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Definition and validation of methods 
for the subjective assessment 
of visual telephone picture quality 
I. W. Allnatt, N. Gleiss, F. Kretz, A. Sciarappa, E. Van der Zee(*) 

Experimental methods have been developed particularly for the subjeelive evaluation 
of picture telephone systems. The viewing conditions deviate to some extent from earlier 
recommendations, and the experimental procedures comprise some new features. The 
methods have been validaled in a test with participation from laboratories in five 
countries. The results obtained from different laboratorles are generally in good agree
ment. Results obtained by different methods within a Iabaratory are very similar. The 
tests prove that alternative experimental methods can be applied for the subjeelive 
assessment of picture quality with the same result. 

1. Introduetion 

Within the framework of the COST 211 project, a 
special Subjective Tests Subgroup was created, with 
the task to develop, describe and use methods by which 
to evaluate solutions for picture coding proposed within 
the project. 

The activities of the subgroup have mainly comprised: 

a) preparatien of a document descrihing recommended 
methods for the subjective assessment of visual tele
phone picture quality; 

b) performance of an international validatien test in 
order to prove that the recommended experimental 
methods lead to consistent and valid results if ap
plied in different laboratories. 

This paper presents the results achieved by the sub
group. 

2. Methods for subjective testiog 

2.1 General 

Although some international recommendations for 
viewing tests are available, in particular CCIR Rec. 

(*) Dr. John W. Allnatt, British Telecom, U.K.; 
Dr. Francis Kretz, CCETT, France; Dr. Norman 
Gleiss, Telecommunications Administration, Swe
den; Ing. Antonio Sciarappa, CSELT, Torino; 
Dr. Ernst van der Zee, IPO, The Netherlands. 
This artiele is a detailed version of a paper pre
sented at the IEEE Global Telecommunieations 
Conference, Globecom '82, Miami, USA, Novem
ber 29- December 2, 1982. 

500-1 "Method for the Subjective Assessment of the 
Quality of Television Pictures" [1], it was considered 
necessary to adapt methods for application to mono
chrome visual telecommunications services in offices as 
wen as in studios used for video conferences. 

The experimental methods are as far as possible bas
ed on CCIR Ree 500-1. The principal deviations from 
that recommendation concern both the physical condi
tions and the experimental procedures and will be des
cribed in some detail. 

2.2 Physica[ conditions 

The physical conditions described in the document 
correspond to two types of parameters: those involved 
in the specificadon of viewing conditions (picture mo
nitor type and adjustment, viewing distance, lighting of 
the room) and those related to the picture material on 
which the tests will be carried out. 

For the viewing conditions, the recommended para
meters correspond to the case of the use of visual tele
phony within studios where conditions can be optimiz
ed and controlled. In offices, such a control is more 
difficult, but representatlve values are suggested. Each 
parameter is defined and commented on in Table I. 

Concerning the picture material, the visual scenes to 
be used should be more critica! than average but not 
unduly so, when taking into account the specHic as
sessments to be made. Test patterns should be excluded. 
The video sourees must be adjusted to produce the 
best quality under the recommended viewing condi
tions. 

Assessing interframe codecs will normally need the 
use of rnaving picture material, although for the separate 
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TABLEI 

Parameters Recommended conditions 

a Viewing distance ratio 6 

D/H 

b Maximum screen luminanee 200 cd/m2 

Lmu 

c Contrast ratio >30 
Lmu/Lmin 

d Surround luminanee ratio 1/10 

L,/Lmax 

e Ambient lighting illuminance 400 lux 

f General chromaticity white 

a. D is the viewing distance, H is the height of the picture 
on the screen; 

b. Lmax is the luminanee at the centre of the screen for an 
input signal of standard white level, to he measured under 
the room lighting defined by parameters d and e; 

c. Lm,. is the luminanee at the centre of the screen for a uniform 
input signal of blanking level, to he measured under the 
recommended room lighting; 

d. L, is the luminanee of the surround of the screen; the 
surround area must he at least nine times the picture area. 
(The ratio V4 might he more representativ.e of the office 
situation); . . 

e. The ambient lighting illuminance in measu~ed on a table 
placed in front of the observer. (In the office situation a 
value of 500 lux may he more representative); 

f. The chromaticity is that of the monitor tube phosphor and 
of the lighting; 

g. The grey-level rendition is to he determined by usual means, 
for example by measuring the gamma -r of the display (the 
relation between screen luminanee L and input signal volt
age u (mV) is L = Lm,.+k·uY; -r can he found from a 
log-log plot and should have a value between 2.0 and 2.5). 

assessment of impairments not related to movement still 
pictures can he used. 

