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Abstract—The article presents the results of video quality 

assessment using two methods recommended by the International 

Telecommunication Union. These are the Single Stimulus (SS) and 

the Double Stimulus Impairment Scale (DSIS) methods. The 

results obtained by both methods were compared. The studies were 

performed for two coding techniques, H.264 and H.265, and for 

spatial resolutions of 1280 × 720 and 1920 × 1080. The studies 

showed a very high correlation between the MOS values obtained 

by SS and DSIS methods for H.265 coding and both video 

resolutions. Regarding the H.264 coding, a very good consistency 

of the results was obtained for bitrates starting from 3000 kbps. 

 
Keywords—video quality; Single-Stimulus method; Double-

Stimulus Impairment Scale method 

I. INTRODUCTION 

HE development of technology in the IT industry has led 

to an increase in the demand for the provision of 

increasingly advanced multimedia services, including video 

content. A report published in January 2023 by Sandvine stated 

that video content accounted for almost 66% of the total online 

volume in the first half of 2022 [1]. 

Video transmission is carried out using various coding 

techniques. The International Telecommunication Union (ITU) 

recommends using the H.264 [2] and the newer H.265 [3] 

standards. The quality perceived by the viewer is influenced by, 

among other things, the coding bitrate and video resolution. 

The aims of the presented work are as follows: 

- assessment of video quality (VQ) using the selected Single-

Stimulus (SS) method and the Double-Stimulus 

Impairment Scale (DSIS) method recommended by the 

International Telecommunication Union, 

- examination of the impact of parameters such as coding 

technique (H.264 and H.265), resolution (1280 × 720 and 

1920 × 1080), and bitrate on the assessment of video quality 

by the young end user, 

- comparison of video quality scores obtained using the 

Single-Stimulus (SS) method and the Double-Stimulus 

Impairment Scale (DSIS) method. 

Among the various subjective methods of video quality 

assessment [4–14], Single-Stimulus (SS) and Double-Stimulus 

Impairment Scale (DSIS) methods were used in the studies. 

These are methods recommended by the International 

Telecommunication Union [6] and based on subjective quality 

criteria. The subjective quality assessment proposed in this 

method is based on the opinion of a representative group of 

people called observers. Measurements are made under 
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conditions specified by requirements, controlled and repeatable, 

and people taking part in these measurements are properly 

trained. 

II. STATE OF ART 

The subjective assessment of the quality of services, 

including video services, plays a very important role because the 

results of this assessment best reflect the level of satisfaction of 

the user, who is the final recipient of these services and the 

verifier of their quality. 

The topic of service quality discussed in the literature is very 

broad, ranging from standardization documents describing 

research methodology [7] through the tools used to numerous 

application cases. In addition to standardization documents, 

there are many scientific works devoted to testing and using 

subjective quality assessment methods in various conditions and 

using various types of video materials, both conventional and 

3D video [6,15]. A good overview of subjective quality 

assessment methods can be found in [16]. Some of the work 

concerns the compression of still images or video compression 

and assessing the impact of this compression and different video 

codecs on the quality perceived by users [17]. Compression 

helps reduce memory size and the cost of transferring images 

and videos. However, compression may cause visual artefacts, 

depending on the compression level. Therefore, evaluating the 

performance of compression algorithms and coding efficiency 

[18,19] is a fundamental task necessary to visually reconstruct 

video with the least possible quality loss. The performance of 

compression algorithms is assessed using both subjective and 

objective video quality assessment methodologies. The paper 

[20] presents software for subjective and objective examination 

of image quality with various degrees of compression. 

