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Summary  

 
In this  project  was created a simulation of a radio -communication channel in Simulink 
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demodulator, AWGN channel and some additional boxes to adjust the  flow  of data. Group of 

images have been sent through the channel and while changing the parameters of each box the 

image distortion changes. There were used two subjective methods for image evaluation: DSIS 

and DSCQS. The methods correlate well. Correlation with the objec tive methods depended on 

each method and a type of image distortion. Subjective and objective methods are both equally  

important for evaluation of image quality.  
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Introduction  
 

In this study it will be  elaborated subjective assessment of image quality by 

using double-stimulus methods and comparison with  objective measures. 

The most commonly used methods for the subjective assessment of image quality are 

double-stimulus method with a score of image distortion (DSIS, double-stimulus 

impairment  scale) and double-stimulus method with  assessment of image quality 

(DSCQS, double-stimulus continuous quality-scale). Each of these methods uses a 

specific way to represent test sequences and different scales for the assessment of 

image quality that affects on the final results of subjective tests. Both subjective 

methods (DSIS and DSCQS) will be explained in detail with instructions how to 

perform the testing process.  

It is important to understand the results of the methods and the type of 

distortions that may happen in radio-communication channel. Each method has its 

own scale and the meaning. It will be analyzed the stability  of the results for different  

image contents. In the end objective methods and results will be compared with 

subjective methods (PSNR, MSE and SSIM). It is expected that there will be 

differences between the results, but it is important to understand the advantages and 

disadvantages of each method. The goal is to find a correlation between these two 

methods.  
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Simulation of  radio channel  
 
 

Simulation that we used for image transport through radio cannel was made in 

simulink which is a part of Matlab software system. Simulink is a graphical tool that 

allows modeling, simulation and analysis of dynamic systems. The elements that were 

used are: image from file box, JPEG coder/decoder, frame converter, integer to bit 

converter, bit to integer converter, BPSK modulator/demodulator, AWGN channel, video 

viewer and simout. The point of this simulation was estimation of image quality on the 

end of radio channel ɀ receiver.   

 

 

Figure  1: Simulation of radio communication channel in MATLAB Simulink 
 

 

Image from file box is a source of images which were sent through radio 

channel. Image size may vary. Before image gets into the AWGN channel, it has to be 

coded by JPEG coder. JPEG stands for Joint Photographic Experts Group which is the 

name of the association that made the standard for image coding. In other words JPEG 

is a standardized process for image compression. 

It is designed for compression of the color images and black and white images 

(grayscale) as well. JPEG is generally used for the compression of static images and it 

is not suitable for text, video, simple drawings or technical drawings. JPEG and GIF 

are the most popular formats for transferring  images on the internet  because of the 

high degree of compression and support for almost all web browsers.  



Subjective assessment of image quality 2012  
 

 
8 

 

JPEG is a compression method with losses, which means that the compressed 

image is not quite the same as original one. It has been designed to take advantage of 

the human eye limitations, for example, small changes in brightness are much more 

noticeable than a small change in color of image. JPEG standard includes two basic 

compression methods. First one is based on the DCT (discrete cosine transformation)  

and it works  with losses. It is most frequently used method. The other one is based on 

predictive coding and belongs to the lossless compression. In this simulation it has 

been used DCT coder which means that we have losses. 

After coding image gets divided into frames which are going into integer to bit 

converter box. In the end we have to make a BPSK modulation over the frames to 

protect them from channel noise interference. On the receiver side we have the same 

procedure in reverse. Finally we can see the image on video viewer and make 

estimation of its quality. 
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Methods of assessment of image quality  
 
 

Image processing leads to various distortions  in the image that reduces its 

quality. Therefore the assessment of image quality is very important component of 

this process. There are two types of methods of assessment of image quality: 

- Objective methods 

- Subjective methods 

 

Objective methods are performed by using a measuring instrument, 

mathematical calculation  or a model. Typical examples of objective methods are: MSE 

(Mean Squared Error ), PSNR (Peak Signal-to-Noise Ratio), SSIM (Structural 

Similarity ), MSSIM (Multiscale Structural Similarity ), VIF (Visual Information  

Fidelity), VSNR (Visual Signal-to -Noise Ratio). 

 
 
 

Double -stimu lus methods  
 
 

 Double-stimulus methods are subjective methods which are used to improve 

entire transmission system and its functionality. It is important to keep the picture 

quality and the overall service quality as well.  In the process of continuously 

improving the subjective assessment methodology, and adapting it to the most recent 

technological developments it has been launched the RACE MOSAIC project.  RACE 

MOSAIC was set up to find the best solutions of specific digital picture quality issues. 

From the work of this project, the Single-Stimulus Continuous Quality Evaluation 

(SSCQE) method was developed. SSCQE was recently introduced in ITU-R 

Recommendation BT.500-7. This format already offers the possibility of storing 

objective measurement data and subjective assessment data in a compatible way for 

parallel processing. 

