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Abstract: When the structure of the target is simple and the color of the object is 

different from the surrounding environment, the GrabCut algorithm uses a rectangular 

box to select the target for many iterations. However, multiple iterations of the 

GrabCut algorithm will take a lot of time, resulting in slow segmentation. In addition, 

when the structure of the target object is complex, the segmentation results are 

interspersed with non-target regions, so the segmentation accuracy is not enough. In 

view of the above shortcomings, an energy term based on appearance overlap is 

proposed for segmentation punishment, which reduces the segmentation time. In 

addition, the segmentation based on target seed is used to improve the accuracy of 

segmentation. The effectiveness of the algorithm is proved by comparative 

experiments. 
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1. Introduction 

The purpose of image segmentation is to extract the region of interest (target object) 

from the background region, so as to apply it to face recognition, image restoration 

and so on. The effect of segmentation has an important impact on the subsequent 

image analysis, so it is of great significance to improve the accuracy of image 

segmentation. 

At present, the traditional image segmentation method is the most widely used, which 

is mainly divided into supervised segmentation method [1-2], Unsupervised 

segmentation method [3-4] and interactive segmentation method [5-7]. Among them, 

the interactive method relies on manual intervention to improve the accuracy of 

segmentation. Graph Cuts is a classical image segmentation method based on graph 

theory proposed by Boykov et al. [8] in 2001. GrabCut is an improvement made by 

Rother et al. [9]. It achieves higher segmentation accuracy by iteratively segmenting 
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the selected region. Although this method reduces the interactive workload of users, 

on the other hand, the iterative process increases the time of segmentation, and when 

the color difference between the target object and the background is small, the 

segmentation effect is poor. 

In recent years, scholars have proposed a variety of improvements to the GrabCut 

algorithm, such as Li and others proposed a two-step segmentation process, that is, 

first use the watershed algorithm to pre-segment the target object, and then use the 

GrabCut algorithm for further segmentation, but the color information in the image is 

not used in the algorithm [10]. Hu Zhili et al use simple linear iterative clustering 

algorithm (SLIC), to replace pixels with super pixels [11], which effectively improves 

the efficiency of GrabCut algorithm. Qiu et al proposed to use local prior distribution 

to change the energy function of GrabCut to get the segmentation result [12]. Cheng 

et al used appearance similarity and spatial distribution to detect significance [13]. 

Zhou Shuaijun and others use a variety of prior information fusion algorithms to get 

significant graphs for detection [14]. Yang Guoping and others calculate the general 

residual of the image by combining the target contour enhancement technology [15]. 

Ling Bin and others construct an image model by combining color information and 

depth information [16]. However, when the color difference between the target and 

the background is small, the object can not be accurately segmented by using only 

the color information. 

In order to solve the above problems, an energy term based on appearance overlap 

is proposed, which greatly reduces the segmentation time by minimizing the 

segmentation cost in the segmentation process. In addition, through the selection of 

the seed target to the segmented object and the background region, the segmented 

region is refined and a better segmentation effect is obtained. 

 

2. Segmentation of overlapping appearance 

Suppose that S  is a part of the adjacent pixel pair C , which is S C , and S  and S  

are used to represent the non-standardized color histogram on the foreground and 

background appearance of the image, respectively. The pixels belonging to bin k  in 

the image are defined as kn , and 
S

kn  and 
S

kn  are defined as the number of pixels in 

the foreground and background of the bin k , respectively. Appearance overlap items 

are used to judge the communication of foreground and background bin counting by 

merging simple and effective 1L  items into the energy function. The energy function 

is as follows: 

    
1

1

E ,S S S S

L
L

                                        (1) 

Item  
1

E ,S S

L   , which is merged and optimized in the one-time image segmentation 
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technology, is explained as follows. For a better explanation, we rewrite  
1

E ,S S

L    

as:  

   
1

1

E , min ,
2

K
S S S S

L k k

k

C
n n 



                                (2) 

Figure 1 shows the construction details of the above expression. The node 1 2,
knv v v  

in the figure corresponds to the pixels in the bin k  and is connected to the secondary 

node kA  using a directionless line segment. In the figure,   is the weight of these 

apparent overlapping items when they are linked and 0  . 

