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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 

dissertation work is to review two such methods – 

Convolution and Exemplar based Algorithm and combines 

these into a Hybrid technique. 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. The aim is to 

incorporate such enhanced characteristics in the Hybrid 

technique which will be better than the individual 

techniques. 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. 
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I. INTRODUCTION 

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

reconstructing it based on the background information 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 this 

process and performs the Inpainting automatically. The 

filling of lost information is essential in image processing, 

with applications as well as image coding and wireless 

image restoration, special effects and image transmission. 

The basic idea (shown in Fig. 1.1) at the back of the 

algorithms that have been proposed in the literature is to fill 

these regions with available information from their 

background or environment. 

 
Fig. 1: Image Inpainting Example

 [11] 

II. IMAGE INPAINTING TECHNIQUES 

The following are the groups of various Image Inpainting 

Techniques:
 [8]

 

 Partial Differential Equation (PDE)  

 Texture Synthesis 

 Exemplar and search  

 Wavelet Transform 

 Semi-automatic and Fast Inpainting 

 Convolution based 

A. Partial Differential Equation (PDE) 

Partial Differential Equation (PDE) based algorithm is 

proposed by Marcelo Bertalmioet.al. PDE is an iterative 

algorithm. This algorithm is to continue geometric and 

photometric information that arrives at the border of the 

occluded area into area itself. This is done by propagating 

the information in the direction of minimal change. This 

algorithm will produces good results only for are small 

regions. But when the missed regions are large this 

algorithm will take long time and will not produce good 

results. 

B. Texture Synthesis 

Texture Synthesis is a field of study independent from, but 

related to inpainting. In the general definition of this 

problem, an input sample of a texture is given, and the goal 

is to produce more of that texture. The simplest solution is 

to tile the texture sample on a rectangular grid of desired 

size. However, even if the sample can be tiled seamlessly, 

the resulting larger grid structure is easily noticeable and it 

distorts the perception of the actual texture. More 

sophisticated techniques are required for producing the 

actual texture with all its features and nothing more. A 

regular (also called deterministic, structured, periodic) 

texture is characterized by a primitive element (texton or 

texel) that is regularly placed on a grid or a lattice. For 

example, floor tiles, brick walls are regular textures, sand, 

and smoke are non-regular. Contrarily, in non-regular 

(stochastic, random) textures, there is no apparent repeating 

pattern or local structure, but global statistical properties. 

The texture synthesis based Inpainting algorithm’s 

performance is good in approximating textures. 

Natural images are difficult to handle by these 

algorithms as they are composed of structures in form of 

edges. Hence while to appreciate the use of texture synthesis 

techniques for image inpainting, it is important to 

understand that these methods address only little subset of 

Inpainting issues. Moreover, these methods are not suitable 

for large objects. 
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C. Exemplar and search  

Exemplar based image inpainting consists of two basic 

steps: 

 Priority assignment is done and 

 Selection of the best matching patch.  

The working of this approach is to sample the best 

matched patches from the known region. Their similarity is 

measured by certain metrics, and pastes into the target 

patches in the missing region. This Inpainting iteratively 

synthesizes the target region, by the most similar patch in 

the source region. This method fills structures in the 

unknown regions using spatial information of neighboring 

regions. This method is an efficient approach for 

reconstructing big target regions. Following are the four 

main steps include in exemplar-based Inpainting algorithm:  

 Initialize the Target Region: here the unknown areas 

are extracted and shown with appropriate data 

structures.  

 Filling Priorities Computation: here the filling order 

for all unfilled pixels in the beginning of each filling 

iteration is computed by a predefined priority 

function. 

 Search Example and Composite: here the patch that is 

centred on the given pixel p is composed by the best 

matching pixel that is searched from the source 

region.  

 Image Information Updating: here the required 

information for computing filling priorities and the 

boundary of the target region are updated.  

The Greedy strategy is adopted in these algorithms, 

so they suffer from the common problems of the greedy 

algorithm i.e. the filling order is very critical. This algorithm 

produces best results only if the missing region have simple 

structure and texture but it finds impossible to synthesize the 

desired image for complex structure. 

D. Wavelet Transform 

Wavelet Transform based technique provides the best global 

structure estimation of damaged areas in addition to texture 

and shape properties. Wavelet transform is considered due 

to its good representation quality of image for the fact of 

compaction, data separation, multi-resolution analysis, along 

with the statistical properties. This technique tries to satisfy 

the human visual system (HVS). With the help of wavelet, 

the decomposition of incomplete image is done and then 

scaling and wavelet coefficients are found. Regions need to 

be masked manually for this algorithm is the disadvantage. 

