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A B S T R A C T 

Aim: Image is the most powerful tool to analyze the information. Sometimes the captured 
image gets affected with blur and noise in the environment, which degrades the quality of the 
image. Image restoration is a technique in image processing where the degraded image can be 
restored or recovered to its nearest original image. Materials and Methods: In this research 
Lucy-Richardson algorithm is used for restoring blurred and noisy images using MATLAB 
software. And the proposed work is compared with Wiener filter, and the sample size for each 
group is 30. Results: The performance was compared based on three parameters, Power Signal 
to Noise Ratio (PSNR), Structural Similarity Index Measure (SSIM), Normalized Correlation (NC). 
High values of PSNR, SSIM and NC indicate the better performance of restoration algorithms. 
Lucy-Richardson provides a mean PSNR of 10.4086db, mean SSIM of 0.4173%, and NC of 0.7433% 
and Wiener filter provides a mean PSNR of 6.3979db, SSIM of 0.3016%, NC of 0.3276%. 
Conclusion: Based on the experimental results and statistical analysis using independent 
sample T test, image restoration using Lucy-Richardson algorithm significantly performs better 
than Wiener filter on restoring the degraded image with PSNR (P<0.001) and SSIM (P<0.001). 
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Introduction 

Image restoration is a technique in image processing 

which focuses on recovering an image from a degraded 

version, usually a blurred and noisy image (Reeves 2014). 

Digital image restoration from the corrupted image has 

continuously been a major problem. However, imperfections 

during the capture will degrade the image and reduce the 

amount of information available. It is very important to 

recover the degraded image to restore the information 

captured, so that it would improve the quality of result and 

the analysis would be better (Kurniawan and Kusumawardhani 

2017; Vankawala, Ganatra, and Patel 2015). There are many 

applications for image restoration like medical imaging, 
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 astronomical imaging, law enforcement, digital media 

restoration etc (Mishra, Mittal, and Khatri 2019a; Murase 

2020; Liu, Chen, and Liu 2019; “Website” n.d.).  

Some of the studies that relate to the proposed work are 

discussed next. Mishra.et.al. implemented three techniques, 

Lucy Richardson, Wiener filter, and Regularized filter for 

image restoration and they have concluded that Lucy 

Richardson was one of the best filter on all the parameters 

assessed like PSNR-29.58, SSIM-0.82, MSE- 71.58 and Lucy 

Richardson filter was best in removing noise(Mishra, Mittal, 

and Khatri 2019b). Kurniawan.et.al. used three restoration 

filters, Lucy Richardson algorithm, Wiener filter and 

Regularized filters for the restoring images with blur and 

noise using Matlab software. The performance of the three 

filters were compared by using parameters such as PSNR, SSIM 

and Mean square error (MSE). The study concluded that Lucy 
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Richardson algorithm was the best algorithm for restoration 

of degraded images in all parameters with PSNR- 26.31, SSIM 

– 0.79, MSE- 152.18. And also states that regularization 

method is not more efficient in removing noise(Kurniawan and 

Kusumawardhani 2017). Khan.et.al. implemented Inverse 

filter and Wiener filter for restoring the images and compared 

the results. They observed that both the filters work well in 

absence of noise for restoring purpose. But in presence of 

noise the results show that wiener filter works more better 

than inverse filter for restoring the degraded images(Khan et 

al. 2018). Mahapatra.et.al. used wavelet based Lucy 

Richardson algorithm for image restoration they introduced 

motion blur and gaussian noise to the image for degradation 

the results were excellent and they also concluded that even 

after passing several times through the filter the noise exists 

in the restored image (Mahapatra, Faruquee, and Kumar 

2018). In this experiment, our aim is to further improve the 

performance of the proposed algorithm and the quality of the 

restored image.  

Previously our team has a rich experience in working on 

various research projects across multiple disciplines (Sathish 

and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S. 

R. Samuel, Acharya, and Rao 2020; Venu, Raju, and 

Subramani 2019; M. S. Samuel et al. 2019; Venu, Subramani, 

and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli 

Sureshbabu et al. 2019; Krishnaswamy et al. 2020; 

Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; 

Vignesh et al. 2019; Ke et al. 2019; Vijayakumar Jain et al. 

2019; Jose, Ajitha, and Subbaiyan 2020). Now the growing 

trend in this area motivated us to pursue this project.  

From the above studies it is evident that performance of 

the Lucy Richardson technique needs to be improved. The 

authors have four years of research experience in the area of 

image processing and published four research articles in 

digital image restoration and published two book chapters on 

this research area. This research focuses on improvement of 

the performance innovative image restoration technique by 

Lucy Richardson algorithm and the results are compared with 

wiener filtering technique. 

 

Materials and Methods 

This study was conducted in a simulation lab of Saveetha 

school of engineering. Ethical approval is not required for this 

study. In this experiment two filtering techniques are 

considered as two groups: Lucy Richardson algorithm and 

wiener filter. The sample size is 30 per group. The sample size 

calculation is done using clinical cal.com by applying the 

parameter values from previous literatures(Mahapatra, 

Faruquee, and Kumar 2018). The value of threshold is set to 

0.05 and the confidence interval as 95%. 

