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Abstract 

 

Image inpainting is an art of missing value or a data in an image.The purpose of image inpainting is to reconstruct 

missing regions which is visible for human eyes. Image inpainting is the process of reconstructing lost part of images 

based on the background information. Image inpainting is a technique for restoring damaged old photographs and 

removing undesired objects from an image. The basic idea behind the technique is to automatically fill in lost or missing 

parts of an image using information from the surrounding area.It is used for restoration of old films and object removal 

in digital photographs. It is also applied to red-eye correction, stamped data from photograps, dust spot in film, 

removing objects to creative effect etc. The main goal of the Inpainting algorithm is to modify the damaged region in an 

image. In this paper we provide a review of different techniques used for image Inpainting. We discuss different 

inpainting techniques like structural inpainting, textural inpainting, Exemplar based image inpainting, PDE based image 

inpainting, texture synthesis based image inpainting. 
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1. Introduction 

 
1
 Inpainting is the art of restoring lost parts of an image and 

reconstructing them based on the background information. 

This has to be done in an undetectable way. The term 

inpainting is derived from the ancient art of restoring 

image by professional image restorers in museums etc. 

Digital Image Inpainting tries to imitate this process and 

perform the inpainting automatically .The filling of lost 

information is essential in image processing, with 

applications as well as image coding and wireless image 

transmission, special effects and image restoration. The 

basic idea at the back of the algorithms that have been 

proposed in the literature is to fill-in these regions with 

available information from their environment (Marcelo 

Bertalmio ,et al ,2003). Figure 1 shows an example of this 

technique where a trees (manually selected as the target 

region) is replaced by information from the remaining of 

the image in a visually plausible way. The algorithm 

automatically does this in a way that it looks reasonable to 

the human eye. Details that are hidden/ occluded 

completely by the object to be removed cannot be 

recovered by any mathematical method. Therefore the 

objective for image inpainting is not to recover the original 

image, but to create some image that has a close 

resemblance with the original image(Anupam , et al). The 

main goal of this process is to reconstruct damaged parts 

or missing parts of image. And this process reconstructs 

image in such a way that the inpainted region cannot be 
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detected by a casual observer. Inpainting technique has 

found widespread use in many applications such as 

restoration of old films, object removal in digital photos, 

red eye correction, super resolution, compression, image 

coding and transmission (A. Criminisi, et al, 2003). 

 

  
 

(a)             (b) 

 

Figure 1 Removing large objects from images. (a) 

Original photograph. (b) The region corresponding to the 

foreground tree has been manually selected and then 

automatically removed.( A. Criminisi, et al,2003) 

 

Inpainting could also be called as alteration and 

exploitation of an image. In image inpainting would like to 

create original image but it is absolutely not viable without 

the prior knowledge about the image. In case of digital 

images, only the available image is taken for the 

experiment and thus filling in a hole that encompasses a 

whole object. It is not possible to replace that whole object 

based on the required current information.(Marcelo 

Bertalmio ,et al ,2003) 
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In this paper, different types of image inpainting 

techniques presented are discussed. Section 2 discuss 

about the survey on image inpainting techniques. Section 3 

discuss about the conclusion. 

 

2. Survey on Image Inpainting Techniques 

 

There are mainly two methods found in literature of 

inpainting: 

 

1) Structural inpainting 

2) Textural inpainting 

 

Structural inpainting uses geometric approaches for filling 

in the missing information in region. This algoritham 

focus on the consistency of the geometric structure .This 

algoritham also used in the decomposition is of bounded 

variation, representing the underlying image 

structure(Komal s Mahajan, et al ,2012). 

 Textural inpainting use to captures the texture and 

possible noise.and also complete the missing regions using 

similar neighbourhoods of the damaged pixels (Komal s 

Mahajan, et al,2012). 

 Diffusion based Inpainting was the first digital 

Inpainting approach. In this approach missing region is 

filled by diffusing the image information from the known 

region into the missing region at the pixel level. The 

drawback of the diffusion process is it introduce s some 

blur, which becomes noticeable when filling larger 

regions(A. Criminisi, et al,2003). 

  PDE based algoritham, This algorithm is the iterative 

algorithm. PDE based technique has been widely used in 

number of applications such as image segmentation .If 

missing regions are small one then this algoritham is 

works a good result but when the missed regions are large 

this algorithm will take so long time and it will not 

produce good results. 

