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Abstract

Image Inpainting is the art of filling in missing data in an image. The purpose of inpainting is to reconstruct missing regions in a
visually plausible manner so that it seems reasonable to the human eye. There have been several approaches proposed for the
same. The objective of this paper is to review three such methods — Texture synthesis, Convolution and Exemplar based
Algorithm. Texture synthesis can be used to fill in holes in images, create large non-repetitive background images and expand
small pictures. Convolution based image inpainting algorithms are very rapid, however in many cases; they don't provide
adequate results in sharp details such as edges. Exemplar-based methods provide impressive results in recovering textures and
repetitive structures. However, their ability to recreate the geometry without any example is limited and not well understood.
This paper summarizes the combination of these algorithms and proposes a new Hybrid Inpainting Algorithm for inpainting
large as well as small regions in less time. Future aspects of the study are also discussed.

Keywords: Convolution Based Algorithm, Exemplar Based Algorithm, Hybrid Algorithm, Image Inpainting, Texture
Synthesis.

I. INTRODUCTION

The main goal of the Inpainting is to change the damaged region in an image. Digital Image Inpainting [1] tries to imitate this
process and perform the Inpainting automatically. There are different inpainting techniques like Exemplar based image
inpainting, PDE based image inpainting, texture synthesis based image inpainting, structural inpainting and textural inpainting.
Texture synthesis techniques address only a small subset of Inpainting issues and are not suitable for large objects. Exemplar-
based Inpainting iteratively synthesizes the unknown region i. e. target region, by the most similar patch in the source. It will
produce good results only if the missing region consists of simple structure and texture. A convolution based algorithm inpaint
an image by convolving the neighbourhood of the damaged pixels with a proper kernel. They are very quick but they don't have
very good results in high contrast damaged edges. We have tried form a hybrid method which consists above three algorithms for
better result, which can overcome the limitation of the three.
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Fig. 1: Image Inpainting Exarﬁple

Il. OVERVIEW OF THE PROCESSES

This section gives an overview about the three aforementioned inpainting algorithms.

A. Texture synthesis

Here, texture is synthesized in a pixel by pixel way, by picking existing pixels with similar neighbourhoods in a randomized
fashion. This algorithm performs very well but it is very slow since the filling-in is being done pixel by pixel. The texture
synthesis [1] based Inpainting perform well in approximating textures. These algorithms have difficulty in handling natural
images as they are composed of structures in form of edges. Hence while appreciating the use of texture synthesis techniques in
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Inpainting, it is important to understand that these methods address only a small subset of Inpainting issues and these methods
are not suitable for a large objects.

B. Convolution based image inpainting algorithm
Convolution based image inpainting algorithms [5] are very rapid, however in many cases, they don't provide adequate results in
sharp details such as edges. In this method the mask coefficients are calculated using the gradient of the image to be inpainted.
The algorithm is fast, iterative, simple to implement, and provides very adequate results. Oliveira et al. presents a fast image
inpainting algorithm which uses convolution operation.

In their algorithm, the regions to be inpainted are convolved with a predefined diffusion mask repeatedly. This model is very
similar to isotropic diffusion. In this method, the central weight of the diffusion mask is considered zero, because its related pixel
in the original image is unknown. A fast convolution based digital inpainting algorithm is faster than oliveira algorithm with one
iteration rather than 100 iteration and it remove large object in symmetric background images and without blur, but fail or
produce poor results when removing large object in natural image.
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Fig. 2: Inpainted With Convolution Algorithm [5]

C. Exemplar based image inpainting algorithm
Exemplar-based image inpainting attempts to automate the clone tool process. It fills "holes” in the image by searching for
similar patches in a nearby source region of the image, and copying the pixels from the most similar patch into the hole. By
performing the fill at the patch level as opposed to the pixel level, the algorithm reduces blurring artifacts caused by prior
techniques.
The exemplar based consists of two basic steps

(1) Priority assignment is done

(2) The selection of the best matching patch.

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. It iteratively synthesizes the unknown region i. e. target
region, by the most similar patch in the source region. It adopt the greedy strategy, so these algorithms suffer from the common
problems of the greedy algorithm, being the filling order is very critical. Exemplar based Inpainting will produce good results
only if the missing region consists of simple structure and texture. And if there are not sufficient samples in image then it is
impossible to synthesize the desired image.

