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Abstract. In the present work, we study the regularities of the influence of the type of distorting algorithm on the result of evaluating the 

image quality by the Full-Reference method in the presence of subjective quality assessments. As an example, we used the TID2013 database 

with 3000 images distorted by 24 types of algorithms and subjective mean square scores (MOS) quality ratings. An image quality score 

based on the Weibull distribution model and the usual PSNR similarity measure is applied. It is shown that the applied distorting algorithms 

are classified into two types - normal, leading to results consistent with the Human Visual System, and "anomalous", the corresponding 

quality estimates of which are disordered or chaotic. 
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1. Introduction 

Image quality estimation is an important component in various 

applications such as pattern recognition, classification, restoration, 

and other tasks. At the same time, as it is known, the concept of 

quality does not have an acceptable unambiguous formal definition, 

therefore, in problems of this type, one has to limit oneself to 

specific considerations of the concept of image quality and the 

corresponding methods for its estimation [1, 2]. 

There are three types of methods for evaluating image quality. 

The first type assumes that there are two samples of images, one of 

which is considered to be the original with acceptable quality in this 

task, and the second is the test one, which is the original somewhat 

distorted as a result of some actions, and it is required to estimate 

the degree of quality change as a result of distortion. The degree of 

distortion is taken as an estimate of the quality of the second image. 

Here we deliberately indicate not an expected decrease in quality, 

but only a change, since as a result of the mentioned actions, quality 

can increase. In most applications, the quality score is identified 

with the similarity score of the images under consideration. 

Methods for solving the problem in the situation under 

consideration are called Full-Reference (FR) methods [3, 4]. 

The second type of methods is called No-Reference and is 

characterized by the absence of a sample for comparison, and the 

decision on quality is made solely on the basis of the analysis of the 

properties of the tested sample. Here, the structural and other 

properties of the image are used, which in this problem may contain 

information about its quality [5, 6]. 

The third type of methods is called Reduced-Reference because 

it partially uses information about the original image.  

At present, there is extensive scientific and scientific-technical 

literature devoted to methods for evaluating image quality for all 

three types described above. These methods, in turn, can be 

classified into two classes - objective and subjective methods. 

Objective methods are implemented using formal methods of the 

theory and image processing techniques, while subjective methods 

involve the use of expert quality assessments obtained as a result of 

analysis by the human visual system (HVS) [7, 8]. Subjective 

quality ratings evaluated by test subjects are then averaged to obtain 

the mean opinion score (MOS). 

It should be noted that the result of quality assessment is formed 

by the influence of the following, necessarily present, main factors. 

First of all, this is the initial quality of the tested image. Any image 

initially has some implicit quality level, characterized by the content 

of the depicted scene. The second factor is originated by objective 

actions during image acquisition, its visualization, transmission 

over communication channels, etc., which introduce distortions into 

the image content. The third factor operates in the process of image 

processing, in which, in order to achieve the goal, it is necessary to 

change the structure and parameters of the image, using various 

mathematical or computer methods. This leads to the conclusion 

that there are no universal methods for assessing the quality of an 

arbitrary image, therefore, when making quality decisions, it is 

necessary to take into account the individual properties of the tested 

objects and the methods used, combining them with the available 

subjective assessments. Therefore, the tasks of developing new 

quality criteria, evaluating the similarity of images, methods of 

analysis and comparison of different approaches remain relevant. 

The literature offers a number of image databases with MOS 

estimates obtained experimentally as a result of interviewing a large 

number of experts using a special technique. For example, 40 such 

databases are described and critically analyzed in [8]. There is also 

an extensive bibliography devoted to the issues of assessing quality 

by objective and subjective methods. At the same time, an 

important link in the experiments of the type under consideration is 

the application to images of various methods of artificial distortions 

with several levels of influence, making it possible to compare 

objective and subjective quality assessments.  

In this paper, using the example of a specific database and a 

specific measure of image quality, we study the following issues: 

• Classification of types of distortions according to the 

degree of impact on the similarity with the original and according to 

MOS values, 

• Investigation of the nature of the impact of "bad" and 

"good" types of distortion on quality estimates and image structure. 

2. Research Methodology 

Let us briefly describe all the components of the proposed 

research methodology. 

The selected database is TID2013 [9]. This database contains 

3000 images obtained from 25 originals, distorted by 24 different 

types with five levels each. Fig. 1 shows an example image and its 

distorted version. 

 

Fig. 1. Image i07.bmp from TID2013 base and its distorted version.  
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The authors of the database conducted an extensive experiment 

on the visual assessment of the quality of the images of the database 

according to the point system by a large number of people in 

different countries. As a result of processing these data, each of the 

3000 images is assigned a numerical MOS score. 

FR-method of image quality estimation. The article proposes to 

use the previously developed image gradient magnitude model 

based on the Weibull distribution, the density of which is given by 

the formula 

           (1) 

where η>0 is the shape parameter, λ>0 is the scale parameter. 

