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Abstract — 3D Stereo images when shown over three-dimensional 

(3D) display devices having different aspect ratios, the single image 

resizing method could lead to shape and depth distortion of 3D 

image. This paper propose a novel method for retargeting stereo 

image pairs without distorting important objects in the view while 

still maintaining the consistency between the left and right images. 

2D seam carving method is extended to 3D stereoscopic images. 

Stereo seam carving algorithm is more challenging as compared to 

2D because focus is to maintain stereo consistency i.e. 3D depth as 

well as relevant information in the image. The proposed technique 

works by computing energy function for every pixel or group of 

pixels of 3D images in order to find their importance and then apply 

an operator that retargets the image using disparity map. Proposed 

method deals with the cases of occlusion in 3D images by occlusion 

handling method which further reduces depth distortion.  

 

Key Words — Depth map; Energy function; Geometric structure; 

Stereoscopy; Retargeting 

I. INTRODUCTION 

Due to the rapid growth in 3D contents as well as advances in 

hardware capability, 3D stereoscopic images and videos have 

become much popular these days. 3D images and video contents 

are extensively available in 3D cinemas and 3D broadcasting. 

They can be produced and displayed using latest developed 

hardware such as 3D camera rigs, 3D televisions and 3D 

smartphones.  

     

     Stereoscopic content processing methods present two offset 

images independently to the left and right eye of the observer. 

These 2D offset images are then fused in the brain to give the 

insight of 3D depth. A 3D stereo image is composed of two 

planar images of the same prospect from different viewpoints. 

The variation of corresponding points in the viewpoints generates 

disparity in the stereo image as shown in Fig 1. When the left and 

right eye respectively inspects different viewpoints, the observer 

perceives depth depending on stereo image disparity.  

 
Fig. 1: 3D Image pair and corresponding Disparity Map 

 

   With the development of three-dimensional (3D) technology, 

there are several of 3D display devices available in marketplace, 

from cell phone to IMAX screen having various aspect ratios. 

When the same 3D image is displayed on screens with different 

aspect ratios, the 3D stereo image must be resized without 

distorting the main content. The process known as image  

retargeting or image resizing shown in Fig. 2, consists of 

modifying the image size and aspect ratio in order to satisfy the 

new requirements.  

    However, clear-cut image resizing operators, such as scaling, 

cropping often do not produce satisfying results, since they are 

not aware of image content. To overcome this limitation, various 

techniques attempt to resize the images in a content aware 

fashion, i.e. taking the image content into consideration to 

preserve salient regions and minimize visual and depth 

distortions. This problem is challenging, as it needs preserving 

the crucial information while maintaining an aesthetically 

pleasant and enjoyable 3D image for the user. 

 

 
Fig. 2: An example of image retargeting. From left to right: 

original image, resized using cropping, scaling, and seam carving 

algorithm [3] 

 
Fig. 3: Seam Carving 

    

    The seam carving algorithm which is most appropriate 

retargeting algorithm, works by iteratively computing a seam 

(path of least importance) with minimal visual distortion in the 

image and removing it. A seam is defined as a linked path in the 

image from top to bottom or left to right. An energy function is 

used to evaluate the importance/significance of every pixel in the 

image and the optimal seam is chosen containing the pixels with 

the lowest energy. Each seam can then be duplicated or 

detached/removed to extend or reduce the size of the image by 

one row or column. In case of 3D images a joint retargeting of 

both left and right images must be considered. The general idea  
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of seam carving is shown in Fig.3. The selection of seams in both 

left and right images should be coupled before carving. A simple 

approach for stereo retargeting is to compute the seam in one of 

the images, for example the left one, and then using disparity 

map project it to the right image. 

   In cases of occlusions in 3D images seam carving algorithm is 

not efficient. There is no assurance that seam pixels in the left 

image have similar pixels in the right. Errors in the disparity map 

affect the depth distortion scores as well as the visual appearance 

of the images. The effect of these errors becomes more 

significant as additional seams are removed from the image pairs. 

The method proposed here mainly focuses on the limitations of 

occlusion and disparity and there is scope of improvement in 

these cases of limitations. 

 

 

II. LITERATURE SURVEY 
 

Motivated by the rising 3D applications and the challenges 

related to the problem, researchers have proposed several 

algorithms for automatic retargeting of stereoscopic 3D images. 

Broadly two major classes of algorithms for retargeting have 

introduced. Discrete methods for single image retargeting, for 

example seam carving [3] or shift map [6] which works by 

removing and shifting pixels in the image. Continuous methods 

[7], [8] warp a quad mesh based on image content. All 3D 

retargeting techniques proposed in literature generalizes available 

2D retargeting techniques.  