 

Fig. 1 The graphic structure of 
1

EL  

Add K  secondary node 1 1, , , KA A A  in figure 1 and connect the thk  secondary nodes 

belonging to bin thk . In this way, each pixel in the figure is connected to its 

corresponding secondary node. Set the weight   of these connections to 1. It is 

assumed that the bin k  is divided into foreground and background, and the 

corresponding pixel results are 
S

kn  and 
S

kn . Then any cut to separate the foreground 

and background pixels must cut the number of pixels connected to the auxiliary node 

kA  in the bin k , and the number of cutting connections is 
S

kn  or 
S

kn . The best number 

of cuts must be  min ,S S

k kn n  in (2). 

In the early research process, it has been proposed to have a similar graph 

construction [17], by minimizing the following forms of high-order pseudo-Boolean 

functions:  

   0 1

0 1 maxmin 1 , ,C i i i i

i c i c

f X w x w x  
 

 
    

 
 

          (3) 

Where  0,1ix   is a binary variable in the set c , and 
0 0iw  ,

1 0iw  . Parameters 0 , 

1  and max  satisfy the constraints max 0   and max 1  . Next, the relations and 

differences between the two structures are discussed. The structure of the above 

formula can be used to minimize 1
EL , and the minimization process is as follows: 

Treat each color bin as a collection and set weight parameters
0 1iw  , 

1 1iw  . In 
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addition, the number of pixels in, which is bin. In addition, 0 0  , 1 0  , max 2kn  , 

where kn  is the number of pixels of bin k . By setting parameters,  Cf X  is reduced 

to  
1

E , 2S S

L C   . Compared with other graphic structures, our graph construction 

has an advantage in the construction of auxiliary nodes. That is, compared with two 

auxiliary nodes [17], we only need one for each bin. In addition, we also use the 

directed connection to extend the pseudo-Boolean function in (3), which is shown in 

figure 2 and  0 1min ,r    in figure 2. 

 

 

Fig. 2 Graph construction for minimizing pseudo-boolean 

To understand how it works, we consider four possible assignments of auxiliary nodes 
0

kA  and 
1

kA , and the following table lists the costs of the corresponding parts of the 

segmentation process. The minimum partition is used to optimize the function (3). 

The best segmentation must select the value with the lowest segmentation cost 

among the four components in the table, and then minimize (3). 

Table 1 The cost of corresponding cuts 

 1 0,k kA A
 the cost of cut 

 0,0
 

1

1 | 1i
ii x

w r


 
 

 0,1
 

0 1

0 1| 0 | 1
2

i i
i ii x i x

w w r 
 

    
 

 1,0
 max r 

 

 1,1
 

0

0 | 0i
ii x

w r


 
 

 

Different from our construction, the method in reference [17] requires  0,1
c

cX   

and the parameter max  in  Cf X  should satisfy the following constraints: 

 0 1

max 0 1max 1 ,i i i i

i c i c

w x w x  
 

 
    

 
                            (4) 
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In contrast, we can use any max  that satisfies the above conditions to optimize the 

higher-order functions in (3), but the prerequisites must be max 0   and max 1  .  

 

3. Appearance overlapping energy optimization 

We use the appearance overlap penalty to improve the binary segmentation in 

GrabCut. In its use, the target is selected with a rectangular box, and then the binary 

image is segmented in the rectangular box. Specifies the area pixel outside the 

rectangle as the background pixel. Suppose R  is the binary mask corresponding to 

the bounding box, GTS  is the ideal segmentation effect of the target, S  is the actual 

segmentation effect, and C  is the set of image pixels, where R C , GTS C , S C . 

 1 = |S ps p C  denotes the characteristic function of S . Therefore, the split energy 

function  E S  is expressed as: 

 
1

S S

L
E S S R S                                             (5) 

In the equation, the first item is within the bounding box R , the second item is the 

appearance overlap penalty item, and the last item is the smooth item. Use 

p qpq
S s s    and 2  to set the average 2I  of the image. This form of energy 

can be optimized by image segmentation. 

