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ABSTRACT 

Image inpainting is a technique to reconstruct the missing or corrupted part of an image where the missing information 

is interpolated through the background data.  Here, an efficient inpainting technique by applying a non-flat 

morphological structuring element has been proposed. The non-flat structuring element effectively handles the missing 

information of the boundary as well as curved lines. The proposed technique is tested on various images and both the 

subjective as well as objective evaluations are carried out to verify the simulation output. Improved experimental results 

validate the proposed technique over other competitive state-of-the-art approaches. 
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INTRODUCTION 

In recent decades, digital image inpainting has received a lot of attentions due to its various interesting and 

useful applications. Digital image inpainting is basically an image reconstruction process which provides a 

means to restore missing information in an image, with the help of spatial data available in the background. 

When an image is transmitted through communication channel in different real time applications, the image 

information may get lost during the process of communication. To overcome this shortcoming, the image 

inpainting technique can become a useful approach that try to restore the lost information.  Image inpainting is 

widely used in various fields, such as, restoration of old films in photography and cinema, super resolution, 

image compression, red eye removal, object or text removal from digital images, etc. 

Substantial work has already been carried out by researchers in this area. Two dimensional image inpainting 

can be categorized into three different categories, such as, structural, texture based and hybrid inpainting. In 

all these methods information of the known or undestroyed image areas is used to fill the missing data. 

In inpainting, we basically interpolate data to restore the missing information. Non-texture image inpainting 

(also known as structural inpainting) is an inpainting method in which lost information is restored with the 

help of local features and short range correlations of the available information in the image. In this method, 

isophotes are estimated and information is diffused with the help of some diffusion mechanism. Few examples 

of this method are Total Variational (TV) model, Curvature-Driven Diffusion (CDD) model, Elastica model. 

In TV model an Euler-Lagrange equation is applied along with anisotropic diffusion to maintain the 

isophotes’ directions [1]. The CCD model improves the TV model to drive the diffusion along the isophotes’ 

directions and thus the inpainting of thicker regions is possible [2].These models are effective for small-scale 

damaged regions like scratches, creases and spots. However, these models have a disadvantage that there is 

blurriness in their output image when these techniques are used for inpainting of a relatively large damaged 

region. 
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Texture image inpainting is an inpainting method in which lost information is restored with the help of texture 

synthesis techniques. This inpainting method is suitable for inpainting relatively large damaged regions. 

Criminisi algorithm [3] is one of the texture image inpainting methods. 

Image inpainting helps in reducing the pressure on bandwidth in communication network because image 

reconstruction process can take place at the destination itself and hence, there is no need of retransmitting the 

same image from the receiver end. Thus, network bandwidth can be saved. It also helps in restoring damaged 

historical images. 

 

PREREQUISITE 

In [4], Alexandru Telea took a ball like morphological structuring element in order to consider the known 

neighbours for interpolating the pixel value of the point to be inpainted as shown in fig. (1). In fig. (1) m is the 

point which is to be inpainted and it is situated on the boundary of the region to inpaint . ( )B m is a 

small neighborhood of size ε of the known image around m (Figure 1(a)). The inpainting of point m  is to be 

done with the help of values of points near to m , i.e. , in ( )B m . For   small enough, ( )nI m be the first 

order approximation of the image in point m, of the given image ( )I n and ( )I n be the gradient values of 

point n (Figure 1(b)): 

                                                      
( ) ( ) ( )( )nI m I n I n m n  

                                                       
(1)

 
 

Now point m is inpainted as a function of all points n  in ( )B m  by summing the estimates of all points n , 

weighted by a normalized weighting function ( , )w m n  
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Figure 1: The Inpainting principle [4]. 

In order to inpaint the whole  , equation (2) is iteratively solved for all the discrete pixels of  . Once all 

the pixels of are assigned values then the new  is calculated by solving Eikonal equation:
   

                                       
| | 1T  on  ,  with 0T  on                                                                 (3)

 

The inpainting process takes place from the boundary  to the inner portion of  by following the fast 

marching method in order to approximate the distance map of the boundary. The weight function ( , )w m n  is 

given by  
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                                           ( , ) ( , ) ( , ) ( , )w m n dir m n dst m n lev m n                                                      (4) 

where, 
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Here, ( , )dir m n is the directional component which ensures that the contribution of the pixels close to the 

normal direction N T  is higher than for those farther from N. ( , )dst m n is the geometric distance 

component which ensures that the pixels which are far from m  have less weightage. ( , )lev m n is the level set 

distance component which ensures that pixels close to the contour through m contribute more than farther 

pixels. Generally, 0d and 0T  are taken as 1. 

The disadvantage of Telea’s method is that it is highly diffusive (see Figure 2(c)). 

   

(a) Original image.                           (b)Image to be inpainted.           (c)Inpainted image. 

(courtesy of Telea [4], Figure 8.i) 

Figure 2: Digital image inpainting (Telea’s method [4]) 

As we can see in Figure 2 (c) the output inpainted image is having some blur effect due to highly diffusive 

nature of Telea’s method. 

