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Abstract: This paper proposes an automatic object segmentation and background composition 
method for video communication over consumer mobile phones. The object regions were extracted 
based on the motion and color variance of the first two frames. To combine the motion and 
variance information, the Euclidean distance between the motion boundary pixel and the 
neighboring color variance edge pixels was calculated, and the nearest edge pixel was labeled to the 
object boundary. The labeling results were refined using the morphology for a more accurate and 
natural-looking boundary. The grow-cut segmentation algorithm begins in the expanded label map, 
where the inner and outer boundary belongs to the foreground and background, respectively. The 
segmented object region and a new background image stored a priori in the mobile phone was then 
composed. In the background composition process, the background motion was measured using the 
optical-flow, and the final result was synthesized by accurately locating the object region according 
to the motion information. This study can be considered an extended, improved version of the 
existing background composition algorithm by considering motion information in a video. The 
proposed segmentation algorithm reduces the computational complexity significantly by choosing 
the minimum resolution at each segmentation step. The experimental results showed that the 
proposed algorithm can generate a fast, accurate and natural-looking background composition.    
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1. Introduction 

Owing to the rapid increase in consumer video data, 
automatic analysis of video contents has attracted 
increasing interest because objects, such as a human face 
and torso, in a video play important roles in consumer 
video communications, such as video calls and video 
conferences [1]. In recent years, a range of image 
processing techniques have been developed for a better 
communication environment over mobile phones. Because 
mobile phones have entertainment tasks as well as 

communications [2], advanced digital technology, such as 
face detection, panoramic image generation [3], auto-
focusing [4], image stabilization and electro-optical zoom, 
has been embedded rapidly in mobile phones [5]. 
Automatic object segmentation and background 
composition technique is one of the most interesting 
applications.  

Unlike the traditional segmentation methods that aim to 
extract uniform, homogeneous regions with respect to the 
texture or color properties, recent segmentation can be 
redefined as a process that typically partitions an image 
into meaningful objects according to some specified 
semantics [6]. On the other hand, it is difficult to extract 
the necessary contents based on an integrated detection 
method due to a variety of object features, such as shape, 
color, intensity and contour. In this context, initial user 
interaction increases the accuracy and reduces the 
computational load, which are important factors in 
economical consumer products of object segmentation [7-
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10]. 
Li proposed a system for cutting out a moving object 

from a video clip and pasting it onto another video or 
background image based on three-dimensional (3D) graph-
cut [8]. To achieve this goal, the user is required to select a 
few key frames in the video sequence at ten-frame 
intervals to separate the foreground and background using 
a snapping tool [9]. Wang proposed an interactive system 
for extracting the foreground objects from a video that 
allows the users to easily indicate the foreground objects 
[10]. These methods can provide better segmentation 
performance than a fully automatic approaches because the 
complicated object detection step is avoided at the cost of 
the user’s interactive effort [11]. 

This paper proposes an automatic object segmentation 
and background composition method for mobile phones 
using a motion region-based grow-cut algorithm [12]. In 
the existing grow-cut algorithm, a region of interest is set 
directly by the user. On the other hand, user interaction for 
segmenting the entire video is not possible. To solve this 
problem, object regions were extracted using the motion 
and color variance of the first two frames. The Euclidean 
distance between boundary of motion region and variance 
edge was calculated, and the nearest edge was mapped to 
the boundary. The mapping results were refined using the 
morphology. The grow-cut segmentation begins in the 
label mapping region after the label map is set to the 
boundary of the expanded map. The outline belongs to the 
background label, whereas the inline belongs to the 
foreground label. The grow-cut segmentation process 
begins after the region of label map measures the motion. 
The background was then composed using the segmented 
object and background stored on the mobile phone. At this 
point, the motion data of the background was measured by 
the optical-flow, and the final results were synthesized by 
moving the location of the object region. 

The primary object of the proposed object 
segmentation method was fast processing, which is very 
important in the consumer mobile environment with 
limited computing power and memory space. The 
proposed algorithm provides accurate object segmentation 
for a range of video analysis applications including object-
oriented video compression and video retrieval. 

This paper is organized as follows. Section 2 presents 
the existing segmentation method. Section 3 presents the 
proposed automatic object segmentation method, and 
section 4 outlines the background composition method. 
Section 5 reveals experimental results and section 6 
concludes the paper. 

