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Active Contour Based Seam Carving for 
Content-Aware Image Resizing 

 
 
 

Abstract-In this paper, we propose a novel noise robust 
content-aware image resizing method by the idea of seam 
carving scheme which attempts to preserve important objects in 
an image while changing the aspect ratio of it. We estimate the 
local energy map of image by active contour. Based on the 
energy map we carve and insert connected path of pixels, seam, 
for resizing image to the specific size. Conventional seam carving 
method is unsuccessful to keep important objects in an image 
when the energy content of the objects are low with regard to 
their adjacent, or the number of seams removed are very large. 
Since active contour attempts to detect objects in an image, we 
use it to segment the image in two parts, one contains prominent 
objects and the other one includes remaining part of the image 
which is less important; so we can simply carve or insert seams 
in the second part. The experimental results show that the 
proposed method produces higher subjective quality images 
than conventional seam carving method and recent saliency 
detection seam carving scheme. 

 

I. INTRODUCTION 
MAGE resizing (enlargement or reduction) is a common 
operation in digital image processing [1]. It is used 

whenever one wants to change the image resolution. Users 
now have easy access to high definition image or video 
content due to the emergence of mobile multimedia proficient 
devices and accessibility of networks. Usually, these devices 
have smaller displays and limited processing abilities. Thus, 
an efficient method to reduce the resolution of image and 
video contents before delivery to these devices is desired [2, 
3]. For example, it is required on a routine basis in digital 
photography, multimedia, and electronic publishing [4] for 
adapting the pixel size to the resolution of an output device 
(printer or monitor) and for generating preview images, or 
posting digital pictures on the Web. 

We know that web developing tools can support dynamic 
changes in page layouts or text but the images have always 
been a rigid part of these dynamic web pages [5]. Image 
resizing techniques like cropping [6] or scaling cannot be an 
appropriate solution since dimension modifications will 
finally lead to lot of artifacts because of the image content 
lost during the adjustments. Protection in images often results 
in user intervention, thus lead to a way for requirement of 
automatic methods.  

 

  Original
    Image 

                 Energy             Seams Plot     Seams Carving   Seams Insertion 
               Function 

Fig. 1. Image resizing comparison for 80% and 120% of original width 
between previous methods and our suggested scheme. First row is the results 

of conventional seam carving method, the results of the saliency detection 
method [10] are showed in second row and the last row demonstrates our 

results. 

Avidan and Shamir [7] have developed an algorithm for 
content aware image resizing known as seam carving. Seam 
carving proposes a way of smartly removing the pixels of 
lesser importance in the image. Seam carving is based on the 
philosophy that human eye mostly notices only the salient 
features of an image, so gradual addition or deletion of 
features that is not salient in an image can be an efficient way 
for image resizing. 

Some approaches are introduced for resizing videos [8, 9]. 
In [8] instead of removing 1D seams from 2D images authors 
remove 2D seam manifolds from 3D space-time volumes.  

In [9] an efficient algorithm for video retargeting is 
introduced. It consists of two stages. First, the frame is 
analyzed to detect the importance of each region in the frame. 
Then, a transformation that respects the analysis shrinks less 
important regions more than important ones. 

A noise robust resizing technique based on seam carving 
by Achanta and Süsstrunk in [10] was introduced which 
assigns higher value to visually prominent regions in a 
saliency map. They figured global saliency of pixels using 
intensity as well as color features [11]. 

Since saliency detection method cannot proficiently 
identify all borders of objects, in this paper, first we detect 
objects in a given image with active contour based on 
techniques of curve evolution [12]. So we can detect objects 
whose boundaries are not necessarily defined by gradient and 
reach to a binary image map which shows objects with 255 
and the remaining part of image with zero. In this map pixels 
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with zero values are potential pixels for seam carving (see 
Fig. 1).  

The rest of this paper is structured as follows. In section 2, 
we explain the active contour. Then we represent the seam 
carving method in section 3. In section 4, we introduce our 
proposed image resizing method. Performance of our 
technique is examined in section 5; at last, section 6 
summarizes the concluding observations. 