In[5], Folkmar Bornemann et al., analyzed Telea’s method and found that this method approximates the 

stationary transport equation 

                                                                   0n u                                                                            (8) where 

u  is the known image value and n is the fields of normals to the level lines of the distance map. Bertalmio et 

al. [6] has already identified that the transport direction is not a suitable choice in order to propagate the image 

information. So, Folkmar Bornemann et al. [5] replaced the edge-oriented transport direction by the coherence 

direction as it has been used by Weickert [7] in order to improve coherent information in anisotropic diffusion 

or shock-filtering.  

Folkmar Bornemann et al. [5] modified Telea’s weight function and the modified weight function is given by 
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                                              (9)    

and it gives a better result in comparison to that of Telea’s method [4] (see Figure 3(c)).Here  is radius of the 

ball shaped morphological structuring element, c  is the vector field of coherence direction and   is the 

coherence strength (if  has large value then diffusion is less and vice-versa). 

   

(a) Original image.                           (b)Image to be inpainted.           (c)Inpainted image. 

(courtesy of Telea [4], Figure 8.i) 

Figure 3: Digital image inpainting (Folkmar Bornemann et al.’s method [5]) 

However in these inpainting methods the morphological structuring element used is a ball shaped non-flat 

morphological structuring element in order to consider the neighboring pixels for interpolating the value of 

pixel which is to be inpainted. The radius of the ball shaped element is generally taken 6 to 12 pixels. But in 

some cases we need not to consider 6 or 12 pixels in order to inpaint, less number of pixels are also sufficient 

for inpainting (as in the case of Figure 4). In our proposed method we consider a different morphological 

structuring element in which the number of known pixels to be considered for interpolating the value of the 

pixel in the inapinting domain is chosen according to the width of the inpainting domain and background of 

the image to be inpainted. It is observed that the computational time required for our proposed model for 

inpainting is less than other state-of-the-art models. 

 

PROPOSED METHOD 

In previous methods the value of   is generally taken 6 pixels or 12 pixels and due to this all the pixels inside 

the ball shaped morphological structuring element were considered for interpolating the value of unknown 

pixels, irrespective of width of inpainting domain. But in our proposed method we consider a morphological 

structuring element in which the neighbour pixels which is to be considered for interpolation is chosen 

adaptively. For this we create a  matrix  N.  

The sole objective of N is to specify the neighborhood. In fact, it is a matrix containing 1’s and 0’s. The 

location of the 1’s describes the neighborhood for the morphological operation. The steps of our proposed 

method are as follow: 

1. Take the image that is to be inpainted. 

2.  Apply proper mask. 

3. Detect the edges of the impaired area.  

4. Compute the priority of the pixels on the edge and sort accordingly. 

5. Calculate the average value of the pixels obtained in step 4.  

6. Update the impaired area.  
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7. Apply anisotropic diffusion. 

8. Repeat steps 3,4,5,6 &7 and terminate the operation if impaired area is zero. 

The advantage of our proposed method is that if the width of the inpainting domain is less and the image to be 

inpainted has uniform background (as in the case of Figure 4) then in that case we consider only 1 or 2  

neighboring pixels for interpolating the value of unknown pixel and due to this computational time is less. 

 

SIMULATION RESULTS 

The implementation of the proposed algorithm is done using MATLAB R2015b software tool on intel i7 

processor. We applied our proposed method on three images, named as self image, tortoise image, and pirate 

image, i.e., Figure 4, Figure 5 and Figure 6 respectively. All the images are of 8 bits and they are of 500×318. 

We also compared the time taken by our proposed method (i.e., method 1) and time taken by the method 

whose morphological structuring element is ball shaped (i.e., method 2) [5]. Time comparison is tabulated in 

Table 1 and Mean Square Errors (MSE) for output images are tabulated in Table 2. 

 

   

(a) Image to be inpainted.                           (b) Mask applied.                           (c) Inpainted image. 

Figure 4: Inpainting of self image. 

   

(a) Image to be inpainted.                       (b) Mask applied.                       (c) Inpainted image. 

Figure 5: Inpainting of tortoise image. 
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(a) Image to be inpainted.                 (b) Mask applied.                         (c) Inpainted image. 

Figure 6: Inpainting of pirate image. 

Table 1 Computational time 

 Time taken 

(Figure 4) 

Time taken 

(Figure 5) 

Time taken 

(Figure 6) 

 

Method 1. 32 seconds 152 seconds 3045 seconds 

 

Method 2. 47 seconds 159 seconds 3055 seconds 

 

 

Table 2 Mean Square Error 

Colour 

component 

Self image. Tortoise image. Pirate image. 

Red 0.0142 2.6967 26.6117 

Green 0.0193 2.1774 26.6117 

Blue 0.0176 2.1662 26.6117 

Mean 0.0170 2.3468 26.6117 

 

CONCLUSION 

Image inpainting  has significant importance in the field of digital image processing. As the application 

domains increases, the associated challenges also proportionately increase. Image inpainting is also a prime 

requirement in media processing, for recovering old videos. So the computational time is an important aspect 

in inpainting algorithms. In this paper, we have focused to reduce the computational time of inpainting 

technique. Therefore, we have used the simple non-flat morphological structuring element in interpolation of 

missing data. From the experimental results, it is observed that, the proposed technique performs superior as 

compared to the other competitive approach in terms of computational time.  This method can be applied for 

non-texture inpainting for getting the inpainted output quickly. Our proposed approach is highly suitable for 

inpainting of images whose background is uniform. Further, it can be modified to increase its accuracy and 

can be applied to video inpainting. 
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