     Niu et al. [16] proposed an esthetics-based cropping method 

in which an input image pair is optimally cropped and then 

rescaled such that the visual value defined according to the 

principles of stereoscopic photography is maximized. Mansfield 

et al. [2] extended seam carving to scene carving. Using depth 

map, the image is divided into several depth layers containing 

either the background or the objects of the image. Due to this 

there is also introduction of occlusions into the image, as the 

salient objects are not permitted to be unclear. Utsugi et al. [14] 

extended the 2D image seam-carving technique [3] to 3D 

stereoscopic images. However, preserving the geometric 

consistency of the output image pair is not discussed in their 

work. Birklbauer et al. [15] proposed a method for light-field 

retargeting that preserves the angular consistency in image pairs. 

They evade the need to recover explicit 3D information, but it is 

not specified how they deal with cases of occlusions. 

    Recently, another seam carving algorithm for reducing the 

width of stereo images was introduced by Basha et al. [1]. A pair 

of seams with minimum importance in the left and right images 

is iteratively and simultaneously carved to resize the input 

images to the preferred aspect ratio. Errors in the disparity map 

affect the depth distortion scores as well as the visual appearance 

of the images. The consequence of disparity map errors becomes 

more significant as more seams are removed from the image 

pairs. 

 

 

III. PROPOSED WORK 
 

A. Proposed System: 
 

The input given to proposed system is a pair of m x n rectified 

stereo images pairs {IL, IR } and a disparity map D, where the 

disparity map can be computed by disparity map acquisition 

algorithm. The output of system is a pair of retargeted images 

}ˆ,ˆ{ RL II and an updated disparity map D̂ . The aim of proposed 

method is to obtain retargeted 3D images which are 

geometrically consistent with input 3D scene. Fig. 4 shows the 

block diagram of system. The various algorithms of the system 

are 

 

1) Disparity Map Acquisition: 

 

Disparity Map Acquisition is a 3D stereo matching algorithm 

with occlusion handling. For occlusion detection, an initial 

disparity map is obtained via optimization based on modified 

constant-space belief propagation (CSBP). The method is 

beneficial due to its low complexity. The initial disparity map 

provide hint for occlusion detection in image pair. An energy 

function for occlusion detection is defined from that clue and 

optimized by energy minimization framework. The steps of 

disparity map acquisition algorithm are as follows: 

 

 

 
Fig. 4: Block Diagram: First row shows result of Disparity Map 

Acquisition method. Second row shows the results of applying 

modified stereo retargeting algorithm. Finally the depth 

distortion, where color code is light blue for low values and dark 

blue for high ones.  

 

i.    Input to algorithm is 3D Image pair. 

ii.   Output is disparity map with occlusion handling. 

iii. Obtain initial disparity map from 3D image pair using 

extended Constant Space Belief Propagation (CSBP) method. 

iv. Detect occlusions present using warping constraint. 
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v.  Assign disparity values to occluded pixels. 

vi. Calculate final disparity map after handling occlusions. 

 

2) Stereo Seam Carving 

 

i. Seam Coupling 

 

The geometric coupling of two seams, m

i

i

LL sS 1}{ ==  and 

m

i

i

RR sS 1}{ == , is obtained by using the correspondence defined 

by disparity map D. Usually, every seam’s pixel in the left image 

at row i 
LL

i

L Sijis ∈= ))(,( , is matched to a seam pixel in the 

right image,  
RR

i

R Sijis ∈= ))(,( , as follows: 

 

         )),()(,()(,( i

LLR

i

R sDijiijis +==                       (1)  

where ],[][:, nmjj RL →  and  ].,....,1[][ mm = The           

disparity map D, maps pixels of left image IL to their 

corresponding pixels in right image IR. A continuous seam in the 

left image generally correspond to a piecewise continuous seam 

in the right image as the seam may cross depth discontinuities. 

 

ii. Energy Function 

In this step importance of each pixel is computed by calculating 

energy of each pixel in image pair. In terms of image processing 

energy is used to describe a measure of information. The energy 

function of the stereo seam carving method consists of an 

intensity term and a 3D geometry term. The energy function is 

defined (w.r.t. the left image) in accordance with the seam pixel 

in the previous row    , (which is short for         ) as: 

       

                                                                                          (2) 

   

 Here α control the corresponding impact of each of the terms. 

 

Appearance Energy:  

 

The   appearance   energy                              is taken to be the 

sum of the energy terms, EL and ER, for removing a pair of 

coupled pixels from the left and right images. The energy is 

computed as follows: 

                                                                                                                                                                      

                                                                                             (3) 

 

Depth Energy:  

 

The computed depth map provide valuable cues for selection of 

seam, and a 3D energy term ED is used to reduce the disparity 

distortion. The 3D energy is a weighted sum of following 

components: 

 

                                                                                             (4) 

                                                                                          Seam 

Selection and Carving:  

 

 

The energy function defined in (2) is now accommodated in a 

cost matrix M in order to select a pair of seams using dynamic 

programming. Continuous seams are favored by default, which 

affect lesser pixels than discontinuous seams.  Though, if in case 

a continuous path is blocked at pixel (i,j) by occluded or 

occluding pixels, discontinuous seams are allowed. 
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T(i,j)  indicate whether a continuous path is blocked in row i-1 by 

occluding/occluded pixels. 