II. ACTIVE CONTOUR 

Active contour is a powerful tool in image and vision 
analysis. It is used to detect objects in a given image u0, via 
techniques of curve evolution. The basic idea is, starting with 
an initial curve C, to deform iteratively the curve to boundary 
of the objects, under some constraints of u0. 

So the major problem is finding the contour C which 
separates object ω from background, such that intensity 
variation inside C becomes minimal and outside of it turns 
into maximal. 

Chan and Vese in [12] formulated this problem by 
minimizing the following energy function: 

����, ��, �� � ���������� � ����������������  

                          ��� � ��� � ���� 
��������� ��  

                          ��� � ��� � ���� 
���������� ��,                        (1) 

where, first and second terms of the above equation are 
named as regularization terms for minimizing area and 
contour length, � � �, � � �, �� ��� �� � � are fixed 
parameters to control the effect of each term in minimizing F, 
c1 and c2 are the mean intensity inside and outside C, 
respectively. 

Active contours are often implemented with level-set 
methods because of their power and versatility. In the level -
set framework, the contour C is embedded in a higher 
dimensional function. For example a simple curve on a 2D 
plane can be embedded in a 3D surface �. By convention, C 
is represented as the zero-level-set of � such that the curve is 
located where � crosses a plane at the zero level, thus on the 
interior of C, � � � and on the exterior of C, � � �. 
Typically, �  is chosen to be the signed distance function 
(SDF) such that ������ is equal to the distance from x to the 
closest point on C and interior points have a negative sign. 
This choice is made so that first and second derivatives can be 
taken about the curve with ease [13]. As a simple example of 
this representation, imagine that C is a circle. The 
corresponding SDF � would be an inverted cone whose 
intersection with the zero planes exactly matches C as shown 
in Fig. 2. 

With a given level-set function � such that               
� � �� � � �  ���� � ��, we can define the inside and 
outside of C by two following formulas: 

 ��������� � �� � � �  ���� � ��,                                 (2) 

 ���������� � �� � � �  ���� � ��,                               (3) 

If H(s) be a Heaviside function, it’s defined as: 

���� � �� � � �
� � � �, 

Also δ(s), the Dirac delta function, will be the 
distributional derivative of H(s). 

Supposing following equations: 

��������� � � ���������� 
Ω  �� � ����|��| 

Ω ,              (5) 

��������������� � � ��������� 
� ,                                  (6) 

Now we can rewrite (1) as: 

����, ��, �� � � � ������������� 
Ω � � � ��������� 

Ω   
                          ��� � ��� � ���� 

 ���������  
                          ��� � ��� � ���� 

 �� � ����������,         (7) 
where, 

 �� � � ����������� 
Ω / � ��������� 

Ω ,                        (8) 

     �� � � �� �� � �������� �� 
Ω / � �� � �������� �� 

Ω , (9) 

In order to achieve minimum value of F, we have to set F’s 
derivative to zero. 

By Euler-Lagrange equation, we can solve (7) (see [12] for 
more details). 

III. SEAM CARVING 
In [7], the authors present a content aware resizing 

operator called seam carving. A seam is a sequence of 
orthogonally or diagonally adjacent pixels that runs through 
the image either horizontally or vertically.  

Seam carving can change the size of an image by 
gracefully carving-out or inserting pixels in different parts of 
the image. It uses an energy function defining the importance 
of pixels. Consider an image I of size n×m the energy 
function from the gradient method can be calculated as: 

 ���� � � �
�� �� � � �

�� ��,                                  (10) 

For resizing images we must define vertical and horizontal 
seams.  