2. Existing Segmentation Method 

Image segmentation is useful for many applications. 
The process can be used to identify the regions of interest 
in a scene or annotate the data. The existing segmentation 
algorithm was categorized into region-based segmentation. 
The region-based segmentation includes the seeded and 
unseeded region growing algorithms. Region-based 
methods rely mainly on the assumption that the 
neighboring pixels within a single region have a similar 

value. The common procedure aims to compare one pixel 
with its neighbors. If a similarity criterion is satisfied, the 
pixel can be set to belong to the cluster as one or more of 
its neighbors. The selection of the similarity criterion is 
significant and the results are affected by noise in all 
instances. This chapter discusses the following four 
algorithms: Seeded region growing, Unseeded region 
growing, Region splitting and merging, and Fast scanning. 

2.1 Seeded Region Growing 
The seeded region growing (SRG) algorithm is one of 

the simplest region-based segmentation methods. This 
algorithm segments an image by examining the 
neighboring pixels of a set of points, which are known as 
seed points, and determining if the pixels can be classified 
to a cluster of seed points [13]. The algorithm procedure is 
as follows. 

 
(1) The algorithm begins with a number of seed points, 

which have been clustered into n  clusters, known as 
. The positions of the initial seed points are 

set to 
1 2, , , nC C C

1 2, , , np p p . 
(2) To calculate the difference in pixel value of the 

initial seed point ip  and its neighboring points, if the 
difference is smaller than the defined threshold, the 
neighboring point can be classified into , where 

. 
iC

1,2, ,i n=
(3) The boundary of  is recalculated and those 

boundary points are set as new seed points 
iC

ip (s). In 
addition, the mean pixel values of  were recalculated, 
respectively. 

iC

(4) Repeat 2 and 3 until all the pixels in an image have 
been allocated to a suitable cluster. 

 
The threshold is made by the user, which is normally 

based on the intensity, gray level or color values. The 
regions are chosen to be as uniform as possible. Each of 
the segmentation regions of SRG has high color similarity 
and no fragmentary problem. On the other hand, it still has 
two drawbacks, initial seed-points and time-consuming 
problems. The initial seed-points problem means the 
different sets of initial seed points cause different 
segmentation results. This problem decreases the stability 
of the segmentation results from the same image. 
Furthermore, the number of seed points that should be 
initially decided is an important issue because various 
images have an individually suitable segmentation number. 
The other problem is time-consuming because the SRG 
requires considerable computation time, which is the most 
serious problem of SRG. 

2.2 Unseeded Region Growing 
The unseeded region growing (URG) algorithm is a 

derivative of the seeded region growing proposed by Lin et 
al. [14]. The distinction is that no explicit seed selection is 
necessary. In the segmentation procedure, the seeds can be 
generated automatically. Therefore, this method can 
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perform fully automatic segmentation with the added 
benefit of robustness from being a region-based 
segmentation. The steps of URG are as follows:  

 
(1) The process initializes with cluster  containing a 

single image pixel, and the running state of the process is 
composed of a set of identified clusters, . 

1C

1 2, , , nC C C
(2) The set of all unsigned pixels that borders at least 

one of those clusters are defined as 
 

 ,    (1) 
1

: ( ) 0
n

i
i
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where  are the current neighboring pixels of point ( )N x x . 
Moreover, let  be a difference measure δ
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where ( )g x  denotes the pixel value of point x  and i  is an 
index of the cluster such that  intersects . ( )N x iC

(3) Choose a point z  and cluster  where 
 such that 

S∈ jC
[1, ]j n∈
 

 .             (3) 
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If  is less than the predefined threshold, t , the 

pixel is clustered to . Else, the most similar cluster C  
should be selected such that  

( , )jz Cδ

jC

 
 .                  (4) arg min{ ( , )}

k
kC

C zδ=

 
If , the pixel can be allocated to C . If 

neither of two conditions conform, it is obvious that the 
pixel is substantially from all the clusters found thus far, so 
a new cluster  would be generated and initialized with 
point 

( , )z C tδ <

1nC +

( )g x .  
 
(4) After the pixel has been allocated to the cluster, the 

mean pixel value of the cluster must be updated. 
(5) Iterate 2 to 4 until all pixels have been assigned to a 

cluster. 

