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Abstract. In this paper, we present an interactive object segmentation system 
form video, such as TV products and films, for converting 2D to 3D contents. It 
is focused on reducing the processing time for the object segmentation, 
increasing the usability. The proposed system is consist of three steps which are 
trimap generation based on polygon and object segmentation using Graph Cut 
algorithm and refinement by a user interfaces (UI) based on rectangle and local 
features. It makes it easy to get object segmentation rapidly. It is also helpful to 
create 3D contents. 

Keywords: Object Segmentation, interactive System, trimap generation, trimap 
estimation, Graph Cut. 

1   Introduction and Related Works 

In recent years, 3D devices have been developed such as 3D monitors, TVs, projector 
and screen. On the other hand, 3D contents for these devices are insufficient 
particularly for the movies. There are two methods for making 3D contents: 1) using 
the special capture devices, such a stereo camera, 2) combining previously created 2D 
contents and depth information. The first method is not common because stereo 
camera is expansive and hard to handle. On the other hand, it is possible to easily 
obtain 2D contents. Thus there are many works for creating 3D contents using 2D 
contents which should be able to separate into objects regions for combining with 
depth information. Therefore the object segmentation is an essential technique. 

1.1   Previous Approaches 

Object segmentation in images or videos is a popular research topic. There are many 
proposed algorithms and tools. 

Representative examples are Magnetic Lasso [1] and Pen Tools in Adobe 
Photoshop. They are the most popular tools due to theirs immediacy and flexibility, 
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and thus they are widely used for years. It gives good segmentation results by allowing 
fine manipulation, but it is too complex to user for beginner and required many phases. 

The popular algorithms for object segmentation are Graph Cut [2, 3] and Matting 
[4, 5, 6]. In the Graph Cut, an image is segmented into several regions by using graph 
concept and color model of the object. Users provide a little information such as 
trimap that contains the information of foreground and background regions. It is the 
problem of determining whether it belongs to foreground or background for each 
node in a graph. Its result value has discrete values, 0 or 1. 

Lazy snapping [7], proposed by Yin Li, is a representative tool using the Graph Cut 
algorithm. Literally lazy snapping is a segmentation tool for lazy user. User can 
segment the object from an image by a few simple marking. It provides border brush 
and pixel editing user interface for the refinement on the segmentation result. Graph 
Cut performs on a small border region. Other popular tool is GrabCut [8] using the 
iterative Graph Cut, proposed by Carsten. In this tool, user can segment with a few 
interactions that draw a rectangle with a mouse. It is also a user interface for the 
refinement of inaccurate segmentation result due to the incomplete labeling. Both 
algorithms well segment for image. However, they repeatedly require a user input 
about foreground and background, and thus it is not proper for video data. 

For accurate object segmentation, matting is a popular algorithm. It is the problem 
of determining whether it is foreground, background or mixture for each pixel in an 
image. Almost matting algorithms focus on improving the segmentation quality in 
single image through accurate inference of mixture parameter “alpha” based on 
sampling the nearby foreground and background pixels. The segmentation results of 
these algorithms are more accurate than the other segmentation approaches’ for the 
image compositing. However matting algorithms are generally too slow to use video 
segmentation because it deals with the number of pixels in image. 

Soft Scissor [9] proposed by Jue W. is an interactive tool for extracting alpha 
mattes of foreground objects in real time. For segmenting, user should be marking the 
boundary regions by using a user interface like a brush which is automatically 
adjusted its border width. To overcome the time complex problem of matting 
algorithm, alpha matte extracts locally. It is helpful to reduce time. Matting is good 
for compositing of image. But it doesn’t correspond to video, because it is still slow 
for dealing with several images. 

1.2   Proposed System 

In this paper, we propose an object segmentation system form video sequences, such 
as TV products, films and UCC, for converting 2D to 3D contents. It is focused on 
reducing the processing time, increasing the usability. It will allow that general person 
can achieve the high quality object segmentation result from a video. The proposed 
system is consist of three steps which are follow:(1)trimap generation (2)object 
segmentation using Graph Cut (3)the refinement by an user interfaces using the local 
Graph Cut algorithm. Figure 1 shows the workflow of the proposed system.  
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Fig. 1. Work flow of proposed interactive object segmentation system from a video for 3D 
converting 

2   Interactive Object Segmentation System 

2.1   Trimap Generation 

In the object segmentation using Graph Cut algorithm, prior knowledge about object 
is needed. Rectangle in GrabCut and marking in Lazy snapping correspond to it. 
Prior knowledge roughly indicates the position and size of the interest object. The 
quality of segmentation result is depended on user input. If user input is given in 
detail, we can achieve high quality segmentation result. However it requires high 
concentration and considerable time, and thus it is not proper for video object 
segmentation. 

