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Abstract 

In this study, a new image inpainting approach using multiscale salient structure propagation is 

proposed. The proposed approach consists of four stages, namely, (1) detection of salient 

structure(s), (2) inpainting of salient structure(s), (3) inpainting of surrounding areas of salient 

structure(s) by modified ant colony optimization (ACO), and (4) inpainting of remaining missing 

regions. Based on the experimental results obtained in this study, as compared with four 

comparison approaches, the proposed approach provides the better image inpainting results. 

Image inpainting can be roughly defined as: for an image containing missing regions, we want to 

fill the missing regions so that a visually plausible outcome is obtained. Image inpainting has 

developed very quickly and becomes one of the important contents of Digital Image Processing. 

Image inpainting can be employed in various applications, such as repairing aged images and 

multimedia editing. It is highly valuable in the protection of culture relic, movie and video special 

effect making. 

 

Keywords -Image inpainting; multiscale salient structure propagation; patch priority 

computation; ant colony optimization (ACO); pheromone update rule. 

 

                                                           
* M.E. 1

st
 year Computer Engineering, Department of Computer Science Engineering, Sant Gadge Baba 

Amravati University, India. 

** Associate Professor, Department of Computer Science Engineering, Sant Gadge Baba Amravati 

University, India. 



               IJMIE                 Volume 2, Issue 7                 ISSN: 2249-0558        
___________________________________________________________     

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Management, IT and Engineering 
http://www.ijmra.us 

 
229 

July 
2012 

I. INTRODUCTION 

Image inpainting can be roughly defined as: for an image containing missing regions, we 

want to fill the missing regions so that a visually plausible outcome is obtained [1]. inpainting can 

be employed in various applications, such as repairing aged images and multimedia editing, 

removal of  overlaid text, logos from image and removal of object from image. Image inpainting 

approaches can be roughly divided into four categories, PDE based approaches feature-based 

approaches, exemplar-based approaches, and global optimization based approaches. PDE based 

approaches try to fill missing regions of an image through diffusion process. The total variation in 

the processed image is minimized, while maintaining the fidelity to the input image [3]. PDE-

based approaches are effective for narrow missing regions, but not effective for large missing 

regions. For feature-based approaches used different edge properties to reconstruct missing 

structures and filled areas between reconstructed borders by smooth continuation of surrounding 

image data [4]. A primal sketch model is used to catch the global image structure, and then 

reconstructed the missing structure by using the sketch lines [5]. The inpainted results of feature-

based approaches depend on precisely-detected image features. For exemplar-based approaches, 

the synthesis priority of a patch as the product of two terms is determined, namely, the confidence 

and data terms. The gradient maps in the missing regions and color are completed through a 

patch-based filling algorithm, and then the image is inpainted from the gradient maps by solving a 

Poisson equation [7]. Note that exemplar-based approaches do not ensure good structure 

continuation inside a large missing region. For global optimization based approaches, synthesized 

image patches along the user-specified curves in a missing region using patches selected around 

the curves in a source region [8]. Structure propagation is formulated as a global optimization 

problem by enforcing the structure and consistency constraints. An exemplar-based framework 

treats image completion, texture synthesis, and image inpainting in a unified manner [1]. All the 

above image-editing tasks are treated as discrete global optimizations. The paper is organized as 

follows. The proposed image inpainting approach is addressed in Section III. Simulation results 

are addressed in Section IV, followed by concluding remarks.  
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II.MATERIALS AND METHODS 

A.PDE-based approaches 

  The concept of digital inpainting was first proposed by Bertalmio et al.  The algorithm they 

presented was based on the idea of extending both geometric and photometric information that hits 

the border of the occluded area into the area itself. This is done through the continuation of these 

so called „isophote‟ lines, which try to capture the direction of minimal change. This requirement 

ultimately leads to the blurring of the content within the occluded area and thus this algorithm isn‟t 

suited for filling large areas.  

  

   

  (a)                                  (b) 

Figure 1: (a) the masked image; (b) the image inpainting results by PDE-based 

 

B. Feature-based approaches 

The algorithm looking at is based on continuing edges through the occluded area. The 

algorithm consists of three core steps; edge-detection, edge-matching, and an inpainting process 

(these steps have been summarized in figure 2). This algorithm is generally based on Rare¸ s et 

all‟s algorithm presented in [4]. There is however some distinct differences between the method 

they proposed and the method I have implemented, but these differences will be highlighted 

throughout this section. As with the previous algorithms, it is assumed that the input to this 

restoration algorithm is the image itself and a mask containing the location of the occluded area.  
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Figure 2: Overview of the edge-based inpainting algorithm 

C. Exemplar- based Approaches 

 Exemplar-based techniques have been the most successful techniques up to now. These 

methods try to fill the unknown region simply by copying content from the observed part of the 

image. All exemplar-based techniques for texture synthesis that have appeared until now, were 

either pixel-based or patch-based, meaning that the final texture was synthesized one pixel, or one 

patch at a time. Usually, patch based methods achieve results of high quality [1].  