As rnaving pictures, sequences of about 15 seconds 
duration showing the face of a talking person are 
considered most suitable. Set-ups such as an oscillating 
pendulum may he useful for some short laboratory tests 
with expert observers, but otherwise rnaving pictures 
of a more realistic content should he used. For this 
purpose, a set of 10 rnaving scenes has been prepared 
that present a range of detail and movement that can 
he expected in visual telephone/conference services. 

2.3 Experimental procedure 

Subjective tests are intended to yield both reliable 
and valid results. They are normally used for optimizing 
systems or systems components, and for evaluating sis
tems or system configurations. 

To he representative of the likely range of users of 
the proposed visual telephone services, the observer 
employed in the subjective tests should he non-experts, 
i.e. persons who do not work in television engineering, 
nor in the photographic or allied field invalving visual 
arts. 
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Quality 

5 Excellent 

4 Good 

3 Fair 

2 Poor 

1 Bad 

TABLE 11 

Five-grade scale 

Impairment 

5 Imperceptible 

4 Perceptible, but not 
annoying 

3 Slightly annoying 

2 Annoying 

1 Very annoying 

In a standardized viewing test, the observers are 
asked to assess the picture on a five-grade scale with 
verbal definitions. The impairment introduced by a 
system or by some kind of interference may he rated 
in terms either of the resulting picture quality or of 
the annoyance it produces. 

The quality and annoyance (impairment) scales given 
in CCIR Rec. 500-1 are considered appropriate, see 
Table 11. When the numbers are used the scales are 
supposed to form interval scales. Rec. 500-1 also gives 
the option to replace the numbers by letters when a 
test is carried out (but not in the treatment of the data), 
in order to obtain a pure category scale. 

In addition, it should he possible to use a continuous 
scale with or without grades indicated between the ends 
of the scale. Special comparison scales as given in 
Rec. 500-1 are not recommended. 

I t was considered necessary to have a choice between 
two alternative methods of stimulus presentation: 

I) Single Stimulus Rating (SSR) 

11) Ptttred Comparison (PC) 

The methad of single stimulus rating implies that 
each "stimulus" (that is, the reproduetion of a certain 
picture material over a certain system) is presented 
separately and a rating is made by the observer befare 
the next stimulus is presented. 

The methad of paired camparisans means that all 
stimuli are presented in paired sequences, each pair 
consisting of the same picture material being reproduc
ed first over one system and immediately afterwards 
over another system. 

The rating scales as given in Table 11 can he used 
for both the SSR and the PC methods. The two methods 
are in principle contained in Rec. 500-1, but the choice 
of combinations between rating scales and methods 
should he limited to the cases defined by Table 111. 

For SSR, quality rating should he done on an interval 
or category scale. For PC, the same scales as for SSR 
or continuous r~ting scales may he used. ~ 

When the A;Ai methad is applied, a quality rating on 
both presentations in a stimulus pair is made. With the 
ARA; method, the impairment of the second presenta
tion in each pair is rated in relation to the reference 
presented first. The introduetion of an unimpaired sys-
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TABLE lil 

Rating scales and methods 

Methad 
SC ALE 

SSR PC 

2) 

Quality A, A .Ai 

1) 3) 

Impairment A, A.A. 

