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ABSTRACT 
 

Foreground estimation in object segmentation has been an important issue for last few decades. In this paper we propose a GrabCut 
based automatic foreground estimation method using block clustering. GrabCut is one of popular algorithms for image segmentation 
in 2D image. However GrabCut is semi-automatic algorithm. So it requires the user input a rough boundary for foreground and 
background. Typically, the user draws a rectangle around the object of interest manually. The goal of proposed method is to 
generate an initial rectangle automatically. In order to create initial rectangle, we use Gabor filter and Saliency map and then we 
use 4 features (amount of area, variance, amount of class with boundary area, amount of class with saliency map) to categorize 
foreground and background. From the experimental results, our proposed algorithm can achieve satisfactory accuracy in object 
segmentation without any prior information by the user. 
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1. INTRODUCTION 1 
 

As the smart phones mounted with high resolution cameras 
are widely used in the world, the smart phones can get 
information for users from camera image. For example, smart 
phone applications are capable of providing users with 
information of unknown object by using captured image. 
Object segmentation is an initial and essential stage of image 
recognition scheme because perfect segmented image has good 
feature for recognition unknown object.  
 
Over the past years, a number of studies have been made on 

object segmentation in natural scene image. This paper finds 
related studies carried out in this research topic. Nilsback and 
Zisserman [1] designed a flower recognition system using 
visual vocabularies which represent color, shape and texture 
feature of flower images.  And in order to segment flower area 
from the natural scene image, the flower is automatically 
segmented using the concept of interactive graph cut [2] for 
optimal boundary and the region segmentation. And they 
addressed the problem of segmenting flower by using 
geometric model in [3]. This method extracts the petal structure 
of flower. And segmentation system is tolerant to changes in 
viewpoint and petal deformation, and the system is applicable 
in general for any flower class. In [4], the author proposed a 
method to segment flower using Saliency map(SM) [5] and 
GMM. This method estimate FG using K-means and Saliency 
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map and then the GMM categorizes all pixels in the input 
image into 2 class FG and BG. Luca Bertelli [6] proposed a 
method for supervised learning approach for segmentation, 
where the only domain specific knowledge required is to select 
a specific image descriptor. With that and a set of training 
segmentations using SVM, this algorithm will automatically 
learn a discriminative model to segment a new image, without 
any user intervention.     

 
In this paper, we present an approach called “Unconstrained 

Object Segmentation Using GrabCut Based on Automatic 
Generation of Initial Boundary”. The goal of proposed method  
is to generate initial rectangle for GrabCut automatically. The 
proposed method is composed of 3 steps of initial segmentation, 
rectangle estimation using block clustering and object 
segmentation using GrabCut. 
 
 

2. PROPOSED METHOD 
 

This section is organized as follows. In section 2.1, in order 
to estimate foreground, we use Gabor filter with 5 classes and 
Saliency map and then section 2.2, system generates rectangle 
using Grab Cut result. Last section 2.3, the Grab cut algorithm 
classifies foreground from background. Fig. 1. shows the 
proposed system process.  

http://dx.doi.org/10.5392/IJoC.2013.9.1.006 
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Fig. 1. Proposed system for object segmentation 

 
2.1 Initial Segmentation  

 
In order to estimate feature of FG and BG, a Gabor filter [7] 

creates 5 classes on the input image. The Gabor filter is a 
texture filter used in image processing. Frequency and 
orientation representation of Gabor filter are similar to human 
visual system, and it has been found to be particularly 
appropriate for texture representation and discrimination. In 
this paper, we use a 2D Gabor filter with 5 classes, and it is 
given by  

 gሺx, y; τ, θ, φ, σ, γሻ ൌ exp ሺെ ௫ᇲమାఊమఊᇲమଶఙమ ሻcos ሺ2π ௫ᇲఛ ൅ φሻ   (1) 
Where ߬ represents the wavelength of the cosine, θ is the 
orientation of the normal to the parallel stripes of a Gabor 
function, φ is the phase offset, σ is the Gaussian envelope, 
and γ is the spatial aspect ratio. Fig 2 (c) shows categorized 
image using Gabor filter with 5. The Saliency map [8] 
algorithm is a good solution to define salient area in an image 
using various features (texture, gradient, color). The drawback 
of the algorithm in the object segmentation is that it is not able 
to find ever correct boundary pixel of interesting object but it 
can find correct location of object. Fig 2 (b) shows SM result. 
 

