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Abstract 

 

Aim: This work aims at developing an artificial intelligence tool which focuses on enhancing the quality of input 

images. Contrast stretching, also called normalization, is a simple image enhancement technique that attempts to 

improve the contrast in an image by 'stretching' the range of intensity values it contains to span a desired range of 

values, the full range of pixel values that the image type concerned allows. In order to enhance the quality of color 

images an innovative decorrelation stretching algorithm technique is developed in this work.  

Materials and Methods: In this research, an innovative decorrelation stretching algorithm is proposed and 

developed for improving the quality of color images and the proposed work is compared with another image 

enhancement technique called contrast stretching method. Input medical images (N=20) of both groups were 

downloaded from standard medical databases. The enrollment ratio is obtained as 1 with 95% confidence interval 

and a threshold value 0.05.  

Results: The performance of image enhancement is measured using two parameters /namely PSNR and SSIM. 

These parameters are calculated and evaluated to assess the proposed methods efficacy. High values of PSNR and 

SSIM indicate better enhancement. High values of PSNR and SSIM indicate better contrast stretching algorithm. 

Decorrelation stretching algorithm provides the mean PSNR (p=0.006) value of 19.696 and mean SSIM (p=0.004) 

value of 0.752. Contrast stretching algorithm provides the mean PSNR (p=0.006) value of 21.572 and mean SSIM 

(p=0.004) value of 0.968.   

Conclusion: Based on the experiments results from MATLAB software and from independent sample t-test results 

of IBM-SPSS software, the innovative decorrelation stretching algorithm based image enhancement technique 

significantly performed better than the contrast stretching algorithm based image enhancement technique with Peak 

Signal to Noise Ratio and Structural Similarity Index Measure. 

 

Keywords: Innovative decorrelation stretching algorithm, Contrast stretching, Normalization, Peak Signal to Noise 

Ratio (PSNR), Structural Similarity Index Measure (SSIM), Artificial Intelligence. 
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1. Introduction 

 

Contrast stretching, also called normalization, is an 

image enhancement method which attempts to 

improve an image by stretching the range of intensity 

values (Sangwine and Horne 2012). Enhancement is 

used to highlight distinguishing characteristics such 

as mass and microcalcifications, as well as to draw 

attention to specific characteristics for early detection 

and diagnosis (Al-Ameen 2018). In image 

processing, normalization is a process that changes 

the range of pixel intensity values. It is a process 

often used in the preparation of data sets for artificial 

intelligence. MATLAB provides artificial 

intelligence capabilities similar to those of dedicated 

artificial intelligence tools like Caffe and 

TensorFlow. MATLAB helps to integrate artificial 

intelligence into the complete workflow for 

developing a fully engineered system. Image 

enhancement is used in any field where images must 

be interpreted and analyzed, such as medical image 

analysis, satellite image analysis (Karvelis and 

Fotiadis 2008).  

There are 2876 articles in ScienceDirect and 131 

articles in Scopus. Normalization is the same as 

histogram stretching. Artificial intelligence has many 

applications in image processing for developing 

computer aided diagnosis systems that help doctors in 

interpreting medical images. The decorrelation 

stretch originated as an adaptation and extension of 

two closely related data transformation techniques: 

