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Abstract—In this paper, we propose enhanced depth 

features of human bodies for image retargeting. First, the 

depth map of an input image is generated. Second, with the 

depth map we divide the depths into several depth layers to 

separate human bodies and the background. Next, the 

proposed approach performs the morphological dilation 

operation on the human bodies and enhances the edges of 

the human bodies to generate an enhanced depth map. 

Moreover, we assign different weights for the human bodies 

and their edges according to their importance. Finally, we 

generate the target image based on the enhanced depth map. 

The proposed approach can obtain pleasing resized images 

for a wide range of images. 

 

Index Terms—image retargeting, feature, depth map, seam 

carving 

 

I. INTRODUCTION 

Numerous devices for displaying digital images with 

different aspect ratios and resolutions have been 

developed. To meet various demands, changing display 

content becomes crucial. Image or video retargeting 

techniques have been studied extensively. Common 

methods for image resizing include scaling and cropping. 

However, these two approaches often fail to identify and 

protect important regions. 

Several content-based image resizing approaches have 

been proposed [1]-[12]. Resizing images based on image 

content is an approach that removes insignificant regions 

and maintains the important regions of original images. 

Seam carving [1] is an effective image resizing approach 

based on image content. However, it cannot protect 

important objects in images if the energy of the main 

objects is low as regards to their surroundings. Also, it 

often fails to recognize edges and thus removes borders 

of the main objects for some images. 

In this paper, we present an image retargeting approach 

based on enhanced depth features of human bodies. Fig. 1 

depicts a flowchart of the proposed approach. We first 

obtain the depth map of an input image. After that, the 
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depths are divided into several depth layers based on the 

depth map to separate human bodies and the background. 

Then, we construct an enhanced depth map by 

performing the morphological dilation operation on the 

human bodies to enhance the borders of the human bodies. 

Also, different weights for the human bodies and their 

edges are assigned according to their importance. Finally, 

the proposed approach constructs the target image based 

on the enhanced depth map. 

 

Figure 1.  The flowchart of the proposed approach. 

The rest of this paper is organized as follows. In 

Section 2, we briefly discuss related works. Section 3 is 

the proposed approach. Section 4 presents results. Finally, 

Section 5 is conclusions. 

II. RELATED WORKS 

Avidan and Shamir [1] presented an approach for 

resizing images based on image content. They proposed a 

simple technique for image processing using seams. 

Seams are lines with eight connecting pixels that 

vertically or horizontally cross images. By iteratively 

adding or removing seams, it can change the aspect ratio 

of an image. However, because the content of images is 

often complex, how to determine the correct positions of 

subjects according to image characteristics is a goal for 

further studies. 

Kim et al. [8] used the importance map of the image to 

calculate the adaptive scaling function. This function 
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means the reduction level for each row of the original 

image. Kim et al. [9] used Fourier analysis for image 

resizing. They divided the image into bars to determine 

the spectrum of each bar. They used the spectrums as a 

low-pass filter to obtain a smoothing effect. The 

horizontal reduction level for each bar was then 

determined based on the influence of the filter.  

Visual significant area detection is a part of object 

detection. The traditional approach for determining the 

salient objects in an image is to set many parameters and 

then use the training approach to determine objects [2]-

[10]. However, the human eye can quickly locate 

common objects [13]-[15]. Several approaches have been 

proposed to simulate the functions of the human eye such 

as Saliency ToolBox [14] and Saliency Residual (SR) [5]. 

The Saliency ToolBox needs a lot of computation. By 

comparison, SR is faster. It transforms the image into 

Fourier space and then determines the difference between 

the log spectrum and averaged spectrum of the image. 

The region showing the difference is the possible region 

of visual saliency. 

Hwang and Chien [6] determined the main objects of 

images using a neural network technique. Also, they used 

face recognition techniques to protect the completeness of 

human faces. They used proportional ratio techniques to 

resize images for ratios that could not be resized using the 

seam carving algorithm. Rubinstein et al. [12] proposed a 

method for improving the seam carving. This method 

utilized techniques of forward energy and backward 

energy to reduce discontinuity in images for image 

resizing.  

Mishiba and Yoshitome [11] proposed an approach 

based on a warping technique for image retargeting. Their 

approach finds an optimal transformation by solving an 

energy minimization problem. It can maintain the relative 

arrangement and protect important regions. 

