − k, y − l)|k, l ∈ W } (3)

inwhich, f (x, y) represents the original image, g(x, y) represents the processed image,
W is the used two-dimensional template.

(2) Corrosion expansion treatment

Supposing there are two images A and B, where A is the image to be processed and
B is the corresponding template image of corroding or expanding. Usually, B is called
the structural element. For the corrosion or expansion of A by B, it is manifested as the
translation of B in the plane of A in anyway. For corrosion, only when B is included in A,
the black pixels in A are left, and the remaining pixels that do not meet the requirements
are turned to white. For expansion, if the intersection of A and B is not empty, the
corresponding white pixels in A are turned into black pixel, and the pixel that does not
meet this condition are still white. This indicates that corrosion can reduce the boundary
of the original image and eliminate the isolated noise points, while expansion can expand
the boundary of the image and connect the isolated points.

By using the processing method in morphology [19], the target image is now cor-
roded, the boundary points of the object are eliminated in a relevant way, so that the
area of the processed image is reduced by one pixel along its periphery compared with
that before corrosion. Then, the image is expanded, and all background pixels in contact
with the object are integrated into the object, so that the object increases the area of the
corresponding number of points.

The mathematical definition of corrosion is similar to expansion, A is corroded by B
can be recorded as: A � B, which is defined as:

(4)

In otherwords,A corroded byB is the set of origin positions of all structural elements,
where the translation of B does not stack with the background of A, in which, ∅ is an
empty set, and B is a structural element. Inflation is defined as a set operation. A is
expanded by B, denoted as A ⊕ B, and defined as:

A ⊕ B =
{
z
∣∣∣(B̂)z ∩ A �= ∅

}
(5)
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(3) Opening operation

In this paper, the method of open operation was adopted to eliminate and separate the
pixels representing noise in the original image without significantly changing the area
of the original image. The morphological opening operation of A by B can be written
as A◯B, which is the result of expansion and corrosion of B after A is corroded by B.

Based on the original Vibe algorithm, the background difference method was used
to obtain the extraction results of foreground objects, then, the median filter was used
to remove the noise, and the corrosion and expansion algorithms in morphology were
used to optimize the results. Finally, after a series of improved and optimized, the Vibe
algorithm was obtained.

(6)

2.3 Foreground Extraction

The improved Vibe algorithm was used to extract the foreground target in the video, and
the result is shown in Fig. 2.

(a) Original image (b) Image extracted by ViBe algorithm

Fig. 2. Frame 412 in the video

3 Target Feature Extraction Based on Optical Flow Method

According to the movement information of the crowd in the video image, the occurrence
of abnormal events can be judged. In order to highlight the influence of motion infor-
mation on abnormal event detection, the speed separation of the processed image was
carried out, the low-speed part of the image was filtered out while the high-speed part
was retained. The high-speed part of the optical flow image reflects the high-speed mov-
ing region in the video, which is often the place where people are most interested, it is
also the key region used to judge whether abnormal events occur or not. However, in the
high-speed images extracted from optical flow images, high-speed regions are scattered,
and some regions even have a few tiny points. These tiny high-speed regions do not
contribute to abnormal behavior detection, and even affect the normal abnormal behav-
ior detection results. In order to eliminate these effects, morphological processing of
high-speed images can eliminate these small regions, while preserving large high-speed
regions.
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3.1 Optical Flow and Its Estimation Method

Optical flow is a motionmode, which is the movement of the target between the observer
and the background. To be exact, optical flow is the projection of the target velocity to the
wall in the three-dimensional space on the two-dimensional plane. Such projection on a
two-dimensional plane can accurately reflect the movement information of the target.