3. Proposed Automatic Segmentation 

Most existing object segmentation methods use one or 
a combination of: color, k-means clustering, motion, 
graph-cut, and grow-cut. Because the existing methods 
require a user interaction for generating the initial label 
map, automation of the label map generation process is 
needed for full automatic object segmentation in video, 
particularly for consumer mobile devices whose users do 
not want to make a precise manual interaction for routine 

communications. This paper proposes a novel object 
segmentation algorithm considering the reduced memory 
size, faster processing and acceptable accuracy by 
combining motion information and edge grow-cut 
algorithm, proposed originally in reference [11], as shown 
in Fig. 1. 

 

 

Fig. 1. The proposed object segmentation algorithm. 
 
Given an input image frame, motion and variance-

based edge detection was performed. The Euclidean 
distance of two parameters was calculated to generate the 
initial label map. For the first frame, , the object 
segmentation was not performed. On the other hand, for 

, segmentation estimates the motion of the label map, 
and compensates for its location by the estimated motion. 
The proposed method is possible for a multi-object 
segmentation because the initial label map is generated 
based on the movement region. 

1t =

1t>

3.1 Initial Label Map Generation 
In this study, it was assumed that the moving region is 

the corresponding object of interest and the background is 
motionless. The grow-cut algorithm uses the label map for 
separating the foreground and background regions. To 
generate the initial label map, the moving regions were 
first extracted with a nonzero optical flow, which can be 
calculated as follows: 

 

 0,x y
I I IV V
x y t

∂ ∂ ∂+ + =
∂ ∂ ∂

                 (5) 

 
where xV  and  respectively, represent the yV x  and y  
components of the velocity or optical flow of the image 

( , , )I x y t , and , /I x∂ ∂ /I y∂ ∂  and  are derivatives 
of the image with respect  to 

/I∂ ∂t
x , y  and t , respectively. 

The detected moving regions are refined using the 
morphological operations, which fuses narrow breaks and 
long thin gulfs, eliminates small holes, and fills the gaps in 
the contour. To meet the limited computational power of 
consumer devices, optical flow and morphological 
operations were performed in the four times down-sampled 
images. Fig. 2 shows the step-by-step results of the moving 
region extraction process. Fig. 2(a) shows the results of 
optical flow, and Fig. 2(b) shows the results of the detected 
moving region. Fig. 2(c) shows the refined moving region 
using morphological operations. After extracting the 
moving region, the edge map was generated using the 
variances of all RGB channels as follows: 

 

 
8

2

( , )
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8
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                                              (a)                                                     (b)                                                      (c) 

Fig. 2. Extraction of moving regions; (a) optical flows superimposed onto the image, (b) extracted moving region
with nonzero optical flows, and (c) refined moving region by using morphological operations. 

 

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

Fig. 3. Comparison of three different edge detection algorithms; (a) a test image, (b) Sobel edge image, (c) Canny 
edge image, and (d) edge image detected using the proposed method. 

 

where CI  represents a color channel,  is the eight-
neighbors of the pixel of interest, and  is the  
mean of the pixel in the corresponding color channel. The 
edge was calculated in the form of a weighted sum of 
variances as follows: 

8S

Cm 3 3×

 
 2 20.2989 0.587 0.114 2

R RE σ σ= + + Rσ ,             (7) 
 

where three weighting values are used for to generate the 
luminance component of the edge. 

The computed edge value, denoted as E , is inserted 
into the edge map with the appropriate thresholding. 235 
was used experimentally for the threshold value. The 
proposed color variance-based edge detection method was 
compared with the existing methods, as shown in Fig. 3. 
As shown in Fig. 3(d), the proposed algorithm gave the 
strongest and most natural boundary of the object. 

All the boundary pixels shown in Fig. 2(c) were 
scanned. At each boundary pixel, the nearest edge in the 

 neighborhood was searched, and the nearest edge 
was assigned to the boundary label. Let the number of 
boundary pixels of the moving region be 

5 5×

BN . The 
coordinate vector of the i th label was determined using the 
following equation: 

 
 

5 5( , )
arg min ( , )i iSx y

l b e x
×∈

= −‖ y ‖ , for , ,1 Bi N= …

y

,     (8) 

 
where  is the coordinate vector of the iib th boundary pixel, 

 is the  neighborhood centered at b , and e x  
is the coordinate vector ( ,

5 5S × 5 5× i ( , )
)x y , where E x . The 

label map is generated as L l , which can be 
modified optionally to better represent the boundary shape. 

