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░ ABSTRACT- In image processing, most of the time it is required to process the image by partitioning or decomposing it 

in different parts or representing it by mean of different features. Also, the quality of an acquired or received image is very much 

important from the further processing point of view. The partitioning or decomposition of the image and reconstruction of the 

original image from the distorted image are the prime areas of research when deals with the image filtering. Presented research work 

deals with the decomposition of the distorted color image and the restoration of the original color image. Average filtering is used 

for the decomposition of each grey level planes of the image in three components and later, the average and median filters are used 

to reconstruct the color image from these decomposed components of each grey level planes. Different experiments are carried out 

with the insertion of 0.01 to 0.05 variance Gaussian white noise (GWN). The proposed approach is evaluated on the basis of 

identified performance evaluation parameters, i.e., mean squared error; peak signal to noise ratio; signal to noise ratio; structural 

similarity index measure; and correlation coefficient. Presented image decomposition approach is lightweight from the 

implementation point of view and based on the obtained results, it is observed that the median filter produces the good result where 

small details are required in image restoration. 
 

General Terms: Image processing; Image partitioning. 

Keywords: Image decomposition; Image restoration; Image filtering. 

 

 

 

░ 1. INTRODUCTION   
The images are, in general, usually transmitted from one place 

to another through electronic gadgets due to the huge use of 

cameras and social network. Cameras and sensors are used for 

the image acquisition. Collected images may be of good quality 

or blurred due to the illumination effect or the noise. In 

literature, different approaches are reported to handle the noisy 

images. Now-a-days, huge image data transmission takes place 

on social media through the Internet and most of the data is 

associated with the images. So, it is necessary to have the good 

image restoration or denoising approach to handle the noisy 

images to preserve the quality of images. The main purpose of 

the presented research work is to explore different filtering 

techniques in view of the image decomposition and restoration. 

In general, filter banks are used for the image decomposition 

purpose. Presented work explores the average filter technique 

from the image decomposition point of view. Also, average and 

median filters are explored from the image restoration point of 

view. Here, the main aim is to develop light weight image 

decomposition approach using similar type of filter in view of 

image restoration. Image decomposition is generally used to 

represent the image from processing point of view. As per 

requirement of the problem domain, one can decompose the 

image into different parts or components. The image 

decomposition approach cannot be evaluated directly, rather, it 

can be evaluated with reference to the application of it. There is 

no widespread and standard description for the image 

decomposition evaluation parameters that can be used by 

researchers, rather it can be evaluated through the application of 

developed image decomposition approach. Here, the developed 

decomposition approach is used for the purpose of image 

restoration. In presented work, the obtained results are 

evaluated with respect to the image restoration performance 

evaluation parameters.  
 

Different image decomposition approaches are reported in the 

literature which are based on the different type of filter banks. 

Huang et al. [1] identified image components based on the 

semantic similarity and the input image is advocated by the self-

learning process directly. Cui et al. [2] developed dictionary 

learning based approach to decompose the artifacts in the high-

frequency part of the Computed Tomography images. Du et al. 

[3] developed an approach which uses the decomposition 

method in multi-scale transform fusion for functional and 

structural information from the Positron Emission Tomography 

(PET) images and grey Magnetic Resonance Imaging (MRI). 

Hauagge et al. [4] modeled an image-space approach to estimate 

the ambient occlusion in the image set with varying unknown 

illumination. Kang et al. [5] designed an intrinsic image 
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decomposition method for the classification of hyper spectral 

image. Jin and Gu [6] developed an intrinsic image 

decomposition approach for the hyperspectral images to 

decompose into reflectance and shading components. Kang et 

al. [7] designed the image decomposition-based image fusion 

approach. Ono et al. [8] developed an approach using texture 

characterization and image is decomposed into texture and 

cartoon components. Zhang and Patel [9] developed an 

approach where the texture and the cartoon type images are 

represented using a set of generic filters. Gupta and Singh [10] 