 

 

 

IV. EXPERIMENTAL SETUP 
 

All Experimentation is performed using Pentium processor and 4 

GB RAM. The operating system is windows 7(64 bit) with .Net 

framework. 

 

A. Dataset: 
 

The datasets are collected from the Middlebury stereo dataset 

repository. Each data set consists of left and right stereoscopic 

image of particular scene. These datasets are challenging because 

the scenes are highly textured and contain objects at diverse 

depths. In nearly all of these datasets, about 20 percent to 30 

percent of the pixels in the original reference images cannot be 

removed because they are either occluding or occluded.  

 

B. Performance Measure: 
 
A main goal of proposed method is the production of a 

geometrically consistent retargeted image pair that preserves the 

original depth values of the remaining points.  Depth distortion is 

evaluated by measuring the deviation of the updated disparity values 

from their original values. The evaluation scheme is described in 

Fig. 4. A disparity map
DMAD̂  is computed on the retargeted pair of 

stereo images. The computed map 
DMAD̂  reflects the geometry that 

can be recovered from the pair of retargeted images, despite of the 

method used to produce them. The depth distortion is measured by 

comparing the disparity value of each pixel in 
DMAD̂ with its 

original value. In particular, 
OD̂ is computed, which consists of the 

original disparity values D after removing the relevant seams with 

respect to the reference view. The absolute 

difference,
DMAO DD ˆˆ − , is shown for all experiments. For 

quantitative evaluation, the depth distortion score is defined to be the  
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percentage of pixels whose depth, 
DMAD̂  , has been changed by 

more than one pixel. This can be computed as, 

 

   ∑ −= ),(ˆ),(ˆ(
1

jiDjiD
N

B DMAO
 > 1                     (6) 

 

C. Results: 
 

The system is tested on the above-mentioned datasets using a 

fixed set of parameters for the 3D weight. The image width was 

reduced by 20 percent for the Middlebury Aloe datasets  as 

shown in Fig 5.  

 

1) Depth Perception 

Proposed method obtains geometrically consistent results while    

preserving   the   original   depth  values of the 3D  

 
 

 

Fig. 5: Aloe dataset: (a) left to right, the input image pair & 

disparity map. (b) Results with respect to the first row. (c) the 

distortion in depth caused by proposed  stereo retargeting 

method. Depth distortion scores B = 2.18 % 

 

structure of the scene. It means that the depth of the retargeted 

image pair should be perceived as similar to the depth of the 

original 3D image. To confirm this property, anaglyph (red-

green) images are generated for People dataset to perceive the 

depth of the retargeted 3D scene (see Fig. 6). 

 

2) Comparison with existing system 

 

Comparison of proposed system is done with existing system by 

Basha[1]. Depth  distortion  score is used   as  the 

 

       
 

        (a)     (b) 

Fig. 6: Anaglyph images: (a) the input image pair for people 

dataset. (b) Result of applying proposed method. Images should 

be viewed with red & green glasses. 

Table I. Depth Distortion 

 

3D Datasets Proposed   

System 

Existing 

System[1] 

Aloe 2.18 2.90 

Car 0.65 1.93 

Man 0.92 1.02 

Moebius 2.85 3.20 

People 0.05 2.62 

Snowman 1.12 1.33 

 

basis for comparison. More the depth distortion score, the  

accuracy of system degrades. The accuracy of proposed  

method is greater than existing system. The table I shows  

comparative depth distortion scores (in percent). 

 

3) Effect of Baseline 

 

The effect of baseline is tested between the cameras on the 

visual appearance and geometric consistency of the results. 

For this Middlebury Baby dataset is considered where 

testing is done considering three baselines w.r.t. the same 

view (view1). Fig. 7 shows the computed depth distortion 

scores for shrinking the image width by 15 percent.  As can 

be seen, the distortion scores increase to some extent as the 

baseline is extended, and the image width is reduced. 
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CONCLUSION 

 
Stereo seam carving method is proposed for retargeting 3D 

images into required aspect ratio. The proposed technique 

works by computing energy function for every pixel or 

group of pixels in order to find their importance and then 

 

 
Fig. 7: Depth distortion scores for the Middlebury data set  

Baby. In the graph, the depth distortion scores (y-axis)  

computed for three baselines: view1 and view2 (V1 and V2), 

view1 and view3 (V1 and V3), view1 and view4  (V1 and 

V4) for shrinkage of 15 percent. 

 

 

apply an operator that retargets the image pair in desired 

aspect ratio. The method takes advantage of both appearance 

and depth cues to maintain the visual and depth value of 3D 

images. However errors in computed disparity map and 

occlusion in image pair can degrade system performance. 

Stereo seam carving method can be enhanced using 

Disparity Map Acquisition method which computes refined 

disparity map taking occlusions into consideration. This 

minimizes depth and visual distortion present in existing 

seam carving method and increases the accuracy of system. 
    Future extensions of the method include extension to 

stereoscopic video, realization on smartphones equipped with a 

stereo camera, and 3D display, incorporating depth-based 

saliency map. 
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