 Another category of Inpainting is exemplar- based 

Inpainting algorithm. This method of image Inpainting is 

an efficient approach to reconstructing large target 

regions. Exemplar-based Inpainting approach iteratively 

synthesizes the target region by most similar patch in the 

source region. These algorithms also overcome the 

drawbacks of PDE based inpainting. Also it removes 

smooth effect of the diffusion based Inpainting algorithm 

( A. Criminisi.,et al,2003) 

 The techniques of the image inpainting including 

exemplar based Inpainting, PDE based Inpainting, and 

Texture Synthesis based Inpainting and Hybrid Inpainting. 

 

2.1  Exemplar based  Inpainting 

 

This method of image Inpainting is an efficient approach 

to reconstructing large target regions. Exemplar-based 

Inpainting approach iteratively synthesizes the target 

region by most similar patch in the source region.The 

exemplar based approach samples the best matching 

patches from the known region, whose similarity is 

measured by certain metrics, and pastes into the target 

patches in the missing region. Basically it consists of two 

basic steps: in the first step priority assignment is done and 

the second step consists of the selection of the best 

matching patch(A. Criminisi,et al,2003). 

 Generally, an exemplar-based Inpainting algorithm 

includes the following four main steps: 

 

 
Figure 2: Structure propagation by exemplar-based 

texture synthesis.(a) Original image, with the target region 

Ω, its contour δΩ and the source region Φ clearly marked. 

(b) We want to synthesize the area delimited by the patch 

ψp centred on the point p €δΩ.( A. Criminisi, et al,2003). 

  

1) Initializing the Target Region, in which the initial 

missing areas are extracted and represented with 

appropriate data structures. 

2) Computing Filling Priorities, in this a predefined 

priority function is used to compute the filling order for all 

unfilled pixels p€δΩ in the beginning of each filling 

iteration. 

3) Searching Example and Compositing, in which the most 

similar example is searched from the source region Φ to 

compose the given patch, Ψ (of size N × N pixels) that 

centered on the given pixel p. 

4) Updating Image Information, in which the boundary δΩ 

of the target region Ω and the required information for 

computing filling priorities are updated. 

 

Numbers of algorithms are developed for the exemplar 

based image Inpainting. Such as, Criminisi developed an 

efficient and simple approach to encourage filling from the 

boundary of the missing region where the strength of 

isophote nearby was strong, and then used the sum of 

squared difference (SSD) to select a best matching patch 

among the candidate source patches. In this algorithm of 

criminisi the region filling order is determined by the 

priority based mechanism. Wu(J ,Y , et al,2009) has 

proposed a cross isophotes exemplar-based model using 

the cross-isophote diffusion data and the local texture 

information which decided the dynamic size of exemplars. 

Sun(J. sun ,L, et al) drew main curves manually to inpaint 

the missing structure first and then filled the unknown 

information using texture propagation. Hung (J. C. Hung 

,et al,2005) used the structure generation and Bezier 

curves to construct the missing edge information. Using 

the structure information and reconnecting contours by 

curve filling process, the damaged regions will be 

inpainted. Fang (C. Fang ,et al,2009) developed a rapid 

image  Inpainting system which consists of a multi-
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resolution training process and a patch-based image 

synthesis process. Xu (Z. Xu ,et al,2010) proposed two 

novel concepts of sparsity at the patch level for modeling 

the patch priority and patch representation.  

 Compared with the diffusion-based approaches, the 

exemplar-based approaches achieve impressive results in 

recovering textures and repetitive structures no matter 

whether they are applied into the large regions or not. 

Most of the new exemplar-based algorithms adopt the 

greedy strategy, so these algorithms suffer from the 

common problems of the greedy algorithm, being the 

filling order (namely priority) is very critical. Exemplar 

based Inpainting will produce good results only if the 

missing region consists of simple structure and texture. 

 

2.2 PDE based image inpainting 

 

Partial Differential Equation (PDE) based algorithm is 

proposed by  (M. Bertalmio ,et al,2000). This algorithm 

will produce good results if missed regions are small one. 

But when the missed regions are large this algorithm will 

take so long time and it will not produce good results. 

Then inspired by this work, Chan and Shen (T. Cham and 

J. Shen, et al, 2001)proposed the Total Varitional (TV) 

Inpainting model. This model uses Euler-Lagrange 

equation and anisotropic diffusion based on the strength of 

the isophotes. This model performs reasonably well for 

small regions and noise removal applications. But the 

drawback of this method is that this method neither 

connects broken edges nor greats texture patterns. Then 

telea in (Telea, et al,2004)propose a fast marching method. 

This is considered as a PDE method which is faster and 

simpler to implement than other PDE based algorithms. 

All of the above mentioned algorithms are very time 

consuming and have some problems with the damaged 

regions with a large size. PDE based technique has been 

widely used in number of applications such as image 

segmentation, restoration etc. These algorithms were 

focused on maintaining the structure of the Inpainting 

area. And hence these algorithms produce blurred 

resulting image. 