designed an image partitioning approach for removing texture 

as well as preservation of edges. Shao et al. [11] designed an 

edge-preserving image decomposition approach for preserving 

the edge retention, detail smoothening and shape fitting based 

on joint weighted least squares. Song et al. [12] developed an 

image decomposition approach for structure-conserving image 

decomposition. Jiang and Yin [13] developed a fractional order 

regularization operator for image decomposition. Huang and 

Wang [14] developed an effective texture-conserving image 

decomposition approach that is dependent on image 

decomposition. Bellamine and Tairi [15] developed a structure–

texture image decomposition approach. Canh et al. [16] 

discussed a detail-conserving reconstruction approach based on 

residual renovation and cartoon texture. Qiang et al. [17] 

designed an image decomposition approach using the adaptive 

local Laplacian filter and image is decomposed into texture and 

structural element. Yang et al. [18] developed an approach 

where the image is decomposed into texture and edge 

components. Liu et al. [19] designed multi-focus image 

integration approach for overcoming the problems related to the 

morphological structures of multi-focus images. Jiang et al. [20] 

developed a nighttime image quality improvement approach 

dependent on image decomposition to improve visibility of the 

image. Zhang et al. [21] designed a local-to-global optimization 

approach for recovering illumination in the shadow portions of 

large outdoor scenarios. Ma et al. [22] developed a sparse high 

frequency gradient approach for image smoothening. 

Muhammad et al. [23] designed a hybrid watermarking method 

using wavelet with Arnold transform image decomposition and 

partial pivoting upper and lower triangular disintegration. Fan 

et al. [24] developed a tight frame-based group sparsity 

regularization for the decomposition. Ha et al. [25] designed an 

image decomposition model for simultaneous color matching. 

Chang and Chen [26] developed a fusion of transmission 

images and backscatter images based on multi-scale 

decomposition. Rong et al. [27] designed a sparse 

representation and hybrid image decomposition for image 

fusion. Jamlee Ludes and Norman [28] developed a total 

variation and image decomposition model for the extraction of 

cartoon-texture component. Thakur and Kakde [29] designed a 

mechanism to form a single grey plane image from three color 

plane images. Different filtering techniques are studied in 

Mahakale and Thakur [30]. Vedic mathematics is explored by 

Panchbhai and Thakur [31] in view of image filtering. Kamble 

et al. [32] discussed about the decomposition of video using 

automata theory and motion estimation to carry out fractal 

coding.  

 

Presented research work deals with the development of the 

image-decomposition based restoration approach. The sole aim 

of this research work is associated with the development of the 

image decomposition approach to facilitate the image 

restoration. Average filter is used for the image decomposition 

to generate three components from the degraded grey level 

image. Later these obtained three components of the grey level 

plane are filtered through the average and median filter. The key 

significant contribution of the presented research is that the 

developed approach is light in implementation complexity and 

uses a similar type of filter with a good compromise of 

reconstructed image quality. 

 

░ 2. PROPOSED APPROACH 
Presented work deals with the development of average-filter 

based image decomposition approach. This approach involves 

the insertion of noise and then the filtered images are integrated. 

This section describes the proposed filtering-based image 

decomposition and restoration approach. The proposed 

approach is, basically, applicable to the grey level images. This 

approach includes the degradation of the original grey or color 

image if the original image is not the noise affected image. If 

the original grey level image is not the noise affected then the 

noise is added to it and later, the decomposition starts. If the 

original image is the color image (e.g., RGB color space image), 

then the color image is degraded first (if it is not noise affected) 

by adding the noise and later, separating three grey level planes 

(R, G, and B) and then the proposed decomposition approach is 

applied on each plane from the decomposition point of view. 
 

2.1 Image Degradation Model 
If the original grey level image is not noise affected then it is 

degraded with the noise addition. If the original image is the 

color image and if it is not noise affected then the original color 

image is also degraded with the noise addition process. 

Different types of noise (GWN, Poisson noise, multiplicative 

noise, salt and pepper noise) can be added. The equation (1) is 

used to degrade the original image. 
 