For a given data set, it is common to adjust the relative weight of each energy item 

[18]. Enter a rectangular bounding box to contain useful information about the target 

that needs to be split. We use a measure of the appearance overlap between the 

rectangular box R  and the out-of-box background R  to automatically find the relative 

weight   of the appearance overlap relative to the image of the first item (ballooning) 

in (5). In the experiment, we adaptively set the image-specific parameter Img  

according to the information in the user-defined frame, which is defined as follows:  

  
1

'.
2

Img R R

L

R

C
 

 

                                                (6) 

Where 
'  is the global parameter tuned by the application. Compared with the relative 

weight  , 
'  is more robust. 

In the interactive segmentation based on the target seed, there is no need for volume 

balance because the user imposes strict constraints between the seed target and the 

background when using the seed. So the segmentation energy is: 

 
1

S S

seeds
L

E S S                                               (7) 
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4. Salient object segmentation 

Salient region detection and segmentation of target objects is an important 

preprocessing step for object recognition and image restoration. Prominent objects 

usually have a different appearance from the background [19-21]. We use the 

appearance overlap penalty for the segmentation task of salient objects. We use the 

contrast-based salient region detection provided by [5] to filter the image because it 

produces the best accuracy when setting a threshold and comparing it with a real 

target. Let  : 0,1A C   denote the normalized significant graph, and A  is its 

average. And then let 

       Salience p

p C

E S A A p s


                                           (8) 

Represents the energy term that measures a given split feature. We define energy 

terms with and without appearance overlap, respectively. Define  3E S  as the energy 

term that combines salient and smooth terms: 

   3 SalienceE S E S S                                              (9) 

Define  4E S  as the energy item with appearance overlap: 

      
1

4 3

S S

L
E S E S                                             (10) 

 4E S  is optimized in one-time graphic cutting using the structure shown in figure 1. 

The segmentation of this algorithm adopts interactive segmentation based on target 

seed. The segmentation steps are shown in figure 3.  

 

(a)Input image        (b)Saliency map       (c) Seed selection           (d)Result 

Fig. 3 Algorithm flow in this paper 

 

Figure 3 shows the segmentation process of this algorithm. (b) is to detect significant 

objects in the picture, and then distinguish the target and background information in 

the picture, (c) as the foreground and background marks, the red mark part represents 

the foreground target area, the blue mark part is the background region, and the mark 

is segmented. 

 

5. Experimental analysis 

The target segmentation image used in the experiment comes from the data set in 

reference [22]. The dataset contains 715 scenes from rural and urban areas. We will 
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use multiple groups of images in the data set to use min_cut segmentation algorithm, 

GrabCut segmentation algorithm and this algorithm for segmentation experiments. 

The experiment mainly focuses on the comparison of segmentation time and effect 

between single-target image segmentation and multi-target image segmentation. 

Figure 4 shows the segmentation results of the three algorithms for a single target 

image. The (a) is input image, (b) is to detect the significant objects in the picture, (c) 

uses min_cut Segmentation algorithm to obtain binary Image in saliency Map , (d) is 

Ground truth image, which is converted from the segmented image in this algorithm, 

(e) is the result of 20 iterations of GrabCut algorithm, (f) is the segmentation result of 

the improved GrabCut algorithm in this paper. 

 

(a)Input image (b)Saliency map   (c)min_cut      (d)GT      (e)GrabCut      (f)Ours 

Fig. 4 Single-target segmentation and comparison 

 

It can be concluded from the figure that in the experimental results of segmentation 

of a single object, when the color of the target object is obviously different from that 

of the background (the first two lines in the figure), the min_cut algorithm can 

segment the outline of the object, but for the darker areas of the image detected by 

significant objects, it can not be shown in the segmentation results, and the outline of 

the segmentation is not clear. The GrabCut algorithm can segment the simple target 

object completely (the first row in the picture), but when the shape of the selected 

target region is complex, the segmentation result will not be able to segment the 

target completely because of the inclusion of the background part (The second row in 

the picture). When the color of the target object is similar to that of the background 

(the third row in the picture), the min_cut algorithm can not segment the object. The 

segmentation result of the GrabCut algorithm can only segment most of the target 

object, and the outline of the segmented object is also rough. Compared with the first 

two algorithms, the segmentation results of this algorithm can completely segment 

the target object in both cases, and the segmented object has a clear outline, which 

is better in the segmentation of single object. 
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Table 2 shows the time required for the segmentation experiments of the targets in 

each image in figure 4 using the three algorithms, and the time taken to calculate the 

GrabCut algorithm is the average time of 20 iterations. In figure 4, the first row of the 

original image is marked as object 1, the second row of the original image is marked 

as object 2, and the third row of the original image is marked as object 3. 