I11.LITERATURE REVIEW

Improved Image Inpainting Using Hybrid Method Consisting of Texture Synthesis, Convolution and Exemplar Based
Algorithms are being summarized below. Also, some papers are being discussed which spread light on the comparative studies
of various inpainting processes including either Texture Synthesis, Convolution or Exemplar Based Algorithms

K. Sangeetha et al. [1] presented a new approach by combining structure inpainting method and texture synthesis technique
in a decomposition framework. The combination of these two powerful approaches enables him to simultaneously recover
texture and structure information. He demonstrated the quality of the results obtained by his method on a variety of defected
input images and compared them to the results obtained by several other methods. In all cases, he could verify higher quality for
inpainted images using his approach.

Experiments are carried out on the various natural scene images. Each input image is shown with inpainting domain. These
regions are highlighted in black colour. He found out that the restored images look plausible in general. It is obvious that the
structure inpainting methods tend to blur the inpainted image, while the texture synthesis techniques fail to reconstruct areas
having additional geometric information, as being observed in Fig. 3.

Shutao Li et al. [2] have presented a novel inpainting method based on automatic salient structure completion. Using
incomplete salient structure extraction and completion, his method completes the structure of missing region reasonably. The
completed salient structures divide the target area into several sub-regions. Then, texture propagation is used to synthesize the
texture information with samples from corresponding adjacent sub-regions. This reduces the running-time and offers more
precise texture information.

The proposed method does not need any user intervention and provides good results. Moreover, theO proposed method is
equivalent to Criminisi’s method when there is no incomplete salient structure in the target image. Although the proposed
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method performs well in most circumstances, one limitation in this approach is that the incomplete structure completion
approach produces unreasonable structures when the structure of the input image is too complex. Therefore, i will study how to
deal with this deficiency with the help of my hybrid method.

_ 3 - »
Fig. 3: Has Original Image, Image With Occlusion Part and Result [1] (Left To Right)

Mingin Wang [3] compared his algorithm with other methods (shown as fig.4) by the experimental results. Algorithm decides
which patch to be inpainted based on value of patch priority. Since the choice of priority is associated with the isophote, the blur
is occurred when there is curve structure included in damaged region. Algorithm decomposes the original image into structure
image and texture image at first, and then uses the method proposed in to inpaint the structure image. The texture image is
restored by examplar-based method. This algorithm is an isophate-drived method too, so it has the problem during inpainting
when the curvature of boundary is variable. The results show that algorithm can inpaint the texture, but make the boundary blur,
while our algorithm can inpaint the boundary and texture well. This algorithm is a method which simultaneously inpaint image
texture and structure. The algorithm ensures the boundary to be repaired well. The adaptive texture restoration based on region
segmentation gets fast and accurate result.

F|g 4 Has Orlgmal Image to Be Restored Result By Mlnqln Result By M.Bertalmio And Result By A.Criminisi [3](Left To Right)

Wallace Casaca et al. [4] propose a new image inpainting technique that combines texture synthesis, anisotropic diffusion,
transport equation and a new sampling mechanism designed to alleviate the computational burden of the inpainting process.
Given an image to be inpainted, anisotropic diffusion is initially applied to generate a cartoon image. A block-based inpainting
approach is then applied so that to combine the cartoon image and a measure based on transport equation that dictates the priority
on which pixels are filled. A sampling region is then defined dynamically so as to hold the propagation of the edges towards
image structures while avoiding unnecessary searches during the completion process.

Finally, a cartoon-based metric is computed to measure likeness between target and candidate blocks. Experimental results and
comparisons against existing techniques attest the good performance and flexibility of this technique when dealing with real and
synthetic images. Fig. 5 shows the robustness and flexibility of this method. Despite the good properties and results, this method
also has limitations. For example, it demands several parameters that have to be tuned. Unsatisfactory results can be obtained

when inpainting non-textured images with color variation, being this another limitation of this method.
Inpat Efros & Leung  Crimmaisietal Weades etal Our method

Fig. 5: Comparison With other Inpainting Methods. Figure Has Input Image, Inpainted By Efros and Leung, Criminisi Et Al., Wexler Et Al.
and Wallace Casaca’s Method. [4] (Left To Right)

