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Abstract— Image processing is the collection of ways and techniques to formation of an image as per requirement.  It 
consists of various techniques to load, process, store and compares the images. It gives various scientific proofs to compare 
the changes in the results. In this paper, we are going to discuss the inpainting and super-resolution method. The basic idea 
behind the inpainting is repainting the damaged, faded or obliterated sections of an image. Inpainting is nothing but the art of 
image reconstruction while, doing this two properties of the image have to maintain that are structure and texture property of 
the image. Existing super-resolution algorithm can be broadly categorized into three classes: reconstruction-based, 
interpolation-based, and example-based approaches. Here in this paper we are going to study only one method which is 
exemplar-based technique in comparison of other methods. While doing large image inpainting it needs more time and also 
complex than less dimension image so in this method before doing inpainting for the input region image get converted into 
the low resolution image then repainting is applied on the image after that to get fine details and better resolution it is 
reconverted in super-resolution.  
 
Index Terms—Exemplar-Based, Inpainting, Low-Resolution, Super-Resolution. 
 
I. INTRODUCTION 
   
Image processing is consisting of image formation 
ways. There are various ways of processing here in 
this paper we are going to discuss the different image 
inpainting and super-resolution ways. In this both 
methods, we are going to use exemplar approach. 
Basically, inpainting is nothing but the repainting in 
various an images there are damaged, fade and 
unwanted regions of image to correct them of to 
remove them these repainting techniques are used. 
Now we are going to study the algorithms of both 
processes. First for inpainting there are two basic 
categories of the algorithm that are: diffusion-based 
and texture-synthesis algorithm. While doing 
inpainting main objective of inpainting is 
reconstructed both structure and texture of the image. 
While considering these categories diffusion-based 
method introduces some blur effect when the target 
region to be filled is large. And under texture-
synthesis category approaches exemplar-based 
method in which sample and copy the best matching 
texture patches from the source region of the image.  
 In the second part of this paper to get better 
resolution output without any blur effect the 
inpainting image is given to super-resolution 
algorithm. Before going to the main algorithm lets 
discuss some basic concepts of super-resolution (SR). 
There are three categories of SR algorithms that are: 
reconstruction-based, interpolation-based and 
exemplar-based. These three categories are similar as 
three approaches of the SR that are: frequency 
domain approach, spatial domain approach, and 
exemplar-based approach. Let’s discuss approaches 
one by one in the frequency domain approaches, for 
example, Tsai and Huang [1] in proposed method an 
image SR reconstruction algorithm, which exploits 
the shift property of the Fourier transform and 

developed a set of system equations in the frequency 
domain that relates the HR image to the observed LR 
images. Considering only global motion estimation, 
the performance of frequency domain image SR 
reconstruction is usually limited by the global motion 
model. In a spatial domain approaches [2] were 
developed to overcome the weaknesses of the 
frequency domain approaches. Typical spatial domain 
approaches include nonuniform interpolation, 
iterative back-projection (IBP), regularization, 
maximum a posteriori (MAP), projection onto convex 
sets (POCS), and POCS-embedded MAP. In 
exemplar-based SR, the correspondence between 
High-resolution (HR) and Low-resolution (LR) 
images patches are learned from the database, which 
are applied to create the HR from LR image. 
While by the algorithm in Interpolation-based 
method, assume that images are spatially smooth and 
can be adequately approximated by polynomials such 
as bilinear, bicubic, and level-set functions. This 
assumption is usually inaccurate for natural images 
and thus over-smoothed edges as well as visual 
artifacts often exist in the reconstructed high-
resolution images. These edge statistics can be 
learned from a generic dataset or tailored for a 
particular type of scenes. With the learned prior edge 
statistics, sharp-edged images can be reconstructed 
well at the expense of losing some fine textural 
details.  
In reconstruction-based method, super-resolution is 
cast as an inverse problem of recovering the original 
high-resolution image by fusing multiple low-
resolution images, based on certain assumed prior 
knowledge of an observation model that maps the 
high-resolution image to the low resolution images 
 In exemplar-based method, the mapping between 
low-resolution and high-resolution image patches is 
learned from a representative set of image pairs, and 
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then the learned mapping is applied to super 
resolution. 
In the following paper in section II we are going to 
learn overview of proposed method, in section III 
details of exemplar-based inpainting algorithm, in 
section IV details of exemplar-based single image 
super-resolution and finally concluding this work in 
section V.  
 