The introduction of digital audio-visual services needed a new subjective 

protocol which is able to measure the quality of service on longer viewing sequences. 

Therefore an adapted version of the SSCQE methodology has been developed, using 

simultaneous double visual stimuli. This new method is called Double-Stimulus 

Continuous Quality Evaluation (DSCQE). DSCQE uses longer test sequences than 
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SSCQE method. The results of different research studies has showed that the 

reporting time and the human memory processes play an extremely important role. 

Therefore is important to confirm that the observers could assess the picture and 

service quality accurately over sequences of 30 to 60 minutes.  

 

 

The double -stimulus impairment scale (DSIS) method (the EBU method)  
 

 This method is used for assessment of impaired images which have been 

transported through transmission channel. DSIS method is cyclic which means that 

the assessor is first presented with an unimpaired reference, then with the same 

image impaired. Following this, he is asked to vote on the second, keeping in mind the 

first. In sessions, which last up to half an hour, the assessor is presented with a series 

of pictures or sequences in random order and with random impairments. The 

unimpaired picture is included in the pictures or sequences 

to be assessed. At the end of the series of sessions, the mean score for each test 

condition and test picture is calculated. Stability of the results is greater for small 

impairments than for large one.  

 

 

Grading scales 
 
 

The five-grade impairment scale should be used: 

 

 
5 imperceptible 
4 perceptible, but not annoying 

3 slightly annoying 
2 annoying 
1 very annoying 

 
 

 

Assessors should use a form which gives the scale very clearly, and has numbered boxes or 

some other means to record the grading. 
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Presentation of the test material  
 

There are three variants of the structure of presentations: 

 

1. The reference picture or sequence and the test picture or sequence are presented 

only once 

 

 

 

 

 

 

 

 

 

 
Figure 2 : First version of DSIS 

 

 

 

Figure 3 : Timeline of first variant 
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2. The reference picture or sequence and the test picture or sequence are presented 

twice 

 

 

 

 

 

 

Figure 4 : Second version of DSIS 
 

 

 

Figure 5 : Timeline of 2nd variant 
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3. This variant is consuming first variant couple of times (more than 2 times) 

 

Phases of presentation: 

 

T1 = 10s Reference picture 

T2 = 3s Mid-grey background 

T3 = 10s Test condition 

T4 = 5-11s Mid-grey background 

 

 

 

At the beginning of each session, it is important to give an explanation of whole 

process of evaluation to the observer. That includes type of assessment, the grading 

scale, the sequence and timing (reference picture, grey, test picture, voting period). 

The range and type of the impairments to be assessed should be illustrated on 

pictures other than those used in the tests. It must not be implied that the worst 

quality seen necessarily corresponds to the lowest subjective grade. Observers should 

be asked to base their judgment on the overall impression given by the picture. The 

observers should be asked to look at the picture for the whole of the duration of T1 

and T3. Voting should be permitted only during T4. 
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The double -stimulus continuous quality -scale (DSCQS) method 
 

 

The Double Stimulus Continuous Quality Scale (DSCQS) method (ITU-R 

recommendation BT.500) is widely used for the quality assessment of systems and 

transmission paths used for television broadcasts. This method is more effective in 

cases where it is not possible to present the full range of quality conditions. It is 

capable for simultaneous assessing of the difference in quality between a reference 

video/image and an assessment video/image. 

This subjective method was developed to measure the quality of service on 

longer viewing sequences. The method is cyclic which means that the assessor is asked to 

view a pair of pictures. One is the original video or image without any transmission 

errors and the other is the same but after alteration by transmission errors. In other 

words, both images are from the same source, but one passed through radio channel and 

the other one came directly from the source. The observers assess the quality of both 

images by direct comparison. 

In sessions which last up to half an hour, the assessor is presented with a 

series of picture pairs in random order and with random impairments covering all 

required combinations. It means that the assessor doesn't know which picture in a 

pair is original and which one is distorted. At the end of the sessions, the mean scores 

for each test condition and test picture are calculated. 

 

Presentation of the test material  
 

A test session comprises a number of presentations. There are 2 variants of 

presentation. For Variant 1 which has a single observer, for each presentation the 

assessor is free to switch between the A and B images (condition)  until he has the 

mental measure of the quality of both images. Image A is unimpaired and the image B 

is impaired, which means that image A comes directly from the source while image B 

is transported through the radio channel and it is distorted. The assessor may 

typically choose to do this two or three times for periods of up to 10 s.  

Variant 2 uses a number of observers simultaneously. The pair of images is 

shown one or more times for an equal length of time to allow the assessors to gain the 

mental measure of the qualities just like in the Variant 1. Then the pair is shown again 
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one or more times while the results are recorded. The number of repetitions depends 

on the length of the test sequences. For still pictures, a 3-4 s sequence and five 

repetitions (voting during the last two) may be appropriate. The stability of results of 

this variant with a limited range of quality is considered to be still under 

investigation. 