We propose a method based on polygon and control point for trimap generation. It 
is consist of three steps which are polygon creating, border width adjusting, and 
object assigning. Each step is follow: 

1. Firstly, user creates the polygon, similar shape of the boundary of interest object by 
using mouse left button click. If user clicks the mouse button at specific position 
for pointing, control points needed to control are generated. They are formed into 
polygon. 

2. Secondly, user adjusts border width of the polygon to include the object boundary 
by scrolling mouse scroll. Region of polygon’s border is assigned as unknown 
region (U) in trimap. 

3. Finally, user determines that which region is assigned as foreground region (F) in 
trimap by using mouse right button click. Other region separated by polygon is 
automatically assigned as background region (B). 

4. If an image is completely assigned as F, B, and U, trimap generation is completed. 

Figure 2 shows the steps of the trimap generation. Additionally, the propose system 
provides a function of adjusting a transparency of trimap. It is helpful for the users to 
generate and adjust a polygon instinctively. Consequently it can reduce the time for 
object segmentation. 
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Fig. 2. The steps of trimap generation and result of transparency adjustment (a) creation of 
polygon (b) adjustment of border width (c) region assigning (d) result of transparency 
adjustment 

2.2   Object Segmentation Using Graph Cut 

Object segmentation can be changed a binary labeling problem. Graph Cut algorithm 
is an approach which utilize graph concept for solving the problem. 

In Graph Cut, an image is represented by a graph ε,vG = , where v  is a set of 

all node, ε  is an edge set of adjacent nodes. It is a method about how to assign each 
node as foreground (0) or background (1) for separating graph into two regions. 

Generally, to solve the problem, it firstly defines an energy function and then 
minimizes it. In the propose system, we define a Gibbs energy function [10] like 
equation (1). We use the max-flow algorithm [3], proposed by Boykov, to minimize 
this energy. 
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is an assigning result of node i ]1,0[∈ix  , and X  is a set of all ix . 1E  is 

a likelihood energy and 2E  is a prior energy. ix  and jx  are the labels of adjacent 

nodes i  and j . 

Likelihood energy 1E is computed by the color similarity between each node and 

pre-assigned foreground/background regions by trimap. If node i  which’s color is 
similar to the region, assigned as foreground in the trimap, is labeled as foreground 

( 1=ix ), 1E  will be lower (nearby 0). In other case, if it is labeled as background 

( 0=ix ), 1E  will be close to 1. Table 1 shows 1E  of Node i  in each case. In table 1, 

K  is a constant,  F
id  and B

id are the minimum distance from its color to foreground 

and background cluster regions [7]. 
Prior energy 2E  is energy about boundary region of segmentation result. In the 

proposed system, it is computed by the L2-Norm of the RGB color difference between 
two nodes i  and j . If similar adjacent nodes are labeled as foreground and background 

respectively, 2E  will be also larger and it will be lower like 1E in other case. 
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Table 1. Node i ‘s likelihood energy in each case 

Assigned result 1=ix  0=ix  

F(Foreground) 0  K  

B(Background) K  0  

U(Unknown) )/( B
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i ddd +  )/( B
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F
i
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2.3   Refinement and Trimap Estimation 

Segmentation result is not always good. Therefore a refinement step for correcting 
mislabeled result is needed. The proposed system provides a refinement tool based on 
Graph Cut algorithm using local features. If we use the global feature for using Graph 
Cut, it is occasionally the reason of inaccurate segmentation due to the color 
similarity of between foreground and background regions. Therefore, the proposed 
system uses the local feature for reducing the color similarity in the refinement step.  

Target region is indicated by using mouse drag. If specific region is mislabeled, 
user simply indicates the rectangle region. At this time, the rectangle should include 
both foreground and background region, because this information is utilized for the 
local Graph Cut in the automatic trimap estimation. Boundary between these two 
regions is assigned as unknown region (U) by dilation operation. Foreground (F) and 
background (B) regions are used the previous step result. If F, B, and U are 
completely assigned, trimap estimation is done. The proposed systems perform the 
local graph by using estimated trimap.  

In the video sequence, the trimap estimation technique is available to generate 
trimap for next frame, because the difference between consecutive frames is a small. 
Therefore it is possible to estimate the trimap for next frame. It is also helpful to 
reduce the working time. Figure 3 shows the work flow of the trimap estimation.  

 

Fig. 3. Work flow of the automatic trimap estimation 



226 G. Bae, S. Kwak, and H. Byun 

3   Experimental Results 

We have performed several experiments that showed the validity of the proposed tool 
for trimap generating and the proposed interactive system. The proposed system is 
implemented in VC++ and is run on Pentium D CPU 3.0 GHz PC with 2G RAM.  