𝑓𝐷(𝑥, 𝑦) = 𝑓𝑂(𝑥, 𝑦) + 𝜂(𝑥, 𝑦) (1) 
  

where 𝑓𝐷(𝑥, 𝑦) → Degraded image with noise insertion, 

𝑓𝑂(𝑥, 𝑦) → Original color or grey level image without noise, 

𝜂(𝑥, 𝑦) → Inserted noise from the selected noise types. In this 

presented work, different variance values (0.01 to 0.05) are used 

to add GWN. 

 

2.2 Image Decomposition Approach 
The input image (degraded image or noise affected image) 

𝑓𝐷(𝑥, 𝑦) is decomposed into three components 𝑓𝐷1
(𝑥, 𝑦), 

𝑓𝐷2
(𝑥, 𝑦), and 𝑓𝐷3

(𝑥, 𝑦) which have the same resolution as that 

of the input image. Block schematic of the decomposition 

process and general process of different component formation 

is shown in figure 1. Figure 1 (a) illustrates the degraded image 

decomposition in three components using the average filter F. 

https://ijeer.forexjournal.co.in/special-issue-bdf.php
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General process of different component formation is depicted 

in figure 1 (b) through figure 1 (f). 
 

2.2.1. Componenet-1 Formation 

The procedure adopted in the decomposition of the degraded 

image in componenet-1 is shown in figure 1 (b) where the 

filtering of the degraded image is carried out by using average 

filter. Equation (2) is used for the formation of componenet-1. 

 

 

(a) 

 

 

(b) 

 

 

(c) 

 

 

(d) 

 

 

(e) 

 

 

(f) 

Figure 1. (a) Block schematic of the decomposition process; (b) 

Component-1; (c) and (d) Component-2; (e) and (f) Component-3 

𝑓𝐷1
(𝑥, 𝑦) = 𝐹(𝑓𝐷(𝑥, 𝑦)) (2) 

 

The process adopted for the formation of component-1 is as 

follows. 

 

Step-1: Refer the original grey level or color image. 

Step-2: If an input image is already noise affected then go to 

step-4 else perform step-3. 

Step-3: Add the noise from the noise set to the original grey 

level or color image to get the degraded image. 

Step-4: If the degraded image is the color image, then perform 

Step-5 else go to Step-6. 

Step-5: Separate three grey level planes (i.e., R, G and B) from 

the degraded color image. 

Step-6: Filter the degraded grey level image using average filter 

to get component-1. 

 

2.2.2. Componenet-2 Formation 

The procedure adopted in the decomposition of the degraded 

image in componenet-2 is depicted in figure 1 (c) and figure 1 

(d) where the filtering of the degraded image is carried out by 

using average filter. The equation (3) is used for the formation 

of componenet-2. 
 

𝑓𝐷2
(𝑥, 𝑦) = 𝐹(𝑓1(𝑥, 𝑦)) (3) 

  

where 𝑓1(𝑥, 𝑦) = 𝑓𝐷(𝑥, 𝑦) − 𝑓𝐷1
(𝑥, 𝑦). 

 

The process adopted for the formation of component-2 is as 

follows. 

Step-1: Refer the process of Component-1 formation to get 

component-1. 

Step-2: Subtract the Component-1 image from the degraded 

grey level image to get the intermediate image 𝑓1(𝑥, 𝑦). 

Step-3: Filter the intermediate image 𝑓1(𝑥, 𝑦) using average 

filter to get component-2. 

 

2.2.3. Componenet-3 Formation 

The procedure adopted in the decomposition of the degraded 

image in componenet-3 is shown in figure 1 (e) and figure 1 (f) 

where the filtering of the degraded image is carried out by using 

average filter. The equation (4) through equation (6) are used 

for the formation of componenet-3. 