The core of our algorithm is an isophote-driven image sampling process. It is well-understood 

that exemplar-based approaches perform well for two-dimensional textures. But, in addition to 

that exemplar-based texture synthesis is sufficient for propagating extended linear image 

structures, as well; i.e., a separate synthesis mechanism is not required for handling isophote. All 

that is required to propagate the isophote inwards is a simple transfer of the pattern from the best-

match source patch in this work we focus on a patch-based filling approach, this improves 

execution speed. Furthermore, a patch based filling improves the accuracy of the propagated 

structures. 

The quality of the output image synthesis is highly influenced by the order in which the filling 

process proceeds. A better filling algorithm would be one that gives higher priority of synthesis to 

those regions of the target area which lie on the continuation of image structures. Another desired 

property of a good filling algorithm is that of avoiding “over-shooting” artefacts that occur when 
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image edges are allowed to grow indefinitely. The goal here is finding a good balance between 

the propagation of structured regions and that of textured regions without employing two adhoc 

strategies. 

  

                

(a)                                (b)   

Figure 3: (a) the masked image; (b) the image inpainting results by Exemplar-based. 

 

D. Global Optimization Based Approaches 

 Finally last class of method is called as global optimization. Contrary to greedy synthesis 

methods, we pose image completion as a discrete global optimization problem with a well defined 

objective function. Sun et al. synthesized image patches along the user-specified curves in a 

missing region using patches selected around the curves in a source region. Structure propagation 

is formulated as a global optimization problem by enforcing the structure and consistency 

constraints this formulation applies not only to image completion but also to texture synthesis and 

image inpainting, thus providing a unified framework for all of these tasks. No user intervention 

is required by this method, which manages to avoid greedy patch assignments by maintaining 

(throughout its execution) many candidate source patches for each block of missing pixels.  

  

 

 

(a)                                 (b) 

 

Figure 3: (a) the masked image; (b) the image inpainting results by Global optimization-based 
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III. PROPOSED IMAGE INPAINTING APPROACH 

As the illustrated example shown in Fig. 4 [2], an image I contains a target (missing) 

region Ω, the boundary of the missing region ∂Ω, and a source region φ with φ = I − Ω. Image 

inpainting is to fill Ω in a visually plausible way by simply pasting various patches Ψ from φ. The 

proposed image inpainting approach consists of four stages, namely, 1) detection of salient 

structure(s); 2) inpainting of salient structure(s); 3) inpainting of surrounding areas of salient 

structure(s); and 4) inpainting of remaining missing regions. 

 

 

                 (a)                                          (b)                            

Figure 4: (a) An illustrated image I contains a target (missing) region Ω, the boundary of the 

missing region ∂Ω, and a source region φ with φ = I − Ω. (b) Ψp and Ψq represent a target patch 

and a source patch, respectively [6]. 

 

A. Detection of Salient Structure(s) 

For a small missing region, existing inpainting approaches usually produce good 

inpainting results. For a large missing region containing a salient structure, existing inpainting 

approaches, lacking of the global salient structure of the large missing region, usually produce 

smooth, but poor inpainting results. Thus, the global salient structure(s) of an image containing 

missing region(s) should be detected first. To detect the global salient structure(s), an anisotropic 

diffusion algorithm [9] is employed. Each image pixel I(x, y) at (x, y) is iteratively updated.  

 

B. Inpainting of Salient Structure(s) 

In this study, gradient-based salient structure inpainting is proposed. Here, to speedup the 

salient structure inpainting process, if dmax exceeds a threshold, gradient-based salient structure 

inpainting will be performed on the multi-scale image pyramid of the image. Otherwise, gradient-
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based salient structure inpainting will be performed directly on the original image. Here, a multi-

scale (two-scale) image pyramid contains the original image and the quarter-size image (half-

resolution in the x and y directions). The gradient map (GM) of the salient structure (SS) of the 

quarter-size image is generated by ▽SS=(GSSx,GSSy)= where GSSx and GSSy are the gradients 

of SS in the x and y directions, respectively. The binary salient structure map of the quarter-size 

image is obtained by applying (1) gradient magnitude thresholding, and (2) thinning on GM. The 

binary salient structure map is then processed by morphological dilation with a 3×3 structure 

element, which is used to select the corresponding gradient magnitudes in GM by point wise 

multiplication. 

• Patch priority computation. For each pixel p on the boundary ∂Ω of a missing region in the 

quarter-size image, a patch Ψp is constructed with pixel p being its center. The priority of the 

patch Ψp is given. by  

P (p) = Gval (p) ⋅ C (p),  

Where Gval (p) and C (p), the gradient and confidence terms. 

• Structure information propagation. For each missing region in the quarter-size image, the target 

patch Ψpˆ having the highest priority is found. Then, we search the source patch Ψqˆ in the source 

region φ of the quarter-size image such that the sum of square differences (SSD) between Ψpˆ and 

Ψqˆ is minimum. 