III. THE PROPOSED APPROACH 

A. Enhanced Depth Map 

In our approach, the Kinect [16] camera is used to 

obtain a color image and its depth information. The 

camera uses a 3D scanner system using near-infrared 

light to determine the depth and illuminate the objects of 

the image. Fig. 2 shows (a) an input image and (b) the 

depth map. 

   
(a)                                                   (b) 

Figure 2.  (a) An input image and (b) the depth map. 

After obtaining the depth map, we divide the depths 

into several depth layers to separate of human bodies and 

the background. We focus the depths of the human bodies 

and strengthen the importance of the human bodies and 

their borders using the morphological dilation operation. 

Hence, we can enhance the edges of human bodies. Thus, 

the edges of the human bodies can be effectively reserved. 

Moreover, we set different weights for the human bodies 

and their edges based on their layers. The enhanced depth 

map is 
EnhancedDepthMap

E  defined by 
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where n is the number of human bodies, ( , )
i

HBE x y  is 

the edges of human body i, ( , )
i

HB x y  is human body i, 

and ( , )Background x y  is the background. Moreover, 

i
wHBE , 

i
wHB  and wB  are the corresponding weights. 

In our approach, the enhanced depth map is used as the 

importance map for seam carving to resize images. Fig. 3 

shows (a) an input image, (b) the depth map with several 

depth layers, and (c) the enhanced depth map. 

  
(a) 

 
(b) 

 
(c) 

Figure 3.  (a) An input image, (b) the depth map with several depth 
layers, and (c) the enhanced depth map. 
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B. Image Retargeting 

We apply the seam carving [1] for image retargeting. 

Let I be an n×m image. A vertical seam is an 8-connected 

line. Each row only contains a single pixel. A vertical 

seam is defined by  
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where x is a mapping x : [1, …, n] → [1, …, m]. 

The path of a vertical seam is given by  
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All pixels will move leftward or upward to fill the gaps 

of deleted pixels. 

Horizontal reduction can be equated with deleting the 

vertical seam; the enhance depth map is used to select 

seams. Given an energy function e, the energy of a seam 

is determined by the energy occupied by the positions of 

all pixels as 
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When cutting an image horizontally, deleting the seam 

with the lowest energy by 
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Dynamic programming is employed to calculate s*. 

The smallest accumulated energy M is calculated with 

each possible point on the seam (i, j) from the second to 

the last row of the image as 

( , ) ( , )

min( ( 1, 1), ( , 1), ( 1, 1))

M i j e i j

M i j M i j M i j

 

    
        (6) 

Finally, the backtracking technique is adopted 

iteratively to delete the seams by gradually searching 

upward for the seams with a minimum energy sum from 

the pixel with the lowest energy in the last row.  

IV. RESULTS 

Our approach was implemented and applied to images 

to evaluate the performance for adjusting the size of an 

image while preserving its visual quality. The platform is 

a PC with an Intel Core2 i5-3750 CPU @ 3.40GHz and 

4.0GB of memory and the Windows 7. Our approach was 

compared with the seam carving [1]. The size of the input 

image is 580×440 and that of the resized images is 

348×440. 

Fig. 4 shows (a) an input image, (b) the enhanced 

depth map, (c) the resized image by the seam carving, 

and (d) the resized image by our approach. From the 

results, our approach can preserve objects more 

satisfactorily. Furthermore, with the advantage of the 

enhanced edges, the distortion is minimized. Some 

distortion occurred in the results of the seam carving 

method.  

Fig. 5 shows (a) an input image, (b) the enhanced 

depth map, (c) the resized image by the seam carving, 

and (d) the resized image by our approach. The results 

show that our approach can obtain smooth resizing results. 

The previous method produces some discontinuities, 

particularly in areas containing the objects, such as the 

boxes and the black chair. Therefore, the proposed 

approach can improve the results of seam carving. 

 
(a) 

 
(b) 

   
(c) 

 
(d) 

Figure 4.  (a) An input image, (b) the enhanced depth map, (c) the 

resized image by the seam carving, and (d) the resized image by our 
approach. 

 
(a) 
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(b) 

 
(c) 

 
(d) 

Figure 5.  (a) An input image, (b) the enhanced depth map, (c) the 
resized image by the seam carving, and (d) the resized image by our 

approach. 

V. CONCLUSIONS 

We have proposed an image retargeting approach 

based on enhanced depth features of human bodies. 

According to the depth map, human bodies and the 

background are separated and different importance is 

assigned for the human bodies and their edges. The 

proposed approach can produce target images with fewer 

distortions. In the future research, further studies are 

needed to develop a technique for video retargeting. 
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