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Abstract: The article deals with the problem of comparative analysis of the experimental results of using standard-free quality assessment 

measures depending on the type of distortion applied to the image. The previously developed measure based on the Weibullian model of the 

gradient magnitude and the entropy measures applied both to the original image and to the gradient characteristics of the ima ge are 
considered as No-Reference quality measures. Weibull distribution parameters are estimating using a set of image gradient magnitudes 

using the Sobel operator. A series of experiments was carried out on texture images from the well-known Brodatz texture database and the 

TID2013 database, which contains images distorted by various types. It was observed that texture images are in good agreement  with the 
Weibullian model, which makes it possible to effectively apply the above-mentioned No-Reference measures and carry out a comparative 

analysis. The use of the TID2013 database with 3000 images, distorted by 24 types, each at five levels, makes it possible to evaluate 
additionally the effectiveness of the entropy approach to assessing image quality, comparing them with visual assessments also given in the 

database. Then it was illustrated that applying the entropy approach directly to the original image gives a worse result than  applying image 
gradients to the magnitude. At the same time, a higher sensitivity to structural changes from the level and type of applied distortions is 

observed. The problem of the expediency of calculating the entropy using estimates of the parameters of the Weibull distribution instead of 
the histogram of the array of gradient magnitudes is investigated separately. The paper contains numerical and graphical materials 

illustrating the obtained results. 
Keywords: IMAGE QUALITY, DISTORTION, NO-REFERENCE MEASURE, WEIBULL DISTRIBUTION, GRADIENT MAGNITUDE, 

ENTROPY, STRUCTURAL PROPERTIES 
 

1. Introduction 

The problem of quality assessment is one of the central 

problems in the field of digital image processing. As it is known, 

almost any action on image processing inevitably faces this 
problem, since processing involves certain transformations of the 

image description data, and the final result of performing actions is 
evaluated visually or by formal methods [1]. 

The use of formal methods becomes especially important in the 
automatic processing of large-volume images, when human 

participation in assessing their quality is difficult, and often 

impossible. Therefore, in recent years, methods for assessing image 
quality by formal methods and comparing the result with subjective 

assessments of the human visual system (HVS), previously 
established by a group of experts for a sufficiently large number of 

images, have become popular (see, for example, [2, 3]). At the same 
time, such information is used not only for individual assessment of 

an image quality, but also for assessing the effectiveness of the 
method used itself. 

In the scientific literature, a large number of methods and means 

for assessing image quality have been proposed using various 
approaches and methods for their implementation. In [4], a detailed 

review of the state of the Image quality assessment problem and the 
formulation of unresolved problems by that time was carried out. It 

can be stated that many of the problems presented in this work have 
not yet been solved, although intensive research in this direction 

continues. However, a review of these methods within the 
framework of a limited article does not seem appropriate, so we will 

focus only on the methods that are directly related to the topics 

discussed. 
First of all, we note that all quality assessment methods are 

grouped around two main approaches. The first approach involves 
comparing two images, one of which is considered a reference 

(original), and the second is a tested image obtained after applying 
certain transformations, which resulted in its distortion. This 

method is called the Full-Reference (FR) method and has been used 

for a long time, based, in particular, on methods from the field of 
signal processing. For example, the standard deviation of two pixel 

intensity matrices and its various modifications are used. A critical 
analysis of these methods when assessing the quality of images and 

a proposal for a new approach is given in [5, 6], stimulating the 
rapid growth of improvements and applications of this approach.  

The second approach is used when there is no reference image 
and it is necessary to understand the structure of the tested image 

and use only the information available in it. This method is called 

No-Reference (NR) and is also widely used. Let us indicate only a 

few that are most closely related to the issues under discussion [7-

12]. 
In this work, we restrict ourselves to standard less methods 

based on the entropy measure, comparing it in terms of efficiency 

with other measures, based on the above-mentioned estimates of the 
quality of the HVS for certain classes of images.  

Note that the entropy measure is increasingly used in applied 
problems, in which the uncertainty estimated by the entropy of an 

image and / or its certain characteristics can be interpreted as an 
assessment of its quality (for example, let us refer to [13]).  

