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Abstract. The new MPEG-H/H.265 High Efficiency Video Coding(HEVC) standard greatly 
promotes the video compression efficiency and also creates new opportunities and challenges in 
perceptual video coding. To measure the perceptual quality, Mean Opinion Score (MOS) is obtained 
by averaging human scores in subjective test. But its value cannot necessarily represent exact 
difference between the human opinions. To solve this problem, interval MOS (iMOS) method, which 
employs the distribution information of human scores to measure the difference between MOS values 
with deviations, is introduced. Furthermore, the feasibility of using iMOS to evaluate compressed 
video quality is confirmed by experiments. 

Introduction 
During recent years, the increasing requirements of video services have greatly promoted the 
development of video coding standards, among which the most recent milestone is the new 
MPEG-H/H.265 High Efficient Video Coding (HEVC) technique [1]. Essentially in all popular video 
coding standards including HEVC and H.264 [2], the lossy video coding problem is formulated as a 
Rate-Distortion Optimization (RDO) problem to minimize the coding distortion subject to a 
constraint on Bit Rate (BR). Nevertheless, the current RDO approach has been criticized for its 
definition of distortion, where the traditional objective distortion/quality measures such as Sum of 
Absolute Difference (SAD), Mean Squared Error (MSE), and Peak-Signal-to-Noise-Ratio (PSNR), 
have been found to be poorly correlated with perceived video quality of Human Vision System 
(HVS). 

 To address this issue, perceptual video coding techniques have been developed where subjective 
distortion/quality measures are used to imitate human perception of video quality. As a criterion of 
these subjective measures, Mean Opinion Score (MOS) or its variation like differential MOS (DMOS) 
is obtained though subjective test and believed to reflect the human perceived quality [3,4,5]. Despite 
of that, it is impossible to integrate the subjective test into real-life video codecs. As an alternate, 
perceptual Video Quality Assessment (VQA) technique has undergone significant development 
aiming to design better visual quality metrics. Generally, the VQA approaches can be categorized 
into two groups, namely, vision modeling approaches and engineering approaches, among which the 
bottom-up engineering approaches have become popular in recent years [6].  

In this paper, we attempt to address three major issues regarding the comparison of MOS, which is 
acquired by offline subjective test. We introduce how to compare MOS values by considering the 
distribution information of human scores, which reflects the deviations of human perceptions on the 
same sequence. 

The Problem of MOS Value Comparison  
In subjective test, the MOS values are obtained by rating scale methods, such as ITU-R quality, 
impairment and comparison scales [3]. In either case, the subjects are asked to classify the stimuli 
into a certain number of categories where each category is labeled with a scale. For example, ITU-R 
five grade quality scale includes “Excellent” (5), “Good” (4), “Fair” (3), “Poor” (2) and “Bad” (1). 
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After subjective test, the MOS value is obtained by averaging all scores of a stimulus given by 
different subjects.  

In level of measurement [7], the subject scores are ordinal numbers, where the numbers reflect the 
rank orders of all stimuli and the addition operation is not applicable. The averaging procedure 
actually implies an assumption that the subject scores and MOS are interval numbers, where the 
differences between any two consecutive scales have identical impact on human vision (e.g., the 
difference between “Excellent” and “Good” is identical to that between “Fair” and “Poor”); however, 
it is not always the case for all subjects [8]. The human opinions on the differences between scales are 
hidden in the distribution of human scores, by exploiting which we can achieve an interval number of 
MOS.  

Calculating Interval MOS Values 
Given a group of stimuli, we can obtain an interval MOS (iMOS) values based on all subjective 
scores and the law of categorical judgement [9], which is based on the following assumptions. When 
a series of stimuli is presented to a subject, he or she can respond differently with respect to certain 
qualitative or quantitative attribute. This process is called a discriminal process and the assigned 
attribute defines a psychological continuum [10]. If we present the stimulus a large number of times, 
we can make a postulate that the associated discriminal processes form a normal distribution on the 
psychological continuum. 