Because subjective quality assessment is very time-

consuming and expensive, appropriate, objective methods are 

being sought that will speed up the quality assessment process 

and make it a cheaper alternative. However, the application of 

various objective metrics in real-world scenarios is limited by 

the lack of clear interpretations of how the metric values reflect 

the subjective video quality perceived by the user. Therefore, 

there is a need to look for relationships between individual 

objective measures and the quality perceived by the user. Much 

work was devoted to the construction of the so-called quality 

models that map objectively measurable service parameters 

expressed in specific scales to quality expressed on a 5-point 

MOS (Mean Opinion Score) scale [21,22], where the individual 
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values mean respectively: 1 - bad, 2 - poor, 3 - fair, 4 - good and 

5 – excellent. An example of such works is [23], where the 

authors propose a mechanism that uses data from public Video 

Quality Assessment (VQA) databases and allows the automatic 

creation of general rules for mapping the values of objective 

VQA metrics to the subjective MOS scale. There are also many 

references in the literature to subjective video quality databases 

containing human-annotated videos and quality scores that can 

be used to create tools for creating, testing, and comparing VQA 

algorithms [24]. These databases can be divided into general-

purpose databases and special-purpose databases. They contain 

video materials described by many parameters, such as database 

type, number and video content, total number of test video 

sequences, video resolutions, video frame rate, video formats, 

distortion types, etc. Examples of such general-purpose 

databases can be found in [25,26,27], while special-purpose 

databases are described e.g. in [28,29]. 

High Dynamic Range (HDR) technology has become 

increasingly common in recent years. HDR videos can represent 

a much wider range of brightness and colours than standard 

dynamic range (SDR), but on the other hand, they have more 

difficult capture, transmission and display requirements due to 

higher bit depth, wider colour gamut, etc. That is why there are 

works devoted to the specific challenges posed by HDR video, 

including the subjective assessment of its quality. Some 

publications present research on the impact of factors such as 

compression, aliasing, and ambient lighting on the quality of 

these videos as perceived by the user [30]. In parallel with the 

classic modelling of service quality, we observe the 

development of new methods for assessing and predicting the 

quality perceived by the user based on selected objective 

features of the video stream, using machine learning methods 

and artificial neural networks [31]. 

The list of topics and open problems regarding methods for 

assessing the quality of services, including video services, is 

very extensive and much broader than presented here. In the 

literature, we observe a large variety of described problems and 

quality assessment methods dedicated to many individual cases. 

The authors intended to check the substitutability of some 

methods with others. In particular, the work concerns the 

comparison of quality assessment results using double and 

single stimulus methods. Using the SS method should, in 

principle, shorten the time needed to assess video quality [7]. 

However, the question arises as to the possibility of replacing 

the DSIS method with the SS method and the possibility of 

obtaining comparable quality assessment results. The main aim 

of the work was to examine the correlation between the results 

of both methods and to check the conditions of their 

substitutability. 

III.  RESEARCH METHOD 

A. Subjective measurement video quality using the Single 

Stimulus (SS) methods 

The Single Stimulus (SS) [6] or Absolute Category Rating 

(ACR) [32] method involves observers who assess the quality 

of an image or sequence of images (video) on a five-point scale. 

In this method, test video sequences are presented without a 

reference signal. The test material may contain both test 

sequences and a corresponding reference sequence (standard). 

If the test material contains a reference sample, it is presented 

as a standalone stimulus for evaluation, just like any other test 

stimulus. The test sequences are separated by a grey screen. 

After each test sequence presented, during the presentation of a 

grey sequence lasting 5 to 10 seconds, the viewer assesses the 

quality of the video sequence viewed. The assessment is given 

in the Categorical Rating Scale (CRS), commonly used for 

evaluating video quality (Table I). 

 

 
The average (final) rating is calculated for each video 

transmission condition tested as a result of averaging among 

observers. The rating is given as the MOS (Mean Opinion 

Score) index. 

B. Subjective measurement video quality using the Double 

Stimulus Impairment Scale (DSIS) method 

The Double Stimulus Impairment Scale (DSIS) [6] or the 

Degradation Category Rating (DCR) [32] method 

recommended by the International Telecommunication Union is 

an alternative to the SS method. In the DSIS method, the 

observer is presented with two video sequences. The first 

stimulus is the reference video, while the second is its distorted 

version. This method aims to compare the quality of the 

distorted video with that of the reference video. The observer 

reports the degree of deterioration of the second distorted video 

on a five-point Categorical Rating Scale (CRS) (Table II). 
 