𝑓𝐷3
(𝑥, 𝑦) = 𝑓1(𝑥, 𝑦) − 𝐹(𝑓1(𝑥, 𝑦)) (4) 

 

 

As 𝑓1(𝑥, 𝑦) = 𝑓𝐷(𝑥, 𝑦) − 𝑓𝐷1
(𝑥, 𝑦), therefore, 

 

𝑓𝐷3
(𝑥, 𝑦) = 𝑓𝐷(𝑥, 𝑦) − 𝑓𝐷1

(𝑥, 𝑦) − 𝐹(𝑓1(𝑥, 𝑦)) (5) 
  

As 𝑓𝐷2
(𝑥, 𝑦) = 𝐹(𝑓1(𝑥, 𝑦)), therefore, 

 

𝑓𝐷3
(𝑥, 𝑦) = 𝑓𝐷(𝑥, 𝑦) − 𝑓𝐷1

(𝑥, 𝑦) − 𝑓𝐷2
(𝑥, 𝑦) (6) 

  

https://ijeer.forexjournal.co.in/special-issue-bdf.php
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The process adopted for the formation of component-3 is as 

follows. 

Step-1: Refer the process of component-1 formation to get 

component-1. 

Step-2: Subtract the component-1 image from the degraded 

grey level image to get the intermediate image 𝑓1(𝑥, 𝑦). 

Step-3: Refer the process of component-2 formation to get 

component-2. 

Step-4: Subtract the component-2 image from the intermediate 

image 𝑓1(𝑥, 𝑦) (i.e., Subtract the component-2 image 

and component-1 image from the degraded grey level 

image). 

 

2.3 Image Restoration Approach 
In view of the restoration of the original grey level image or 

color image, once again the average and median filters are used. 

Once three image components, namely, 𝑓𝐷1
(𝑥, 𝑦), 𝑓𝐷2

(𝑥, 𝑦), 

and 𝑓𝐷3
(𝑥, 𝑦) are obtained, then the filtering (average filter and 

median filter) is applied on the obtained three components to 

get independent three filtered images. Later, these three filtered 

images are combined to get the respective reconstructed grey 

level plane images. Finally, reconstructed grey level plane 

images are combined to get the reconstructed color image. The 

process for the restoration of the color image is as follows. 

 

Step-1: Select the filter for restoration. 

Step-2: Perform the step-3 through step-7 for each grey level 

plane of the color image. 

Step-3: Refer obtained decomposed components for the 

respective grey level plane.  

Step-4: Perform filtering of component-1 using selected filter to 

get the filtered image for component-1. 

Step-5: Perform filtering of component-2 using selected filter to 

get the filtered image for component-2. 

Step-6: Perform filtering of component-3 using selected filter to 

get the filtered image for component-3. 

Step-7: Combine the obtained results of step-4 through step-6 

to get the reconstructed image of the respective grey 

level plane. 

Step-8: Evaluate the reconstructed grey level planes against the 

original grey level planes using identified performance 

evaluation parameters. 

Step-9: Combine the obtained results of step-7 for each grey 

level planes to get reconstructed color image. 

 

░ 3. EXPERIMENTAL SETUP AND 
RESULTS 
Experiments are performed on the standard image dataset [33] 

with the System Specifications: Processor: i3-2350 M, 2.30 

GHz, 4 Logical Processor(s), 2 Core(s), x64-based PC. To apply 

the proposed filtering-based image decomposition and 

restoration approach, the grey level or color images are 

degraded with the 0.01 to 0.05 variance GWN. Selected original 

color images (Aeroplane, House, Lena, Mandrill, Sailboat and 

Splash) of size 256 × 256 are used to carry out experiments.  

 

Obtained results for different color images with selected noise 

variance values are shown in figure 2 through figure 8. Table 1 

summarizes the results associated with the performance 

evaluation parameters. Figure 2 (a) through figure 2 (b) show 

the results which are obtained with the 0.01 and 0.02 variance 

Gaussian white noise for the Aeroplane and House color 

images, respectively. Figure 3 (a) and figure 3 (b) shows the 

results which are obtained with the 0.03 and 0.01 variance 

Gaussian white noise for the Lena and Mandrill color images, 

respectively. Figure 4 (a) and figure 4 (b) show the results 

which are obtained with the 0.04 and 0.05 variance Gaussian 

white noise for the Sailboat and Splash color images, 

respectively. From figure 1 (a) and figure 2 through figure 4, 

the following observations are drawn. Component-1 consist of 

around all details of the image with smaller noise, component-

2 consist of smaller noise with missing details of component-1 

and component-3 consist of the majority of noise along with the 

remaining details of the image. 

