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ABSTRACT:

This is the subjective test plan required by T1A1.5 to complete its video performance specification project.
The Detailed Test Plan Ad Hoc Group prepared this plan for the February 8, 1993 meeting, where version
T1A1.5/93-014 R1 was originally accepted by the full Working Group.

In the process of developing the Data Analysis Plan, some of the calculations originally envisioned were
deemed unnecessary. The Data Analysis Ad Hoc Group was then free to develop a more balanced
sampling plan and make other improvements to the subjective test plan.

Revisions and new material from subsequent meetings of the Data Analysis Ad Hoc Group were
adopted as version T1A1.5/93-014 RS (on a technical basis) at the August 9, 1993 Working Group
meeting. Some changes and additional appendices were adopted at the November 1993, January
1994, and July 1994 meetings of the Working Group.
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Video Performance Standard Subjective Test Plan

1. INTRODUCTION

Working Group T1Al.5 is in the process of preparing an ANSI standard on video
teleconference system performance measurement. The process includes steps to identify
objective measures of video performance, to compare the objective measures with user
opinion of video quality, and to select from the candidate measures those that are well-
correlated with user opinion, as only these measures offer the desired information.

During the T1A1.5 meetings in October, 1992, agreement was reached on a set of 25
video test scenes and on 25 Hypothetical Reference Circuits (HRC). The test scenes,
along with candidate objective test waveforms, have been assembled on D2 format video
tape and played through the 25 HRC’s. The 25 by 25 matrix results in 625 different test
combinations, where a test combination is defined as the record of a single scene
transmitted through a single HRC.

To correlate the candidate measures with a representative user’s view of video quality, an
estimate of the perceived quality of each test combination must be available. Working
Group T1Al.5 formed an Ad Hoc Group to develop a detailed procedure for both
subjective and objective testing. This document describes the subjective test procedure
to be followed at each of the three test laboratories (Delta Information Systems, GTE
Labs, and NTIA-ITS), in which the above test combinations become the stimuli for a
video grading task.

The procedure will follow CCIR Recommendation 500-5 in general. This document
identifies the specific sections and procedures to use, since there are many options within
the Recommendation. Further, additional details specific to this test program will be
defined here, such as the number of subjects required to view each test combination, and
the division of test combinations between the three labs. In this way, the controlled
conditions and test delivery will be determined and maximal consistency among the
laboratories should result.

The GOAL of this Test Procedure is to estimate the distribution of opinion of video
teleconference system users when presented with representative video sequences.

The following points represent the group’s philosophy conceming the standard’s
development:

1. The intent of this process is to study the relative performance of a set of proposed
objective video measures as predictors of subjective judgement.

2. The process is an evolutionary one, and the membership does not necessarily
expect to reach the final set of measures in a single step, or single cycle through the
process.

3. While negative contingencies or failures of the process may not be defined to the
last detail, the membership believes that they have experience necessary to
recognize when the results indicate failure. Further, that they are willing to
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proceed with this research process with an understanding of the risks.

There is a need, raised here and previously by other members, to develop a
document which describes the data analysis process step in some detail. This
document should exist prior to the completion of the testing steps. (The completed
data analysis plan appears in Section 5.)

It is recognized that the precision of the conclusions drawn as to the relationship
between objective and subjective performance will be based on the precision of the
basic subjective testing. The Working Group in this plan will assess the level of
precision needed for the results to be compelling and to receive industry consensus.

In order to be useful in the standard development process, this procedure is also
consistent with the Scope and Purpose of the Draft VIC Performance Standard
(T1A1.5/94-107).

2. MAJOR TEST DESIGN ATTRIBUTES

This section contains the consensus position of the Ad Hoc Group on several major areas
that required determination before any subjective tests could begin.

The general starting point was this list of design requirements:

th
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Test a broad range of Hypothetical Reference Circuit types.
Use a broad range of Test Scenes.

Recruit an adequate number of viewers representing a well-defined target
population.

Test as many of these combinations as feasible.

Adopt a partially balanced design which ensures that the quantities of interest are
not confounded with unmeasurable sources of variation.

Use equal-probability sampling if possible.

Include appropriate quality checks.

Use CCIR Recommendation S00-5 as a guideline.

Use Digital Play/Record and editing to minimize generation loss.

Test the subjects for suitability (i.e. vision acuity).

2.1 Test Matrix

As stated earlier, agreement was reached on a set of 25 video test scenes and on 25
Hypothetical Reference Circuits (HRC). The 25 by 25 matrix results in 625 different test
combinations, as shown in Table 1.
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Table 1. TEST MATRIX

SCENES HYPOTHETICAL REF. CIRCUITS
1 2 3 4 . . . 25
a al [ a2 | a3 | .. a25 |
b bl | b2
c cl
d
y yl | .. y25

2.2 Number of Test Subjects

The objective of these tests is to obtain an experimental Mean Opinion Score (MOS) for
each test combination where the value obtained differs by no more than + 0.2 opinion
score points from the true mean value with 95% confidence. 30 test subjects are
estimated as required. The sample size was determined using the following method.

First, the standard deviation, s, was estimated (for this experiment) by review of previous
experimental results. Since the range of s was found to be large (0.1<s<1.0 on a five
point grading task), a representative value for s was chosen. It is

s=0.5

Using the following equation, we determined the necessary sample size to meet the 0.2
score point confidence interval requirement, e.

qt(0.975, n) x s
Vn

where ¢1(0.975, n) is a percentile of the Student’s t distribution for double-sided
confidence intervals at 95% and » is the unknown sample size.

te=

When n =30, e=0.186 and the requirement is satisfied. For the test combinations where
the sample standard deviation is more than 0.5, slightly larger confidence intervals will
result.

