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ABSTRACT 
This paper introduces a novel automatic video object extraction 
algorithm based on combination of color and motion 
segmentation results. The algorithm includes five parts: pre-
processing, color segmentation, motion segmentation, 
combination of color and motion segmentation of multiple 
frames, post-processing. The performance of this algorithm is 
very promising, resulting in pixel-wise accuracy of extracted 
objects. Since it is an automatic extraction algorithm, it can be 
very useful in some real time video processing system based on 
video objects. 

1. INTRODUCTION 

Content-based representation and coding of the visual 
information is currently becoming an extremely active field of 
research [8][9]. The ISO MPEG-4 standard has attracted much 
attention recently for providing a standardized solution for 
content-based access and manipulation for these applications. 
The standard enables content-based functions by introducing 
the concept of video object planes (VOPs). A video sequence 
can be decomposed into VOPs by extracting semantic objects 
in it [10][11].  

Currently, existing segmentation methods include: region-
based approach using color homogeneity [5][18], object-based 
approach using motion criterion [12][13][17] and object 
tracking [1][3][5]. A semantic object may contain multiple 
regions with different colors and motion. So a single color or 
motion criterion cannot lead to satisfying result. Multiple 
features of a semantic object such as color and motion should 
be integrated together to form the final result. 

There are many methods using multiple features in object 
extraction. Many research works focus on interactive object 
extraction [1][2][3]. These methods require human interactivity 
at least for the segmentation of the initial frame. They are 
flexible and relatively accurate. But human interactivity adds 
burden to users. And it is not suitable for real time processing 
systems, such as conferencing systems. Another kind of 
methods is automatic segmentation [4][5][6]. Algorithms in 
this group can extract semantic object automatically. But the 
results of most of these algorithms are rough and not suitable 
for general use.  

Developing a generic automatic segmentation algorithm for all 
kinds of video sequences is not optimistic at present due to the 
difficulty in semantic segmentation. So we narrow down the 
problem scope to moving objects extraction, specifically, we 
developed an automatic video object segmentation algorithm 
for initial frames. The same object tracking algorithm used in 
[3] can be borrowed to extract the video objects in a whole 
video sequence with the initial frames. Color and motion 
features of multiple frames are combined in this algorithm, 
resulting in an accurate extraction of moving objects in a video 
sequence. Since it is an automatic algorithm, it is a good 
candidate for real time video processing, such as object based 
video conferencing systems. It will definitely cause an initial 
delay (no more than 1 second for QCIF sequences) for 
extracting the first frame because this algorithm uses 
information of multiple frames. However, it is much faster than 
interactive extraction. This automatic extraction algorithm is 
suitable for separating moving foreground from still 
background, especially for video sequences with relatively slow 
motion. 

This paper is organized as follows. Section 2 gives an overview 
of the object extraction system. Section 3 demonstrates the 
combination of color and motion of multiple frames to extract 
the moving objects. Section 4 displays results of the algorithm. 
Section 5 gives some discussions and future works. 

2. OVERVIEW OF THE SYSTEM 
To extract a video object accurately, we combine the 
intermediate results of color segmentation and motion 
segmentation. The result of motion segmentation is affected by 
the precision of motion estimation. Motion estimation itself is 
not accurate due to the noise in the frames. It can only give a 
rough region of the moving object. On the other hand, color 
segmentation can give more accurate region edges, but the 
color-segmented regions usually scatter in a frame. So we need 
to combine color and motion information of multiple frames to 
generate a satisfying result (Fig 1). 

Before segmentation, a pre-processing is necessary to smooth 
out some random noise. Here we use a vector median filter to 
fulfil this task [3]. This vector median filter is better than other 
low pass filter for segmentation pre-processing in that it 
simplifies the input data while preserving the boundary.  



After pre-processing, the input sequence is segmented using 
region growing to get color-segmented mask [3]. Meanwhile, it 
is also segmented according to motion. There are many 
methods on motion estimation and segmentation [12][13][14] 
[15][16]. Here, we adopt region-based motion estimation put 
forward by Gu, etc[3]. Then the color masks and motion masks 
of multiple frames are combined into a mapping operator to get 
the rough object mask. This object mask is post-processed to 
remove small holes in the object and small background residual 
regions. 

Pre-processing

Color Segmentation

Merging Motion Segmentation

Frame Difference

Mapping

Post-processing

 

         Fig 1. Flow Chart of the System 

  

3. COMBINATION OF MULTIPLE   
FEATURES AND MULTIPLE FRAMES 

Both color and motion belong to low-level features for 
segmentation. Neither of them alone can lead to satisfying 
extraction of object. So we combine multiple features and 
multiple frames according to the rules described as follows. 

 (1) Combination of Multiple Frames 

To get motion mask, we always do motion estimation using two 
continuous frames. But the motion vector is not accurate 
enough, especially in regions at the boundary of the object. 
This is caused by many reasons. If a moving object contains 
uniform regions, it is difficult to get precise motion estimation. 
At the same time, random noise adds to the inaccuracy in 
matching. And the uncovered background would be always 
assigned to a moving object. All these can make motion 
estimation inaccurate, or even wrong.  

To solve these problems, we combine information from 
multiple frames to get a refined mask. We can remove 
the ”motion” caused by random noise by checking multiple 
motion masks because random noise will not always be in the 
same place in multiple frames. And the uncovered background 
can also be distinguished with true moving regions according 
to this method. Of course, in a higher motion sequence, the 
number of frames needed is also smaller.  