Obtained results of image decomposition are used for the image 

restoration purpose. Though there are different approaches exist 

for the image restoration, simple average and median filters are 

used in presented image restoration approach to reconstruct the 

color images. Figure 5 and figure 6 show the results for the use 

of average filter to reconstruct the grey level planes and color 

images along with self-similarity index measure maps (SSIM).  

 

Figure 5 (a) shows the results for the reconstructed color images 

of Aeroplane, House and Lena with the noise variances 0.01, 

0.02 and 0.03, respectively. Figure 5 (b) shows the result of 

reconstructed grey level planes of Aeroplane, House and Lena 

color images and figure 5 (c) shows the SSIM maps for the 

reconstructed grey level planes and the original grey level 

planes of Aeroplane, House and Lena color images. Figure 6 

(a) shows the results for the reconstructed color images of 

Mandrill, Sailboat and Splash with the noise variances 0.01, 

0.04 and 0.05, respectively. Figure 6 (b) shows the result of 

reconstructed grey level planes of Mandrill, Sailboat and Splash 

color images and figure 6 (c) shows the SSIM maps for the 

reconstructed grey level planes and original grey level planes of 

Mandrill, Sailboat and Splash color images.  

 

Likewise, figure 7 and figure 8 show the results for the use of 

median filter to reconstruct the grey level planes and color 

images along with SSIM maps for the Aeroplane, House, Lena, 

Mandrill, Sailboat and Splash color images with the noise 

variances 0.01, 0.02, 0.03, 0.04 and 0.05, respectively. Obtained 

results for image restoration using average and median filters 

are summarized in table 1. 

  

Performance evaluation parameters used for comparison of 

obtained results are- MSE (Mean Squared Error), PSNR (Peak 

Signal to Noise Ratio), SNR (Signal to Noise Ratio), SSIM 

(Structural Similarity Index Measure), CC (Correlation 

Coefficient). 

https://ijeer.forexjournal.co.in/special-issue-bdf.php
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(a) (b) 

Figure 2. Decomposed components of R, G, and B planes (a) Aeroplane color image (0.01 noise variance); (b) House color image (0.02 noise 

variance). 

        

        

        
(a) (b) 

Figure 3. Decomposed components of R, G, and B planes (a) Lena color image (0.03 noise variance); (b) Mandrill color image (0.01 noise 

variance). 

        

        

        
(a) (b) 

Figure 4. Decomposed components of R, G, and B planes (a) Sailboat color image (0.04 noise variance); (b) Splash color image (0.05 noise 

variance). 
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(a) (b) (c) 

Figure 5. Image restoration results using average filter for Aeroplane, House and Lena color images (a) Original and reconstructed color images; 

(b) Reconstructed grey level planes; (c) SSIM map images for grey level planes. 

        

        

        

(a) (b) (c) 

Figure 6. Image restoration results using average filter for Mandrill, Sailboat and Splash color images (a) Original and reconstructed color 

images; (b) Reconstructed grey level planes; (c) SSIM map images for grey level planes. 

        

        

        

(a) (b) (c) 

Figure 7. Image restoration results using median filter for Aeroplane, House and Lena color images (a) Original and reconstructed color images; 

(b) Reconstructed grey level planes; (c) SSIM map images for grey level planes. 

https://ijeer.forexjournal.co.in/special-issue-bdf.php
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(a) (b) (c) 

Figure 8. Image restoration results using median filter for Mandrill, Sailboat and Splash color images (a) Original and reconstructed color 

images; (b) Reconstructed grey level planes; (c) SSIM map images for grey level planes. 
 

