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Abstract

Due to the popularity of the surveillance systems, using these systems to analyze captured
video stream are becoming more and more popular. This project is planned to develop a system
for detecting abnormal human behaviors for fixed surveillance systems. Five processes are
included in this system: the correction process of surveillance systems, object segmentation
process, object tracking process, action tracking process, and abnormal behavior identification
process. The correction process is used to remove the shading effect caused by lens and linearize
the tone curves of captured images. In the object segmentation process, the interested objects are
separated from an image. The isolated objects are then tracked and their moving paths are
recorded in the object tracking process. To identify the behavior of an object, its action set is
generated in the action tracking process according to the moving path, variations of contours
and contents. Finally, the behavior of an object is determined by comparing its action set with
abnormal action sets. The proposed method can detect abnormal human behavior from the video
streams of surveillance systems and is especially useful in the in-home caring, security guarding,
and criminal detection applications. In the first year of this project, we have developed and
implemented an effective fast object segmentation approach. Some results of this project have
published in some conferences [1-3].
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ABSTRACT

In this paper, we present a novel video object
segmentation approach. The proposed approach extracts
objects from a frame in a video stream using the
difference information between the mean-removed
versions of the current and referenced frames. Due to the
mean-removed version of a frame reduces the influence of
light variation on the frame and reserves the texture
information of the frame, the proposed approach can
effectively segment objects for video sequences and
remove shadow pixels. Experimental results show that the
proposed approach has the least computation time among
object segmentation approaches with shadow removal
capability. Compared with the available approaches, our
approach reduces the computation time by 7% to 58%
with better segmentation accuracy.

KEY WORDS
Object segmentation, mean removal, and fast algorithm

1. Introduction

Object segmentation is a key technology in the field of
video processing. The major purpose of video object
segmentation is to extract the region of interest (ROI)
from video sequences. The extracted ROI can then be
used in various video processing applications, such as
video coding [1] and video understanding [2-3]. There are
two major methods for object segmentation: optical flow
segmentation [4-5] and background suppression
segmentation (BSS) [6-9]. For real-time applications [2-3],
the BSS approach is usually used due to it requires less
computing time. The BSS method uses the gray level
difference between a pixel in the current frame and the
corresponding pixel in the referenced frame to categorize
the pixel into an object or a background pixel. In the case
that the difference is greater than a given threshold, the
corresponding pixel is classified as an object pixel.

Since the BSS method uses the differences of pixels as the
criterion for segmentation, the segmentation efficiency is
easily influenced by the variation of lightness on
background region. To solve this problem, many modified
BSS methods [6-9] are proposed. Stauder et al. [6]

analyzed the behavior of shadow and classified shadow
into two types: uniform shadow and penumbra. Each
object pixel is checked to determine whether the pixel is a
shadow pixel. For the case that an object pixel is
determined as a shadow pixel, this pixel is removed from
the object mask. Chien et al. [7] proposed a simple
background registration method to generate a background
frame using a number of consecutive frames. The
background frame instead of the previous frame is used as
a referenced frame to achieve a better segmentation. The
current and referenced frames are also replaced by their
edge intensities, respectively, to remove the shadow
pixels. In reference [8], the normalized cross-correlation
(NCC) values of object pixels are used to find out the
candidates of shadow pixels. Through further analysis on
these candidates, the shadow pixels can be detected and
removed. In reference [9], an effective shadow region
growing algorithm is proposed to remove the possible
shadow areas.

In most cases, the existing object segmentation algorithms
[6-9] can effectively segment objects and remove shadow
pixels. However, these algorithms usually take a lot of
computing time. To speed up the process of object
segmentation and removing shadow pixels, a novel object
segmentation algorithm is proposed in this paper.

The rest of the paper is organized as follows. The
background suppression segmentation algorithm is
introduced briefly in Section Il. The proposed object
segmentation algorithm is described in Section Ill. The
experimental results are presented in Section 1V. Finally,
the concluding remarks are given in Section V.