 

 

Variant A is very similar to DSIS method: 

 

 

Figure 6 : Third version of DSIS 

 

T1 = 10s Reference picture 

T2 = 3s Mid-grey background 

T3 = 10s Test condition 

T4 = 5-11s Mid-grey background 
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Timeline  
 

 
 
 

 
 

Figure 7 : Two versions of timelines 

  



Subjective assessment of image quality 2012  
 

 
17 

 

Grading scale 
 
 

The method requires the assessment of two versions of each test image. One of 

each pair of test image is unimpaired and the other is impaired. The unimpaired 

image serves as a reference, but the observers are not told which is the reference 

image. In the series of tests, the position of the reference image is changed in pseudo-

random fashion. The observer is asked to assess the overall image quality of each 

presentation by inserting a mark on a vertical scale. The vertical scales are printed in 

pairs to accommodate the double presentation of each test image. The scales provide 

a continuous rating system and they are divided into five equal lengths: excellent, 

good, fair, poor, bad. They correspond to the normal ITU-R five-point quality scale. 

Scale divisions are clearly separated. Figure 6 shows a section of a typical score sheet.  

 

 

Analysis of the results  
 

The assessments of each test condition include a score of the original image 

(reference) and impaired image. Those assessments are converted from 

measurements of length on the score sheet to normalized scores in the range 0 to 

100. Each one of five equal lengths worth 20 points. Then, the differences between 

the assessment of the reference and impaired image are calculated. In any test 

procedure it is important to decide acceptability criteria before the assessment is started. 

This is especially important in DSCQS method because of inexperienced users who can 

misunderstand the meaning of the quality scale values. Therefore is used an example of 

test before the regular assessment. Still the results can vary more than is it expected. It 

is most important that each assessor has the same criteria of evaluation during the 

entire duration of testing.  
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Figure 8 : Grading scale for DSCQS 

 

 

 

Figure 9 : Measuring quality differential between original and distorted image 
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Testing  

 
 

 Both methods were given scores by 16 people. Before the regular testing each 

assessor got a test example which does not include the images from regular test. After 

the practice they did both methods one after the other. They were evaluating images 

one by one. Because of the total duration of the testing process, methods have been 

modified. Database contains 50 images in total which would take more than 40min 

for each method. That is why the assessors were allowed to evaluate the images 

immediately in the first round. That has reduced the duration of both methods in half. 

Therefore each method took around 20min and the results were analyzed after the 

whole process of testing.  

 Both methods gave effective results. Although there are some small differences 

between them, correlation of both methods is evident. It is understandable that each 

assessor has their own opinion which why scores are slightly different. However, it is 

easy to recognize how some images got worse scores and some better scores from all 

assessors. Hierarchy of image quality for all assessors was more or less the same. 

Process of evaluation was successful.  

  



Subjective assessment of image quality 2012  
 

 
20 

 

Test 1: 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 

 

 

Figure 10: Original image: Port, Distorted images: Port 1, Port 2, Port 3, Port 4 
 

Metric Port Port 1 Port 2 Port 3 Port 4 

MSE 0 1077,84626 1645,15729 2994,47432 3787,74678 

PSNR undefined 17,8052354 15,9687293 13,3675977 12,3469942 

SSIM 1 0,70873721 0,85712263 0,5127758 0,53869546 

DSIS  4,8125 3,375 2,625 1,9375 1,375 

DSCQS 94, 3125 60,5 44,5 28,5 16,5 

DSCQS differential 0 33,8125 49,8125 65,8125 77,8125 
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Test 2: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure  11: Original image: Garden, Distorted images: Garden 1, Garden 2, Garden 3, Garden 4 
 

 

Metric Garden Garden 1 Garden 2 Garden 3 Garden 4 

MSE 0 2288,37914 1285,98035 1463,90537 1066,29719 

PSNR undefined 14,5355238 17,0384603 16,4756736 17,852021 

SSIM 1 0,35754583 0,79027174 0,58472407 0,7586309 

DSIS 4,875  3,75 2,875 3,0625 1,0625 

DSCQS 90, 8125 52,8125 62,875 58,75 9,6875 

DSCQS differential 0 38 27,9375 32,0625 81,125 
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Test 3: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure  12: Original image: Calblanque, Distorted images: Calblanque 1, Calblanque 2, 
Calblanque 3, Calblanque 4 

 

Metric Calblanque Calblanque 1 Calblanque 2 Calblanque 3 Calblanque 4 

MSE 0 798,2852954 2648,831649 32,90681109 293,2891496 

PSNR undefined 19,10922231 13,90026004 32,95794563 23,45784365 

SSIM 1 0,923096586 0,737225573 0,91549479 0,855369534 

DSIS 4,125 2,375 2,125 1,9375 1,5625 

DSCQS 81,75 27,0625 42,5625 42,75 24,25 

DSCQS differential 0 54,6875 39,1875 39 57,5 

 










































