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Abstract-   Image inpainting or image retouching is the method of filling in or repairing the missing area of an 

image from the nearby pixels information by some algorithm. Its goal is to recover images with limited data 

loss and tries to obtain outputs of damaged area of an image in such a way that the recovered images look 

identical to original image. In our proposed method we will divide the damaged portion of image in the form 

of equal number of reference pixel according to their distribution property. Then by applying image 

inpainting based on CDD model we obtained an image whose quality is identical to cover image. 
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I. INTRODUCTION 

The recent development in internet technologies has made digital media much easier for access. Security issues such 

as data protection , modification ,forgery, interception have also reached a new level in the internet world. All these 

factor affect an image by damaging it or modifying it up to certain level. So to avoid this several algorithm have 

been proposed out of which image inpainting is one method. The main aim of this process [2] is to fill the damaged 

or missing part of the image based on the information from neighboring areas in such a way that it cannot be found 

out by an unknown person. Its application includes recovery of ancient films, object elimination in digital images, 

compression etc. Image inpainting is usefull in application where any modification, damaged portion of an image is 

unacceptable. Typical example includes biomedical field, satellite system, radar system or any other security related 

institution. Various methods  proposed till now show satisfactory recovery of original image from damaged portion. 

Figure 1 shows the typical arrangement of image inpainting scheme. 

 

 

 

 

 

 
 

Figure 1: Basic Image Inpainting Process 
 

The rest of the paper is organized as follows. Related work is given in section II. Proposed algorithm with 

embedding and extraction proceudre are explained in section III. Experimental results are presented in section IV. 

Concluding remarks are given in section V. 

II. RELATED RESEARCH WORK 

Lots of research works have been done in image inapainting. The word inpainting was first introduced by M. 
Bertalmio et al. in 2000 in relation with image restoration as shown in figure 2(a) and figure 2(b) [1]. They suggested 
that inpainting can be applied to recover damaged picture and also to remove unwanted objects. First of all diffusion 
based inpainting taken into consideration in which damaged region was filled by diffusing image information on 
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damaged area at the pixel point [2]. This method has the drawback that it produced blur during inpainting process of 
large region. 

Nitin Gopinath et al. given a complex diffusion based algorithm which enhanced both clarity and accuracy by 
changing the undesired objects from data present in the surrounding pixels [3]. Some researchers have given texture 
synthesis based inpainting method in which entire picture was searched for the matching neighboring pixels and used 
it for damaged points but when the picture is large the recovering method takes too much time [6]-[8]. Then another 
algorithm known as partial differential equation has introduced [10]. It s a differential equation consist of one or more 
variables, correlating the values of function and its derivative, but fails when missing part is big. To overcome these 
drawback Lixin Yin et al. has given an algorithm known as exemplar based inpainting which taken into account the 
isophote shape as a new factor to calculate patch priority and identical cost function [11]. 

In 2011 Jianbing Yang  proposed Total Variant inpainting or TV model in which a precise iterative algorithm to 
concurrently recognized and recover missing part of an image is explained [12]. This algorithm was unable to 
reconstruct fractionally damaged images. 

Apart from this one more method for reconstructing small area and noise in an image is proposed. Criminisi et al. 
suggested a approach in this area that connected structural recovery approach with the texture synthesis approach in 
one algorithm by calculating the advantages of both approaches [16]-[20]. They adopted the fact that the output of 
inpainting process rely (in general) on the order of filling-in the hole. Also roughness with respect to the structure of 
the manually selected damaged region is also indicated. 

III. Proposed Algorithm 

In 2013 Chuan Qin et al. given an algorithm for image inpainting known as curvature driven diffusion model or 

CDD model [13]. In this, first they applied adaptive reference pixel choosing method in which less reference pixels 

are chosen in the smooth region and more reference pixels are chosen in the complex region. Then pixel prediction 

is done by third order partial differential equation to generate inpainted image which has similar structure as cover 

image. 

In our proposed method we have modified Chuan Qin et.al method by choosing equal number of reference pixels 

from both smooth and complex region. Moreover we have chosen an improved CDD (curvature driven diffusion) 

based inpainting model instead of partial differential equation based model. The block diagram of  proposed system 

is shown in figure 3. 
 

 
 

 

 
 

Figure 3: Block Diagram For Proposed System 

2.1. Reference Pixel Choosing Method – 

We Denote X(i, j) as the pixel value at the location (i, j) of the Damaged image X sized M × N. Assume that Q is a 

binary mask image with the similar size as the Damaged image X, which has the locations of reference pixels. 