In this table, A means a sample of the picture material; A, is 
its processing through test item , which is randomly chosen. 
One particular item corresponds to the case of no processing, 
designated by •· 

1) This case should be reserved to short tests with experts only. 
2) Items , and i are randomly chosen, with as many A,Ai pairs 

as AiA, pairs, to avoid any bias due to time order effects. 
In a variatien of this procedure, one item of every pair is 
always the reference (usually the unimpaired or non-process
ed condition, but not declared as such to the observers). 

3) The reference condition, designated by A., is displayed first 
in every pair, and declared as such to the observers. 

tem as a reference in a PC test is specially recom
mended when the impairments introduced by the test 
items are small. 

The unconventional use of paired comparison rat
ings described here reflects recent developments in test 
methodology. Quality ratings on both presentations in 
a pair ("double-stimulus" method), in stead of a single 
preferenee rating, have first been introduced in IEC 
Publ. 268-13 "Listening tests on loudspeakers" (Ref. 
[2] ). The metbod was developed by Gabrielsson and 
Sjögren (Ref. [3]). Impairment ratings against a refer
ence by PC presentations have been particularly stuclied 
by Kretz and Sallio (Ref. [ 4]). 

3. Validadon test 

3.1 Objective 

A series of subjective tests on picture coding condi
tions has been performed by laboratoties in five coun
tries participating in the COST 211 project. 

The objective of the tests was to check the validity 
of the conditions and procedures described in the COST 
document on subjective test results. The tests were the
refore mainly performed in accordance with this docu
ment, but several of the participants chose to add some 
modified procedures for investigating the effect of cer
tain modifications and searching for possible improve
ments in the test methods. 

3.2 Experimental conditions and methods 

The conditions in the viewing room conformed broa
dly with the recommended values; there were some va
riations but generally they did not lead to significant 
differences in results. 

n 

1 

2 

3 

4 

TABLE IV 

Description of impairments (n) 

Condition Visual effect 

Reference case: 
625 1 ~ 313 1 (digital) ~ 625 l Loss of definition 

Open loop. Fixed mode: 
threshold = (24/5) X 256, Loss of horizontal 

horizontal subsampling definition 

Open loop. Fixed mode: Loss of horizontal 
threshold = (28/5) X 256, ad vertical 
horizontal and field subsampling definition 

Closed loop. Mode selection controlled 
by the buffer for a fixed 2 Mbit/s rate. Loss of vertical 

Horizontal and field subsampling de finitien 

Note: 625- 313- 625 1 standards con-
version was included in all cases 

Four different moving picture sequences were select
ed as souree material, chosen from the set of ten scenes 
recommended by the subgroup. 

Three levels of impairment were chosen, representa
tive of the nature of impairments expected from real 
2 Mbit/s coclees but providing a wider range of subject
tive magnitudes. The conesponding conditions are des
cribed in Table IV. A simple 625-313-625 lines 
standards conversion was included as reference condi
tion, particularly to serve as reference in one of the 
Paired Comparison procedures. 

lt was found when the test tapes were produced 
that the impairment introduced by the standards con
version was much greater than expected and of the 
same order as impairment 2. This reduced the range 
of impairment magnitude and has unfortunately limited 
the validity of the test. lt appears from the data anal
ysis that it has been possible to obtain consistent and 
comparable results between methods and laboratories, 
but it cannot be inferred that this would necessarily 
have been the case with a still wider range of impair
ments. 

Three basic methods for stimulus presentation were 
applied (cf. Table lil). They are: 

1) Single Stimulus Rating (SSR) "A/' 

2) Paired Comparison (PC) "A;A/' 

3) Paired Comparison "ARA;'' 

The stimulus presentation time patterns are describ
ed in Fig. 1. Rating was clone on either a quality scale 
or an impairment scale. 

For one particular series of PC tests, A; was always 
the reference stimulus AR but not declared as such to 
the observers. This was an effort to assess a new pro
posal (Ref. [5]) in which A; or Ai is always the refer-
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3. 

I 13s .. 

Fig. 1 - Stimulus presentation. 

1-

1-

ence. However, at the time, it proved impracticable to 
provide a test tape properly arranged for this method. 