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

 
Fig. 2. Proposed system for object segmentation 

(a) Input image (b)SM result (c)Gabor filter result 
(d)Initial segmentation result 

 
To define foreground and background in the Gabor filter 

result, system generates 4 features using the Gabor filter and 
SM. It has following stage: (1) the amount of area are 
considered to estimate FG and BG labels in the each class. 
Generally, amount of BG area has bigger than FG. (2) A 
variance of pixels can estimate information about FG and BG. 
It has same reason with stage 2 (BG variance bigger than 
FG).The variance of each class can be expressed as follows: 
݁ܿ݊ܽ݅ݎܽݒ  ൌ ∑ ሺܠૄିܠሻሺܡૄିܡሻሺሺܡ,ܠሻ۱אሻ ࢇࢋ࢘ࢇ                      (2) 
here,  the normalization equation is given by:   
ߙ  ൌ ∑ࢋࢉ࢔ࢇ࢏࢘ࢇ࢜ స૚࢏స૜࢏࢏ࢋࢉ࢔ࢇ࢏࢘ࢇ࢜                                  (3) 

Where area is the total area of class , x and y are axes in the 

class , ܥ is the class. μx and μy are the means of the two axes. 
 
(3) In this stage, we check boundary area of image. Usually, 
most of image has boundary area with BG. The proposed 
boundary checking equation is as follows: 
ߚ  ൌ ஼ ת ఛఛ                                        (4) 
 
Where ܥ is each class area and τ is total boundary region. 
 
(4) In the saliency map result; we count number of each class 
and then we consider high probability with FG class which has 
biggest number of pixel. It is given by γ ൌ ஼ ת ௌ௔௟௜௘௡௖௬ௌ௔௟௜௘௡௖௬                                   (5) 

 
Where ܥ is each class area and ݈ܵܽ݅݁݊ܿݕ is total area of SM 
result.  
In the last of initial segmentation, we define FG and BG using 
4 extracted features. To generate classes into foreground and 
background, a Threshold value is given by  
 T ൌ ଵହ ቀ∑ ሺܽܽ݁ݎ, ,ߙ ,ߚ ଵఊ ሻହ௫ୀଵ ቁ                       (6) 

 
And then equation (7) categorize in to 2 class using T value. 
Formulation is determined as 
 

۔ە
ۓ ௜ܰ ൌ  ሺܽܽ݁ݎ, ,ߙ ,ߚ ଵఊ ሻ௜                                               ݂݅  ௜ܰ ൏ ܶ , ,݁ݏ݅ݓݎ݄݁ݐ݋                          ݀݊ݑݎ݋݃݁ݎ݋݂ ሺ݅        ݀݊ݑ݋ݎܾ݃݇ܿܽ ൌ 1. .5ሻ            (7) 

 
Fig 2 (d) shows generating FG and BG result using equation (7). 
 

2.2 Automatic Rectangle Estimation 
 
Second, the initial rectangle is estimated by Block 

Clustering using first step results. And it has following process: 
(1) RGB color average of FG and BG is trained by previous 
result, (2) we divide labeled image into 10*10 (100) blocks, (3) 
each Block will be categorized to FG and BG. 

 To decide Block class, we consider amount of each class 
area and distance of RGB color average from trained color 
features in the each Block to categorize FG and BG. Equation 
(8) shows each Gaussian has area in the 1 block.  
௙ܤ   ൌ ீ೑ ת ௕௟௢௖௞೔௕௟௢௖௞೔  , ௕ܤ  ൌ ௕௟௢௖௞೔௕௟௢௖௞೔ ת ್ீ , i ൌ 1 … 100      (8) 

 
where ܩ௙ and ܩ௕ are areas of FG and BG. ܾ݈݇ܿ݋௜is 1 block 
from the divided image. And equation (7) measures distance 
between color average of input block and trained color average 
(FG, BG) 
௙ܥ  ൌ ට൫݅ܿ௥௚௕െܿݐ ௥݂௚௕൯ଶ , ௕ܥ  ൌ ට൫݅ܿ௥௚௕െܾܿݐ௥௚௕൯ଶ ,    (9) 

 
where ݅ܿ௥௚௕  is input color average. ܿݐ ௥݂௚௕  and ܾܿݐ௥௚௕  are 
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trained color average(FG,BG).And normalization equation is 
given by: 
 ܿ݀௙ ൌ ஼೑஼೑ା஼್ ,   ܿ݀௕ ൌ ஼್஼೑ା஼್                       (10) 

 
In order to categorize each block into two classes, the 
clustering formulation is determined as: 
 ൝݂݅ ܤ௙ ൅ ଵ௖ௗ೑ ൐ ௕ܤ ൅ ଵ௖ௗ್  , ௜݇ܿ݋݈ܾ ൌ , ݁ݏ݅ݓݎ݄݁ݐ݋݀݊ݑ݋ݎ݃݁ݎ݋݂ ௜݇ܿ݋݈ܾ                        ൌ ݀݊ݑ݋ݎܾ݃݇ܿܽ     (11) 

 
And the final rectangle for GrabCut is decided by Block 
Clustering result. Fig 3. shows Rectangle Estimation process.  
 