E. Semi-automatic and Fast Inpainting 

Semi-automatic and Fast Inpainting requires user’s help to 

guide to assist in structure completion and has found favour 

with researchers. It Works in 2-step. First a user himself 

provides important unknown information in the hole by 

sketching image boundaries from the known to the unknown 

region. Thereafter texture is generated by using a patch 

based texture synthesis. The problem is formulated as a 

global optimization problem under various consistency and 

structural constraints using which these patches are 

synthesized along the user specified curves.  

Based on the size of the region of Inpainting, all the 

methods discussed above take minutes to hours to complete 

and hence making it not acceptable for interactive 

applications of users.  

F. Convolution-filter based algorithm 

 Convolution-filter based algorithm convolves the 

neighbourhood of the affected pixels with a proper mask in 

order to inpaint an image. Oliveira et al. used convolution 

operation and presented a fast image inpainting algorithm. 

In this algorithm, the area is convolved by a predefined 

diffusion mask repetitively for being inpainted. This method 

is very similar to isotropic diffusion. Here, the central 

weight of the diffusion mask is taken 0, as its related pixel in 

the original image is not found.  

Hadhoud et al.
[17] 

presented a modification of 

Oliveira algorithm which reduced implementation time. 

Both above convolution algorithms are very fast but still 

they do not show very good results for more contrast 

damaged edges. 

METHODS MERITS DEMERITS 

Partial 

Differential 

Equation 

(PDE) 

Fine outcome and 

preserves all Structural 

information 

Results display 

blurring artifacts 

when applied to 

large missing 

regions 

Textured 

Synthesis 

based in-

painting 

Results do not 

display/blur/artifacts 

Not applicable for 

thick scratched 

regions & curved 

structures 

Pixel based 

Texture 

Synthesis 

Mimics both 

deterministic and 

stochastic textures 

Requires a lot of 

time a whole area 

is required to be 

checked 

Exemplar 

based 

Texture-

Synthesis 

Gives impressive 

results and preserves 

all structural & 

textural information 

Gives 

unsatisfactory 

results if the 

corrupted region 

is spread along 

most of the image 

area 

Convolution 

Based In-

painting 

Method 

Produces fine results 

without blurring 

For corrupted 

region thicker 

than ten pixels, 

blurring occurs 

Modified 

Convolution 

Based in-

painting 

Enhances the seed of 

Inpainting manifold, 

Reduces no. of 

iteration from 100 to 1 

Gives poor results 

while removing 

large objects from 

natural images 

Total 

variation In-

painting (TV) 

Works well for 

removing salt and 

pepper noise 

Models In-

painting only in 

small/miniature 

regions 

Table 1 Merits and Demerits of different inpainting methods 
[2]

 

III. SELECTION OF THE TWO INPAINTING TECHNIQUES 

This experimental study includes two processes –

convolution and exemplar based method have been selected 

for image inpainting process based on the knowledge gained 

from the literature survey. The factors chosen are: 
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A. Convolution based algorithm – 

 Fast and iterative algorithm. 

 Implementation is simple 

 Adequate results are provided 

B. Exemplar based algorithm – 

 It is based on priority patch ordering mechanism 

 Handles structural features of image 

 Produce blur free results 

IV. PROPOSED ALGORITHM 

 
Fig. 2: Process Design 

A. Convolution Method: 

The general idea is to create a kernel of some sort (an N x N 

matrix) that is repeatedly convolved over areas of picture, 

which fills in a pixel based on surrounding pixel values. The 

values in the matrix determine the way it will spread colours 

from the surrounding scene into the corrupted zone. This 

process is repeated over and over until the image is restored. 

Such a method has the benefit of being very fast as only 

multiplication is used. 

 

B. Exemplar Method: 

Firstly, in the input image, a target region is selected by the 

user itself, Ω, which is to be removed and filled. The 

difference of the entire image and the target region is 

defined as the source region (Ф=I-Ω,), may be manually 

specified by the user. Given a patch which is centred at the 

point „P‟ .We define its priority P(P) as the product of two 

terms: P(P)=C(P)*D(P) Where C(P) is the confidence term 

that measure of the amount of reliable information 

Surrounding the pixel „p‟ and D(P) is the date term 

that is a function of the strength of isophotes hitting the front 

∂Ω. 