The aim of this work is to experimentally study the 

effectiveness of the entropy measure for assessing the effect of the 
type of distortion on image quality by comparing with other 

measures using subjective quality assessments.  

2. Research Technique 

Weibull distribution based Model. Following [14], we will 
accept for the gradient magnitude of the image a model based on the 

Weibull distribution, the density of which is given by the formula 

(1)                  

where  is the shape parameter,  is the scale parameter. 

The gradient magnitudes are estimated using the Sobel operator, 
and the parameters of distribution (1) are estimated from the totality 

of all magnitudes. Details of the procedure and the corresponding 
experimental results can be found in [14-16]. 

Following [11], we will take the value of the parameter η as a 

measure characterizing the image quality (the lower the value of the 
measure, the higher the quality).  

Entropy measure for evaluating image quality. We will use the 
classical definition of entropy given by the formula  
(2)                               
for evaluating the quality of both the tested image and visualized by 
using the set of the gradient magnitudes. 

Let us note one kind of application of the entropy measure. If 
the parameters of the Weibull distribution are known, then we can 

use the well-known approximate formula for the entropy 

 (3)                   .                           

The paper analyzes the two formulas given in terms of accuracy and 

appropriateness of their application.  
Used image databases. Several databases are available in the 

literature, some of which contain expert assessments of image 

quality. However, in the current work, only the well-known texture 
image databases Brodatz and the base TID2013 are used. The 

Brodatz texture database includes 112 images. The TID2013 
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database [2] contains 3000 images obtained from 25 originals, 
distorted by 24 different types with five levels each. Further, an 

extensive experiment was carried out on the visual assessment of 
quality according to a point system by a large number of people in 

different countries. As a result of processing these data, each of 
3000 images was assigned a numerical assessment of the quality of 

the HVS and fixed the Mean Opinion Score - MOS).  

The use of the TID2013 database makes it possible to evaluate 
the quality of any procedure used in the problem of image quality 

assessment by both the FR method and the NR method, and the 
decision on the quality of the procedure is made according to the 

degree of correlation of the procedure estimates with the MOS 
values.  

3. Experimental Results 

Experiment 1. Comparative analysis of formulas (2) and (3). 

The entropy of the magnitudes of the gradients of 112 images of the 

Brodatz database and 25 original images of the TID2013 database 
was calculated using formulas (2) and (3). The results are shown in 

Fig. 1 in the form of graphs, in which the data for the entropy EW 
are shown in blue (upper curve), and for the entropy EH - in red 

(lower curve). As expected, the EW entropy values calculated using 
the Weibull parameter estimates slightly exceed the EH values 

calculated from the histogram. The reason lies in the fact that the 

Weibull distribution is a model that only approximately describes 
the behavior of the gradient magnitude, therefore, additional 

uncertainty appears, due to which the entropy increases. The graphs 
also show that the nature of the change in the values of entropy is 

practically the same for both formulas. It can also be seen that the 
graph in Fig. 1a, the divergence of the curves is less than in the 

graph in Fig. 1b, which is explained by the better agreement with 
the Weibull distribution in the case of texture images.  

These facts allow us to apply both formulas in problems of 

image quality estimation. 

                   

(a)                                                                                                             (b) 
Figure 1. Curves of changes in the entropy of images, calculated by formulas (2) and (3).  (a) - for images from the Brodatz base;  

(b) - for images from the TID2013 database. 
 

Experiment 2. Comparison of the entropy measure with expert 
estimates of image quality. An extensive experiment was carried out 

to assess the quality of images and compare with expert estimates 
and analyze the results obtained. 

Correlation of image characteristics. The calculations of the 
following images of the images of the TID2013 database were 

carried out: the shape parameter η of the Weibull distribution, the 

values of the entropies E (for the original image), EW and EH, 

calculated by formulas (2) and (3) for the gradient magnitudes. 
Table 1 shows a fragment of the results of calculations for image 1 

type of image of five levels and the results of expert evaluations of 
MOS. For comparison, the shape parameters η of the Weibull 

distribution are also given, the study of which as a measure of 
quality was carried out in [11, 12]. These data can illustrate the 

main details of the research methodology proposed in the work.  