3.3 Results 

Each participating laboratory has presented its results, 
obtained by the different experimental procedures, pri
marily as mean scores and standard deviations. Mean 
scores can conveniently he tabulated in the form of 
n x m matrices (n designates impairments, and m de
signates picture sequences). To facilitate comparison 
between laboratoties each row in a matrix can he 
represented by a diagram. Examples of such represen
tations are given in Figs. 2-3 which present result 
from impairment ratings by the ARA;-method. 

I t is seen from these figures that the curves obtained 
in different laboratoties generally have the same shape 
but are displaced in the vertical direction. This shift 
can mainly he attributed to the subjects' different inter
pretation of the verbal definitions of the scale grades, 
caused by differences in their background, instruction, 
etc. Such mean score differences between laboratoties 
can he compensated for by the substraction of appro
priate constants in each case to arrive at equal mean 
scores. As an example of this kind of treatment, Fig. 4 
presents the data from quality ratings by the A;A1 me
thod after normalization. 

Another way of presentation which facilitates the 
comparison of results, is according to rank order of 
picture/impairment combinations as shown in Fig. 5. 
The close similarity of the scores is immediately ap
parent from this presentation. 

Some general features that can he seen from these 
presentations without further analysis are: 

- impairments 1 and 2 are practically equal in ma
gnitude; 
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Fig. 3 - Normalized mean scores from quality ratings. 
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impairment 3 is worst for picture sequences 1, 2 
and 4, while for sequence 3 impairment 4 is the 
worst case. This implies that an interaction exists 
between impairments and pictures and that there-
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Fig. 4 • Normalized mean scores from quality ratings. 
PC, A, A; method; m designates picture se
quences. 

fore a ranking of impairments averaged over picture 
sequences is not meaningful; 

results from different laboratodes are in most cases 
in good agreement. The largest deviation from the 
average results appears in the data from one labora
tory for picture 1, impairment 3. A possible ex plana
tion to this discrepancy may be actual differences 
in physical conditions because the lower luminanee 
and illumination values used in this case tend to 
make the viewing conditions more critica}; 

- results obtained by different methods within a labo
ratory are very similar, although quality and impair
ment scores apparently fall on different parts of the 
corresponding rating scales. 

3.4 Detailed analysis 

A particularly useful metbod of analysis for the 
comparison of results between laboratodes as well as 
between experimental methods is a non-parametrie anal
ysis based on the rank-order of the numerical results 
from each Iabaratory. Such a metbod shows the agree
ment between results without being influenced by irre
levant differences in absolute value and range of judge
ments obtained at each location. 

A measure that can be used to express the similarity 
between rank-orders is kendall's coefficient of concord
ance, W (Ref. [6] ). This coefficient bas been computed 
for several subsets of data. By camparing .the rank
orders that a Iabaratory bas produced, the similarity 
between methods in that Iabaratory is revealed [Me-
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Fig. 5 - Rank order of mean scores given by various 
countries (SSR; A,). 

TABLEV 

Kendall's coefficients of concordance (W) 
for different parameters 

Parameter k w 

Laboratorles (Method Aä 5 .91 

Laboratodes (Method A;A;) 5 .92 

Laboratodes (Method ARA,) 5 .92 

Methods (France) 3 .91 

Methods (Great-Britain) 3 .92 

Methods (Italy) 3 .97 

Methods (The Netherlands) 3 .97 

Methods (Sweden) 3 .96 

Methods and laboratories 15 .90 

p 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

thods (name of country where Iabaratory is situated)], 
while the similarity between laboratodes for one of the 
methods can be determined by camparing the rank
order for that metbod [Laboratories (relevant method)]. 
Finally, camparing all the rank-orders gives a measure 
of the similarity between methods as well as labora
todes (Methods and laboratories). The values of the 
coefficient W for these cómparisons are given in 
Table V. 

The analysis demonstrates a high correlation between 
bath methods and laboratories. The correlation between 
laboratodes for a given metbod is somewhat lower than 
between methods witlrin laboratories. 