( , ) 235y >
}l…= 1,{ ,

BN

3.2 Object Segmentation 
The grow-cut algorithm defines three initial parameters 

( , , )p p pl Cθ , where  is the current pixel label value, θ  is 

the strength, and C

pl p

p  is a 3D feature vector in the RGB 
color space. The initial label values, l , for the foreground 
initial label, background initial label and other pixels were 
determined to be 1, -1 and 0, respectively. The initial 
strength, , for the foreground and background label 
pixels was set by 1 and the initial strength for the other 
pixels was set by 0. The initial label value and strength are 
defined as follows: 

p

pθ

 
 0 0 00,  0,  t t t

p p pl Cθ= = == = = pRGB ,             (9) 
 

where  represents the 3D vector of a color channel 
in RGB color space, and t  is the number of iterations [7]. 
The set of previous parameters ( ,

pRGB

1 1 1, )p p
t

p
t tl Cθ− − −  were 

copied into the current state ( , , )t t
p

t
pl Cθ p  and updates. The 

current pixel label value l  was calculated by the product p
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of the similarity function, 
2

(
ip qg C C− ) , between the 

iqC  

of the neighboring pixels  and iq t
pC  of current pixel, p , 

and the neighboring pixel strength, , where i  is the 8- 

neighbor pixels. If 
iqθ

2
(

i
)

ip qg C C θ− ⋅ q  was larger than t
pθ , 

t
pl  and t

pθ  were updated as l , and 1
i

t t
p ql
+ =

1

2
(

i

t t t )
i

t
p p qg C Cθ + = − ⋅ qθ , respectively. The similarity 

function ( )g x  was calculated using the following 
equation: 

 

 
2

( ) 1
max

xg x
C

= − .               (10) 

 
The updating process repeats until all pixel states, t

pl , 
converged to a stationary point. To increase both the 
accuracy and speed of segmentation, the updates were 
performed only on . As the frames proceed in a video 
sequence, the Label map can be moved according to the 
object’s movement. From the previous label map, the 
optical-flow was calculated to estimate the object’s motion 
and move the label map according to the motion. 

mL

4. Background Composition 

Either blue screen or Trimap can be used for the natural 
composition of the foreground object and background 
image. A blue screen is a special device to extract the 
foreground object. The Trimap-based composition 
algorithm requires an additional user interaction for an 
efficient, accurate composition [12]. 

The proposed algorithm aims at an automatic 
composition without special devices, such as the blue 
screen or user interaction. The proposed composition 
algorithm begins with a new background image to replace 
the existing one. In the case of video, the background can 
change if the camera moves. To solve this problem, a 
novel background composition algorithm for natural 
images was proposed, as shown in Fig. 4. After estimating 
the background motion in a video, the location of the 
composition was reset using the estimated value. To 
reduce the unnatural artifacts, a smoothing filter was 
applied to the boundary of the foreground. 

 
 

 

Fig. 4. Flowchart of the proposed background 
composition method. 
 

4.1 Estimation of Background motion 
Since an object of interest is normally located in the 

center of a frame, two regions for estimating the 
background motion were assigned, as shown in Fig. 5. 

 
 

 

Fig. 5. Two regions for estimating the background 
motion. 

 
 
The object coordinates move along the average of the 

estimated motions using the optical flow in two regions,  

and , as 
1v

2v
 

 1 22

1 ( ( , ) ( ,
2 x y x yv v V V v V
W

= +∑ ∑ ))V ,          (11) 

 
where  represents the window size. 16  windows 
were used experimentally for a background motion 
estimation. The object coordinate  was updated 
using 

W 16×

( , )Ob x y
v  as follows: 

 

 1 xt t

y

vx x
Ob Ob

vy y
−

⎡ ⎤⎡ ⎤ ⎡ ⎤ ⎢ ⎥⎢ ⎥ ⎢ ⎥= + ⎢ ⎥⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦
,                 (12) 

 
where t  represents the current frame, and  is the 
segmented result using the grow-cut algorithm. The 
updated object coordinate  was composed using a 
new background image, as shown in Fig. 6. 

( , )Ob x y

( , )Ob x y

 

4.2 Refinement of Composition Boundary 
An artificial composition of the foreground and 

background can produce an unnatural-looking result. Yung 
proposed a natural composition method using Trimap in a 
complex background [16, 17], which requires a user 
interaction. To make the composition result appear more 
natural, a simple smoothing filter was applied to the 
boundary region image between the object and 
background. The major advantage of the mean filter is the 
fast processing speeds using a trivial amount of 
computation. Fig. 7 shows the results of the refined 
boundary of the object. Fig. 7(a) shows the results without 
filtering, and Figs. 7(b) and 7(c) show results of smoothing 
filters of 3  and  masks, respectively. 3× 5 5×
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Fig. 6. Updated composite coordinate of the object. 
 

