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Abstract 

Seven simulations of algorithms for the transmission of HDTV signals were 
compared with respect to their image quality in a subjective assessment ex
periment. Using the double stimulus method, two aspects were investigated: 
the quality of the HD picture, and the quality of the compatible picture. 

Results show that in general there is a large difference between the pro

cessed an the unprocessed pictures. but that differences between algorithms 
are rather small. For both assessments (HD and compatible) a ranking of the 
seven algorithms is given. 

Finally some recommendations for future assessments are made. 
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I Introduction 

Subjective tests were carried out for the evalution of several algorithms for 

satellite transmission of HDTV-signals. The encoded signal can be decoded 
in two different ways, leading to a High Defenition image, or to a compatible 

(normal) image. There were seven different algorithms involved, developed by: 

• BBC. 
• Thorn EMI. 

• CCETT. 
• Philips LEP. 

• Thomson LER. 
• Dortmund University, 
• Philips Nat. Lab. 

Discriptions of the algorithms are given in the respective reports to project 
group PG05 of the Eureka95 project. 

The evaluation was concerned with two different aspects: 

• the quality of the High Definition picture. 

• the quality of the compatible picture. 

The investigations were carried out on request of project group PG01 of the 
Eureka95 project. Methodology. set-up. and evaluation of the experiment were 

implemented according to instructions by PG01. 
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2 Methodology 

Four different monochrome image sequences were used. all with a length of 
approximately 4 seconds: 

• 'bar scene' sequence, 

• · doll' sequence. 
• 'interview· sequence, 

• 'car' sequence. 
'Car' and 'bar scene' sequences both consisted of one quarter (centre part) 
of original HD material, whereas the 'interview· and 'doll' sequences were full 

size 625/50/2:1 material. 
All four of these sequences were processed by each of the seven algorithms 

described above. For each sequence the processing rendered two output se
quences: one HD picture, and one compatible picture. The resulting sequences 

were set in random order. thus leading to four sessions: 

1 assessment of the quality of the HDTV picture. In this session the 
images were full size. 

2 as session 1, with the stimuli in a different order. 

3 assessment of the quality of the compatible picture. In this session the 
images were reduced to a quarter of the original size. having the same 
cut-out as in the HD sessions. They were displayed at the centre of the 
screen. the rest being mid-grey. 

4 as session 3, again with the stimuli in a different order. 

For evaluation. use was made of the 'double stimulus· method (see CCIR 

Report 405-4). with the unprocessed picture as a reference. Every session 
contained 37 pairs of sequences to be assessed, the first 5 of wich were not 
included in the evaluation. As for the remaining 32 pairs. 4 of them consisted 
of a combination of two unprocessed sequences (one for each scene). In a pair 

both sequences (A and B) were repeated five times in alternating fashion. The 

A sequences were indicated by a simple tone. whereas during the B sequences 
there was silence. Between two pairs the screen was mid-grey for about 3 

seconds. 

All subjects were screened for visual acuity using Landolt charts. In couples 
they attended the sessions in the order described above. 
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At the beginning of the first session the subjects were given written detailed 
instructions as to the goal of the tests, the method of presentation and the way 

to use the marking form (appendix A). In the instructions, it was emphasized 

that the judgment criterium should be the technical quality of the sequences, 
and that the subjects should scale this image quality on a continuous interval 

scale (see marking form, appendix B). As examples of possible degradations 
blurr, noise, and effects in motion portrayal and on edges were mentioned. 
Unfortunately no examples of degradations were actually shown to the subjects 
(as these examples were not given neither precisely indicated on the stimulus 
tape). Furthermore, the subjects were not informed that in each pair there 
was a reference picture. The instructions as wel as the marking form were 
drawn in dutch. 

At the beginning of the first compatible session (session number 3), the 

subjects were told that the images in this sequence would be smaller, but that 
they should not take this into account in their scores. 
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3 Experiment set-up 

The sequences were registered on a 1 inch B-format tape, and displayed by 

means of a Philips BCN recorder on an Barco CVTM 3/51 colour monitor. 
The monitor convergence was optimized. and the maximum screen lumi

nance was 190 cd/m 2
. However, for the assessment of the compatible se

quences. the maximum screen luminance was lowered to 80 cd/m 2 by means 

of the contrast switch. Lowest black levels were 1.2 and .2 cd/m2 respectively, 

thus meeting the CCIR Rec. 500-2 requirements on contrast. In both cases, 
the monitor gamma (,) was approximately 1.8. 