II. ALGORITHM OVERVIEW 
 
The proposed method uses the exemplar-based 
method of both while inpainting as well as super-
resolution algorithm. 
 
A. Proposed Method 
Here in this paper we are combining these two 
processes that are inpainting and super-resolution, the 
question here is what is main aim behind this or basic 
idea behind this?? The answer to this question is as 
learning after inpainting methods if the target is large 
or the hole is large then to inpaint that region gets 
blur smooth effect as well as more time-consuming. 
So, in this solution we are providing the better way to 
handle this means before inpainting we are reducing 
the size of the image means the resolution of the 
image get reduces then inpainting applies to that 
image after that this image is given to as input image 
to super-resolution.     
Now we are going to learn the proposed method the 
first one is the non-parametric path sampling method 
used to fill-in missing region. As discussed in the 
above part the inpainting or patch sampling done is 
on LR version of the original image. The reason for 
this inpainting is it takes less time as well as reduces 
noise. While doing this LR it have to do down 
sampling how to do this will discuss in next section, 
in fig. 1 the downsampling is shown by n which 
converts the image in LR and given as input to 
inpainting while in inpainting the inpainting is done 
by n times means it depends on the sampling and 
target region to be filled.   
 

 
Then next step is single-image SR in which the input 
required to the process is LR image and original 
image training samples. Means training samples are 
generate from the original input image this is done by 
two main steps that are: first is Generate HR/LR 
patch pairs from single frame by exploiting self-
similarities And second is learning their mapping to 

form SR image. Which is done in the single-image 
SR algorithm will discuss this incoming section. In 
this paper, due to limited space we are not able to 
discuss all the methods of inpainting and SR with 
their results.  
 
B. Review  
As learn from the proposed method fig.1 illustrates 
the main framework of the method. So, from this 
there are two main components of the system that are 
inpainting and super-resolution. While review these 
in short and specific methods there are following 
steps for that: 

1. First, a low-resolution image is built from 
the original input image. 

2. Second, an inpainting algorithm is applied 
to the target region of the image which is 
selected by the user. 

3. Lastly, to improve image quality of an 
inpainted image it is given as input to the 
single-image SR. 

 
III. EXEMPLAR-BASED INPAINTING  
 
As given in abstract while doing inpainting there are 
two factors need to be managed that are structure and 
texture of the image which has to be inpainted. 
Inpainting is nothing but repainting of the image to 
recover the image from various damages e.g. 
scratches, damage photos, add or delete an object 
from the image or edit the image. There are various 
applications of inpainting. Here in this methods the 
algorithm takes known image samples i.e. exemplars 
and propagates them in required region. To handle 
this, there are three steps of this algorithm which are 
going to discuss here, before this the downsampling 
or LR conversion of the image we are going to 
discuss that next section IV. 
There are three steps in these: computing patch 
priorities, propagating texture and structure 
information and updating confidence values. 

1. Computing patch priorities: 
In the exemplar based non-parametric patch 
sampling the filling strategy depends on 
entirely patch priority. The patch priority of 
each sample patch depends on the data and 
confidence term of that patch. We call the 
confidence term for patch as C(p) and data 
term for patch as D(p). 
 
P(p)=C(p).D(p)                                 ..(1) 

 

 
Fig. 2. Notation Diagram: given the patch p, np is the normal 

to the contour  of the target region  and 
P are the 

isophote at point P. 
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             C(p)=∑ ∈ ∩( Ω) ( )
|Ψ |  ,      D(p)=|∇ . | 

 
Where  II is the area of p,  is normalization 
factor(e.g. =255 for a typical gray-level image), np is 
unit vector orthogonal to the front  in the point p 
and  denotes orthogonal operator. The priority P(p) 
is computed for every border patch, with distinct 
patches for each pixel on the boundary of the target 
region. During initialization confidence term for the 
target region (), is set to 0 and the value of the other 
source region (I-) is set to 1. This is for concentric 
fill order of the region as is the filling starts from the 
outer layer: as if the greater confidence values 
therefore filled earlier; pixels in the center, therefore, 
lesser confidence values. The data term is the strength 
of isophotes hitting in the front  at each iteration 
[6].  

 
2. Propagation texture and structure: 

Once all the patch priorities have been computed, the 
highest patch (p̂) is selected we then filled it with 
the source region. 
 

푞=푎푣푔	minΨ ϵϕ 푑(휓푝,휓푞)                       
..(2) 

 
Where distance d is the distance between two generic 
patches is simply defined as the sum of squared 
differences (SSD) between already filled pixels in 
two patches. 
 