 

                                                                                (1) 

 

Where i = 1, 2, . . . , M; j = 1, 2, . . . , N; and μ denotes the interval between the two nearby  reference pixels. Based 

on the above step, we modified the reference pixels according to the characteristics of the damaged image. First, for 

each pixel P(i, j), where μ + 1 ≤ i ≤ M − μ and μ + 1 ≤j ≤ N − μ, Q0 (i, j) can be updated into Q1(i, j) by 

 

                                                                                               (2) 

 

related to mod (i+j,µ) = 2 where µ is a function with a binary output, i.e., 1 or 0, indicating whether the input pixel 

X(i,j) belong either smooth or complex. The expression of the function    is  



                                                                                (3)       
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E=  [X (i-µ,j) + X(i+µ,j) + X(i,j-µ) + X(i,j+µ) – 4 Xmin(i,j,µ)]                                                                          (4) 

 

Where Xmax(i,j,µ) and Xmin(i,j,µ) are the maximum and minimum value in [X(i-µ,j), X(i+µ,j), X(i,j-µ), X(i,j+µ)] 

respectively which are nearly equal in our case, and T1 is a predecided threshold. Second, for each pixel x(i',j'), 

where 1≤i'≤M-µ and 1≤i'≤N-µ, the Q1(i,j) of the pixel belonging to the region i'≤i≤i'+µ, j'≤j≤j'+µ can be further 

mapped into Q(i,j) if its identical to Q1(i',j'), Q(i'+µ,j), Q(i',j'+µ) and Q(i'+µ,j'+µ) are all equal to 0. 

 

                                                                                                    (5) 

 

where 𝜑 is also a function with binary input, i.e., 1 or 0, indicating whether or not region i'≤i≤i'+µ, j'≤j≤j'+µ belongs 

to the either smooth or complex region, The expression of the function 𝜑 is: 

 

                                                                                                  (6) 

R= [P (i'-µ,j') + P(i'+µ,j') + P(i',j'-µ) + P(i',j'+µ) – 4 Pmin(i',j',µ)]                                                                        (7) 

 

Where Xmax(i',j',µ) and Xmin(i',j',µ) are the maximum and minimum value in [X(i'-µ,j'), X(i'+µ,j'), X(i',j'-µ), 

X(i',j'+µ)] respectively which is nearly equal in our case, and T2 is a predecided threshold Based upon the equations 

and condition for reference pixels below are the output image obtained after this process is shown. 

 

 
Figure 4(a)                             Figure 4(b) 

 
Figure 4(c)                              Figure 4(d) 

 

Figure 4 (a) shows the output image at T1 = 2and T2=20, figure 4 (b) shows the output image at T2 = 4 and T = 40, 

figure 4 (c) shows the output image at T1 = 6 and T2 = 60 and figure 4 (d) shows the output image at T1 =8 and T = 

80.  

 

2.1. Image Inpainting Method – 

We have applied CDD (Curvature Driven Diffusion) model applied to use the curvature information of the isophotes 

to handle the curved structures in a better way [14]. Our modified CDD model is given by: 

 

                                                                                                                        (8)      
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                                                                                                                     (9)           

 

and (.) is the divergence operator. The transfer coefficient [14] of Curvature driven diffusion model is given by 

equation 

                                                                                                                                               (10) 

To increase the inpainting time we have seperated coefficient  from equation (10) so that the factor  

 may improves the response time of inpainting process. Secondly, we have introduced mass function 

 which protects the corners. So the new equation for CDD model is: 

 

                                                                                                         (11) 

 

 In general, we choose that: 

 

Where x(i,j) is the pixel value of any grad value (i,j) 

IV. EXPERIMENT AND RESULT 

Experiments were conducted on Output obtained in figure 4 (a), figure 4 (b), figure 4 (c) and figure 4 (d) for image 
inpainting process given section 2.2 of proposed algorithm. 