           
                                                            (a)                                       (b)                                      (c) 

Fig. 7. Comparison of the results of the composition: (a) without smoothing filter, (b) with mean filter using 3 3
mask, (c) with mean filter using a 5  mask. 

×
5×

 

    

    

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

Fig. 8. Results of the proposed composition algorithm; (a) original image, (b) result of the segmented object, (c)
background image, and (d) result of composition. 

 

5. Experimental Results 

Several test videos, which were taken by a commercial 
mobile phone camera, were used to evaluate the 

performance of the proposed algorithm. A set of 
background images were taken from the internet. The size 
of the test images were 64  and . 0 480× 480 640×

Fig. 8 shows the results of the proposed algorithm. Fig. 
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        5th frame                    10th frame                      15th frame                   20th frame                    25th frame                   30th frame 

(a) 
 

      
        5th frame                   10th frame                      15th frame                   20th frame                     25th frame                   30th frame 

(b) 

Fig. 9. Results of the moving background composition; (a) original images and (b) results of composition. 
 

8(a) shows the original image, Fig. 8(b) shows the results 
of the segmented object region, Fig. 8(c) shows the new 
background image, and Fig. 8(d) shows the results of the 
combined segmented object region and the new 
background image. 

Fig. 9 shows the test result with a moving background. 
Fig. 9(a) shows the original image, and Fig. 9(b) shows the 
results of the composition with the moving background. 

Table 1 shows the processing time of the proposed 
algorithm. The process took approximately 0.04 seconds 
for the initial label map generation, and approximately 
0.08 seconds for the background composition. Table 2 
compares the performance of the proposed and two 
existing object segmentation algorithms [7, 18] in both 
subjective and objective manners. Although the existing 
algorithms require a user interaction to specify the initial 
label map, the proposed method can automatically 
generate an initial label map. 

 
 

Table 1. Execution time. 

Original image 
(frame) 

Initial label map 
generation 
(seconds) 

Background 
composition 

(seconds) 

Total time
(seconds)

5th 0.041 0.078 0.119 
10th 0.040 0.079 0.119 
15th 0.042 0.081 0.123 
20th 0.041 0.078 0.119 
25th 0.043 0.079 0.122 
30 th 0.042 0.079 0.121 

 

Table 2. Processing times of the three different 
segmentation algorithms using a dual core CPU at 2.50 
GHz. 

Original image Boykov [7] Ning [18] Proposed
Bird 0.089 (s) 45.792 (s) 0.053 (s) 

Monkey 0.110 (s) 60.120 (s) 0.056 (s) 
Woman 0.095 (s) 51.356 (s) 0.051 (s) 

6. Conclusion 

This paper proposed an automatic object segmentation 
and background composition for mobile phones. For 
automatic object segmentation, the initial label map was 
generated using the optical-flow and variance based edge. 
Optical-flow provides information of the motion region 
and edge provides the information of contour of the object. 
The label map was used to initially separate the foreground 
and background, and the grow-cut algorithm was used for 
complete segmentation. Because the frame label map of 
the previous frame uses motion information after updating, 
background composition was performed by moving the 
coordinates of the object. The experimental results showed 
that the proposed automatic object segmentation algorithm 
provided a natural background composition in video. The 
proposed algorithm uses the minimum resolution in each 
segmentation step to minimize the computational load and 
memory space, which is the primary concern for consumer 
applications. 

 
 
 

 



Kim et al.: Automatic Object Segmentation and Background Composition for Interactive Video Communications over Mobile Phones 132

References 
 
[1] J. Han, “Object Segmentation from Consumer 

Videos: A Unified Framework Based on Visual 
Attention,” IEEE Trans. Consumer Electronics, vol. 
55, no. 3, pp. 1597-1605, Aug. 2009. Article 
(CrossRef Link) 

[2] J. Lee, J. Heo, and Y. Ho, “Skin Tone Enhancement 
and Background Change for Mobile Phones,” IEEE 
Trans. Consumer Electronics, vol. 56, no. 4, pp. 
2719-2726, Nov. 2010. Article (CrossRef Link) 