Let I (x, y, t) be the illumination intensity at the position of the image (x, y) at
the moment I, w(x, y) and v(x, y) are the optical flow components of the point in the
horizontal and vertical directions respectively:

I(x, y, t) = I(x + u�t, y + v�t, t + �t) (7)

There are two unknowns u and v in the above equation, and the equation cannot be
solved. To solve this equation, some new assumptions need to be added. Assuming that
the velocity of the target sports field is continuous and smooth in the horizontal and
vertical directions, we can perform first-order Taylor series expansion on it and obtain:

I(x, y, t) ≈ I(x, y, t) + ∂I

∂x
�x + ∂I

∂y
�y + ∂I

∂t
�t + ε (8)

At this point, the second-order infinitesimal E is ignored, the basic equation of optical
flow method is as follows:

∂I

∂x
�x + ∂I

∂y
�y + ∂I

∂t
�t = 0 (9)

The following set of equations can be obtained from pixels:

⎧⎪⎪⎨
⎪⎪⎩

Ix1u + Iy1v = −It1
Ix2u + Iy2v = −It2
· · ·
Ixnu + Iynv = −Itn

(10)

The equation set has only three unknowns, but there are more than three equations,
which means there is redundancy in the set. But it is clear that this equation set can be
solved, and the system can also be expressed as:

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

Ix1 Iy1
Ix2 Iy2
· ·
· ·
· ·
Ixn Iyn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

[
u
v

]
=

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

−It1
−It2

·
·
·

−Itn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(11)
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3.2 Normalization of Optical Flow Images

The optical flow field calculated by the above optical flow method can be divided into
horizontal direction and vertical direction. The optical flow field images represent the
velocity components in horizontal and vertical directions respectively. However, in the
study of abnormal behavior detection, we do not care about the direction of velocity, but
only its magnitude. To facilitate the study, the two directions of the optical flow image
can be fused, as shown in the formula:

I =
√
u2 + v2 (12)

In order to display the optical flow field intuitively, some additional display methods
need to be defined. Since the gray level range of general images is [0,255], the size of
optical flow is normalized to this range for display:

I ′ = I

Max(I)
· L (13)

where, I’ is the image after normalization, I is the image to be normalized, Max(I) is
the maximum number of pixels in the image. I’ represents the gray level range, where
the optical flow image of [0,255] can be normally displayed on the computer after it is
normalized to the range of [0,1].

3.3 Separation of Optical Flow Velocity

Optical flow reflects the motion information of video images. In abnormal event detec-
tion, the occurrence of abnormal events can be easily judged by the motion information
of images. According to the motion state of the crowd in the image, the human eye
can easily distinguish the occurrence of abnormal events: when abnormal events occur,
they are usually accompanied by large speed changes, which can be well reflected by
the optical flow field image. By observing the optical flow field image of the abnormal
event video, it can be found that when the abnormal event occurs, the gray image block
in the image gradually becomes brighter due to the sharp increase of velocity, and the
bright block spreads around. This paper determines the occurrence of abnormal events
by analyzing the change characteristics of bright blocks in the optical flow field. In this
paper, the concept of optical flow velocity separation was proposed: the optical flow
image was divided into high-speed part and low-speed part, and the low-speed part of
the optical flow field was filtered out and the high-speed part of the image was analyzed,
which can reflect the occurrence of abnormal events more intuitively. The rules of optical
flow image speed separation are shown in the formula:

{
IH = Ix,y I ′x,y > thresh
IL = 0 Ix,y ≤ thresh

(14)

here, the threshold is a constant value.
The high-speed part of optical flow image can directly reflect the occurrence state of

abnormal events, and the selection of threshold value is very important, which is related
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to the effect of separation. If the method of fixed threshold value is used, there is no
way to apply to all scenarios, so this paper adopts dynamic threshold method. Generally,
it is most appropriate to set the threshold as the median value of the optical flow field
image. Considering the efficiency of the algorithm, a fast threshold calculation method
is needed. Here, multiple of the maximum value of the image was taken as the threshold
value, namely:

thresh = aMax(I) (15)

in which, Max(I) is the maximum number of pixels in the image. thresh is a constant
value, generally between 0.25 and 0.5. According to this strategy, the high-speed part
and the low-speed part in the optical flow field can be clearly separated.

After separation, there will be many scattered gray areas in the high-speed part of
the optical flow field image. These areas are not helpful for abnormal detection, but
will affect the normal detection results. In order to eliminate the influence of these
scattered areas, the corrosion operation in morphological filtering was used to filter out
the separated high-speed images, many noise information affecting abnormal detection
results were removed.