 
Fig. 3: Exemplar mechanism

 [22] 

The user will be asked to select a target region, Ω, manually. 

1) The contour of the target region is denoted as δΩ. 

2) For every point p on the contour δΩ, a patch Ψp is 

constructed, with p in the centre of the patch. A 

priority is calculated based on how much reliable 

information around the pixel, as well as the isophote 

at this point. 

3) The patch with the highest priority would be the 

target to fill. A global search is performed on the 

whole image to find a patch, Ψq that has most 

similarities with Ψp. 

4) The last step would be copy the pixels from Ψq to fill 

Ψp. With a new contour, the next round of finding the 

patch with the highest continues, until all the gaps are 

filled. 

V. RESULT AND DISCUSSIONS 

Firstly, we have taken a default image from MATLAB2010, 

“Cameraman” and created a black and white scratch on the 

image using Paint. Then we generated a code for 

convolution method to remove that scratch in MATLAB 

automatically. We defined 2 masks for convolution and 

number of iterations. Following figures shows the image 

before and after 30 iterations. But actually we are getting the 

inpainted image in less than 30 iterations. 

 

Fig. 4 Snapshot of “cameraman” image before and after 30 

iterations by convolution method 

Secondly, we have taken a colour image “Lena” 

and created a black scratch on the image using Paint. Then 

we generated a code for convolution method to remove that 

scratch in MATLAB automatically. We defined 2 masks for 

convolution and number of iterations for R, G and B 

separately (R=Red, G=Green and B=Blue colour 

components of a colour image). And also generated 

exemplar code which removes user’s selected patch from 

the image. Following figure shows the image before and 

after some applying convolution method where the defect on 

cap is selected to be removed.  
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Fig. 5 Snapshot of “lenatest1” image after applying 

exemplar method, where the defected area is removed by 

filling that region with the help of neighbour pixel values. 

At last, we have taken a colour image “Lenatest2” 

and created a small and big black scratch on the image using 

Paint. Now, as per our proposed hybrid algorithm we 

applied first convolution and then exemplar method 

respectively on the same image to remove all the small and 

big scratch in MATLAB automatically. After that we 

applied convolution on the “lenatest2” image and the result 

shows the image before and after iterations in RGB 

component separately, we are getting the desired result 

through convolution method. While running exemplar code, 

we defined the target region in the output image obtained 

from the convolution method. After the exemplar process is 

done. We are getting the desired output. Hence, our hybrid 

method gives satisfactory result. 

 
(a)                                        (b) 

 
(c) 

Fig. 6 Hybrid image inpainting (a) “Lena” test image with 

defects, (b) image after convolution and (c) image after 

exemplar 

 
(a) 

 
(b) 

 
(c) 

Fig. 7 Snapshot of different test images i.e. (a), (b), (c) 

before and after applying exemplar method, where the 

defected area is perfectly removed by filling that region with 

the help of neighbour pixel values. 

 
Fig. 8 Snapshot of test image after applying exemplar 

method, here the selected area is not filled perfectly. 

VI. CONCLUSION 

Following are the points which are concluded  on the basis 

of literature survey and experiments: 

 The convolution is an important operation in image 

processing. It was the faster algorithm and producing 

good results comparable to the other candidates.  

 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. 

 On observing convolution and exemplar method in 

MATLAB individually, we can see that convolution 

method can easily inpaint the small region and 

exemplar method is able to remove unwanted patch 

from the image. 

 Different image were selected and the results were 

observed after applying convolution and exemplar 

method image inpainting techniques on them 

separately and simultaneously both. 

 In our hybrid method, some undesirable results came 

up when we tried exemplar method before 

convolution method. But when we tried convolution 
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before exemplar on a particular image, we got 

satisfactory results. 

 Hence, it is concluded at the end of this study that our 

hybrid method works better to remove small and big 

defects from an image simultaneously.   

VII. FUTURE SCOPE 

The increase in the variety of images and their variation of 

size was observed in real world. So, the future scope now is 

to apply our hybrid algorithm in every type of images with 

some more facilities like user can remove more than one 

patch from an image at a time. 

Because our hybrid method is limited to only some 

selected images as it fails when there are major variations in 

the type, size and nature of an image. So, further 

investigations can also be conducted to overcome these 

limitations. 
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