Behind the monitor there was a white cardboard background. Special care 

was taken to prevent reflections on the monitor screen of bright objects in the 
viewing room. 

During the HD sessions the illumination of the room was rather high ( con
from instructions): 300 lux, as measured on the white background behind 

the monitor. This illumination resulted in a backgroud luminance of about 
75 cd/m 2

, which unfortunately turns out to be far beyond CCIR Rec. 500-2 

requirements. This also applies to the luminance of the monitor screen (with 

beams cut off and this room illumination). which was as high as 20 cd/m 2
• 

Furthermore. as a result of the high room illumination. it could not be pre

vented that on the monitor screen there were reflections visible of the subjects 

themselves. 

During the compatible sessions however, room illumination was kept low 

(about 15 lux). The white background behind the monitor was illuminated by 
two spot lights to give a luminance of 7 cd/m 2

. The luminance of the monitor 

screen (with beams cut off and this room illumination) was approximately 0.1 

cd/m2
. In this situation CCIR Rec. 500-2 requirements were met. 

The height of the monitor screen was 28 cm. However, during the assess

ments of the compatible sequences only about a quarter (central part) of the 

screen was used. thus settting the effective screen height to 15 cm. Viewing 

distance was 175 cm. coming down to 6H for the HD sequences. and 12H for 

the compatible sequences. where H is the effective screen height. 

In total. 16 subjects attended all four sessions. They were recruited from 
IPO personnel, and had visual acuities better than 1.00. They were experi

enced in participating in subjective scaling tests in general. but did not have 

any professional engagement in coding techniques. 
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4 Results 

The adjective categorical scale was transformed into an continuous interval 
scale. by taking the lower category boundary of the lowest category as 0, and 
the upper boundary of the highest category as 100. Scores for all subjects 
and all sessions were measured in steps of 2. as this is about the motoric 
precision of the subjects. For each pair the difference was taken of the scores 

for reference and test sequence. and these differences were the basis for all 
further analysis. 

4.1 HD quality assessments 

The results for the seven algorithms and the reference are plotted in figure 1: 
scores averaged over subjects, sequences and replications, and their standard 
errors of the mean. An analysis of variance (only two replications for each 
possible combination out of seven algorithms. sixteen subjects and four se
quences). indicates that the main source of variation in these results are the 
different subjects. 

The analysis of variance also shows that all main effects (algorithms, sub
jects and sequences) are significant. The same counts for the interaction 
between sequences and algorithms. This means that different sequences gen

erally give significantly different results for the seven algorithms. Therefore 
means and standard deviations are calculated for each of the possible com
binations: Table 1 gives the results for sequences and algorithms. No other 
significant interactions were found. As for the sixteen subjects, table 2 gives 
means and standard deviations for each combination of algorithm and subject. 

Tables 1 and 2 both also give the results for all subjects and all scenes. 
The tables describe the distribution of the scores on the category scale: 'mean' 

and 'standard deviation' of the population. However, in order to decide 
whether two algorithms ( or two subjects) have significantly different results, 

the 'standard error of the mean' is needed. This standard error of the mean 

can be calculated from the standard deviation of the population by dividing it 
by the square root of the total number of replications involved. 
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4.2 Compatible picture quality assessments 

Also for the compatible sequences the results for the seven algorithms and 
the reference are plotted in figure 2: scores averaged over subjects, sequences 
and replications, and their standard errors of the mean. This time the analysis 
of variance (again two replications, seven algorithms, sixteen subjects an four 

sequences), shows that the main source of variation in these results are the 
different sequences. Again all main effects are significant. The same counts 
for all possible interactions. So, different sequences generally give significantly 
different results for the seven algorithms, and on the whole different subjects 
react significantly different on the seven algorithms and on the four sequences. 