 
The average (final) score is calculated for each tested video 

transmission condition as a result of averaging across observers. 

The score is given as the MOS (Mean Opinion Score) indicator, 

however, to distinguish the results from those obtained using the 

SS method, the score is given as the DMOS (Degradation Mean 

Opinion Score). 

C. Test material 

The test reference material was a 20-second video sequence 

(without sound) with a resolution of 1920 × 1080 in avi format 

[8]. The video sequence contained dynamic scenes in the form 

of a fragment of the start of a horse race. This sequence was 

subjected to H.264 and H.265 encoding with different bitrates 

and different resolutions. In the DSIS measurements, three 

TABLE I 

VIDEO QUALITY SCALE 

Video quality Rating 

Excellent 5 

Good 4 

Fair 3 

Poor 2 

Bad 1 

 

TABLE II 

VIDEO QUALITY DETERIORATION SCALE 

Video distortions Rating 

Imperceptible 5 

Perceptible, but not annoying 4 

Slightly annoying 3 

Annoying 2 

Very annoying 1 
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resolutions were considered: 640 × 360, 1280 × 720 and 1920 × 

1080, while in the SS measurements, two resolutions 1280 × 

720 and 1920 × 1080. For both the coding standards and each 

resolution, different transmission conditions were simulated 

with different bitrates: 

- DSIS method: 300, 400, 500, 600, 700, 800, 900, 1000, 

1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 

6000 kbps; 

- SS method: 100, 1000, 2000, 3000, 4000, 5000, 

6000 kbps. 

The reduced number of resolutions and bitrates in the SS 

measurements is the result of the analysis of the results obtained 

in earlier measurements performed using the DISS method [4]. 

Measurements were made in a laboratory adapted for the 

evaluation of video signals following the requirements of the 

recommendations of the International Telecommunication 

Union [6]. The test material was presented to the viewers on a 

60-inch Full HD (1920×1080) TV screen. Lower-resolution 

videos have been resized to native resolution. Test videos 

representing different transmission conditions were presented to 

viewers in random order. 

D.  Observer Group 

Two teams took part in the experiment, one in the SS method 

and the other in the DSIS method. In both types of measurement, 

the observer groups were students of the Wroclaw University of 

Science and Technology aged 20-21 years with normal visual 

acuity and correct colour discrimination. The International 

Telecommunication Union BT.500 recommendation specifies 

the number of observers, which should not be less than 15 

people [6]. In the DSIS measurements, observers were divided 

into 2 groups. The size of each group was different; for the 

H.264 coding it was 45 people and for H.265 – 35 people. In the 

SS measurements, the observer group consisted of 80 people for 

both H.264 and H.265 coding techniques. 

Before starting the measurements, the study participants were 

familiar with the evaluation method and had a training session. 

During the training session, viewers were familiarised with the 

method of presenting the test material and assessing the 

deterioration of the quality of the video signal. In the 

measurement session, after watching the original and encoded 

sequences, each participant in the study recorded his evaluation 

of the deterioration of quality in a special form. All evaluations 

were entered into a spreadsheet and statistically analysed 

according to the procedure described in the ITU-R BT.500 

recommendation [6]. This allowed for the elimination of 

evaluations that exceeded the adopted 95% confidence interval. 

IV. RESULTS AND DISCUSSION 

A. Video quality assessment using the SS method 

Estimates given by each of the 80 observers participating in 

the experiment were statistically analysed according to the 

procedure described in Recommendation ITU-R BT.500 [6]. 

This analysis allowed us to reject estimates that fell outside the 

assumed 95% confidence interval. The average results for the 

H.264 coding technique are presented in Table III, and for 

H.265 in Table IV. The tables provide the mean MOS value, as 

well as the standard deviation (S) and confidence interval 

coefficient (δ) values calculated according to ITU 

Recommendation BT.500 [6]. 