3. Updating confidence values 
After the patch p̂ has been updated with new values 
and C (p) is updated in the area delimited by p̂ as 
follows:  
 
                   C (p) =퐶(푝̂)										∀푝 ∈ Ψ푝̂ ∩ Ω 
 
A pseudo-code description of the algorithmtic steps 
are shown in table I. The subscript t indicates the 
current iteration. 
 

 
 
IV. SINGLE FRAME SUPER-RESOLUTION 
 
while doing super-resolution there are three 
categories and approaches to doing this task. Here in 

this paper we are going to discuss the example based 
super-resolution. The success of this method depends 
on two major factors that are: collecting a large and 
representative database of low-resolution and high-
resolution image pairs and learning their mapping [7]. 
Before going for SR, we have to convert the image in 
LR which is called downsampling what is a need for 
this conversion is discussed in the introduction 
section. SR algorithm needs the training sample and 
the LR image. Sampling is nothing but the 
representative set of image patches, a dictionary is 
learned for sparse coding using both LR and HR 
images. Here by this algorithm exploits patch self-
similarity within the image and introduces the group 
saprsity for better reconstruction process this is called 
as single-image super-resolution.  
 

 
 
Fig. 2 Exploiting cross-scale patch redundancy in an 
image pyramid: I0 is the input image. I-1,I-2  are 
downsampled layers form the I0. The pixels of I-1,I-2 
are copied and enlarged from image patches of I0. for 
a source patch Ps in I0, several similar patches (P1 and 
P2) can be found in lower-resolution images (I-1 or I-2) 
for each found patch (P1 or P2) , a corresponding 
region (R1 or R2) in I0 are determined. Similarly, a 
corresponding region (D1 or D2) are determined by 
two factors: (1) the region of source patch Ps, (2) the 
layer index of the found patch (-1 of I-1 or -2 of I-2). 
Finally, the intensity value of R1 are copied to D1 
with an enlarged area, so as R2 to D2. 

 
Assume the relationship between high-resolution 
image Ih, and low-resolution image Il is 

Il = (Ih * B)s,                                       …(3) 
 

where * is a convolution operator, B is an isotropic 
Gaussian kernel, and s is a subsampling operator 
with scaling factor s. From an input image I0 shown 
in Fig. 2, we first generate low-resolution images Ik 
(k = -1,….,-n). By well controlling the scaling factors 
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and the variance parameters of the Gaussian kernels, 
it is possible to create high-resolution patches by 
exploiting self-similarity among the input image and 
generated low-resolution images. Fig 3 shows the 
illustration and proposition 1 states the relationship 
between scaling factors and corresponding Gaussian 
variance parameters. 
 

2. Algorithm for Exploiting Group self-
Similarities  to Construct High-Resolution 
images: 
 

 

These algorithms are referred from the [7] by which 
we can able determine the procedure in an easy form. 
Here there are 2 algorithms first is for construct the 
HR from single source image by which actual process 
is done. And second algorithm is for refining image 
means dictionary building and editing while 
downsampled version and an original image 
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3. Review Algorithm : 
 

Once the inpainting of the low-resolution picture is 
completed, a single-image super-resolution approach 
is used to reconstruct the high resolution of the 
image. 
The idea is to use the low-resolution inpainted areas 
in order to guide the texture synthesis at the higher 
resolution. As in [11], the problem is to find a patch 
of 
higher-resolution from a database of examples. The 
main steps, illustrated in figure 4 are described 
below: 

a. Dictionary building: it consists of the 
correspondences between low and high-
resolution image patches. The unique 
constraint is that the high-resolution patches 
have to be valid, i.e. entirely composed of 
known pixels. In the proposed approach, 
high-resolution and valid patches are evenly 
extracted from the known part of the image. 
The size of the dictionary is a user-
parameter which might influence the overall 
speed/quality trade-off. An array is used to 
store the spatial coordinates of HR patches 
(DHR). Those of LR patches are simply 
deduced by using the decimation factor; 

b.  Filling order of the HR picture: the 
computation of the filling order is similar to 
the one described in Section 3. It is 
computed on the HR picture with 
the sparsity-based method. The filling 

process starts with the patch HR picture 
with the patch p

HR having the highest 
priority. This improves the quality of the 
inpainted picture compared to a raster-scan 
filling order; 