A vertical seam is defined as following equation: 

�� � ��������� � ������, ������� , �� �� ��, |���� � ��� � ��| � �,     (11) 

where, x is a mapping �� ��, � , �� � ��, � , ��. A vertical 
seam is an 8-connected path of pixels in the image from top to 
bottom, containing one, and only one, pixel in each row of the 
image. Fig. 2. The Contour C and its corresponding SDF, � [13].
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Similarly, if y is a mapping �� �1, � , �� � �1, � , ��, then 
a horizontal seam is: 

�� � ���
��

���
� � ���, ���������

� , �� �� ��, |���� � ��� � 1�| � 1,   (12) 

Pixels of the path of seams (e.g. vertical seam }{ is ) will 
therefore be: 

�� � ����������
� � �������, ������

� ,                             (13) 

Given an energy function e, the cost of a seam can be 
defined as: 

���� � ����� � ∑ ���������
��� ,         (14) 

We must remove connected pixels with minimal energy 
content stretching over the length or breadth of the image to 
achieve image retargeting. Consequently we look for the 
optimal seam *s that minimizes the seam cost: 

�� � ���� ���� � ���� ∑ ���������
��� ,         (15) 

 The optimal seam can be found using dynamic 
programming [7]. The first step is to traverse the image from 
the second row to the last row and compute the cumulative 
minimum energy M for all possible connected seams for each 
entry (i, j): 

���, �� � ���, �� � ��� �
��� � 1, � � 1�
��� � 1, ��        
��� � 1, � � 1�

 ,                     (16) 

At the end of this process, the minimum value of the last 
row in M will indicate the end of minimal connected vertical 
seam. Hence, in the second step we backtrack from this 
minimum entry on M to find the path of the optimal seam. 
The definition of M for horizontal seams is similar.  

Rubinstein et al. [8] make a note that although seam 
carving is an energy removal procedure, a removed seam may 
actually introduce more energy than it takes away because of 
previously non-adjacent pixels becoming neighbours. So they 
introduce forward energy criteria. 

If CL, CU, and CR are image gradients resulting from 
nonadjacent pixels becoming neighbours when a seam pixel 
separating them is removed, they are computed as: 

�
����, �� � |���, � � �� � ���, � � 1�| � |��� � 1, �� � ���, � � 1�|
����, �� � |���, � � 1� � ���, � � 1�|                                                 
����, �� � |���, � � �� � ���, � � 1�| � |��� � 1, �� � ���, � � 1�|

,      (17) 

Therefore: 

���, �� � ���, �� � ��� �
��� � 1, � � 1� � ����, ��
��� � 1, �� � ����, ��       
��� � 1, � � 1� � ����, ��

,    (18) 

For horizontal seam there will be one pixel for each 
column and for vertical seam there will be one pixel for each 
row. 

IV. OUR IMAGE RESIZING METHOD 
Given an image, the proposed image resizing method first 

computes active contour algorithm to find a map, then uses it 
as the energy function in seam carving algorithm for resizing 
the image. 

 
A. Computing Active Contour Map 

Removing less important seams of an image with seam 
carving method needs to compute the energy function or its 
map. Conventional seam carving uses gradient to calculate 
the map. In [10] the authors suggested to use saliency map as 
energy function to preserve objects better than the usual seam 
carving method. Here we identify objects in an image and 
segment it with active contour. For this reason, we start with 
an initial contour (mask).  After deforming it to the boundary 
of objects, iteratively, we obtain a map that separates objects 
from background. The part included objects is specified with 
255 and the other part is valued by zero. 

As the active contour algorithm is sensitive to its initial 
position, a different mask may lead to a different 
segmentation. Hence for getting better and faster results, we 
use a mask with small holes all over it as shown in Fig. 3. The 
size of this mask is the same as the size of image.     

                     

In order to compute � in (7), we consider slightly 
regularized version of functions H and δ, which are named Hε  
and δε : 

����� � �
1
0

�
� �1 � �

� � �
� ��� ���

� ��
     

� � �
� � ��
|�| � �

 ,        (19) 

����� � ������ � �
0

�
�� �1 � ��� ���

� ��   |�| � �
|�| � �,         (20) 

Here we define 510−=ε . 
 

B. Carving Image’s Seams 

We changed (17) to (21) and use forward energy criteria 
which believes a removed seam, may get more energy than 
will be eliminated due to previously non-adjacent pixels 
becoming neighbours [10]: 

Fig. 3. The mask showing the initial contour 
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�
����, �� � ����, � � �� � ���, � � ��� � ���� � �, �� � ���, � � ���
����, �� � ����, � � �� � ���, � � ���                                                    
����, �� � ����, � � �� � ���, � � ��� � ���� � �, �� � ���, � � ���

, (21) 

As the less important parts of the image are specified with 
zero in section A, the seam carving algorithm removes or 
inserts seams in this part and thus can perfectly preserve 
objects in the image. 