H. Noori et al. [5] proposed a new convolution based algorithm. It is adaptive and uses gradient to calculate weights of
convolving mask at each position. To assign low weights to pixel near an edge a predefined function permitting better preserving
the edges is introduced. The algorithm is fast, iterative, simple to implement and provides as well results as structure algorithms.
The experimental results confirmed the effectiveness of the algorithm. Convolution based image inpainting algorithms are very
rapid, however in many cases, they don't provide adequate results in sharp details such as edges. In this paper a novel
convolution based image inpainting algorithm is proposed. The mask coefficients are calculated using the gradient of the image
to be inpainted.
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Fig. 6: Has Damaged Image, Inpainted With Bertalmio Algorithm, Restored By Oliveira Algorithm, Reconstructed With
Hadhoud Algorithm and Inpainted With Convolution Based Algorithm. [5] (Left To Right)

As this figure suggests both Oliveira algorithm and convolution based algorithm, provide adequate results. Therefore we can
conclude that for a large damaged region, the proposed algorithm provides better results than others (even than a structure
algorithm), Oliveira give as well results as convolution based algorithm only for small missed regions, and Hadhoud algorithm
give good results only in smooth regions. Table 1 shows the run time of these algorithms [5]. According to Table, the Hadhoud
algorithm is the fastest, but its qualitative results are not adequate. The convolution based algorithm is faster than rests.this

Table -1
Run Time of Algorithms
Algorithm Time of implementation
Bertalmio 388.16
Oliveira 15.6
Hadhoud 0.002
Convolution based 13.61

Mohiy M. Hadhoud et al. [6] introduced a modified Convolution Based Method. This modification produces fast and good
quality with one iteration without blur and removes large object with symmetric background. The modification achieved the
following advantages:

— Reducing the time of the inpainting process from more than 100 iteration to one.
— Producing the result without blur because no repetition in convolution.
— Removing large object from the image with symmetric background

This algorithm remove large object in symmetric background images and without blur, but fail or produce poor results when
removing large object in natural image.

V. Janarthanan and G. Jananii [7] presents a brief survey of different image inpainting techniques such as texture synthesis
based Inpainting, PDE based Inpainting, Exemplar based Inpainting and semi-automatic and fast Inpainting techniques and
relative study of these techniques. In this paper, they provide an analysis of different techniques used for image Inpainting. For
each technique a detailed explanation of the techniques can be given which are used for filling the missing region building use of
image. From this survey, a number of shortcomings and limitations were highlighted in each and every technique.

The PDE based Inpainting algorithms cannot fill the large missing region and it cannot renovate the texture pattern. The
analysis proved that the exemplar based image Inpainting will create better results for Inpainting the huge missing region also
that these algorithms can inpaint both the formation and textured image efficiently. But it will work well only if the missing
region contains only simple structure and texture. Finally, they suggested a new inpainting technique-The Nonsubsampled
Contourlet transform which can be more accurate and it overcomes all the problem of the other existing techniques. But it needs
advance study to reduce computational cost and to decrease the time required for Inpainting.

Vaibhav V Nalawade and Sachin D Ruikar [8] investigated the effect of three image inpainting approach-Criminisi’s
exemplar based approach, Cheng’s exemplar based approach and wavelet based approache. They can be used removing
large objects from digital photographs. These techniques are capable of propagating both linear structure and two-
dimensional texture into the target region with a single, simple algorithm. A simple selection of the fill order is necessary
and sufficient to handle robustness changes in shape and topology. The other advantages of the algorithm are:

(i) preservation of edge sharpness, (ii) no dependency on image segmentation and (iii) balanced region filling to avoid
over-shooting artifacts. Furthermore they have investigated the exemplar based approach is very effective in reducing the
undesired blurring artifacts and applicable to both the small and large image gaps whereas wavelet based inpainting
produces blur effect as well as color interpolation process creates some problem.
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Bhimaraju Swati et al. [9] studied and reviewed two algorithms Exemplar Base Inpainting & Progressive Image Inpainting
based on Wavelet Transform. These algorithms uses patch based technique for completing missing region of the image with the
help of surrounding information that already is present in original image. Also they came up with new concept which is
extension of progressive method by using Adaptive method for patch propagation. The exemplar-based inpainting algorithms
have performed plausible results for inpainting the large missing region. But they work well only if the missing region consists
of simple structure and texture.

They recommend that the adaptive wavelet transform method is for better image quality. It is applied major image blocks will
not be lost and the final result will not have uneven features. But their work still needs improvement on methods to restore
complex structure information such as corners, curves with large curvature, etc.