As with the HD assessments, means and standard deviations are calcu
lated for each of the possible combinations: Table 3 gives the results for 
sequences and algorithms, table 4 gives means and standard deviations for 
each combination of algorithm and subject. Again it should be noted, that 
the given standard deviations describe the population of the scores on the 
category scale, and that in order to compare for instance two algorithms or 

two subjects, the standard error of the mean should be used (see paragraph 

4.1). 
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5 Conclusions 

Because a significant interaction is found between algorithms and sequences, 
the question applies whether it is useful to average over the four sequences. 
Clearly. it would have been better to use more test material. Nevertheless, if 
one does rely on plain averaging, the following conclusions can be made. 

Considering the standard errors of the mean. the quality of the HD pictures 
is ranked as follows (to start with the best): 

1 BBC and Philips Nat.Lab. algorithms. 
3 Thorn EMI, CCETT, Thomson LER and Dortmund University algo

rithms. 
7 Philips LEP algorithm. 

It turns out that not all algorithms are differentiated, indicating a somewhat 
low sensitivity of this experiment. 
As for the quality of the compatible picture, the ranking is: 

1 Thorn EMI algorithm. 
2 Dortmund University algorithm, 
3 CCETT and Philips LEP algorithms. 
5 Philips Nat. Lab. and BBC algorithms. 
7 Thomson LER algorithm. 

So in conclusion. as far as the IPO evaluations are concerned, the HD quality 
and the compatible picture quality tests give quite different results. No dif
ference is found between Philips Nat.Lab. and BBC algorithms: the ranking 
of the other algorithms depends upon the relative weights given to HD and 
compatible picture assessments. 
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6 General remarks and recommendations for 
future comparisons 

In general it was possible to run the experiments according to the instructions 
of PG01. However. there were several aspects of this project. that were unclear 
or not optimal. One of the reasons for this of course is the very tight time 

schedule. Nevertheless. in future it should be tried to avoid them. Some of 

the flaws are concerend with the organisation and the test material: 

• Early information about the set-up of the tests arrived in parts and kept 
changing. so a lot of preparation work was done in vain. 

• Final information about the contents of the tapes. and the requested 
tables arrived on monday 17th, 6:00 pm. 

• The tapes themselves arrived on monday 17th, 3:00 pm. 

• In some sequences there were differences in average brightness between 

test en reference pictures. 

• In some sequences, especially the 'bar scene' sequence, there were differ

ences in the cut-out of the images (vertical shifts). One or two subjects 

even inferred from these defects, that in each pair there was a reference 

picture, and that some pairs were made up out of two reference pictures. 

• In the compatible sequences the upper line of the image was flickering. 
which was very annoying. 

• The way of calculating results (instructions of PG01) is a bit confusing 

for outsiders. as the better algorithms get the lower scores. 
Most subjects spontaneously made remarks about the set-up of the experi

ment. Apart from remarks concerned with the more obvious defects in the 

stimulus tape, they made the following comments: 

• The signalling of the sequences was by means of a tone during A
sequences. and silence during B-sequences. It would have been bet

ter to use an indicating letter in the sequences themselves, as subjects 

complained about the dual task of looking and listening. 

• Some subjects complained about their reflections on the monitor screen 

as rather annoying. The reflections were due to the high room illumina

tion during the HD sessions. 

The remarks above are concerned with the way the experiment was set up and 

run. However, equally important are the subjects themselves, and especially 
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their way of judging. Information about their strategies and criteria will help 
to decide whether the same methodology and set-up should be used again 
next time. In this respect the following items are worth mentioning: 

• Several subjects reported that they thought they needed some ten to 
fifteen pairs before they felt their subjective scale was fully built up. It 

would have been a great help to them, if they had been offered some well 

chosen starting sequences, covering the whole range of image quality. 

On the tapes there were no seperate example pairs to be shown during 
the instructions, nor was indicated which pairs should be used as such. 

• Though the subjects were not informed about the fact that one of the 
sequences of each pair was the reference sequence, most of them soon 
concluded that this must be the case. Partially this is due to the defects 
in the stimulus tape (see above): an other reason are probably the very 
large diffences in image quality between test and reference sequences. 