 

 

Fig. 1. Results of subjective quality assessment (MOS) for the H.264 (a) and 

H.265 (b) encoded video as a function of the coding bitrate for 2 resolutions 

The MOS values obtained for the H.264 coding technique 

presented in Tables III and IV are shown in Figure 1a and for 
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TABLE III 

THE MEAN VALUE OF THE VQ ASSESSMENT (MOS) FOR H.264 CODEC 

Bitrate 
[kbps] 

1280×720 1920×1080 

MOS S δ MOS S δ 

100 1.38 0.51 0.11 1.04 0.19 0.04 

500 2.08 0.61 0.13 1.59 0.54 0.12 

1000 3.03 0.80 0.17 2.51 0.53 0.12 

2000 3.68 0.65 0.14 3.61 0.63 0.14 

3000 4.16 0.60 0.13 4.18 0.61 0.13 

4000 4.39 0.58 0.13 4.49 0.55 0.12 

5000 4.66 0.50 0.11 4.68 0.47 0.10 

6000 4.79 0.41 0.09 4.84 0.37 0.08 

 
TABLE IV 

THE MEAN VALUE OF THE VQ ASSESSMENT (MOS) FOR H.265 CODEC 

Bitrate 
[kbps] 

1280×720 1920×1080 

MOS S δ MOS S δ 

100 1.50 0.50 0.11 1.31 0.47 0.10 

500 2.26 0.61 0.13 2.25 0.65 0.14 

1000 3.10 0.38 0.08 3.23 0.53 0.12 

2000 3.84 0.37 0.08 3.94 0.63 0.14 

3000 4.26 0.63 0.14 4.35 0.58 0.13 

4000 4.41 0.52 0.11 4.56 0.50 0.11 

5000 4.58 0.50 0.11 4.78 0.42 0.09 

6000 4.70 0.46 0.10 4.85 0.36 0.08 

 

b) 

a) 
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H.265 in Figure 1b. Comparing the curves in Figures 1a and 1b, 

we can see that the video quality is directly proportional to the 

encoding rate used. Moreover, using a higher video resolution 

allows for higher quality. However, it is visible that the positive 

effect of using higher video resolution is only visible at higher 

encoding speeds. At lower encoding rates, higher-resolution 

video may appear to be of lower quality. In the case of the H.264 

codec, this effect was observed at codec rates below 2 kbps, 

while in the case of the H.265 codec, this effect occurred at 

codec rates below 1 kbps. For the lowest encoding speed, in the 

case of FHD resolution, the H.265 codec achieved MOS values 

approximately 25% higher than the HD codec (i.e. MOS = 1.31 

and MOS = 1.04, respectively). 

B. Video quality assessment using the DSIS method 

The presented results were obtained as part of the first stage 

of research on the influence of selected coding techniques, 

resolution, and bitrate on video signal quality [4]. The averaged 

results of the video quality assessment obtained by the DSIS 

method in the first stage of the study are presented in Table V 

(H.264 coding) and Table VI (H.265 coding). The tables 

provide the mean MOS value, as well as the values of the 

standard deviation (S) and confidence interval coefficient (δ) 

values calculated according to ITU Recomm.BT.500 [6]. The 

MOS values obtained for the H.264 coding technique presented 

in Tables V and VI are shown in Figure 2a and for H.265 in 

Figure 2b. 

 
 

The analysis of the curves presented in Figure 2, showing the 

influence of coding speed on the quality assessment perceived 

by users, determined by the double stimulus method, indicates 

MOS values very close to the results obtained for the single 

stimulus method (see Figure 1). At the same time, it can also be 

observed that the video quality increases with the increase in 

encoding speed, and the positive effect of using higher video 

resolution is observed at higher encoding speeds. 