(a) Original image (b) Image extracted by ViBe 
algorithm

(c) Image obtained by the 
optical flow method

Fig. 3. The processing result of frame 482 of the video, frame 482 was chosen because this is the
middle segment where the abnormal behavior occurs

By comparing Fig. 3(b) and (c), it can be found that the image processed by optical
flowmethod only contains the high-speed part, and the low-speed part of the foreground
extraction part (such as the residual image of the car in the image) was completely
filtered, which makes it easier to find the occurrence of abnormal events in the video.

4 Evaluation of Detection Effect

Before the occurrence of abnormal events, the distribution of abnormal event scores is
gentle. According to the distribution characteristics of abnormal event score, this paper
proposes to use the mean value of high-speed partial optical flow image to judge the
changing process, so as to ensure the high accuracy of abnormal event detection.

As can be seen from the high-speed optical flow image, when the crowd is moving
at a relatively low speed, the high-speed part of the image appears dark, and only a small
part of the image has a non-zero pixel value. However, when the crowd is moving at high
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speed, the high-speed part of the optical flow image appears bright, and the pixels in the
large area are not zero anymore. The process from dimming to brightening of high-speed
partial optical flow images can determine the occurrence of abnormal events. According
to this characteristic, the mean value of high-speed partial optical flow image was used
to judge the changing process.

SM =
∑

Ix,y
N

(16)

In Eq. (16), SM is the mean score of the image, also known as optical flow density,
�Ix,y represents the sum of all white pixels in the image, the Otsu method was used to
binarize the image, N represents the number of pixels. This mean score can well reflect
the overall motion speed of the video area, so as to distinguish whether abnormal events
occur.

Otsu’s method, named after its inventor Nobuyuki Otsu [20], is one of the most pop-
ular binarization algorithms. In computer vision and image processing, Otsu’s method
is used to automatically perform clustering-based image thresholding or reduction of a
gray level image to a binary image.

In order to visualize the detection effect of optical flow method on abnormal behav-
iors, the changing trend of video score before and after optical flow method filtering
was plotted in a certain video, as shown in Fig. 4. Black curve for the extraction of
vision after this video grading, whole presents the score higher status, the score only
said the white pixels of the change of situation, no practical significance, although in
the beginning and end stage, had a tendency of lifting, but small change is not obvious,
is impossible to judge whether there are abnormal event occurs. The blue curve is the
score of the video processed by optical flow method. Compared with the black curve,
the score of the blue curve decreases overall. Blue curve for the optical flow method
after processing the segment ratings on video, compared to the black curve.

Fig. 4. Proportion of white pixels in a single frame image (Color figure online)
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The abnormal behavior (high-speed part) is directly reflected as the white area in the
binary image filtered by the optical flowmethod. Since the target with abnormal behavior
moves faster, the white area should be larger in the optical flow image. However, because
the optical flow image filters out the low-speed part and noise in the whole image, the
proportion of the number of white pixels to the total pixels in the corresponding single
frame imagewill be significantly reduced, butwe can still judgewhether abnormal events
occur by the change trend of the proportion of white pixels after filtering (high-speed
moving part), that is, the change of score.

It can be found that between frames 420 and 480, the score has a large continuous
upward trend, which indicates that the number of high-speed moving pixels in the video
begins to increase, and abnormal events occur at this time. Between frames 510 and
520, the score drops significantly, which indicates the end of abnormal events. This is
consistent with the time point of abnormal behavior in the video, so it can be considered
that the detection effect is good. Therefore, it can be concluded that the optical flow
method can effectively identify the occurrence of abnormal events. When the abnormal
time starts to occur, the scoring trend is large, but the overall score is in a low state.

5 Conclusions

In this paper, the ViBe background modeling method was used to extract the foreground,
then, the optical flow method was used to extract the features of abnormal behaviors, so
as to obtain a single frame binary image containing only the abnormal behaviors of the
crowd. From these binary images, the abnormal behaviors of the crowd could be clearly
identified.

Themethod proposed in this paper can be used to evaluate the detection effect quickly
and accurately. However, for some other scenes, such as ghost probe, building collapse,
explosion, etc., the detection result will still have deviation, especially under the situation
of the video light changes strongly. The generality of this model in different scenarios
will be further studied.
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