Table 2 Comparison of running time of algorithms 

object min_cut use time(s) GrabCut use time(s) Ours use time(s) 

1 3.571 4.832 0.083 

2 3.872 5.074 0.178 

3 4.268 5.343 0.695 

 

From the experimental results, the segmentation time of GrabCut is the longest, 

followed by min_cut, and the segmentation time of our algorithm is the shortest. In 

addition, object 1 has the shortest segmentation time of all images because of the 

great difference between target and background colors. Object 3 has the longest 

segmentation time of each algorithm in all image segmentation due to the similar color 

distinction between object and background. From the overall experimental results, the 

time required for GrabCut segmentation is the longest, followed by min_cut, while our 

algorithm needs the shortest segmentation time, and the segmentation time is 

controlled within 1 second. 

 

(a)Input image (b) saliency map   (c)min_cut      (d)GT       (e)GrabCut      (f)Ours 

Fig. 5 Multi-target segmentation and comparison 

Figure 5 shows the segmentation results of the three algorithms for multi-target 

images. It can be concluded from the figure that, in the experimental results of multi-

object segmentation, when the target object is dark and obviously different from the 
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background (the first row in the figure), the min_cut algorithm and GrabCut algorithm 

can segment the target object, but the segmentation effect is far less than that of the 

algorithm in this paper. When the color of some objects in the multi-target object 

image is close to the background color (the second row in the picture), the two 

algorithms will mistakenly ignore it as the background, and then only segment the 

darker objects; when the color of the target object is lighter than the background color 

(the third row in the figure), the min_cut algorithm can not segment the target object, 

but the GrabCut algorithm can segment part of the target object, and the 

segmentation effect is very poor. When the structure of the target is complex (the 

fourth row in the figure), the min_cut algorithm can not segment the target object, 

while the GrabCut algorithm can segment the target object completely and has a good 

segmentation effect, but the contour segmentation effect of the object is rough and 

not smooth. Generally speaking, in all the above cases, the proposed algorithm can 

segment the target object with high quality, and has the best segmentation effect 

among the three algorithms. 

 

Table 3 Comparison of running time of algorithms 

object min_cut use time (s) GrabCut use time (s) Ours use time (s) 

4 3.885 5.068 0.103 

5 3.513 4.985 0.113 

6 3.244 5.132 0.129 

7 3.695 5.349 0.231 

 

Table 3 shows the time required for segmentation experiments using the three 

algorithms for each target image in figure 5, and the time taken to calculate the 

GrabCut algorithm is the average time of 20 iterations. In figure 5, the first line of the 

original image is marked as object 4, and the second line of the original image is 

marked as object 5, so it is marked as object 6 and object 7 in turn. 

From the experimental results, similar to single-target segmentation, GrabCut takes 

the longest time in multi-target segmentation, followed by min_cut, while our 

algorithm needs the shortest segmentation time, and the segmentation time is less 

than 1 second. 

 

6. Conclusion 

In order to solve the problem that the traditional GrabCut segmentation algorithm has 

a long iteration time and low segmentation accuracy for objects with complex structure, 

this paper proposes an energy term based on appearance overlap, which greatly 

reduces the segmentation time by minimizing the segmentation cost in the 
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segmentation process. In addition, through the selection of the segmentation object 

and the background region by the seed target, the segmentation region is refined and 

the accuracy of segmentation is improved. Through the experimental comparison of 

the segmentation effect and segmentation time of single-target and multi-target 

images, it is proved that the algorithm has a better segmentation effect. When the 

color of the target object is similar to that of the background, our algorithm can 

remove the background more accurately. The target object is segmented from the 

complex scene, and the segmentation time is controlled within 1 second. 