the principal component transformation and the 

Karhunen- Loeve transformation. The Karhunen-

Loeve transformation is a linear transformation 

("rotation") in multi-dimensional space, with the 

transformation vectors being defined as the 

eigenvectors of the covariance matrix of the original 

data (Poon and Banerjee 2001; Yang and Ruan 

2021). The principal component transformation is 

similar, except that the transformation vectors are 

derived from the correlation matrix rather than the 

covariance matrix (Jeon and Incheon National 

University 2013). When the variances of the 

individual input variables are the same, the results of 

these two transformations are identical. The principal 

component transformation provides a straightforward 

method of removing the correlation from 

multispectral image data, and has the added benefit of 

providing a method of reducing the dimensionality of 

multispectral images. The decorrelation stretch is a 

process to enhance  the color differences found in a 

color image by a method that includes the removal of 

the inter-channel correlation found in the input 

pixels, hence, the term ―decorrelation stretch‖ 

(Marques 2011; Reyes-Aldasoro 2015). Use of  

decorrelation stretch to remove the high correlation 

commonly found in multispectral data sets and to 

produce a more colorful color composite image. The 

decorrelation stretch is proposed as a processing 

technique to be used for browsing data products at 

reduced resolution, and also as a standard data 

product for image analysis (Jeon and Incheon 

National University 2013). The decorrelation stretch 

algorithm is best suited to the case where the input 

data of all three channels have a joint distribution that 

is gaussian or near gaussian in form. The algorithm 

produces a color enhanced output, if noise is a major 

component of the scene variation, the algorithm will 

enhance those noise differences to produce an output 

(Arpornsuwan and Arpornsuwan 2020). 

Our institution is passionate about high quality 

evidence based  research and has excelled in various 

domains (Vickram et al. 2022; Bharathiraja et al. 

2022; Kale et al. 2022; Sumathy et al. 2022; 

Thanigaivel et al. 2022; Ram et al. 2022; Jothi et al. 

2022; Anupong et al. 2022; Yaashikaa, Keerthana 

Devi, and Senthil Kumar 2022; Palanisamy et al. 

2022). Based on the above studies it is found that 

color images can be enhanced further by improving 

contrast to enhance the quality of any input images. 

Artificial intelligence contributes to the improvement 

of image quality and this research works on two 

artificial intelligence algorithms. This research aimed 

at improving the quality of color images using an 

innovative decorrelation stretch algorithm and 

contrast stretching algorithm. 

 

2. Materials and Methods 

 

This study was carried out in the Saveetha School of 

Engineering's simulation lab. The study does not 

require ethical approval. MATLAB software was 

installed on the computer. The study is divided into 

two groups. Group one is a decorrelation stretch 

algorithm for improving the quality of color image 

and group two is a contrast stretching algorithm for 

improving the quality of color image. Each group has 

a sample size of 20. Total 20 images were collected 

as a collection of 5 medical images, 5 satellite 

images, 5 nature images and 5 microscopic images in 

which medical image and microscopic image were 

collected from standard database website kaggle.com 

(Li and Liu 2021). The threshold value is set to 0.05 

and the confidence interval is 95%. 

Sample preparation for two groups was done by 

collecting 20 images as a collection of 5 medical 

https://paperpile.com/c/ex2xZl/xEvj
https://paperpile.com/c/ex2xZl/Ywut
https://paperpile.com/c/ex2xZl/HnDa
https://paperpile.com/c/ex2xZl/HnDa
https://paperpile.com/c/ex2xZl/u3Dz+ndxW
https://paperpile.com/c/ex2xZl/u3Dz+ndxW
https://paperpile.com/c/ex2xZl/mKDT
https://paperpile.com/c/ex2xZl/mKDT
https://paperpile.com/c/ex2xZl/seqc+aybo
https://paperpile.com/c/ex2xZl/mKDT
https://paperpile.com/c/ex2xZl/mKDT
https://paperpile.com/c/ex2xZl/Eagn
https://paperpile.com/c/ex2xZl/vhVyY+gKQj3+gTtX5+tnC9E+1pNAJ+sWRM5+1mAwu+eP6Ur+4IELj+DHQMJ
https://paperpile.com/c/ex2xZl/vhVyY+gKQj3+gTtX5+tnC9E+1pNAJ+sWRM5+1mAwu+eP6Ur+4IELj+DHQMJ
https://paperpile.com/c/ex2xZl/vhVyY+gKQj3+gTtX5+tnC9E+1pNAJ+sWRM5+1mAwu+eP6Ur+4IELj+DHQMJ
https://paperpile.com/c/ex2xZl/vhVyY+gKQj3+gTtX5+tnC9E+1pNAJ+sWRM5+1mAwu+eP6Ur+4IELj+DHQMJ
https://paperpile.com/c/ex2xZl/vhVyY+gKQj3+gTtX5+tnC9E+1pNAJ+sWRM5+1mAwu+eP6Ur+4IELj+DHQMJ
https://paperpile.com/c/ex2xZl/vhVyY+gKQj3+gTtX5+tnC9E+1pNAJ+sWRM5+1mAwu+eP6Ur+4IELj+DHQMJ
https://paperpile.com/c/ex2xZl/EQTC
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images, 5 satellite images, 5 nature images and 5 