   
(a)            (b)            (c) 

 
Fig. 3. Rectangle Estimation (a) input image (b) 10*10 Block 

in the Gabor filter result (c) Block Clustering result 
 
2.3 Object Segmentation using GrabCut 

 
In this stage, we use a GrabCut algorithm to refine the 
segmentation of object area using the estimated rectangle. The 
GrabCut algorithm [9] is semi-automatic segmentation 
algorithm that has recently gained popularity for use in object 
segmentation in computer vision. And this method is based on 
graph cut which is proposed by Boykov and Jolly [9]. The basic 
steps for the GrabCut algorithm are as follows: (1) users input 
initial rectangle around foreground. This rectangle provides 
feature that rectangle the inside area is unknown and the 
outside is BG. (2) the FG and BG area modeled as GMM using 
Orchard-Bouman clustering algorithm [10] (3) all pixel in the 
FG assigned most probable Gaussian component. The same 
process is done with the pixels in the BG. (4) new GMM 
parameters are learned from previous process. (5) A graph is 
built and Graph cut is used to find a new classification of FG 
and BG. (6) Repeat process 3-5 until the classification 
converges [11]. In this paper, the initial rectangle is provided by 
Box clustering stage for user. Fig 4. shows segmented image 
using GrabCut. 
 

   
(a)               (b)              (c) 

Fig. 4. Object segmentation using GrabCut (a) input image (b) 
estimated rectangle (c) segmented result 
 

3. EXPERIMENTAL RESULTS 
 

We implemented the proposed algorithm using C++ (opencv 
2.3) on a Intel(R) Core(TM)2 Quad CPU Q9550 to verify it’s 
performance. The experimental images in this paper consist of 
1000 those from Achanta et al. [12] database. In order to 
evaluate the performance of proposed method, all of the images 
have ground truth labeled into FG and BG. The performance is 
measured by computing an overlap score S, between the 
ground truth and the segmented image (10).  

 S ൌ  ሺ୲୰୳ୣ୤୭୰ୣ୥୰୭୳୬ୢ תୱୣ୥୫ୣ୬୲ୣୢ ୤୭୰ୣ୥୭୰୳୬ୢሻൈଶ୲୰୳ୣ୤୭୰ୣ୥୰୭୳୬ୢାୱୣ୥୫ୣ୬୲ୣୢ ୤୭୰ୣ୥୰୭୳୬ୢ         (12) 

 
When evaluating this score, only foreground pixels are 

considered (i.e. the unlabeled pixels have no effect). The score 
is 1 for perfect segmentation. The segmentation results are 
compared with original GrabCut that has initial rectangle by 
user drawing and our proposed approach. The segmentation 
results are shown in Table 1(segmented result).    

 
Table 1. Segmentation Result 

GrabCut 
 (semi-auto) GMM  K-NN  Proposed 

Method 

   0.96 0.87  0.74    0.91 

 
In Table 1, The GMM and K-NN expresses that GMM and K-
NN algorithm categorizes input Image into foreground and 
background using trained data from rectangle estimation part. 
The proposed method little lower performance compare with 
original GrabCut. But our method not need initial rectangle for 
user convenient. Fig 5 shows some qualitative results and 
process of proposed method. Fig 5(a) is input image. (b) is 
corresponding saliency map. (c) shows Gabor filter result. (d) is 
10*10 block . (e) is categorized block. (f) is initial boundary for 
Grabcut. (g) shows segmented result using Grabcut.  

 
 

4. CONCLUSIONS 
 

In this paper, we have demonstrated the object segmentation 
process using a new method based on GrabCut. The proposed 
method can make initial rectangle for automatic GrabCut. The 
experiments have shown that our proposed algorithm can 
produce satisfactory accuracy in object segmentation without 
any prior information (initial rectangle) by user. Although the 
results are encouraging, future works are required to segment 
object area in more complex scenes. In the past, we have to 
make an initial rectangle for GrabCut by hand. However, 
proposed our method make an initial rectangle automatically 
without human activity. This is the point out the contribution of 
paper. 
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(a)         (b)          (c)           (d)          (e)           (f)          (g) 

Fig. 5. Results of proposed method: (a) input image (b) SM result (c) Gabor filter with 5classes (d)10*10 block  (e) result of 
block clustering (f) estimated rectangle for GrabCut (g) segmented image using GrabCut 
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