J. N. Kazi and Y.M. Patil [10] compared the two “Fragment based” and “Exemplar based” inpainting techniques in terms of
efficiency, accuracy and time consumption. The former attempts to synthesis missing regions from coarse to fine levels by
assigning fragments (i.e. circular regions) with higher Confidence; and the later searches for most similar patches (Exemplars) to
fill the target region. They found that both techniques work noticeably well in removal of object from still images ; but fragment
based method introduces little blur while inpainting the edge where as “Exemplar based” inpainting technique produces blur free
output and also takes less time for inpainting as compared to Fragment based method.

Fig. 7: Results Comparison (A) Original Image, (B) Inpainting Result of Fragment Based Method, (C) Inpainting Result Of Exemplar Based
Method. [9] (Left To Right)

As it can be seen from Fig 7 that both techniques work noticeably well in object removal but Fragment based inpainting
technique tends to introduce some edge blur see whereas Exemplar based inpainting has resulted in blur free output image, also
the time taken for inpainting by Exemplar based method is less compared to Fragment based method.

I-Cheng Chang et al. [11] proposes a novel forgery detection algorithm to recognize tampered inpainting images, which is
one of the effective approaches for image manipulation. The proposed algorithm contains two major processes: suspicious region
detection and forged region identification. Suspicious region detection searches the similarity blocks in an image to find the
suspicious regions and uses a similarity vector field to remove the false positives caused by uniform area. Forged region
identification applies a new method, multi-region relation (MRR), to identify the forged regions from the suspicious regions.

The proposed approach can effectively recognize if an image is a forged one and identify the forged regions, even for the
images containing the uniform background. Moreover, they propose a two-stage searching algorithm based on weight
transformation to speed up the computation speed. Their experimental results show that the proposed approach has good
performance with fast speed under different kinds of inpainting images. (As shown in Fig 8) There are still some limitations in
this work. First, an assumption is that the forged region cannot be too small. Therefore, this system is incapable of locating
forged regions of small sizes. Second, since their proposed method is based on locating similar parts within an image, they can
only deal with the forged techniques such as copy move or inpainting techniques that copy verbatim patches from inside the
image. If the forged region is further processed by some techniques like blurring, or the forged region is from different sources,
the work may fail. So, they are trying to integrate some other techniques to solve these problems.
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c d
Fig. 8: The Result of The Detection of The Forged Region. (A) Original Image. (B) Forged Image. (C) Suspicious Regions Detected Using
Similar Block Computation. (D) The Result Of Proposed Algorithm.

1\VV. CONCLUSION

From the above literature, following points can be summarized.

Texture Synthesis and Exemplar Based Algorithms are widely used for the purpose of inpainting.

Criminisi et al’s algorithm [12] is capable of propagating both linear structure and 2D texture into the target region with
a single, simple algorithm and has the limitations as the synthesis of regions for which similar patches do not exist does
not produce reasonable results and the algorithm is not designed to handle curved structures.

Yen- Liang Chen’s algorithm [8] for image inpainting works well, yet it still has problem of deterioration of the image
textual and image pixel within the area of repair as they are unavoidable under the condition of an increased area of
repair Also, if the image analysis conducted in low frequency layers do not meet up with minimum accuracy
expectation, precise inpainting result would be impossible to achieve.

Though texture synthesis is effective it has difficulties in filling target region of photograph of real world scenes
with complex textures.

Wavelet transform is being used in image processing due to its multi-resolution decomposition which separate data
into low frequency and high frequency component.

Structure synthesis fills the missing region by propagating linear structure into target region via diffusion. But
diffusion process introduces blur when filling target region.

Important properties which are studied by the researchers in Texture Synthesis, Convolution and Exemplar Based
Algorithms when doing image inpainting.

Among numerous inpainting techniques, exemplar-based inpainting works well for large objects and is most often used
to complete damaged area or remove objects in an image.

The texture synthesis based Inpainting perform well in approximating textures but have difficulty in handling natural
images as they are composed of structures in form of edges. It addresses only a small subset of Inpainting issues and
these methods are not suitable for large objects.

A fast convolution based digital inpainting algorithm faster than oliveira algorithm with one iteration rather than 100
iteration and our algorithm remove large object in symmetric background images and without blur but fail or produce
poor results when removing large object in natural image.

V. FUTURE ASPECTS

Based on the above literature survey, we can infer that very limited amount of work has been done in the area of integrated or
comparative analysis of Texture Synthesis, Convolution and Exemplar Based Algorithms for image inpainting. This opens a new
horizon for future researches in the field of aforementioned three inpainting algorithms to restore complex structure information
such as complex images, damaged monuments and historical artifacts, small as well as large images, etc.
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