 
Table 1: Fragment of calculation results 

 Estimated values of the parameters SCC with MOS 

Name 
 

E EW EH MOS  E EW EH 

I01_01_1.bmp 
i01_01_2.bmp 
i01_01_3.bmp 
i01_01_4.bmp 

i01_01_5.bmp 

1.05 
1.08 
1.13 
1.21 

1.33 

4.94 
4.96 
4.99 
5.05 

5.14 

5.65 
5.66 
5.69 
5.74 

5.79 

4.894 
4.900 
4.915 
4.946 

5.003 

5.51429 
5.56757 
4.94444 
4.37838 

3.86486 

-0.9 -0.9 -0.9 -0.9 

i01_02_1.bmp 
i01_02_2.bmp 
i01_02_3.bmp 
i01_02_4.bmp 
i01_02_5.bmp 

1.02 
1.03 
1.05 
1.08 
1.13 

4.93 
4.95 
4.99 
5.04 
5.14 

5.63 
5.64 
5.65 
5.66 
5.69 

4.890 
4.891 
4.894 
4.901 
4.916 

6.02857 
6.10811 
5.38889 
4.71429 
4.36111 

-0.9 -0.9 -0.9 -0.9 

i01_03_1.bmp 
i01_03_2.bmp 
i01_03_3.bmp 
i01_03_4.bmp 
i01_03_5.bmp 

1.06 
1.10 
1.16 
1.26 
1.40 

4.94 
4.95 
4.99 
5.05 
5.14 

5.65 
5.68 
5.71 
5.76 
5.83 

4.895 
4.906 
4.929 
4.964 
5.0387 

4.77143 
4.27027 
3.70270 
3.19444 
2.71429 

-1 -1 -1 -1 

      

The last four columns of Table 1 show the values of the 

Spearman correlation coefficient (SCC) of the considered 
parameters with MOS, the formula for which is given by the 

expression  

(4)                           ,      

where xi and yi are the ranks of the compared sequences. 

The analysis of the results showed, in general, a high 

correlation of all the given quality measures, but it should be noted 
that the values given in Table 1 are not typical for all base images 

and types of distortions. The result of calculating the correlation of 
a No-Reference quality measure with subjective assessments 

depends both on the structural properties of the tested image and on 

the type and intensity of the applied distorting method. However, 
analyzing the results of calculations across the entire TID2013 

database, we can note some patterns that characterize the 
effectiveness of the proposed approach. 

a) The Weibull distribution shape parameter and entropy are 

quite reliable means for an image quality assessing, which have a 
close correlation with subjective MOS estimates. This allows these 

tools to be used stand-alone for any type of image without using 
MOS scores.  

b) The values of the entropy EH, calculated using the 
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gradient magnitudes, are usually less than the values of E, which is 
an additional confirmation of the effectiveness of the usage of 

gradient methods. 
c) The values of the entropy EW, calculated using the estimates 

of the Weibull distribution parameters, slightly exceed the values of 
EH calculated from the histogram of the gradient magnitudes. The 

reason, as mentioned above, lies in the fact that the Weibull 

distribution only approximately describes the behavior of the 
gradient magnitude. However, formula (3) with known estimates of 

distribution parameters is preferable to histogram methods in view 
of the simplicity of calculations.  

d) The results of images processing obtained with different 
types of distortions may differ significantly. For the types of 

distortions that distort the structure of the image, correlations are 
weaker because gradient methods inherently respond to the 

structural properties of the image. As an example, let us indicate the 

type of distortion 18 Change of color saturation [2]. There are 
numerical results of analysis for other types of distortions, showing 

the degree of influence on image quality, taking into account their 
ability to destroy the image structure. 

4. Conclusion  

Thus, the study performed has shown that the information-

theoretical approach to the problem of image quality assessment is 
very useful, and entropy can be used as a standard-free measure on 

its own without involving a visual method, as well as in 
combination with other methods. 
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