2. Background Suppression Segmentation

Figure 1 shows the procedure for segmenting objects from
video sequences using the background suppression
segmentation (BSS) method. There are three major
processes in the BSS method. The frame difference
calculation process evaluates the difference between the
current and referenced frames. A threshold is then used to
determine whether a pixel is the object or background
pixel in the thresholding process. If the gray level



difference of a pixel is greater than the threshold value,
the corresponding pixel in the current frame is determined
as an object pixel. Otherwise, it is a background pixel. In
the thresholding process, the change detection mask
(CDM), which records 1s for object pixels and Os for
background pixels, of the current frame will be generated.
Finally, the post-processing process is applied to remove
unwanted small regions and noisy pixels and generates
the object mask for the current frame.

previous frame or
background frame

l l

Frame Difference Calculation

current frame

difference frame

Thresholding

CDM

Post Processing

}

Object Mask
Figure 1. The procedure of BSS method

Figure 2 uses the video stream “Hall” as an example to
illustrate the current frame, referenced frame, CDM, and
object mask, where the referenced frame is the
background frame of the video sequence.

(c) (d)
Figure 2. An example of the (a) current frame, (b)
referenced frame, (c) CDM, and (d) object mask.

The BSS method as described above is easily influenced
by the variation of lighting condition on the background
region of current frame. That is, the light variation on the
background region may result in poor segmentation using
BSS. Once the light condition is changed, the gray level
of background region will be changed accordingly. This
will misclassify a background pixel as an object pixel. To
solve this problem, many modified BSS methods are
proposed [6-9]. In this paper, a new fast approach of
object segmentation is presented in Section IlI.

3. Proposed Object Segmentation Method

In this section, we will present our proposed object
segmentation approach. The proposed method extracts
objects for video streams using the difference information
between the mean-removed current frame and background
frame. Since the mean-removed version of a frame
reduces the influence of light variation on background
region and reserves the texture information of the frame,
we can extract objects more accurately from video
streams and remove shadow area from object regions
using mean-removed frames instead of using the original
frames. The major procedure of the proposed algorithm is
depicted in Fig. 3. A more detail explanation is given in
the following subsections.

Background frame I, Current frame |,

i i
v v

CDM Generation

l cDM,

Mean Removal Dilation

CDM,4
Y '

3
Shadow Removal «— Mean Removal

lOMl

Post-processing

l OM,
Erosion

v
OM;
Figure 3. Procedure of object segmentation using
mean-removed frames

3.1 CDM Generation

In the process of generating CDM (change detection
mask), the gray level difference between a pixel in the
current frame 1. and its corresponding pixel in the
background frame I, is calculated and is used to determine
whether the pixel is an object or a background pixel. If the
difference is less than a given threshold TH1, the pixel is
classified as a background pixel and the CDM of this
pixel is set to 0. Otherwise, it is of an object pixel and the
corresponding CDM is set to 1. Finally, the initial change
detection mask CDM,; for the current frame is generated.

3.2 Mean Removal

This process is to remove the mean value of each pixel in
the input frame. Let I(x,y) be the gray level of the pixel at
position (x,y) in frame I, the mean value of gray level for
the pixel at position (x,y) is defined as



DD Hx+iy+ )
M (x,y) =121 (1a)
(2d +1)(2d +1)

where d is determined experimentally. In practice, the
value of d should be set to 1 or 2. To reduce the
computational complexity, the mean value of I(x, y) is
calculated using the following equation.

M(x,y)=M(x-1,y)+

Zd:[l(x+d,y+ P-1(x—=d-1,y+j)

j=—d

(1b)

(2d +1)(2d +1)
Let I'(x, y) be the mean-removed version of I(x, y). That is
| '(X, y) =1 (X, y) -M (Xr y) (2)

In order to reduce the computing time, the above equation
is calculated only for a pixel with CDM = 1.

3.3 Shadow Removal

The major purpose of this process is to remove the
shadow pixels from the object region. To determine if a
pixel is a shadow pixel or not, the block difference D(x, y)
between a block, in I', of (2d+1)x(2d+1) pixels with
center at position (x, y) and the corresponding block in I',
is evaluated using equation (3), where I'; and I', are the
mean-removed versions of the current frame I, and
background frame Iy, respectively.

DY) = 3 ST+ -1y + )] ®)

j=—di=—d

If the block difference of a pixel is less than a given
threshold TH2, the pixel is a shadow pixel and should be
removed from the object region.