 Another drawback of these algorithms is that the large 

textured regions are not well reproduced(A. Criminisi ,et 

al,2003) 

 

2.3  Texture Synthesis Based Inpainting 

 

These algorithms are used to complete the missing regions 

using similar neighbourhoods of the damaged pixels. The 

texture synthesis algorithms synthesize the new image 

pixels from an initial seed. And then strives to preserve the 

local structure of the image. All the earlier Inpainting 

techniques utilized these methods to fill the missing region 

by sampling and copying pixels from the neighbouring 

area. For e. g, Markov Random Field (MRF) is used to 

model the local distribution of the pixel. And new texture 

is synthesized by querying existing texture and finding all 

similar neighbourhoods. Their differences exist mainly in 

how continuity is maintained between existing pixels and 

Inpainting hole.( A. Criminisi, et al ,2003) 

These synthesis based techniques perform well only for a 

select set of images where completing the hole region with 

homogenous texture information would result in nature 

completion. Then later, this technique was extended to fast 

synthesizing algorithm. This technique works by stitching 

together small patches of existing images referred to as 

image quilting. Bergen and Heeger(D.J. Heeger, et 

al,1995) developed a parametric texture synthesis 

algorithm which can synthesize a matching texture, This 

was done by matching first order statistics of a linear filter 

bank which roughly match to the texture dicrimination 

capabilities of Human Visual System [HVS]. Recently, a 

fast multi-resolution based image completion based and on 

texture analysis and synthesis was introduced fang et al in 

(C. Fang, et al, 2009) In their method, the input image was  

anlysed by a patch based method using principal 

component analysis (PCA) and a Vector Quantization 

(VQ) based techniques was used to speed up the matching 

process of the texture inside the hole region. The main 

objective of texture synthesis based inpainting is to 

generate texture patterns, which is similar to a given 

sample pattern. 

 The texture synthesis based methods can fill large 

textured regions, but depends on user choices on sampling 

location and content. 

 Texture synthesis approaches can be categorized into 

Three categories:  

1) Statistical (parametric) 

2) pixel-based (non-parametric) 

3) patch-based (non-parametric) 

 

Statistical methods are more likely to succeed in 

reproducing stochastic / irregular textures, but usually fail 

to reproduce structured/regular textures.  

 Pixel-based methods build on the sample texture pixel-

by-pixel instead of applying filters on it, and their final 

outputs are of better quality than those of statistical 

methods, but they usually fail to grow large structured 

textures. Patch-based (Li-Yi Wei ,et al,2009) methods 

build on a sample texture patch-by-patch as opposed to 

pixel-by-pixel, thus they yield faster and more plausible 

regular textures. 

 Recently, a study for patch-based texture synthesis 

algorithms has shown that for handling special types of 

texture we have to develop the special purpose algorithms. 

Taking this aim and the variety of algorithms for texture 

synthesis into consideration, we can conclude that there is 

no universal texture synthesizer is present. Still it remains 

a goal to be desire. 

 Why we have to use patch-based texture synthesis 

algoritham instead of pixel-based algoritham explain as 

follows 

 
Figure 3: Difference between pixel based  and patch based 
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In pixel-based algorithm, the copy is just a copy. 

However, in patch-based algorithms, the issue is more 

complicated as a patch, being larger than a pixel, usually 

overlaps with the already synthesized portions, so some 

decision has to be made about how to handle the 

conflicting regions. new patches simply overwrite over 

existing regions. By using patches with irregular shapes, 

this approach took advantage of the texture masking 

effects of human visual system.( A. Criminisi ,et al, 2003). 

 

Conclusion 

 

In this paper we review the existing techniques of image 

Inpainting. We discussed a variety of image Inpainting 

techniques such as texture synthesis based Inpainting, 

PDE based Inpainting, Exemplar based Inpainting. For 

each technique we have provided a detailed explanation of 

the techniques which are used for filling the missing 

region making use of image. From this analysis, a number 

of shortcomings and limitations were highlighted of these 

techniques. It is observed that the PDE based Inpainting 

algorithms cannot fill the large missing region and it 

cannot rearrange the texture pattern. The theoretical 

analysis proved that exemplar based Inpainting will 

produce good results for Inpainting the large missing 

region also these algorithms can inpaint both structure and 

textured image as well. But it will work well only if the 

missing region contains only simple structure and texture. 

Advance study includes growth of efficient algorithm to 

reduce computational cost and to decrease the time 

required for Inpainting. 
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