microscopic images. In this work the proposed 

algorithms are decorrelation stretch algorithm and 

contrast stretching algorithm for improving the 

quality of color image. Testing setup was done by 

installing the MATLAB R2021a software (Chapman 

2015). 

First the input images were collected and a 

MATLAB code was implemented for decorrelation 

stretch algorithm and contrast stretching algorithm 

for improving the quality of color image.  An 

additional code was added to the algorithm coding in 

order to obtain PSNR value and SSIM value. The 

performance of both algorithms was measured using 

two parameters namely Peak Signal to Noise Ratio 

and Structural Similarity Index Measure. These 

parameters were calculated and evaluated to assess 

the efficacy and comparison of results were done for 

both methods to find which algorithm performed 

significantly better for enhancing images. Steps 

involved in the decorrelation stretch algorithm are 

shown in Fig. 1 and the steps involved in contrast 

stretching algorithm are shown in Fig. 2.  

Peak Signal to Noise Ratio (PSNR) is the ratio 

between the maximum possible power of an image 

and the power of corrupting noise that affects the 

quality of its representation. To estimate the Peak 

Signal to Noise Ratio of an image, it is necessary to 

compare that image to an ideal clean image with the 

maximum possible power which is given in equation 

(1) (Sara, Akter, and Uddin 2019). 

 

              
(   )  

   
                                                                                                       

- (1) 

 

Here, L is the number of maximum possible intensity 

levels (minimum intensity level supposed to be 0) in 

an image. MSE is the Mean Squared Error. 

Structural Similarity Index Measure (SSIM) is a 

perceptual metric that quantifies image quality 

degradation caused by processing such as data 

compression or by losses in data transmission. It is a 

full reference metric that requires two images from 

the same image capture a reference image and a 

processed image. Structural Similarity Index Measure 

is usually used in the video industry, but it has a 

strong application in photography. SSIM 

mathematically written as in equation (2) (Mamun 

2019). 

SSIM(x,y) = 
(           )(       )

(  
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Statistical Analysis 

Statistical analysis was used to verify the results of 

both algorithms using IBM-SPSS software. The 

independent samples t-test for the two independent 

variables Peak Signal to Noise Ratio (PSNR)  and 

Structural Similarity Index Measure (SSIM)  was 

used because the two algorithms are independent of 

one another. There is no dependent variable involved 

in this study. 

 

3. Results 

 

Figure 3 depicts the results of a decorrelation stretch 

algorithm. Input  images such as medical image, 

microscopic image, nature image and satellite image 

are considered and shown in  Fig. 3a, Fig. 3c, Fig. 3e 

and Fig. 3g respectively. These images are applied 

with an innovative decorrelation stretch algorithm 

and results of medical image, microscopic image, 

nature image and satellite image for decorrelation 

stretch algorithm are shown in  Fig. 3b, Fig. 3d, Fig. 

3f, Fig. and 3h respectively. The simulation results of 

a contrast stretching algorithm for the same input 

images is shown in Fig. 4. The contrast stretching 

algorithm is applied for input images Fig. 4a, Fig. 4c, 

Fig. 4e and Fig. 4g and the results are shown in Fig. 

4b, Fig. 4d, Fig. 4f and Fig. 4h.  