 

 
 

In this situation, the question arises about the impact of the 

quality assessment method used on the results obtained. For this 

purpose, the next step will be to compare the results of studies 

conducted using single and double stimulus methods. 

 

 

 
Fig. 2. Results of subjective quality assessment (DMOS) for the H.264 (a) and 

H.265 (b) encoded video as a function of coding bitrate for 2 resolutions 
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TABLE V 

THE MEAN VALUE OF THE VQ ASSESSMENT (DMOS) FOR H.264 CODEC 

Bitrate 

[kbps] 

1280x720 1920x1080 

DMOS S δ DMOS S δ 

300 1.16 0.43 0.13 1.05 0.32 0.10 

400 1.33 0.57 0.17 1.19 0.45 0.13 

500 1.81 0.55 0.16 1.35 0.57 0.17 

600 2.24 0.66 0.20 1.58 0.59 0.18 

700 2.71 0.56 0.17 1.98 0.64 0.19 

800 2.86 0.64 0.19 2.40 0.54 0.16 

900 3.12 0.54 0.16 2.81 0.55 0.16 

1000 3.26 0.54 0.16 3.16 0.57 0.17 

1500 3.74 0.66 0.20 3.86 0.47 0.14 

2000 4.07 0.7 0.21 4.26 0.49 0.15 

2500 4.19 0.59 0.18 4.40 0.54 0.16 

3000 4.28 0.55 0.16 4.49 0.51 0.15 

3500 4.33 0.47 0.14 4.54 0.55 0.17 

4000 4.40 0.49 0.15 4.63 0.49 0.15 

4500 4.49 0.51 0.15 4.70 0.46 0.14 

5000 4.56 0.50 0.15 4.79 0.41 0.12 

5500 4.65 0.48 0.14 4.84 0.37 0.11 

6000 4.72 0.45 0.14 4.91 0.29 0.09 

 

TABLE VI 

THE MEAN VALUE OF THE VQ ASSESSMENT (DMOS) FOR H.265 CODEC 

Bitrate 
[kbps] 

1280×720 1920×1080 

DMOS S δ DMOS S δ 

300 1.09 0.29 0.12 1.13 0.34 0.14 

400 1.61 0.50 0.20 1.65 0.49 0.20 

500 2.09 0.42 0.17 2.04 0.64 0.26 

600 2.48 0.59 0.24 2.48 0.51 0.21 

700 2.87 0.34 0.14 2.83 0.58 0.24 

800 3.09 0.42 0.17 3.13 0.76 0.31 

900 3.26 0.45 0.18 3.35 0.49 0.20 

1000 3.43 0.51 0.21 3.48 0.59 0.24 

1500 3.78 0.42 0.17 3.91 0.51 0.21 

2000 4.09 0.67 0.27 4.22 0.52 0.21 

2500 4.30 0.56 0.23 4.43 0.51 0.21 

3000 4.43 0.59 0.24 4.57 0.51 0.21 

3500 4.48 0.59 0.24 4.70 0.47 0.19 

4000 4.57 0.51 0.21 4.78 0.42 0.17 

4500 4.61 0.50 0.20 4.83 0.39 0.16 

5000 4.70 0.47 0.19 4.87 0.34 0.14 

5500 4.74 0.45 0.18 4.91 0.29 0.12 

6000 4.78 0.42 0.17 4.91 0.29 0.12 

 

a) 

b) 
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C. Video quality assessment using the SS vs DSIS method 

The average results of video quality assessment using the SS 

and DSIS methods for the H.264 encoding technique are 

presented in Table VI and graphically in Figure 3. 
 

 

 

  
Fig. 3. Results of subjective quality assessment (DMOS and MOS) for 

the H.264 encoded video as a function of coding bitrate for resolutions 

1280×720 (a) and 1920×1080. 

The average results of video quality assessment using the SS 

and DSIS methods for the H.265 encoding technique are 

presented in Table VIII and graphically in Figure 4. 