Sample preparation for two groups is done by collecting 

30 medical images like X-ray-6, CT-6, MRI-6, SPECT-6, PET-6 

etc from standard medical database kaggle. Figure 1 shows a 

basic model of image degradation and restoration procedure. 

The degradation of the original image in spatial domain can 

be modelled as: 

 

 

 
Fig. 1. The fundamental model of image degradation and restoration procedure 

 

g(x,y) = h(x,y)*f(x,y) + n(x,y)  (1) 
Where, 

(x,y) = detached pixel coordinates of the image 
frame 
f (x,y) = Original image 
g (x,y) = Degraded image 
h (x,y) = Image degradation function 
n (x,y) = Add on noise 

Testing setup is done by installing MATLAB R2015a 

software. The input images were collected and a matlab code 

is implemented for Lucy Richardson algorithm and wiener 

filter. The testing procedure for deblurring images using Lucy 

Richardson algorithm include the following steps, first read 

the image and simulate a blur and noise then restore the 

blurred and noisy image, iterate to explore the restoration 

and control noise amplification by damping, then create a 

sample image and simulate a blur, provide a weight array and 

provide a finer sample PSF.  
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The performance of two filters are measured using PSNR, 

SSIM, NC values. To validate the results of both the 

algorithms, statistical analysis was done using IBM-SPSS 

software. As the two algorithms are independent to each 

other, Independent sample T test was performed for the three 

independent variables PSNR, SSIM, NC. 

 

Results 

Simulation results of Lucy Richardson algorithm are 

shown in Fig. 2 and simulation results of Wiener filter are 

shown in Fig. 3. The performance parameters such as PSNR, 

SSIM, NC of both algorithms are tabulated in Table1. The 

PSNR, SSIM, NC values are high for Lucy Richardson algorithm 

when compared to Wiener filter. These three values should 

be high for better restoring algorithms. The sample size of 

both groups are 30 and only 6 results are tabulated for the 

images given for simulation results which are shown in               

Table 1. 

 

 

   
 (a)     (b)     (c) 

  
 (d)      (e)     (f) 

   
 (g)      (h)     (i) 

Fig. 2. Simulation results of Lucy Richardson algorithm. (a) Input image (X-ray-chest) (b) Blurred and noisy image (c) Restored X-ray 

image of chest (d) Input image (CT-lung) (e) Blurred and noisy image (f) Restored CT image of lungs (g) Input image (MRI-brain) (h) 

Blurred and noisy image (i) Restored MRI image of brain 
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 (a)      (b) 

 
(c)      (d) 

 
(e)      (f) 

Fig. 3. Simulation results of Wiener filter. (a) Input image (X-ray-chest) (b) Restored blurred X-ray image of chest (c) Input image 

(CT-lung) (d) Restored blurred CT image of lung (e) Input image (MRI-brain) (f) Restored blurred MRI image of brain  

 

Table 1. Comparison of performance parameters of blur and 

noisy image after restoration using Lucy Richardson algorithm 

and Wiener filter.  

S.n
o 

Medica
l 
images 

Lucy Richardson 
algorithm 

Wiener filter 

PSNR 
(db) 

SSIM 
(%) 

NC 
(%) 

PSNR 
(db) 

SSIM 
(%) 

NC 
(%) 

1 SET 1 7.467
5 

0.217
3 

0.533
8 

5.855
9 

0.051
5 

0.150
5 

2 SET 2 8.247
8 

0.200
0 

0.513
0 

7.010
4 

0.046
7 

0.026
3 

3 SET 3 8.993
8 

0.093
4 

0.755
7 

6.576
4 

0.415
6 

0.112
1 

 
In order to validate the results independent sample T test 

was performed. Group statistics of both algorithms for PSNR, 

SSIM, NC parameters are tabulated in Table 2, it shows that 

PSNR of Lucy Richardson algorithm is having high mean 

(10.4086), SSIM of Wiener filter is having low mean (0.3016). 

PSNR of Lucy Richardson algorithm is having high standard 

deviation (2.72138), NC of Lucy Richardson algorithm is 

having low standard deviation (0.15855). 

  



Sharvani Reddy, G., Nanmaran, R. and Paramasivam, G. (2021). Alınteri Journal of Agriculture Sciences 36(1): 642-649 

 

646 

  

Table 2. Group statistics comparison of PSNR, SSIM, NC of image restoration algorithms using Lucy Richardson algorithm and Wiener 

filter algorithms.  

 Group N Mean Std. Deviation Std. Error mean 

PSNR Lucy Richardson 30 10.4086 2.72138 .49685 

Wiener filter 30 6.3979 1.97763 .36106 

SSIM Lucy Richardson 30 .4173 .27629 .5044 

Wiener filter 30 .3016 .25904 .4729 

NC Lucy Richardson 30 .7433 .15855 .02895 

Wiener filter 30 .3276 .21384 .3904 

 
Independent sample T test results for Lucy- Richardson 

algorithm and Wiener filter are given in Table 3, it shows that 

there appears to be no significant difference in SSIM (P=0.1) 

and there is a significant difference in PSNR and NC (P<0.001). 