 

      
Fig. 1. Law of categorical judgement 

 
The law of categorical judgement is described as follows. First, we divide the psychological 

continuum of the subject into a certain number of ordered categories, where the boundary of each 
category follows a normal distribution. For example, to sort n  stimuli into 1+m categories, we 
assume that the iMOS and discriminal dispersion (i.e., the standard deviation) of discriminal 
processes of stimuli ),...,2,1( njj = are js and jσ  respectively; and for each category boundary 

)21( ,...,m,gg = , the mean location and dispersion are gt and gσ , respectively. An example of js and 

gt  is shown in Fig. 1.  
Second, we compare the distribution of discriminal processes of each stimulus with all boundaries 

and get  

gjjggjjgjg rxst σσσσ 222 -- += ，                                                                                              (1) 

 where jgr denotes the correlation between momentary positions of stimulus j  and boundary g ; jgx  

represents the unit normal deviate corresponding to gjP < , the probability of j  is sorted below 
boundary g, as  

)12(erf2 1 --
gjjg Px <=  ,                                                                                                              (2) 

where erf−1(·) represents the inverse error function. Under condition D of law of categorical 
judgement [9] , we assume jσ , gσ  and jgr  are constants for all g  and j , and thus  

jgjg cxst =- ,                                                                                                                                     (3)  
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where c  represents a real constant; jgx can be estimated with an observed value of gjP <  and Eq. (2). 
Especially, in an interval scale, we can set 1=c  and 00 =t .  

Third, by repeating Eq. (3) over all j and g, we can formulate a system of linear equations which is 
overdetermined with 1-nm× variables and nm×  equations. The iMOS values js , ),...,2,1( nj =  are 
obtained by solving the equations.  

There is another issue in this problem. Considering any two normal distributions in real number 
field have an overlapped region, we get )1,0(∈gjP <  and thus jgx and `jg st -  are finite numbers. In 
practice, the probability kjP <  is estimated with a finite number of subjective scores and thus it is 

possible that the estimated value 0ˆ =<kjP or 1ˆ =<kjP . In such a case, jgx  is infinite and thus cannot be 
used in the equations. How to address this issue was elaborated in [8] where two conditions are 
required: firstly, there should be at least three grade scales are used; secondly, the subjective scores of 
each stimulus should be with a deviation larger than 0. The first condition can be easily fulfilled with 
ITU-R grade scales. The second condition may be fulfilled with a large number of subjects; if not, 
iMOS is not applicable here. 

Compressed Video Quality Evaluation With IMOS  
We use iMOS to evaluate compressed video quality when there are deviations in subjective scores. 
To show the relationship between iMOS and MOS in compressed videos, we build a database with 
four High Definition (HD) 1080p sequences: Cheetah, Crowd, Football and ParkScene. The Spatial 
Information (SI) and Temporal Information (TI) [4] values of these sequences are (74.98, 42.34), 
(64.91, 18.93), (59.76, 24.20) and (53.46, 15.94), respectively. Detailed information of subjective test 
is summarized as follows:  

(1) Stimuli: All the four sequences are coded with x264 and five Constant Rate Factor (CRF) 
values: 15, 22, 28, 34 and 40, which results in 20 stimuli and all these stimuli are displayed in a 
random order; 

(2) Duration: Each stimuli is with a 10-second duration and a frame rate of 24 frames per second;  
(3) Device: We present all stimuli on TV with a viewing distance of 90 inches; 
(4) Subjects: Totally 21 subjects performed the test; 
(5) Grade scale: Single-stimulus test is employed with a continuous scale from 0 to 100 [3].  
We calculate the MOS and iMOS values based on the database and illustrate the relationship 

between them in Fig. 2.  

 
Fig. 2. The relationship between MOS and iMOS on our database 

From Fig. 2, we notice that iMOS behaves an approximately linear relationship to MOS, with a 
Pearson Linear Correlation Coefficient (PLCC) of 0.9957. However, the slopes at the high and low 
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ends are different from that in the middle range, which also justifies the above criticism that the 
differences between any two consecutive scales may not have identical impact on human vision. In 
[8], they had a similar conclusion on the user-level Quality of Service (QoS) considering mutually 
compensatory property of multimedia contents; while here we show the characteristics of iMOS 
values on compressed videos.  

To further study the characteristics of iMOS values, we present the BR-iMOS curves of the four 
above sequences, as shown in Fig. 3. As a reference, the BR-MOS curve is also given in each 
sub-figure. From these figures we can notice that, the behavior of BR-iMOS is similar to BR-MOS: 
the quality value increases quickly and has a converging trend as BR increase. The increasing rate of 
BR-iMOS is similar to that of BR-MOS in middle rate range (i.e., 102 ~103), while there exist 
differences at low and high rate ends. 
 

 
(a)                                                                                    (b) 

 
(c)                                                                          (d) 

Fig. 3. Typical examples of MOS and iMOS versus BR. (a) Cheetah; (b) Crowd; (c) Football; (d) ParkScene 

Conclusions  
In this work, we presented an effective method on comparison of MOS values with distributions. As a 
conclusion, iMOS can show subjective scores in an interval scale with simple computations. Hence, it 
would be a better alternate to represent human opinion when the distribution information of 
subjective scores is available. 
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