• Most subjects reported having used the following strategy: First they 
decided which of the sequences in the pair was the best. and after that 
they rated both sequences. 

In principle. the double stimulus method unites two well-known method
ologies: deciding which of both members in a pair is the best is more 
or less a two alternative forced choice: the graphical scale was intended 

as a way of interval scaling. From the comments above it can be con

cluded. that the two-alternative-forced-choice-part of the double stim
ulus method was hardly used in these tests, because subjects always 
were sure about which picture was the best. But deciding which picture 

was the best did take a part of their time and motivation. so they did 
not pay the maximum attention to the scaling. Maybe that is one of the 
reasons for the somewhat low sensitivity of the test. 
In this experiment the reference picture only functioned as a normal ref
erence shown rather often. which probably made it easier to scale the 
other sequence. On the other hand. showing the reference this often 
induces the subjects to make direct comparison of test and reference se
quence. and in order to do this they looked at changes in certain details 

in the image. Scaling without a reference picture would probably lead 

to a slightly more global inspection of the sequences. 

• From spontaneous comments after the sessions it became clear. that 

during the tests most subjects looked for artefacts such as Moire. and 
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for loss of resolution. Only one subject mentioned judder as a criterion 
for the antenna in the 'car' sequence. 

• After a while. subjects thought they knew the sort of artefacts that 
were likely to occur, and where to look for them. Because several of the 
sequences showed rather large degradations. the subjects probably did 

not notice smaller defects if present ( defects such as motion judder). 
Possibly a differentiation between the best algorithms can be made, if 
only algorithms showing smaller defects have to be assessed. 

Of all the comments that are made above most signal a small defect, that can 
easily be avoided in future assessments. Other remarks are concerned with 
the methodology, and from them it can be concluded, that the double stimulus 

method functioned rather well, though having a less than optimal sensitivity. 
However. from these remarks also some suggestions for improvements can be 
derived: 

• The fact that subjects grow used to a certain type (the worst) of arte
facts is very alarming, because then they do not notice other types any
more. In future assessments special care should be taken, that this does 
not happen. for it is likely to have a negative effect upon the sensitivity 
of the test. To prevent this, some points are worth considering: 

• The amount of test sequences with large and obvious degradations 
must be kept a minimum. 

• A sequence should not be shown to often (in the HD session the 

'car' sequence for instance was shown more than 15 times: no 
wonder subjects start looking for 'already known' degradations in 
the image). Apart from reducing the possibility that a subject 
starts looking for specific degradations, showing a sequence no 
to often will also reduce the possibility that the subject will look 
at specific parts of the image, and therefore induce a more global 
inspection of the sequence. 

• Instead, more different sequences should be shown. This also 

has the advantage of being a better representation of every-day

television, and therfore the assessment results will be more stable 
with respect to a possible 'wrong' choice of sequence. 

• Of course, there is another way that possibly will increase the sensitivity 
of the method, and that is by making direct comparisons of two different 
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algorithms. In case of large differences between processed and unpro
cessed pictures. using a reference in each pair is rather like measuring 
the thickness of a hair as the difference of the heigth of the table with 

and without this hair. 
• As for the scaling part of the assessments. it is stressed that a set 

of well chosen example sequences, covering the whole range of image 
quality and all types of degradations in the experiment. is very important 
to the subjects as an aid in building up their subjective scales. 
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Figure 1: Results for different algorithms for HD assessments. 

e 9 

In the figure means and their standard errors are plotted for the reference and 
for the seven algorithms in this order: 1 reference, 2 BBC. 3 Thorn EMI. 4 
CCETT. 5 Philips LEP, 6 Thomson LER. 7 Dortmund University, 8 Philips 
Nat.Lab. 
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Table 1: Results for HD quality assessments for different sequences. 
All results refer to the difference of reference and test sequences. Cal-
culated are the mean and standard deviation of the population. The 
standard error of the mean can be calculated from the standard devia-
tion of the population by dividing it by y32 ( v1I28 for the last column). 