• Priority computation of new boundary pixels of the missing region. After the target patch Ψpˆ is 

filled with gradient values, the priorities of the pixels on the new boundary ∂Ω′ of the missing 

region in the “selected” GM are computed, as the illustrated example shown in Fig. 5. 

• Checking of structure completion. If all the salient structure(s) in the quarter-size image are 

completed, the salient structure inpainting process will terminate; otherwise, continue. Based on 

the reconstructed salient structure(s) (RSS) of the quarter-size image, the least-squared curve 

fitting technique is adopted to reconstruct the salient structure(s) of the original image. 
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Figure 5: An illustrated example: (a) the missing salient structure of the target patch Ψpˆ is filled 

by the corresponding gradient values of the “optimal” source patch Ψqˆ; (b) priority computation 

of the pixels on the new boundary ∂Ω′ of the target (missing) region Ω in the “selected” GM. 

 

C. Inpainting of Surrounding Areas of Reconstructed Salient Structure(s) 

Based on the reconstructed salient structure(s) (RSS) of the original image, each of three 

consecutive pixels on a RSS is selected as an anchor point. Let the set of h anchor points of a RSS 

in the missing region Ω. To achieve visually plausible results, the candidate source patch set Ψ C 

containing Ch candidate source patches for the h anchor points will be constructed. In Ψ C, each 

candidate source patch Ψq in ΨC is a patch containing at least an edge point, which are the 

“white” points of the binary salient structure map. For each anchor point pi, one source patches 

Ψqˆ in Ψ C can be selected as the target patch of pi. The surrounding area of a RSS containing h 

anchor points will be well reconstructed if the total cost C(RSS,ΨC) of all overlapping parts for a 

RSS containing h anchor points is minimized. This is a combinational optimization problem, 

which can be solved by ant colony optimization (ACO), a population-based iterative optimization 

algorithm. For ACO, ants leave their searching rewards, pheromone, on their passed paths, which 

may attract other ants to follow partially with a probabilistic selection rule. Low-cost and ant-

experienced paths will attract more ants to pass through. The modified ACO AS (ant system) 

algorithm proposed for inpainting the surrounding area of a RSS is described as follows. 

• Problem formulation. For a RSS containing h anchor points, to assign a candidate source patch 

Ψ pˆ i from ΨC to the i-th anchor point pi is equivalent to a node (the i-th node) in ACO, and a 

feasible solution containing h candidate source patches from ΨC for the RSS containing h anchor 

points is equivalent an ant tour containing h nodes for an ant.  
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• Initial parameters of ants. Initially, τij 0.000001= τij
int

 i=1,2,…,h and j=1,2,…,Ch. The number of 

ants, K, is set to 60 and the number of iterations, M, is set to 20. 

• Selection rule. Initially, for anchor point pi, each ant selects randomly a candidate source patch 

from ΨC using a probabilistic selection rule, called random proportional rule.  

D. Inpainting of Remaining Missing Regions 

For remaining missing regions, the modified exemplar based texture synthesis approach 

[6] is employed to find the “optimal” source patch of a target patch in its neighboring region. To 

avoid disturbance of structure edges, the priority of each target patch is determined by the product 

of the confidence value of all the undamaged and inpainted pixels in the patch. And the distance 

between the central pixel of the patch and the nearest edge is calculated. Then, the target patch 

with the highest priority will be synthesized first. The search region for the target patch is 

bounded within a 15×15 region and the boundary of the nearest edge. If the best candidate patch 

for the target patch (the SSD between them is less than a threshold, Th1) is found, the target patch 

is inpainted by the best candidate patch. 

IV. SIMULATION RESULTS 

  To evaluate the performance of the proposed approach, four image inpainting approaches, 

namely, the PDE-based [2], sketch-based [5], exemplar-based [6], and gradient based [7] 

approaches are implemented in this study and test images are employed. Here, Th1 = 3500 and 

Th2 = 5. Fig.12 shows the results for the test image “race” (500×351 in size) with structure patch 

size = 9×9 and texture patch size = 11×11. The PDE-based approach produces blurring artifacts in 

Fig. 6(c), in Fig. 6(d)-(f), the sketch based, exemplar-based, and gradient-based approaches do not 

effectively inpaint both the structure and texture parts of the image, whereas the proposed 

approach well inpaints both the structure and texture parts of the image in Fig. 6(g). 

 

   

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

 

                          

              (e)                                (f)                  

              

 

                                (g) 

 

Figure 6: (a) The original image, “Race;” (b) the masked image; (c)-(g) the image inpainting 

results by PDE-based [2], sketch-based [5], exemplar-based [6], gradient-based [7], and the 

proposed approach, respectively. 

 

IV. CONCLUSION 

In this study, a new image inpainting approach using multiscale salient structure 

propagation is proposed, which consists of four stages: (1) detection of salient structure(s), (2) 

inpainting of salient structure(s), (3) inpainting of surrounding areas of salient structure(s), and (4) 

inpainting of remaining missing regions. Based on the experimental results obtained in this study, 

as compared with four comparison approaches, the proposed approach provides the better image 

inpainting results. 
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