░ Table 1. Summary of obtained results for image restoration using average and median filters 
 

Image  Average Filter Results Median Filter Results 

P NV MSE PSNR SNR SSIM CC MSE PSNR SNR SSIM CC 

Aeroplane 

R 0.01 189.48 25.36 22.47 0.69 0.96 179.71 25.58 22.70 0.64 0.95 

G 0.01 218.66 24.73 21.95 0.69 0.96 201.16 25.10 22.31 0.64 0.96 

B 0.01 145.78 26.49 24.06 0.65 0.94 144.23 26.54 24.11 0.59 0.93 

House 

R 0.02 313.10 23.17 19.29 0.60 0.94 323.64 23.03 19.15 0.54 0.93 

G 0.02 324.87 23.01 19.73 0.60 0.94 330.03 22.95 19.66 0.55 0.93 

B 0.02 308.93 23.23 18.88 0.62 0.96 308.23 23.24 18.89 0.57 0.96 

Lena 

R 0.03 285.64 23.57 20.87 0.54 0.95 333.57 22.90 20.19 0.46 0.93 

G 0.03 385.07 22.28 15.13 0.53 0.95 371.99 22.43 15.28 0.47 0.94 

B 0.03 350.25 22.69 15.43 0.47 0.88 352.40 22.66 15.40 0.41 0.86 

Mandrill 

R 0.01 254.76 24.07 19.29 0.63 0.96 252.15 24.11 19.34 0.60 0.95 

G 0.01 344.39 22.76 17.29 0.60 0.92 332.43 22.91 17.45 0.58 0.91 

B 0.01 343.28 22.77 16.74 0.62 0.95 329.64 22.95 16.91 0.59 0.95 

Sailboat 

R 0.04 433.77 21.76 16.40 0.48 0.91 464.12 21.46 16.10 0.41 0.88 

G 0.04 546.62 20.75 15.91 0.56 0.96 564.13 20.62 15.77 0.51 0.95 

B 0.04 507.66 21.08 15.72 0.52 0.96 523.09 20.95 15.59 0.46 0.96 

Splash  

R 0.05 353.18 22.65 19.91 0.41 0.95 456.10 21.54 18.80 0.31 0.94 

G 0.05 572.07 20.56 11.75 0.37 0.94 501.15 21.13 12.32 0.33 0.93 

B 0.05 527.17 20.91 12.09 0.36 0.91 533.11 20.86 12.04 0.30 0.89 

(P-Image Plane, NV- Noise variance)

░ 4. DISCUSSION 
With reference to image decomposition approach various 

values of variances, i.e., 0.01, 0.02, 0.03, 0.04, and 0.05 are used 

for the insertion of Gaussian white noise with zero mean in the 

three grey level planes of color images. Inserted noise and the 

image details are distributed in three decomposed components 

of the grey level planes. Component-1 consists of the majority 

of image details while the majority of noise is present in the 

component-3. Component-2 consists of less noise along with 

the missing details of component-1. Requirement of execution 

time for the image decomposition is very less. In general, the 

linear and non-linear filters are used for the image restoration. 

In this paper, the smallest window size of 3 × 3 is used for the 

image decomposition and restoration. From obtained results of 

the image restoration, it is clear that the reconstructed image 

quality is degrading as the noise variance value increases. Some 

sample results are discussed in this paper. It is clear from the 

table 1 that the SNR values are better for the Aeroplane and 

Mandrill images when the restoration results are obtained by 

median filter and it is due to the fine details available in 
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Aeroplane and Mandrill images. While the SNR values are 

better for the House, Lena Sailboat and Splash images when the 

restoration results are obtained by average filter. 

  

░ 5. CONCLUSION AND FUTURE 

SCOPE 
The lightweight image decomposition approach is proposed in 

this paper which can be easily incorporated for the different sort 

of processing of images. For example, the image compression 

approach can be developed using presented image 

decomposition approach. Image restoration is carried out on the 

decomposed components obtained after the application of 

decomposition approach with the linear filter (average) and 

non-linear filter (median). Better results are obtained for images 

with fine details in the case of non-linear filter and vice-versa.  

In the future, the thresholding approach can be used for the 

restoration or the combination of different filters can be used to 

improve the results. Variable size windows can be used to 

decompose and restore the images. 
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