The outcomes such as PSNR and SSIM of both 

algorithms are tabulated in Table 1 and the values of 

PSNR and SSIM parameters for medical image, 

microscopic image, nature image and satellite images 

for decorrelation stretch algorithm are higher than 

contrast stretching algorithm. Table 2 gives the mean 

and standard deviation of PSNR and SSIM values of 

decorrelation stretch algorithm and contrast 

stretching algorithm. The significance of PSNR and 

SSIM of both algorithms are tabulated in Table 3. If 

the significance of PSNR and SSIM are less than 

0.05 then they are considered as significant results. 

Figure 5 consists of a bar chart representing the 

comparison of mean PSNR of decorrelation stretch 

algorithm and contrast stretching algorithm. Figure 6 

consists of a bar chart representing the comparison of 

mean SSIM decorrelation stretch algorithm and 

contrast stretching algorithm. 

 

4. Discussion 

 

Based on independent sample t-test results, the 

innovative decorrelation stretching algorithm 

performed better than the contrast stretching 

algorithm for improving the quality of color image 

with significant Peak Signal to Noise Ratio values 

https://paperpile.com/c/ex2xZl/WEDL
https://paperpile.com/c/ex2xZl/WEDL
https://paperpile.com/c/ex2xZl/gD4v
https://paperpile.com/c/ex2xZl/fhiu
https://paperpile.com/c/ex2xZl/fhiu
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(P=0.006; P<0.05) and significant Structural 

Similarity Index Measure values (P=0.004; P<0.05). 

The decorrelation stretch filter for the reduction of 

poisson noise that occurs frequently in galaxy images 

so they proposed a statistical filter (Ferreras 2019). 

Denoising is carried out for natural and galaxy 

images with poisson noise using the statistical filters 

and proposed de-correlation filter. Artificial 

intelligence is also used in denoising of images. From 

the results obtained for both natural and galaxy 

images it has been found that decorrelation stretch 

provides better results among spatial filters by 

providing higher PSNR value than any other filter. 

Uji et al (2019) described the application of the 

decorrelation stretching method to hyperspectral 

fundus image processing. The decorrelation stretch is 

applied to three single-wavelength images with 

different central wavelengths. It is a remote sensing 

technique to emphasize image information, reducing 

or removing the inter-channel correlation. They 

applied this technique to single-wavelength images of 

the ocular fundus to separate different tissues such as 

choroidal and retinal vessels. They concluded that the 

innovative decorrelation stretching method was 

successful in enhancing the subtle differences in hue 

and presented clues for the recognition of the 

existence and distribution of these diseases. The color 

image analysis and normalization using histogram 

equalization is proposed. It is observed from the 

experimented results that the equalized color image 

having better contrast than the original image not 

only enhances the visual quality of the image but also 

preserves the brightness level (Jeon and Incheon 

National University 2013).  

Image quality can be degraded by factors such as low 

contrast, high blur, high noise, high artifacts, and 

high distortions. When some algorithms are applied 

to input images, noise is introduced, and images are 

blurred as a result of incorrect placement of imaging 

sensors (Mitchell 2010). Power sources affect 

interference in image pixels, resulting in artifacts. 

These are the limitations and issues can be solved by 

using suitable preprocessing techniques. As this study 

involves 20 samples for each group, insignificant 

results of Peak Signal to Noise Ratio and Structural 

Similarity Index Measure may be obtained. The 

results obtained are insignificant in peak signal to 

noise ratio and structural similarity index measure 

because we applied the algorithm directly to the input 

images without using any preprocessing methods. In 

the future, three dimensional images can be used for 

image enhancement and also transform based 

enhancement techniques can be applied to improve 

the quality of image further (Reyes-Aldasoro 2015). 