Another commonly used type of analysis, which also 
can be applied for correlating results between labora
tories, is the analysis of varianee (ANOVA). Correla
tion coefficients calculated for one metbod are shown 
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TABLE VI 

Correlation between mean scores from the different laboratories 
for the A, test (continuous scales) 

SWEDEN 0.97 

HOLLAND 0.98 0.98 

FRANCE 0.95 0.97 0.97 

GREAT-BRITAIN 0.95 0.94 0.97 0.89 

ITALY SWEDEN HOLLAND FRANCE 

in Table VI. Similar values are found for the other 
methods. 

The relative importance of those test variables which 
have an effect on the results is also obtained from 
ANOVA. The analysis indicates that for all tests, except 
one or two, the order of importance is: 

Picture sequences 
Impairments 
Observer 
Interaction impairments/pictures 

» pictures / observer 
» impairments/observer 
» impairments/pictures/observer 

Further comparisons that can he made by ANOV A 
or by other means comprise the effect of viewing dist
anee (which was varied by some laboratories) and of 
the use of continuons or graded scales. None of these 
tums out to have any significant effect. 

4. Conclusions 

The validation test organized by COST 211 Subjec
tive Tests Subgroup has afforded the first opportunity 
for oomparing results obtained by different countries 
from picture quality rating experiments made under 
fairly well standardized conditions and to compare 
them under the same conditions with impairment rating 
experiments. 

Results from all five of the participating countries 
exhibited very similar trends. In absolute terms, the 
greatest difference between the standards of subjective 
judgement was about 2 dB, when expressed in terms 
of the equivalent level of wideband random noise. It 
can be expected that the range in effective judgement 
standards would he reduced by eliminating the remain
ing dilierences between the exact methods used by the 
different countries. 

Rating by means of a continuons scale was generally 
employed, to minimize effects due to the type of scale 
when comparisons are made with fundamentally dif
ferent methods. The advantage of using a continuons 
scale rather than a grading scale tumed out to be 
negligible in terms of improved precision. 
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Results are easier to record and analyse by the use 
of a quantized five-grade scale, which therefore is nor
mally to he preferred. However, it can he expected 
that in certain cases the higher content of information 
in continuous or finely graded scales should yield a 
better resolution than five-grade category scales. 

The results obtained by the method of Single Sti
mulus Ratings as well as by the various methods of 
Paired Comparisons were all in good agreement. The 
higher discrimination power expected from comparison 
tests has not been confirmed by the present test series. 

Similarly, it is not possible to infer any difference 
between quality and impairment ratings from this test, 
even if there is evidence from wide range television 
experiments that impairment ratings with a given re
ference (ARA-method) produces somewhat better pre
cision than other methods in a quality range within 
one grade from the unimpaired reference case (Ref. 
[7]). 

Consequently, the great similarity between the results 
from all parts of the validation test gives no clear pre
ferenee between the experimental methods. Future ex
periments might use the A;-method as the simplest one, 
or the A;A1method if subjects are required to make as 
many judgements as possible in a fixed time period, or 
the ARA;-method when comparison with an unimpaired 
condition is of special interest. A recent paper (Ref. 
[8]) shows how the variant of the A;A1 method in 
which A; or Ai is always AR (cf. Ref. [5]) can give 
very satisfactory performance in circumstances where 
the impairments under study are all of small magnitude. 

Thus the actual choice of metbod will be a com
promise between all relevant factors, such as the desir
ed reliability of the results, available time for test 
sessions, convenience of test preparadon and analysis 
of results, as well as the preferenee of the observers. 

lt is important to keep in mind that the range in 
perceived quality of the stimuli used in the validation 
test was somewhat limited, which probably restricts 
the validity of the results. On the other hand, although 
the large basic impairment preelucled the use of the 
upper third of the rating scale, about one-half was 
nevertheless used. In fact, a more difficult problem 
arises in those cases where the test impairment is in
trinsically limited to small magnitudes only. 

Tests with other ranges of stimuli would be required 
to prove if general preferenee could be given to any 
partienlar method, or if different methods should be 
1<pecifically assigned to different ranges and magnitudes 
of impairments. 
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