Algorithm bar scene doll interview car all scenes 

reference -1 -1 0 3 0 
3 5 6 11 7 

BBC 18 45 22 20 26 
14 18 16 15 19 

Thorn EMI 32 39 29 42 35 
17 16 21 18 19 

CCETT 31 37 45 33 36 
22 22 18 23 22 

Philips LEP 38 42 38 35 38 
18 23 18 22 20 

Thomson LER 25 36 33 45 35 
15 15 17 18 18 

Dortmund 27 38 27 47 35 
University 18 20 22 17 21 

Philips Nat.Lab. 24 29 31 22 27 
14 16 16 20 17 
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Table 2: Results for HD quality assessments for different subjects. 
All results refer to the difference of reference and test sequences. Cal-
culated are the mean and standard deviation of the population. The 
standard error of the mean can be calculated from the standard devia-
tion of the population by dividing it by v18 ( Jl28 for the last row). 

subject ref BBC Thorn CCETT LEP LER Dortmund Nat.Lab. 

1 1 11 17 22 21 18 17 16 
1 9 10 11 8 12 22 11 

2 -1 19 36 36 35 35 36 24 
2 10 10 10 10 14 7 12 

3 -1 30 38 43 48 40 40 26 
9 20 13 9 14 7 16 9 

4 -3 34 33 52 51 42 37 42 
8 16 35 9 9 11 29 14 

5 6 32 53 50 51 53 44 37 
18 23 11 13 9 15 36 7 

6 -2 29 45 43 43 45 47 21 
4 11 11 8 9 17 12 23 

7 0 13 19 23 23 23 23 8 
6 12 15 8 8 10 14 10 

8 -1 37 44 37 53 43 46 37 
3 17 8 32 8 21 7 9 

9 5 20 35 18 29 30 31 24 
7 18 6 36 12 13 11 9 

10 1 25 28 30 34 24 25 14 
5 16 14 17 12 12 14 8 

11 -2 18 21 21 20 21 25 18 
6 10 6 7 15 6 11 8 

12 2 41 47 53 60 42 49 42 
9 14 8 12 6 7 10 8 

13 -2 8 25 18 11 18 16 15 
4 14 4 12 22 7 14 10 

14 0 14 20 20 19 21 18 18 
1 10 4 6 7 10 8 5 

15 0 33 42 44 47 37 46 30 
0 20 13 15 18 14 10 10 

16 1 57 65 74 74 63 61 57 
8 17 20 12 12 16 23 17 

all sub- 0 26 35 36 38 35 35 27 
jects 7 19 19 22 20 18 21 17 
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Figure 2: Results for different algorithms for compatible assessments. 
In the figure means and their standard errors are plotted for the reference and 
for the seven algorithms in this order: 1 reference, 2 BBC. 3 Thorn EMI. 4 
CCETT. 5 Philips LEP, 6 Thomson LER. 7 Dortmund University, 8 Philips 
Nat.Lab. 
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Table 3: Results for compatible quality assessments for different sequences. 
All results refer to the difference of reference and test sequences. Cal-
culated are the mean and standard deviation of the population. The 
standard error of the mean can be calculated from the standard devia-
tion of the population by dividing it by ~ (-/128 for the last column). 

Algorithm bar scene doll interview car all scenes 

reference 0 0 0 1 0 
8 4 6 5 6 

BBC 23 33 27 22 26 
11 18 13 11 14 

Thorn EMI -1 1 7 40 12 
13 10 10 17 21 

CCETT 23 27 20 23 23 
15 15 14 17 15 

Philips LEP 22 25 18 24 22 
11 10 13 14 12 

Thomson LER 16 37 25 44 31 
17 15 17 16 19 

Dortmund -1 7 15 42 16 
University 13 8 13 18 21 

Philips Nat.Lab. 24 21 18 36 25 
9 14 11 16 14 
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Table 4: Results for compatible quality assessments for different subjects. 
All results refer to the difference of reference and test sequences. Cal-
culated are the mean and standard deviation of the population. The 
standard error of the mean can be calculated from the standard devia-
tion of the population by dividing it by y8 ( yl28 for the last row). 

subject ref BBC Thorn CCETT LEP LER Dortmund Nat.Lab. 