5. Conclusion 

It is observed from the results that the Contrast 

stretching algorithm has significantly better 

performance than Decorrelation stretch algorithm. 
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Table and Figures 

 

Table 1. Performance parameters such as PSNR, SSIM of two algorithms namely Decorrelation stretch algorithm 

and Contrast stretching algorithm are tabulated. Contrast stretching algorithm provides maximum PSNR (48.130) 

dB and SSIM (100)% 

 

 

INPUT IMAGES 

DECORRELATION STRETCHING 

ALGORITHM 

CONTRAST STRETCHING 

ALGORITHM 

PSNR SSIM PSNR SSIM 

Medical Image-1 20.408 100 18.999 100 

Medical Image-2 19.786 100 16.089 52.350 

Medical Image-3 18.654 100 17.563 100 

Medical Image-4 17.2416 60.870 15.876 100 

Medical Image-5 23.709 100 13.158 100 

Microscopic Image-

1 

27.309 81.040 11.708 86.780 

Microscopic Image-

2 

16.865 81.420 23.709 1.00 

Microscopic Image-

3 

16.609 77.08 48.130 1.000 

Microscopic Image-

4 

24.900 92.72 34.789 100 

Microscopic Image-

4 

18.206 56.32 30.306 100 

http://paperpile.com/b/ex2xZl/1pNAJ
http://paperpile.com/b/ex2xZl/1pNAJ
http://paperpile.com/b/ex2xZl/1pNAJ
http://paperpile.com/b/ex2xZl/1pNAJ
http://paperpile.com/b/ex2xZl/1pNAJ
http://paperpile.com/b/ex2xZl/1pNAJ
http://paperpile.com/b/ex2xZl/1pNAJ
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/vhVyY
http://paperpile.com/b/ex2xZl/4IELj
http://paperpile.com/b/ex2xZl/4IELj
http://paperpile.com/b/ex2xZl/4IELj
http://paperpile.com/b/ex2xZl/4IELj
http://paperpile.com/b/ex2xZl/4IELj
http://paperpile.com/b/ex2xZl/4IELj
http://paperpile.com/b/ex2xZl/4IELj
http://paperpile.com/b/ex2xZl/4IELj
http://dx.doi.org/10.1016/j.fuel.2022.123814
http://dx.doi.org/10.1016/j.fuel.2022.123814
http://paperpile.com/b/ex2xZl/ndxW
http://paperpile.com/b/ex2xZl/ndxW
http://paperpile.com/b/ex2xZl/ndxW
http://paperpile.com/b/ex2xZl/ndxW
http://paperpile.com/b/ex2xZl/ndxW
http://paperpile.com/b/ex2xZl/ndxW
http://paperpile.com/b/ex2xZl/ndxW
http://paperpile.com/b/ex2xZl/ndxW


Section A-Research paper 
Analysis and Comparison of  Decorrelation Stretch  

Algorithm for Improving the Quality of Color Image  

over Contrast Stretching Algorithm 

 

 

 

 

Eur. Chem. Bull. 2023, 12 (S1), 3832 – 3844                                                                                                                              3838  

Satellite Image-1 21.212 78.23 27.987 100 

Satellite Image-2 20.328 69.23 25.673 100 

Satellite Image-3 19.389 64.78 23.521 97.66 

Satellite Image-4 21.760 47.34 22.564 100 

Satellite Image-5 16.837 53.94 21.987 100 

Nature Image-1 17.407 74.81 19.652 100 

Nature Image-2 19.077 71.40 18.561 100 

Nature Image-3 15.345 40.57 15.098 100 

Nature Image-4 22.124 90.29 13.305 100 

Nature Image-5 16.753 64.32 12.763 100 

 

Table 2. Comparison of  decorrelation stretch algorithm for improving the quality of color image over contrast 

stretching algorithm based on PSNR and SSIM values. The PSNR and SSIM values of the contrast stretching 

algorithm are high when compared to the decorrelation stretch algorithm. The mean value is high for the contrast 

stretching algorithm PSNR (21.572) and SSIM (0.968). The standard deviation is high for contrast stretching 

algorithm PSNR (8.819) and decorrelation stretch algorithm SSIM (0.182). 

       GROUP       N      MEAN      STD. 

        

DEVIATION 

  STD. 