3.4 Dilation and Erosion

In shadow removal process, the block difference of a
pixel is used to determine whether the pixel is a shadow
pixel. In the intersection area between object and shadow
areas, a shadow pixel in object region may be
misclassified as an object pixel due to some object pixels
are included in the block of shadow pixel. To solve this
problem, a morphological dilation operation is performed
to extend the boundary area of object region for d pixels
before entering the shadow removal process. In the
shadow removal process, the extended pixels neighboring
the shadow pixels can be removed due to the blocks of
extended pixels include only background and shadow
pixels. The extended pixels neighboring to object pixels
may not be removed in the shadow removal process, since
the object pixels are included in the blocks of extended
pixels. After the shadow removal process is performed,

some background or shadow pixels around the object
pixels may not be removed. Such pixels can be removed
easily using a morphological erosion operation in the
erosion process. In the dilation and erosion processes, the
ball size for dilation and erosion operations is
(2d+1)x(2d+1).

3.5 Post-processing

After the shadow removal process is performed, some
unwanted small regions, noise, and holes may be existed.
To remove these unwanted regions and pixels, a
morphological close operation is performed first to fill the
small holes and to connect open regions. Then, the
connected component algorithm [10] is applied to remove
the small regions. Finally, noises are removed using the
morphological open operation. In this process, the ball
size for open and close operations is 3x3.

4. Experimental Results

To evaluate the performance of the proposed approach,
two sets of video streams Hall and Frank (as shown in Fig.
4) are used and two segmentation approaches (Chien [7]
and Jacques [8]) are implemented. Both video streams
with the frame size of 360x240 and 320x240, respectively,
consist of 90 frames. The first frame of each video stream
is used as the referenced (background) frame.

(a) (b)
Figure 4. Test video streams: (a) Hall, (b) Frank.

In our proposed approach, parameters (d, TH1, TH2) are
set to (2, 25, 625) and (2, 55, 400) for Hall and Frank
video streams, respectively. The error rate and execution
time are used to evaluate the performances of object
segmentation approaches. In this paper, the error rate is
defined as follows.

Error Pixel Count (4)
FrameSize

error rate =

where the “Error Pixel Count” is the number of
misclassified of pixels. That is, the “Error Pixel Count” is
the number of misclassified object pixels and
misclassified background pixels.

All experiments are performed on a Pentium D 3.2 GHz
PC with 512 MB of memory. All programs are
implemented as console applications of Microsoft Visual



C++ 6.0 and are executed under Microsoft Windows XP
Professional.

Table | shows the execution time of several object
segmentation approaches for segmenting Hall and Frank
video sequences. The execution time in the unit of
millisecond (ms) is the average computing time to
segment a video sequence for 10 times.

Table I. Average Execution Time of Several Object
Segmentation Approaches

Hall Frank
Chien's Approach | 21.51 ms | 17.63 ms

Jacques's Approach | 9.84ms | 15.13 ms

Proposed Approach | 9.13ms | 9.27 ms

As shown in Table I, the proposed approach has the least
execution time. Compared to Chien's approach, the
proposed approach reduces the execution time by 47% to
58%. Comparing with Jacques's approach, the proposed
approach reduces the computing time by 7% to 39%.

The error rates of segmenting Hall and Frank video
streams using Chien's, Jacques's and the proposed
approaches are listed in Table Il. From Table Il, we may
find that compared to Chien's and Jacques's approaches,
our approach can extract objects more effectively.

Table Il. Error Rates of Several Object Segmentation
Approaches

Hall Frank

Chien's Approach 0.719% | 0.426%
Jacques's Approach | 0.610% 0.459%
Proposed Approach | 0.544% | 0.412%

From these two tables, we may conclude that the
proposed approach can effectively reduce the execution
time and obtains a lower error rate of segmentation.

5. Conclusions

Object segmentation is a key technology in the field of
video processing. To speed up the process of object
segmentation for video streams, a novel object
segmentation approach is proposed in this paper. The
proposed algorithm segments objects from a frame in a
video stream using the difference between the mean-
removed versions of the current and referenced frames.
Due to the mean-removed version of a frame reduces the
influence of light variation on the frame and reserves the
texture information of the frame, the proposed approach
can effectively segment objects and remove shadow
pixels. Experimental results show that the proposed
approach has the much less computational complexity
than available object segmentation approaches with

shadow removal capability. Comparing with Jacques's
approach, the proposed approach reduces the execution
time by 7% to 39%. Compared to Chien's approach, the
proposed approach reduces the computing time by 47% to
58%. Compared to both approaches, our method can also
reduce the error rate of segmentation.
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