 

References 

[1] Arbelaez P, Maire M, Fowlkes C, et al. Contour detection and hierarchical image 

segmentation[J]. IEEE transactions on pattern analysis and machine intelligence, 2010, 

33(5): 898-916. 

[2] Jiang Q C, Wang N, Li L, et al. A new image segmentation algorithm based on super-pixel 

clustering [J]. Software, 2019,40 (6): 44-48. 

[3] Li J, Niu Z S. Unsupervised texture defect segmentation based on the second generation 

Curvelet [J]. Chinese Journal of Image and Graphics, 2011,16 (10): 1812-1817. 

[4] Chen J, Hu Y, Liu Z G. Research on watershed image segmentation algorithm based on 

marker [J]. Software, 2012,33 (9): 115-11717. 

[5] Ning J, Zhang L, Zhang D, et al. Interactive image segmentation by maximal similarity 

based region merging[J]. Pattern Recognition, 2010, 43(2): 445-456. 

[6] Li B, Li R, Zhou L. Research and implementation of distributed K-means clustering 

algorithm [J]. Software, 2018 (01 2018): 35-million. 

[7] Wang D, Tang J L. An improved One-Cut interactive image segmentation algorithm [J]. 

Computer Engineering and Science, 2018 (6): 22. 

[8] Boykov Y, Veksler O, Zabih R. Fast approximate energy minimization via graph cuts[J]. 

IEEE Transactions on pattern analysis and machine intelligence, 2001, 23(11): 1222-1239. 

[9] Rother C, Kolmogorov V, Blake A. " GrabCut" interactive foreground extraction using 

iterated graph cuts[J]. ACM transactions on graphics (TOG), 2004, 23(3): 309-314. 

[10] Li Y, Sun J, Tang C K, et al. Lazy snapping[J]. ACM Transactions on Graphics (ToG), 2004, 

23(3): 303-308. 

[11] Hu Z L, Guo M. Improved GrabCut color image segmentation based on SLIC [J]. Computer 

Engineering and applications, 2016 (02, 2016): 186,190270. 

[12] Guan Q, Hua M, Hu H G. A modified grabcut approach for image segmentation based on 

local prior distribution[C]//2017 International Conference on Wavelet Analysis and Pattern 

Recognition (ICWAPR). IEEE, 2017: 122-126. 

[13] Cheng M M, Warrell J, Lin W Y, et al. Efficient salient region detection with soft image 

abstraction[C]//Proceedings of the IEEE International Conference on Computer vision. 

2013: 1529-1536. 

[14] Zhou S J, Ren F J, Jun J, et al. Significant target detection based on the fusion of 

background prior and central prior [J]. 2017. 



Volume 8 Issue 2 2021 
 

   11 

[15] Yang G P, Liu B Y. GrabCut image segmentation method based on target contour 

enhancement[J]. Software,2020,41(02):28-32. 

[16] Ling B, Guo Y, Zhao Y H, Li C. GrabCut image segmentation combining color information 

and depth information[J].Computer Applications and Software, 2020,37(08):188-193. 

[17] Kohli P, Torr P H S. Robust higher order potentials for enforcing label consistency[J]. 

International Journal of Computer Vision, 2009, 82(3): 302-324. 

[18] Vicente S, Kolmogorov V, Rother C. Joint optimization of segmentation and appearance 

models[C]//2009 IEEE 12th International Conference on Computer Vision. IEEE, 2009: 

755-762.  

[19] Achanta R, Hemami S, Estrada F, et al. Frequency-tuned salient region detection[C]//2009 

IEEE conference on computer vision and pattern recognition. IEEE, 2009: 1597-1604. 

[20] Cheng M M, Mitra N J, Huang X, et al. Global contrast based salient region detection[J]. 

IEEE transactions on pattern analysis and machine intelligence, 2014, 37(3): 569-582. 

[21] Perazzi F, Krähenbühl P, Pritch Y, et al. Saliency filters: Contrast based filtering for salient 

region detection[C]//2012 IEEE conference on computer vision and pattern recognition. 

IEEE, 2012: 733-740. 

[22] Gould S, Fulton R, Koller D. Decomposing a scene into geometric and semantically 

consistent regions[C]//2009 IEEE 12th international conference on computer vision. IEEE, 

2009: 1-8. 

 