V. EXPERIMENTAL RESULT 

In some image processing approaches like image 
restoration and image compression we usually have an 
original image. In these cases we have quantitative 
comparisons for comparing quality of different methods, but 
in image resizing methods (especially content-aware resizing 
schemes) there isn’t any original resized image. Therefore to 

compare different methods with each other there is no 
quantitative measure. Hence the superiority of our proposed 
algorithm over the two other ones is shown visually. 

Experiments were carried out on the database presented in 
[14] and Kodak database [15]. According to [12] we define 
��  �  ��  �  �. Default value for µ and maximum number of 
iterations are considered 0.2 and 1000, respectively. Note that 
the algorithm stopped in fewer iterations in most cases. Fig. 4 
shows image resizing comparison for 80% and 120% of 
original width between the previous methods and our 
suggested scheme. Column A is original image. Columns B, 
C and D are related to the conventional seam carving method 
[7]. Columns E, F and G are related to a most recent method 
[10] and columns H, I and J are the results by our scheme. 

 

              

               A                   B                    C                    D                         E                   F                   G                          H                    I                    J 
Fig. 4. Image resizing comparison for 80% and 120% of original width: Column A: Original Image, Column B: Gradient Map,  Column C: 

Gradient Seam Carving, Column D: Gradient Seam Insertion, Column E: Method [10]’s Map, Column F: Method [10]’s Seam Carving, Column G: 
Method [10]’s Seam Insertion, Column H: Our method’s Active Contour Map, Column I: Our Method’s Seam Carving, Column J: Our Method’s 

Seam Insertion. 

Since we segment the image in two parts, we can 
conserve prominent objects during carving and inserting 
seams so as the results show our method’s outcomes are 
better than both conventional seam carving and saliency 
detection methods. 

Even in presence of noises this method acts better 
than two others. As illustrated in Fig. 5 our method is 
more robust to noise than conventional seam carving and 
saliency detection schemes both in carving and inserting 
seams. 

Since our approach is independent of local noise 
patterns that strongly affect gradient based energy maps 
we can reach better results. Also while active contour 
tries to identify objects, regardless of noise patterns, it 
detects objects and gives us a binary map which 
separates prominent objects from less important 
background.  More results in pure and noisy images are 
represented in Fig. 6. Column A is original image. 
Columns B, C and D are results of the conventional 
seam carving method [7]. 



111

 

�
����, �� � ����, � � �� � ���, � � ��� � ���� � �, �� � ���, � � ���
����, �� � ����, � � �� � ���, � � ���                                                    
����, �� � ����, � � �� � ���, � � ��� � ���� � �, �� � ���, � � ���

, (21) 

As the less important parts of the image are specified with 
zero in section A, the seam carving algorithm removes or 
inserts seams in this part and thus can perfectly preserve 
objects in the image. 

V. EXPERIMENTAL RESULT 

In some image processing approaches like image 
restoration and image compression we usually have an 
original image. In these cases we have quantitative 
comparisons for comparing quality of different methods, but 
in image resizing methods (especially content-aware resizing 
schemes) there isn’t any original resized image. Therefore to 

compare different methods with each other there is no 
quantitative measure. Hence the superiority of our proposed 
algorithm over the two other ones is shown visually. 

Experiments were carried out on the database presented in 
[14] and Kodak database [15]. According to [12] we define 
��  �  ��  �  �. Default value for µ and maximum number of 
iterations are considered 0.2 and 1000, respectively. Note that 
the algorithm stopped in fewer iterations in most cases. Fig. 4 
shows image resizing comparison for 80% and 120% of 
original width between the previous methods and our 
suggested scheme. Column A is original image. Columns B, 
C and D are related to the conventional seam carving method 
[7]. Columns E, F and G are related to a most recent method 
[10] and columns H, I and J are the results by our scheme. 