       ERROR MEAN 

        

PSNR 

      DECORRELATION 

STRETCHING 

       20        19.696        3.102        0.693 

       

PSNR 

CONTRAST 

STRETCHING 

        20          21.572         8.819       1.972 

       SSIM       DECORRELATION   

STRETCHING 

       20        0.752      0.182      0.040 

    SSIM CONTRAST 

STRETCHING 

      20      0.968         0.108    0.243 

 

Table 3. Independent sample t-test comparison of PSNR, SSIM of decorrelation stretch algorithm and Contrast 

stretching algorithm.The P values of PSNR 0.006 and SSIM 0.004, it is considered significant as the values 

mentioned above are lesser than 0.05. 

Levene’s Test for Equality of 

Variances 

F         Sig 

t df 

Sig (1-

sided 

p) 

Sig (2-

sided 

p) 

t-test Equality of 

Means 

95% Confidence 

interval of the 

Difference 

Mean 

Diff 

Std.Err 

Diff 
Lower Upper 
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PSNR 

Equal 

variances 

assumed 

8.669 0.006 -0.897 38 0.188 0.375 -1.875 2.090 -6.107 2.360 

Equal 

variances 

not 

assumed 

  -0.897 23.631 0.189 0.379 -1.875 2.090 -6.193 2.442 

 

SSIM 

Equal 

variances 

assumed 

9.373 0.004 -4.546 38 <0.001 <0.001 -0.216 0.047 -0.312 -0.119 

Equal 

variances 

not 

assumed 

  -4.546 30.972 <0.001 <0.001 -0.216 0.047 -0.313 -0.119 

 

 
Fig.1 . Steps Involved in Decorrelation Stretch Algorithm 
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Fig. 2. Steps Involved in Contrast Stretching Algorithm 

 

                                  
                                       (a)                                                                                                 (b)                                  
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(c)                                                                                     (d)                                

                                                        
                                         (f)                                                                                                      (e)                                                                                                                                                                                                                                   

                                                   
(g)                                                                                        (h)              

Fig. 3. Simulation results of  decorrelation stretch method. (a) Input image (medical image) (b) enhanced image of 

(medical image) (c) Input image (microscopic image) (d) enhanced image of (microscopic image) (e) Input image 

(nature image) (f) enhanced image of (nature image) (g) Input image (satellite image) and (h) enhanced image of 

(satellite image) 
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(a)                                                                         (b)  

             
                                       (c)                                                                                                     (d)     

 

 
   (f)                                                                            (e) 
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                                              (h)                                                                           (g) 

 

Fig. 4. Simulation results of contrast stretching algorithm (a) Input image (medical image) (b) enhanced image of 

(medical  image) (c) Input image (microscopic image) (d) enhanced image of (microscopic image) (e) Input image 

(nature image) (f) enhanced image of (nature image) (g) Input image (satellite image) and (h) enhanced image of 

(satellite image). 

 

Fig. 5. Bar 

chart representing the comparison of mean PSNR (+/-1 SD) of decorrelation stretching and contrast stretching 

algorithm. Contrast stretching algorithm appears to produce most variable results with its standard deviation ranging 

from the lower 17.00 to the upper 30.00 and decorrelation stretching algorithm appears to produce consistent results 

with minimal standard deviation. X-axis represents groups decorrelation stretching algorithm vs contrast stretching 

algorithm and Y-axis represents Mean PSNR with +/-1 SD. 
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Fig. 6. Bar chart representing the comparison of mean SSIM (+/-1 SD) of decorrelation stretching and contrast 

stretching algorithm. Innovative decorrelation stretching algorithm appears to produce most variable results with its 

standard deviation ranging from the lower 0.58 to the upper 0.95 and contrast stretching algorithm appears to 

produce consistent results with minimal standard deviation. X-axis represents groups decorrelation stretching 

algorithm vs Contrast stretching algorithm and Y-axis represents Mean SSIM with +/-1 SD. 

 