3.1   Test Dataset 

To evaluate the propose system we use various test datasets which are captured by 
webcam, Logitech QuickCam IM(1.3 megapixels). The size of test datasets is 320 by 
240. The datasets have a scenario that is a common situation of the indoor visual 
teleconferencing. 3D converting is able to increase the reality of video. 

 

Fig. 4. Representative frame of test datasets (a) dataset 1 (b) dataset 2 (c) dataset 3 (d) dataset 4 

3.2   Performance Evaluation 

For the performance evaluation of the proposed system, we create the ground truth 
data manually. It is created by the conventional image segmentation tool such as 
Adobe Photoshop.  

The proposed interactive system is measured by two parts. The first is the 
evaluation of accuracy and efficiency of the trimap estimation method. The second is 
a usability evaluation of usability of trimap generating tool.  

First, we compared between ground truth data and segmentation result using 
estimated trimap for accuracy evaluation of the trimap estimation. For measuring 
more accurate measurement of proposed algorithm, we measured various dilation 
degree of boundary region in trimap estimation. Measurement result had a good 
performance in slow motion video sequence, but it doesn’t in fast case because object 
boundary escape unknown region in estimated trimap because of large difference 
between consecutive frames.  

To evaluate the performance of initial trimap generation method, we measured 
time of initial trimap generation using tool. And we compared results with results 
using general graphics tool. In result, the average time took less than 1 minute, so it is 
fast to general graphics tool. The advantage of the proposed method is that our tool is 
very easy and intuitive to use quickly for beginner.    
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3.3   Segmentation Results 

 

Fig. 5. Result of the video object segmentation, second row shows well segmented objects from 
the dataset 1. In the other hand, fourth row shows the miss segmentation result because of 
strong edge. 

4   Conclusion and Future Works 

In conclusion, we have proposed an interactive system for video object segmentation 
from 2D video. The propose system makes it easy to get an object segmentation result 
from video such as movies, UCC, and TV products. It is also helpful to generate the 
3D content. We have proposed the user interface for trimap generation and the trimap 
estimation method for reducing the processing time. Finally, we have shown the 
validity of the proposed interactive system by experiments.  

However, we still have some issue for improving the performance. For more 
automatic segmentation of video object, we should solve the problem of fast moving 
object and improve the segmentation result more accurately. It is our future works. 

Acknowledgments 

This research was supported by MIC, Korea under ITRC IITA-2008-(C1090-0801-
0046). 



228 G. Bae, S. Kwak, and H. Byun 

References 

1. Mortensen, E.N., Barrett, W.A.: Intelligent scissors for image composition. In: 
Proceedings of ACM SIGGRAPH 1995, pp. 191–198 (1995) 

2. Boykov, Y., Jolly, M.P.: Interactive graph cuts for optimal boundary & region 
segmentation of objects in n-d images. In: Proceedings of ICCV 2001, vol. 1, pp. 105–112 
(2001) 

3. Boykov, Y., Kolmogorov, V.: An experimental comparision of min-cut/max-flow 
algorithms for energy minimization in vision. IEEE Transactions on Pattern Analysis and 
Machine Intelligence 26(9), 1124–1137 (2004) 

4. Chuang, Y.-Y., Curless, B., Salesin, D., Szeliski, R.: A Bayesian Approach to Digital in 
Matting. In: Proceeding of IEEE Computer Vision and Pattern Recognition, pp. 264–271 
(2001) 

5. Grady, L.: Random walks for image segmentation. IEEE Transactions on Pattern Analysis 
and Machine Intelligence (2004) 

6. Wang, J., Cohen, M.-F.: Optimized color sampling for robust matting. In: Proceedings of 
IEEE Computer Vision and Pattern Recognition, pp. 264–271 (2007) 

7. Li, Y., Sun, J., Tang, C.-K., Shum, H.-Y.: Lazy Snapping. ACM Transaction on Graphics 
(SIGGRAPH) (2004) 

8. Rother, C., Kolmogorov, V., Blake, A.: GrabCut – Interactive Foreground Extraction using 
Iterated Graph Cuts. ACM Transaction on Graphics (SIGGRAPH) (2004) 

9. Wang, J., Agrawala, M., Cohen, M.-F.: Soft Scissors: An Interactive Tool for Realtime 
High Quality Matting. ACM Transaction on Graphics (SIGGRAPH) (2007) 

10. Geman, S., Geman, D.: Stochastic relaxation, gibbs distributions, and the bayesian 
restoration of images. IEEE Transactions on Pattern Analysis and Machine Intelligence 6, 
721–741 (1984) 


	Interactive Object Segmentation System from a Video Sequence
	Introduction and Related Works
	Previous Approaches
	Proposed System

	Interactive Object Segmentation System
	Trimap Generation
	Object Segmentation Using Graph Cut
	Refinement and Trimap Estimation

	Experimental Results
	Test Dataset
	Performance Evaluation
	Segmentation Results

	Conclusion and Future Works
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