[3] S. Ha, S. Lee, N. Cho, S. Kim, and B. Son, 
“Embedded Panoramic Mosaic System Using Auto-
Shot Interface,” IEEE Trans. Consumer Electronics, 
vol. 54, no. 1, pp. 16-24, Feb. 2008. Article 
(CrossRef Link) 

[4] J. Han, J. Kim, H. Lee, and S. Ko, “A Novel Training 
Based Auto-Focus for Mobile-Phone Cameras,” 
IEEE Trans. Consumer Electronics, vol.57, no. 1, pp. 
232-238, Feb. 2011. Article (CrossRef Link) 

[5] R. Wei, “Motivations for Using the Mobile Phone for 
Mass Communications and entertainment,” 
Telematics and Informatics, vol. 25, pp. 36-46, Feb. 
2008. Article (CrossRef Link) 

[6] H. Li and K. Ngan, “Automatic Video Segmentation 
and Tracking for Content-Based Application,” IEEE 
Commun. Mag., vol. 45, no. 1, pp. 27-33, Jan. 2007. 
Article (CrossRef Link) 

[7] Y. Boykov and M. Jolly, “Interactive Graph Cuts for 
Optimal Boundary & Region Segmentation of 
Objects in N-D Images,” Proc. ICCV 2001, vol. 1, pp. 
105-112, July 2001. Article (CrossRef Link) 

[8] Y. Li, J. Sun, and H. Shum, “Video Object Cut and 
Paste,” Proc. SIGGRAPH 2005, 2005. Article 
(CrossRef Link) 

[9] Y. Li, J. Sun, C. Tang, and H. Shum, “Lazy 
Snapping,” Proc. SIGGRAPH 2004, 2004. Article 
(CrossRef Link) 

[10] J. Wang, P. Bhat, R. Colburn, M. Agrawala, and M. 
Cohen, “Interactive Video Cutout,” Proc. 
SIGGRAPH 2005, 2005. Article (CrossRef Link) 

[11] H. Li, K. Ngan, and Q. Liu, “FaceSeg: Automatic 
Face Segmentation for Real-Time Video,” IEEE 
Trans. Multimedia, vol. 11, no. 1, pp. 77-88, Jan. 
2009. Article (CrossRef Link) 

[12] V. Vezhnevets and V. Konouchine, “”Grow-Cut”–
Interactive Multi-Label N-D Image Segmentation by 
Cellular Automata,” GRAPHICON2005, pp. 150-156, 
Jun. 2005. Article (CrossRef Link) 

[13] R. Adams and L. Bischof, “Seeded Region 
Growing,” IEEE Trans. Pattern Anal. Machine Intell., 
vol. 16, no. 6, pp. 641-647, June, 1994. Article 
(CrossRef Link) 

[14] Z. Lin, J. Jin and H. Talbot, “Unseeded Region 
Growing for 3D Image Segmentation,” ACM 
International Conference Proceeding Series, vol. 9, 
pp. 31-37, 2000. Article (CrossRef Link) 

[15] R. Gonzalez and R. Woods, Digital Image Processing 
Third Edition, Pearson Prentice Hall, 2008.  

[16] J. Wang and M. Cohen, “Image and Video Matting: 
A Survey”, Computer Graphics and Vision, vol. 3, no. 
2, pp. 97-175, 2007. Article (CrossRef Link) 

[17] Y. Chuang, A. Agarwala, B. Curless, D. Salesin, and 
R. Szeliski, “Video. Matting of Complex Scenes,” 
Proc. SIGGRAPH 2002, pp. 243-248, 2002. Article 
(CrossRef Link) 

[18] J. Ning, L. Zhang, D. Zhang, and C. Wu, “Interactive 
image segmentation by maximal similarity based 
region merging,” In Proc. Pattern Recognition, vol. 
43, pp. 445-456, Mar. 2010. Article (CrossRef Link) 

 
 

 
Daehee Kim was born in Buchun, 
Korea in 1981. He received his B.S. 
degree in computer engineering from 
Kangnam University, Korea, in 2005. 
He received his M.S degrees in image 
engineering from Chung-Ang 
University, Korea, in 2007. Currently, 
he is pursuing a Ph. D degree in 

image engineering from Chung-Ang University, Korea. 
His research interests include face detection, gait 
recognition, object tracking, object segmentation, gesture 
recognition, and optical simulation. 