 

              

               A                   B                    C                    D                         E                   F                   G                          H                    I                    J 
Fig. 4. Image resizing comparison for 80% and 120% of original width: Column A: Original Image, Column B: Gradient Map,  Column C: 

Gradient Seam Carving, Column D: Gradient Seam Insertion, Column E: Method [10]’s Map, Column F: Method [10]’s Seam Carving, Column G: 
Method [10]’s Seam Insertion, Column H: Our method’s Active Contour Map, Column I: Our Method’s Seam Carving, Column J: Our Method’s 

Seam Insertion. 

Since we segment the image in two parts, we can 
conserve prominent objects during carving and inserting 
seams so as the results show our method’s outcomes are 
better than both conventional seam carving and saliency 
detection methods. 

Even in presence of noises this method acts better 
than two others. As illustrated in Fig. 5 our method is 
more robust to noise than conventional seam carving and 
saliency detection schemes both in carving and inserting 
seams. 

Since our approach is independent of local noise 
patterns that strongly affect gradient based energy maps 
we can reach better results. Also while active contour 
tries to identify objects, regardless of noise patterns, it 
detects objects and gives us a binary map which 
separates prominent objects from less important 
background.  More results in pure and noisy images are 
represented in Fig. 6. Column A is original image. 
Columns B, C and D are results of the conventional 
seam carving method [7]. 

 
 
 
 
 
 

 
 
 
 
 
 

                 
Original Noisy Image     Energy Function     Seams Plot   Seams Carving (80%)    Seams Insertion (120%) 

Fig. 5. Image resizing comparison for 80% and 120% of original width between previous methods and our suggested scheme in presence 
of noise. First row is the results of conventional seam carving method [7], the results of the saliency detection method [10] are showed in 

second row and the last row demonstrates our results. 

 

Columns E, F and G are related to a most recent method 
[10] and finally the results of our scheme are illustrated in 
columns H, I and J. First row displays outcomes for pure 
images and second row shows results for noisy images. 

Results in the above figure demonstrate that our method 
can carve and insert seams better than the previous 
schemes even in presence of noise. 

 
 
 
1 

          
          
 

 

 
         A                     B                  C                    D                           E                   F                     G                           H                    I                    J 

2 

 
1 

2 

 
 
 
1 
 
 
2 

Fig. 6. Image resizing comparison for 50% and 150% of original width: Column A: Original Image, Column B: Gradient Map, Column C: Gradient 
Seam Carving, Column D: Gradient Seam Insertion, Column E: Method [10]’s Map, Column F: Method [10]’s Seam Carving, Column G: Method 
[10]’s Seam Insertion, Column H: Our method’s Map, Column I: Our Method’s Seam Carving, Column J: Our Method’s Seam Insertion, row (1) is 

noiseless  image and row (2) is noisy image. 

Table I shows average of computational time for the 
suggested method and the other schemes. The results are 

obtained for 50 randomly selected images from database 
represented in [14] for both noisy and noiseless cases. We 
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used Matlab 7.6.0 running on a laptop with CPU 
specifications: Intel(R) Core(TM) 2 Duo, 2.4 GHz, and 
2GB of RAM. Results demonstrate that better 
identification of prominent objects consumes more time. 
Since active contour needs some time for detecting 
contour of objects, our proposed scheme takes more time 
in comparison with two others. But time can be ignorable 
against our better resizing results.  

 
TABLE I: COMPUTATIONAL TIME COMPARISON 

 Conventional 
seam carving 
method [7] 

Saliency 
detection 
method [10] 

Our 
method

Noiseless images 10 s 11.99 s 44.13s 

Noisy images 10.40 s 12.36 s 63.71s 

 

VI. CONCLUSION 
In this paper, we present the idea of using an active 

contour binary map for resizing images horizontally and 
vertically. We use active contour to detect objects 
independent of noise patterns. Then according to the map, 
we can separate objects from their background through 
carving and inserting seams to achieve our specific size. 
Experimental results represent that our approach has 
enhanced the results compared with the previous methods 
even for noisy images.  
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