 

 

Table 3. Independent sample test comparison of the PSNR, SSIM, NC of image restoration using Lucy Richardson algorithm and 

Wiener filter algorithms 

 Levene’s test for equality of variances t-test for equality of means 95%confidence interval of the difference 

 F SIG t df Sig 

(2-tailed) 

Mean diff Std. error diff  

Lower 

 

Upper 

 

PSNR 

Equal variances 

assumed 

5.648 .021 6.530 58 <.001 4.01067 .61419 2.78123 5.24011 

Equal variances 

Not assumed 

  6.530 52.950 <0.001 4.01607 .61419 2.78123 5.24011 

 

SSIM 

Equal variances 

assumed 

.182 .671 1.672 58 .100 .11564 .06915 -.02278 .25405 

Equal variances 

Not assumed 

  1.672 57.761 .100 .11564 .06915 -.02279 .25405 

NC Equal variances 

assumed 

.821 .369 8.553 58 <.001 .41571 .04860 .31842 .51300 

Equal variances 

Not assumed 

  8.553 53.486 <.001 .41571 .04860 .31824 .51317 

Barchart comparison of mean PSNR value for both groups 

is shown in Fig. 4, it shows that Lucy Richardson appears to 

produce most variable results with its standard deviation 

ranging from the lower 7 to the upper 13. Wiener filter 

appears to produce consistent results with minimal Standard 

deviation. Bar chart comparison of mean SSIM value for both 

groups is shown in Fig. 5, it shows that Lucy Richardson 

appears to produce most variable results with its standard 

deviation ranging from the lower 0.15 to the upper 0.7. 

Wiener filter appears to produce consistent results with 

minimal Standard deviation. Barchart comparison of mean NC 

value for both the groups is shown in Fig. 6, it shows that Lucy 

Richardson appears to produce most variable results with its 

standard deviation ranging from the lower 0.58 to the upper 

0.9. Wiener filter appears to produce consistent results with 

minimal Standard deviation. 

 

 

 
Fig. 4. Bar chart representing the comparison of Mean PSNR (+/−1SD) of Lucy Richardson algorithm and Wiener filter. X Axis: Lucy 

Richardson vs Wiener filter Algorithms, Y Axis: Mean Peak Signal to Noise Ratio. 
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Fig. 5. Bar chart representing the comparison of Mean SSIM(+/−1SD) of Lucy Richardson algorithm and Wiener filter. X Axis: Lucy 

Richardson vs Wiener filter Algorithms, Y Axis: Mean Structural Similarity Index Measure 

 

 
Fig. 6. Bar chart representing the comparison of Mean NC(+/−1SD) of Lucy Richardson algorithm and Wiener filter. X Axis: Lucy 

Richardson vs Wiener filter Algorithms, Y Axis: Mean Normalised Correlation. 

 

Discussion 

In this study we observed that Lucy Richardson algorithm 

performance is better than Wiener filter with significant PSNR 

and NC values (P<0.001; P<0.005).  

The research conducted by Mishra et.al (2019) on 

comparison of image restoration algorithms by measuring the 

performance of the algorithm based on PSNR, SSIM and MSE is 

similar to our research. The values of PSNR value (9.428) of 

Lucy Richardson are higher than wiener filter PSNR value 

(4.164). The research done by Kurniawan.et.al. (2017) on 

comparing three filters for image restoration. The 

performance of the three filters were compared by using 

parameters such as PSNR, SSIM and (MSE). The study 

concluded that Lucy Richardson algorithm was the best 

algorithm for restoration of degraded images in all 

parameters with PSNR- 26.31, SSIM – 0.79, MSE- 

152.18.(Kurniawan and Kusumawardhani 2017). Both the 

study findings are most convincing with our study. There are 

no research papers available that contradict the findings of 

our study. 

Our institution is passionate about high quality evidence 

based research and has excelled in various fields 

((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and 

Ashok Vardhan 2019; Ramesh et al. 2018; Mathew et al. 2020; 

Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018; 

Ramadurai et al. 2019). We hope this study adds to this rich 

legacy.  

The proposed algorithm takes more time in processing 

and may have noise amplification problem. High blur, high 

artifacts, high distortions, high noise, low contrast are the 

possible factors that affect the outcome. As the input images 

were not preprocessed which may yield insignificant results 

https://paperpile.com/c/Bq4F2L/ilwV
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https://paperpile.com/c/Bq4F2L/zYwtE+djA0n+1dUwX+BQu3U+VYniy+4c366+SKsGP
https://paperpile.com/c/Bq4F2L/zYwtE+djA0n+1dUwX+BQu3U+VYniy+4c366+SKsGP


Sharvani Reddy, G., Nanmaran, R. and Paramasivam, G. (2021). Alınteri Journal of Agriculture Sciences 36(1): 642-649 

 

648 

and this can be avoided by applying proper filtering 

techniques before applying algorithms. The future scope of 

the study is to design a technique which consumes less time 

during processing and removes both blur and noise more 

efficiently. 

Conclusion 

Lucy-Richardson algorithm appears to perform better 

than Wiener filter for deblurring images. 
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