What we do here is to calculate the frequency that a pixel is 
assigned as a point in a moving object in multiple (usually, 10 

or more) motion masks. If the frequency is higher than a certain 
threshold, then this pixel is considered as a moving one. 
Otherwise, it is designated as background and is removed from 
the final motion mask. The method can be formulated as 
follows. (Fig 2 shows the results of combination of multiple 
frames.) 
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where ),( jisMS represents each motion mask being combined, 

),( jisMS =1 means pixel (i,j) is in a moving region and 

),( jisMS =0 means pixel (i,j) is in the background. S denotes 

the number of total motion masks used in the combination, 
C(i,j) denotes the total times that pixel (i,j) is assigned as 
moving pixel in S motion masks. T2 is the threshold, which is 
often set to 50%. 

(2) Combination of Multiple Features 

Color segmentation provides accurate edges of objects, but it 
always results in over-segmentation. While motion 
segmentation provides a coarse mask of moving objects, but its 
boundary is too rough to lead to an accurate extraction.  

To get moving object with pixel-wise accuracy, we combine the 
color and motion information by mapping operation [6]. For 
each region generated in color segmentation, we find its 
correspondence in motion mask. If the percent of the region 
that is assigned to a moving object exceeds a certain threshold, 
the whole region belongs to moving object. This method can be 
formulated as follows: 
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where N represents color segmented region, A(N) is the area of 
region N. M(i,j) is the pixel in the combined motion mask, 
FM(i,j) is the pixel in mapping mask. T3 is the threshold 
mentioned above, which is often set to 50%-60%.  

 Sometimes, there could be errors in motion estimation due to 
the coarse motion estimation algorithm. To remove regions 
incorrectly assigned to moving objects, difference mask is 
added into mapping operator. Then the results of motion mask 
mapping and difference mask mapping are combined by a 
logical operation AND to get the final object mask. The 
difference mask DM(i,j) is obtained as follows: 
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Then we can get the difference mapping result FD(i,j) using a 
similar mapping method described in formula 3.3-3.5, as 
follows:  
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Then, we can get the result mask combining color, motion and 
difference by: 

     


 ==

=
otherwise.                , 0

1;j)FD(i,  and  1j)FM(i, if                , 1
),( jiF     (3.11) 

However, difference is an optional feature. In MPEG-4 test 
sequences, color and motion are good enough for extracting 
objects. In this case, difference mask is not included in the 
system and F(i,j) can be obtained simply by 

    ),(),( jiFMjiF = .                                                     (3.12) 

(3) Post Processing 

From the former steps, we obtain an object mask image that 
roughly describes the moving object to be extracted. A post 
processing is used for a better extracting result. Here isolated 
small regions were merged to neighborhood to get a clean mask. 
Then morphological operators[7] (open and close) can be 
adopted according to different situations. Thus, we get a clean 
object mask, which we can use to extract moving objects in a 
video sequence(Fig3).  

 

                                          

                         (a)                                      (b)                                    (c)                                    (d)                                             

                                                Fig 2  Mother and Daughter: result of combination of multiple frames. 

                                    (a)—(c) Motion mask from every two frames,            (d) result of combination of (a)—(c). 

                                                                     

                                          (a)                                                        (b)                                                          (c)  

                                                             Fig 3 The result of mapping and post-processing: 

                                       (a) the result of color segmentation ,  (b) the motion mask, and  (c) final object mask. 

                                                                                                        
                                             (a)                                                         (b)                                                        (c)                                                           

                                           Fig. 4: Experimental results on MPEG-4 test sequences: extracted objects. 

                                (a) Mother and Daughter: Frame 0.     (b) Akiyo: Frame 20.      (c) Claire: Frame 150.



4. EXPERIMENTAL RESULTS 

We have tested the proposed algorithm using MPEG-4 test 
sequences that contain moving foreground objects and still 
background and some self-captured real life video scenes, the 
proposed algorithm works well for all the cases. We choose a 
typical MPEG-4 sequence: Mother-and-Daughter to show the 
algorithm results. The video sequence is in QCIF format. 
Threshold for color segmentation is set to 8, and threshold for 
motion segmentation is set to 1. 10 motion masks are combined 
to get the motion segmentation result. The interval of the motion 
masks is set 10. Mapping threshold is set 60%. Frame difference 
is not included in the system for this sequence. The results of the 
extraction algorithm on other two MPEG-4 test sequences: 
Akiyo and Claire are also shown in Fig. 4. 

Subjectively, we can see from Fig 4 that moving objects in the 
sequences are extracted accurately. The extracted objects are in 
pixel-wise precision. It produces very good initial segmentation 
result for further processing, such as object-based tracking 
[1][3]. More work is being done to develop an objective 
measurement of the segmentation results. 

5. CONCLUSION AND FUTURE WORK 

The proposed algorithm concentrates on extraction of moving 
objects in a video sequence. It makes use of multiple features 
and multiple frames to generate the final result. Since it 
combines color and motion information according to their 
characteristics, the performance of the algorithm is very 
promising. And the pre-processing and post-processing also 
refine the result. 

This algorithm extracts a moving object accurately. The result 
can be used as an initial object to replace human interactivity in 
semi-automatic segmentation system [3]. This can leads to a 
totally automatic segmentation, which is especially suitable for 
real time video object processing once the computing speed is 
improved. 

Many parameters need to be set in this algorithm. Some are 
fixed according to experience for all video sequences. But some 
should be adjusted according to different video sequences. In 
fact, some parameters can be set automatically if motion is 
estimated roughly at the beginning. And dominant motion 
detection and global motion compensation are not included in 
the system. So it can only handles video sequences with still 
background at present. Global motion compensation will add to 
its generality.   

Since this algorithm is based on rules of combination, it is easy 
to be extended by adding new information into the mapping 
operator. For example, depth is an important clue for 
segmentation. If depth calculation is robust enough to be 
combined into the algorithm, it will improve the final result.    
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