1 0 14 5 12 14 20 8 16 
1 9 9 11 9 9 10 11 

2 2 27 14 22 21 33 16 24 
3 10 20 9 6 10 16 10 

3 0 42 6 26 27 31 28 29 
17 17 32 26 14 34 32 11 

4 3 40 20 37 46 57 20 40 
6 16 34 22 6 9 33 14 

5 1 31 17 31 27 38 20 38 
2 10 25 12 10 26 29 20 

6 -6 26 10 22 22 32 19 29 
6 10 32 7 7 28 29 12 

7 2 22 10 19 19 21 16 19 
6 5 13 10 5 13 12 12 

8 2 48 19 42 36 51 24 41 
2 12 33 15 12 24 33 17 

9 2 18 19 19 15 17 15 13 
7 14 16 10 5 14 12 4 

10 -1 28 7 29 23 32 13 22 
2 8 21 11 9 11 19 19 

11 1 24 9 20 21 27 10 22 
2 9 15 6 11 10 11 4 

12 1 14 11 9 12 20 13 17 
7 14 14 14 11 8 16 12 

13 -1 14 9 16 10 20 13 16 
4 12 8 11 15 13 8 8 

14 1 23 11 16 20 24 11 19 
2 5 18 13 5 6 16 6 

15 0 27 15 26 26 41 17 28 
0 9 21 7 9 11 25 11 

16 -1 26 7 31 21 30 14 23 
4 10 9 14 6 14 18 11 

all sub- 0 26 12 23 22 31 16 25 
jects 6 14 21 15 12 19 21 14 



A Instructions 

Geachte proefpersoon. 

U neemt deel aan een experiment betrefTende de beeldkwaliteit van televi
siebeelden. Voor het uitzenden van de televisie signalen via satelliet kunnen 
verschillende algorithmen worden gebruikt. Dit experiment beoogt een aantal 
van deze algorithmen op hun technische kwaliteit te testen. 

De gevolgen van codering op de beeldkwaliteit kunnen onder andere zijn: 
• enige onscherpte. 
• beschadiging van gedetailleerde structuren en van randen. 
• verslechtering van de bewegingsweergave. 
• rurs. 

Het experiment bestaat uit vier aparte sessies. In iedere sessie krijgt u een 
aantal korte televisie-fragmenten te zien. Deze fragmenten zijn gegroepeerd in 
paren. en wel 37 stuks in iedere sessie. Voor ieder paar worden fragment A en 
fragment B vijf keer afwisselend aangeboden: A. B. A. B. A. B. A. B. A. B. 
Tijdens fragment A wordt steeds een toon aangeboden. zodat u weet dat dit 
fragment A is. Aansluitend volgt een periode van 3 sekonden met een egaal 
grijs beeld. Daarna komt het volgende paar. 

Tijdens de laatste herhalingen van het paar en tijdens het grijze beeld hebt 
u tijd uw kwaliteitsoordeel op het score-formulier aan te geven. Het score
formulier geeft voor ieder paar een tweetal balken. Deze zijn voor de frag
menten A en B respectievelijk Op de balken kunt u door middel van een 
kruisje uw oordeel aangeven: daarbij is de bovenkant van de balk bijzonder 
goed. en de onderkant bijzonder slecht. Om u hierbij te helpen. zijn op de balk 
een aantal equidistante intervallen gemarkeerd. en staan in de kantlijn enkele 
trefwoorden aangegeven. 

Uw oordeel betreft dus de technische ku·ahtei"t van de scenes: artistieke over
wegingen mogen geen rol spelen. Als u nog vragen hebt. stel die dan gerust 
aan de proefleider. Anders. veel succes! 
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uitstekend 

goed 

voldoende 

matig 

slecht 

uitstekend 

goed 

voldoende 

matig 

slecht 

naam: ........................................................... . 

B Marking form VISUS: ............................ . 

1 2 
AB AB 

3 
A B 

11 12 13 
A B A B A B 

4 
A B 

sess1e: ........................... . 

5 6 7 8 
AB AB AB AB 

9 
AB 

14 15 16 17 18 19 
A B A B AB AB AB AB 

10 
AB 

20 
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