  

Figure 5(a): Original image (left) and image obtained after improved CDD inpainting process (right) at T1 = 2, T2= 20 (T2= 10×T1) 

 

 

Figure 5(b): Original image (left) and image obtained after improved CDD inpainting process (right) at T1 = 4, T2= 40 (T2= 10×T1) 
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Figure 5(c): Original image (left) and image obtained after improved CDD inpainting process (right) at T1 = 6, T2= 60 (T2= 10×T1) 

 

 

Figure 5(d): Original image (left) and image obtained after improved CDD inpainting process (right) at T1 = 8, T2= 80 (T2= 10×T1) 

 

Figure 5 (a), Figure 5 (b), Figure 5 (c) and  Figure 5 (d) shows the output image or prediction image generated after 
improved  CDD inpainting process. Table I gives a comparison of value of peak to signal noise (PSNR) ratio between 
Chuan Qin et al. method and proposed method after inpainting process. Also from the table I we can say that our 
proposed method can achieve better PSNR results. 

Table -1 Comparison of PSNR values for Chuan Qin et. al method and proposed method after image inpainting process for figure 5 (a)- (d) 

 

 PSNR Values at µ=4 

T1 T2 Chuan Qin et al. method Proposed Method 

2 20 37.06 dB 46.88 dB 

4 40 33.62 dB 45.77 dB 

6 60 31.29 dB 45.39 dB 

8 80 29.68 dB 45.20 dB 

 

We have also taken some more test images to calculate their PSNR value at different threshold and different values of 
µ, which can be analyzed from table 2, table 3, table 4and table 5. 

 

          
Figure 6                                          Figure 7 
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Figure 7                                         Figure 8 

 

Table -2 PSNR values for proposed method after image inpainting process for different values of µ for figure 6 

 

 

Threshold 

T1 3 5 7 9 

T2= T1×10 30 50 70 90 

µ = 3 PSNR in db 44.63 43.57 43.19 43.03 

µ = 4 PSNR in dB 47.34 46.17 45.70 45.50 

 

 

Table -3 PSNR values for proposed method after image inpainting process for different values of µ for figure 6 
 

 

Threshold 

T1 3 5 7 9 

T2= T1×10 30 50 70 90 

µ = 3 PSNR in db 42.82 42.43 42.25 42.13 

µ = 4 PSNR in dB 45 44.26 44 43.85 

 

Table -4 PSNR values for proposed method after image inpainting process for different values of µ for figure 7 
 

 

Threshold 

T1 3 5 7 9 

T2= T1×10 30 50 70 90 

µ = 3 PSNR in db 43.87 43.57 42.19 41.03 

µ = 4 PSNR in dB 46.34 45.17 44.70 43.50 

 

Table -5 PSNR values for proposed method after image inpainting process for different values of µ for figure 6 

 

 

Threshold 

T1 3 5 7 9 

T2= T1×10 30 50 70 90 

µ = 3 PSNR in db 44.33 43.17 41.19 41.01 

µ = 4 PSNR in dB 47.14 46.01 45.20 44.10 
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Figure 9: PSNR values for various test  images for different threshold values 

 

We have also compared the value of the parameter SSIM (Structure Similarity Index Matrix) with the method given 

in [3]. The Structure Similarity Index Matrix is the method of comparison of two images or the method of measuring 

of image quality based on an undamaged image as reference [3]. The resultant SSIM is a decimal value between -1 

and 1, and value 1 

is only achievable in two same sets of information. In our case we have calculated value of SSIM for figure 4 (a), 

but we can calculate it for any value of  T1 and T2. Table 6 gives us the comparison value for SSIM. 

 

SSIM  =  

Where and  are average and variance of  and  values  respectively  = (k1 L)×2 ,  =(k2 L)×2 where L 

is the dynamic range of pixel values and k1 = 0.01, k2 = 0.02. 

 
Table 6: Comparison of Values of SSIM 

 
 

SSIM 

Method in 3 Proposed method 

.8905 1.0000 

 

IV.CONCLUSION 

In order to enhance the recovery process of damaged images, an image inpaiting algorithm based on reference pixel 

choosing method of damaged image has proposed in which nearly equal number of reference pixel are chosen from 

damaged image. According to the pixel chosen a modified CDD based inpainting method has applied to determine 

the output image which is quite similar to cover image which was used before damaged. The strategy of choosing 

reference pixel produced greater possibility for recover of damaged image without much distortion. Experiments 

were conducted on some gray scale image. Figure 9 shows that the proposed scheme results in better PSNR values 

for different test images which in turns produced greater possibility of recovering back the undamaged image. 

Moreover we have also calculated and compared the value of one more parameter called Structure Similarity Index 

Matrix with method given in [3]. 
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