c.  For the LR patch corresponding to the HR 
patch having the highest priority, its K-NN 
in the inpainted images of lower resolution 
is sought. The number of neighbors is 
computed as described in the previous 
section. The similarity metric is also the 
same as previous; 

d.  Weights wp,pj are calculated by using a non-
local means method as if we would like to 
perform a linear combination of these 
neighbours. However, the similarity 
distance used to compute the weights is 
composed of two terms: the first one is 
classical since this is the distance between 
the current LR patch and its LR neighbours, 
noted d( LRp ,  LRp,pj). The second term 
is the distance between the known parts of 
the HR patch  HR patch pHR  and the HR 
patches corresponding to the LR neighbours 
of  pLR. Say differently, the similarity 
distance is the distance between two vectors 
composed of both pixels of LR and HR 
patches. The use of pixel values of HR 

patches allows to constraint the nearest 
neighbour search of LR patches. 

e.  An HR candidate is finally deduced by 
using a linear combination of HR patches 
with the weights previously computed:  

 

              …(4) 
with the usual conditions 0 ≤ wp,pj ≤ 1, and 
Pk wp,pk = 1. 

f.  Stitching: the HR patch is then pasted into 
the missing areas. However, as an overlap 
with the already synthesized areas is 
possible, a seam cutting the overlapped 
regions is determined to further enhance the 
patch blending. The minimum error 
boundary cut [21] is used to find a seam for 
which the two patches match best. The 
similarity measure is the Euclidean distance 
between all pixel values in the overlapping 

region.More complex metrics has been 
tested, but they do not substantially improve 
the final quality. At most four overlapping 
cases (Left, Right, Top and Bottom) can be 
encounter red. There are sequentially treated 
in the aforementioned order. The stitching 
algorithm is only used when all pixel values 
in the overlapping region are known or 
already synthesized. Otherwise, the stitching 
is disabled. 

After the filling of the current patch, a priority value 
is recomputed and the afore-mentioned steps are 
iterated while there exist unknown areas. 
 

 
Fig 3. Flowchart of super-resolution algorithm. 

 
V. EXPRIMENTAL RESULTS 
 
In this section we present the results using the 
proposed method and one state–of-art inpainting 
method. 
 

a. Performance  
Figure 4  illustrate the result of proposed 
approach in which image (a) shows the input 
image and (b) shows the image with selected 
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inpainted area (c) shows the output image 
with state-of-art method and (d) shows the 
proposed methods output image.  
 

b. Parameter Analysis 
To analyze both methods result scientifically 
we are applying two formulas on this that 
are Mean Squared Error (MSE) and Peak 
Signal to Noise Ratio (PSNR). The PSNR is 
most commonly used as a measure of quality 
of reconstruction in image processing. It is 
defined via the Mean Squared Error. 
 

 

 
Fig 4. It shows four different image examples with (a)input 

image, (b)target area, (c)state-of–art and (d)proposed method. 
 

 
Where the U is source image, V is the processed 
image and m. n are the height and width of the image 
respectively.   

 The PSNR is defined as, 

 
Hereby in the below table the values of state-of- art 
(which is inpainting using Adobe Photoshop CS5 
patch match method) method and proposed method 
output comparison is given. 
 

c. Comparison 
As stated in the table 1.1 from that we can 
define there is highest value of PSNR than 
other method in comparison with the 
proposed system while the MSE values are 
less. Which defines visually as well as 
scientifically the proposed method output is 
better than other method. 
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CONCLUSION 
 
We propose a system of a well-known exemplar-
based method (improvements are sparsity-based 
priority, K-coherence candidates and a similarity 
metric adapted from [23]) and compare it to existing 
methods. Then, a super-resolution method is used to 
recover a high- resolution version. This framework is 
interesting for different reasons. First the results 
obtained are within the state-of-the-art for a moderate 
complexity. Beyond this first point which 
demonstrates the effectiveness of the proposed 
method, this framework can be improved. For 
instance, one interesting avenue of future work would 
be to perform several inpainting of the low-resolution 
images and to fuse them by using a global objective 
function. First, different kinds of inpainting methods 
(patch-based or PDE-based) could be used to fill-in 
the missing areas of a low-resolution image. Second, 
for a given inpainting method, one can envision to 
fill-in the missing areas by using different settings 
e.g. for the patch size in order to better handle a 
variety of textures and to better approach the texture 
element sizes. The use of the proposed framework 
could dramatically reduce the computational time. 
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