Distribution parameters (1) are estimated from the totality of all 

gradient magnitudes using the Sobel operator. The similarity 

(proximity) of two images is estimated by the proximity of the 

estimates of the parameters of the Weibull distribution by the 

formula   

                  (2) 

This measure turned out to be convenient and very useful in a 

number of processing tasks, including those with large arrays of 

images. Details of the procedures and the corresponding 

experimental results with an illustration of the quality factor of the 

proposed models can be found in [10]. 

 To evaluate the quality of images, we also use PSNR, 

taking advantage of the fact that all images in the base have the 

same size. Note that earlier, as a measure of quality, we also used 

the shape parameter of the Weibull distribution [11] and the 

Shannon entropy [12].  

Methods of analysis and interpretation of the results of quality 

assessment. Calculations of all necessary quantities are made using 

the developed software system, and the results are entered into 

Excel tables. The base data are the results related to the original and 

five distorted samples of a particular image. For each such data set, 

the Spearman correlation coefficient ρ (SCC) and PSNR between 

the quality score under study and MOS are estimated. All cases, 

where the modulus of the correlation coefficient differs from 1, are 

considered anomalous and are recorded for further analysis. 

3. Experimental results 

Experiment 1. Preliminary analysis of the obtained results of 

calculation revealed a behavior of the correlation of the measure of 

similarity between each original and the corresponding five 

distorted samples. There are cases when SCC=1 (these cases are 

detected even visually if the compared series are monotonous) and 

when SCC≠1 (SCC of both signs and/or with low values). In the 

latter case, we consider weak correlations as anomalous, and they 

manifest themselves in different ways, depending on the type of 

image and/or type of distortion. The distribution of the number of 

anomalies by types of distortions in the whole database is given in 

Table. 1. The data in the table shows that there are types of 

distortions that lead to anomalies for most images (for example, 

types with numbers 7, 14-18).          

 

 
 

Experiment 2. Analysis of the influence of types of distortions on 

image quality estimates. Two sets of types of distortions are 

considered based on the manifestation of anomalous correlation 

values.  

First, consider cases with normal correlation values and as an 

example, choose the i01 image of the TID2013 base and following 

type distortions 

3 Spatially correlated noise, 

8 Gaussian blur, 

9 Image denoising. 

To demonstrate the degree of distortion of the selected image 

i01.bmp, Table. 2 shows images corresponding to the fifth level of 

the impact of distortions of the types under consideration. The W2 

and PSNR estimates relative to the original are also given for 

review.  

 

 

To compare the proximity measures of the original and the 

distorted sample, W2 and PSNR were calculated for five levels of 

distortion. The results of the calculations and the corresponding 

MOS values are shown in Table 3. The visual analysis allows us to 

conclude that in all three cases, SCC=1. This means that these types 

of distortions change the structure and content of the image in 

proportion to the applied level of exposure, as it should be. 

Anomalous data obtained, for example, from distortion types, 

looks completely different.  

14 Non-eccentricity pattern noise, 

15 Local block-wise distortions of different intensities, 

18 Change of color saturation. 

 

 

 

 

 
 

The data in Table 4 show that in this case the descending order 

of the ratings of quality and applied impact level is violated. The 

W2 measure shows a very high and almost constant degree of 

similarity between the distorted samples and the original, which is 

evidence of the preservation of the image structure with these types 

of distortions and the degree of their impact. It should be noted that 

the MOS estimates vary within a narrow range, i.e. HVS also does 
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not detect strong distortions in the image structure. Moreover, the 

MOS values may contradict the quality values expected under the 

experimental conditions (see, for example, the data in Table 3).  

 

Thus, the observed patterns indicate a weak effect of the 

selected types of distortions on the structure and content of the 

image and, most likely, are a reflection of the internal properties of 

the distorting algorithm. 

 

4. Conclusion  

In this article the patterns of mutual influence of the type of 

distorting algorithm, the properties of the applied FR-algorithm, and 

subjective assessments of image quality are studied. As an example, 

the TID2013 database was used, which included 3000 images 

distorted by 24 types of algorithms and subjective MOS quality 

estimates, the W2 measure of image similarity based on the Weibull 

distribution model, and the PSNR similarity measure. It is shown 

that the applied distorting algorithms are classified practically into 

two types - normal, leading to results consistent with the HVS, and 

"anomalous", the corresponding quality estimates of which are 

disordered or chaotic.  

The results obtained show that when developing databases of 

the type under consideration, it is important to choose such 

distorting algorithms that really provide a change in the structure 

and content of the image when they are applied. 

The proposed approach to image quality analysis can be useful 

for developers of databases containing subjective quality 

assessments, as well as for developers of new, more universal, 

image quality assessment measures. 
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