 
 

Jahwan Oh was born in Incheon, 
Korea in 1992. He started a B.S. 
degree in digital imaging from 
Chung-Ang University, Korea, in 
2011. His research interests include 
image processing, object tracking, 
face detection, hand detection, gesture 
recognition and optical simulation. 

 
 

Jieun Jeon was born in Incheon, 
Korea in 1986. She received her B.S. 
degree in electrical and electronics 
engineering from Chung-Ang 
University, Korea, in 2012. Currently, 
she is pursuing a M.S. degree in 
image engineering from Chung-Ang 
University. Her research interests 

include image and video processing, lens distortion and 
correction, camera calibration, hand detection, gesture 
recognition and optical simulation. 

 
 

Junghyun Lee was born in Seoul, 
Korea in 1986. He received has B.S 
degree in Information & Control 
Engineering from Hankyung National 
University, Korea, in 2011. Currently, 
he is pursuing a M.S. degree in image 
processing at Chung-Ang University. 
His research interests include video 

tracking, object recognition, abandon object detection and 
object segmentation. 

Copyrights © 2012 The Institute of Electronics Engineers of Korea 

 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5278032
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5278032
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5681161
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4470018
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4470018
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5735507
http://www.sciencedirect.com/science/article/pii/S0736585306000177
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4064622
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=937505
http://delivery.acm.org/10.1145/1080000/1073234/p595-li.pdf?ip=165.194.88.63&acc=ACTIVE%20SERVICE&CFID=183424443&CFTOKEN=91822396&__acm__=1361776735_df2059eb4da9cbab32943f47d9c000b1
http://delivery.acm.org/10.1145/1080000/1073234/p595-li.pdf?ip=165.194.88.63&acc=ACTIVE%20SERVICE&CFID=183424443&CFTOKEN=91822396&__acm__=1361776735_df2059eb4da9cbab32943f47d9c000b1
http://delivery.acm.org/10.1145/1020000/1015719/p303-li.pdf?ip=165.194.88.63&acc=ACTIVE%20SERVICE&CFID=183424443&CFTOKEN=91822396&__acm__=1361776797_b814b7216fbf8393666acb55f8e553ff
http://delivery.acm.org/10.1145/1020000/1015719/p303-li.pdf?ip=165.194.88.63&acc=ACTIVE%20SERVICE&CFID=183424443&CFTOKEN=91822396&__acm__=1361776797_b814b7216fbf8393666acb55f8e553ff
http://delivery.acm.org/10.1145/1080000/1073233/p585-wang.pdf?ip=165.194.88.63&acc=ACTIVE%20SERVICE&CFID=183424443&CFTOKEN=91822396&__acm__=1361776824_5ffe9a122109fb0cdf1a8602f9def9a6
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4717222
http://graphicon.ru/oldgr/en/publications/text/gc2005vk.pdf
http://www.csee.usf.edu/%7Emanohar/Papers/Segmentation/Seeded%20Region%20growing.pdf
http://www.csee.usf.edu/%7Emanohar/Papers/Segmentation/Seeded%20Region%20growing.pdf
http://crpit.com/confpapers/CRPITV2Lin.pdf
http://scholar.google.co.kr/scholar_url?hl=ko&q=http://citeseerx.ist.psu.edu/viewdoc/download%3Fdoi%3D10.1.1.190.1825%26rep%3Drep1%26type%3Dpdf&sa=X&scisig=AAGBfm1Xsa4zDZVJXQUYrD12GgfAHsZRGQ&oi=scholarr&ei=9w8rUceVJM2LkwWb6ICQCA&ved=0CCwQgAMoADAA
http://delivery.acm.org/10.1145/570000/566572/p243-chuang.pdf?ip=165.194.88.63&acc=ACTIVE%20SERVICE&CFID=183424443&CFTOKEN=91822396&__acm__=1361777044_97d734ff24ea3ab6a8163a0b21f814a6
http://delivery.acm.org/10.1145/570000/566572/p243-chuang.pdf?ip=165.194.88.63&acc=ACTIVE%20SERVICE&CFID=183424443&CFTOKEN=91822396&__acm__=1361777044_97d734ff24ea3ab6a8163a0b21f814a6
http://www4.comp.polyu.edu.hk/%7Ecslzhang/MSRM/Interactive%20image%20segmentation%20by%20maximal%20similarity%20based%20region%20merging.pdf