A preliminary evaluation of the results presented in Table VII 

and Table VIII, and Figure 3, and Figure 4 indicates slight 

differences in the estimates obtained using the SS and DSIS 

methods. This observation applies to both tested resolutions and 

codecs used. To check whether the observed small differences 

in the results obtained were statistically significant, we used the 

nonparametric Wilcoxon-Mann-Whitney test. The test result, 

with the assumed significance level of 5%, showed that the 

hypothesis about the equivalence of both methods, i.e. SS and 

DSS, should not be rejected. The results presented here 

correspond to the conclusions of the works of other authors 

[12,33], where no statistically significant differences were 

observed between the results of subjective tests using single and 

double stimulus methods. 
TABLE VIII 

MOS (SS) VS DMOS (DSIS) FOR H.265 

Bitrate 

[kbps] 

1280×720 1920×1080 

MOS DMOS MOS DMOS 

100 1.50 1.09 1.31 1.13 

500 2.26 2.09 2.25 2.04 

1000 3.10 3.43 3.23 3.48 

2000 3.84 4.09 3.94 4.22 

3000 4.26 4.43 4.35 4.57 

4000 4.41 4.57 4.56 4.78 

5000 4.58 4.7 4.78 4.87 

6000 4.70 4.78 4.85 4.91 

 

 
Fig. 4. Results of subjective quality assessment (DMOS and MOS) for 

the H.265-encoded video as a function of the coding bitrate for resolutions 

1280×720 (a) and 1920×1080. 

CONCLUSION 

This article presents the results of research on video quality 

assessment using two subjective methods, i.e. single and double 

stimulus. Video samples encoded using various codecs, spatial 

resolutions, and encoding speeds were analyzed. The obtained 

results indicate the expected superiority of the H.265 codec over 

the H.264 codec [4, 37], which in the tested range of coding 

speeds is reflected in better average image quality for a given 

resolution (see Table VII and Table VIII). These observations 

are consistent with the results presented in other publications 

[34] and with the results of our previous studies [4,9]. At the  
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TABLE VII 

MOS (SS) VS DMOS (DSIS) FOR H.264 

Bitrate 
[kbps] 

1280×720 1920×1080 

MOS DMOS MOS DMOS 

100 1.38 - 1.04 - 

500 2.08 1.81 1.59 1.35 

1000 3.03 3.26 2.51 3.16 

2000 3.68 4.07 3.61 4.28 

3000 4.16 4.28 4.18 4.49 

4000 4.39 4.4 4.49 4.63 

5000 4.66 4.56 4.68 4.79 

6000 4.79 4.72 4.84 4.91 
 

a) a) 

b) 
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same time, these results show that the use of higher video 

resolution allows for higher quality perceived by the user only 

from a certain coding speed threshold upwards. For low 

encoding rates (i.e. high compression), higher video resolution 

may result in lower quality perceived by users. The result of the 

comparison of the tested quality assessment methods deserves 

special attention. The conducted video quality tests show a high 

convergence of the results obtained with both the single and 

double stimulus methods, which was demonstrated in their 

statistical analysis. This happens regardless of the codec used 

and the encoding bitrate. Understanding the basic differences 

and applications of both types of methods, i.e. single and double 

stimulus, it seems that the single stimulus method can be used 

as an equivalent of the double stimulus method where there is 

no access to a reference video or where it is important to shorten 

the time of performing subjective tests. Although the single-

stimulus method requires less time, by eliminating the need to 

compare the evaluated video with a reference sample, it 

produces results that are statistically indistinguishable from 

those obtained with the double-stimulus method. The 

compatibility of the DSIS and SS methods presented here fully 

corresponds to the research results presented in the literature 

[35,36], where a very high correlation of research results carried 

out using the above-mentioned methods was also obtained 

(from R=0.97 to R=0.99 depending on the resolution of the 

video encoded in the H.264 format). The authors of the above-

mentioned work also drew attention to the advantage of the SS 

method, which was characterized by a shorter research 

assessment time than the DSIS method. 
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