Test labs must provide 30 viewer opinions for each test combination as a minimum after
screening (see Section 2.6). Viewers are expected to rate all test combinations that are
shown to them. The entire data set for the 30 viewers must be provided.

2.3 Target Population and Viewer Qualifications

Viewers selected for this experiment must have normal or corrected-to-normal visual
acuity and color vision. These faculties will be tested prior to participation. Viewers that
do not meet these requirements must not be included in the sample.

In keeping with the goal of the plan, the viewers should represent typical video
telephony/teleconference (VI/VTC) system users. Ideally, they should be persons who
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use these systems now, or envision using them in the next few years. The viewers should
not be persons working directly on, or in support of, the design, sales, maintenance, or
performance assessment of VI/VTC systems or services.

There is one additional qualification. 50% of the viewers at each lab should have some
experience with video conferencing. Some allowances may be made for recruiting
difficulties.

2.4 Stimuli Presentation and Voting Method

CCIR Rec. 500-5 describes several test methodologies for subjective assessment of
television pictures. The grading scale used determines the user’s measure of scene
rendition. The ANSI standard for expressing video performance will make reference to
this scale.

The Working Group agreed on the double-stimulus/impairment scale method as
described in section 2 of CCIR 500-5, with some modifications. The modifications are:

1. The rating scale used by subjects will not show the numerical values 5 through 1.
These values (5 = Imperceptible) will be assigned during data entry.

2. The reduction of time intervals as defined in the presentation of test material
(Figure 2 of Rec. 500-5), to allow 9 seconds to view the reference scene, a 3
second gap, 9 seconds to view the impaired scene, and a 9 second voting interval.

3. A mid-gray level of 50 IRE will be used in the interval between pairs of scenes and
during the voting interval.

2.5 Voting Forms

Appendix B contains a sample voting form which is the result of collaborative effort on
the part of many working group members.

2.6 Quality Checks
There are four necessary quality checks:

1. Viewer reliability will be tested through repetition of one test combination in every
session. Viewers will be disqualified if their grades differ by more than 2 opinion
score points (of the 1 through 5 scale) for the repeated test combination in any test
session. Combinations selected for repetition will come from HRC’s with either
384 kbps or 768 kbps transmission speed, so as to avoid combinations whose
expected average rating scores are near either end of the rating scale.

2. Viewer reliability will also be tested through the distribution of Null HRC
conditions among all test labs. Each test session will contain at least 1 Null
combination. Viewers will be disqualified if they grade the Null combination at 3
or less (of the 1 through 5 scale) in any test session.

3. As many as 2 missing ratings will be tolerated per viewer. If any missing rating is
on a quality check combination, then the viewer will be disqualified.
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4. Lab-to-lab consistency will also be tested through repetition of 75 combinations at
each of the labs. See the following section.

2.7. Partially Balanced Sampling Plan

2.7.1 Allocation of HRCs and Scenes to Video Tapes
Setting aside four HRC's for special treatment, 21 HRC’s were combined into a partially
balanced design described here.

Considerations of viewer burden allows us to show only about one-third of the possible
test combinations to any single viewer, spread across several sessions. It was therefore
decided to create three sets of viewing tapes (designated as the "Red”, "Green" and
"Orange" sets, or R, G and O, for short), each set of tapes containing all the scenes, but
only one-third of the HRC’s, in all possible combinations. Any given viewer will see
exactly one set of tapes.

Referring to the HRC’s by number in accordance with document T1A1.5/92-174 (see
Appendix D), we allocated the HRC’s to the sets of viewing tapes as follows:

Red Tape Set: 1, 4, 7, 8,13,15,19,20,22, 24
Green Tape Set: 2, 5, 6,10, 14, 15, 16, 17, 20, 23
Orange Tape Set: 3, 4, 9,11, 12, 17, 18, 20, 21, 25

This allocation was guided by a desire to include the full range of video performance in
each tape set, observing that the HRC’s fall into 9 general types according to their
engineering descriptions (see Table 3). .In particular:

— An even division was achieved among codec types and transmission rates.

— Each tape set has 2 or 3 proprietary HRC’s, 1 or 2 QCIF HRC's, 5 CIF HRC’s (not
counting the Null or VHS HRC).

— Each tape set contains one HRC with transmission errors.

Additionally, the four remaining HRC’s that had been set aside at the start were given
special treatment by being included in more than one tape set, each. The purpose is to
allow post-hoc calibration checks between the tape sets. They were allocated to the tape
sets as follows:

e}
TAPES | HRC No. Description
R,G,0 20 Identical Px64 Codecs at 384 kB/s
R,G 15 Identical Px64 Codecs at 112 kB/s
G,0 17 Different Px64 Codecs at 128 kB/s
R,O 4 Vector Quantiz. Codec at 128 kB/s

2.7.2 Allocation of Tape Sets to Testing Labs

Three different video labs volunteered to participate in the subjective viewing and data
gathering phase of the study. Early thinking called for sending each of the three color-
coded sets of tapes to just one lab, which would have allocated each HRC to just a single
lab — except for the four HRC’s that are repeated across 2 or 3 labs. This plan had a
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certain appeal in terms of its logistic simplicity, but it has the drawback that any inter-
laboratory differences would have to be assessed, and possibly corrected for, using only a
tiny fraction of the test material and data.

Other similar studies suggest that inter-laboratory differences might indeed occur --
either because of uncontrollable differences in the physical conditions of the test set-up,
or because of differences in the sampled populations of viewers at the three locations.
We did not want to be left with a set of data in which quantities of primary interest (HRC
quality ratings) are essentially confounded with unmeasurable, irrelevant, and possibly
inexplicable factors (collectively called "inter-laboratory differences"), merely because of
weaknesses in the sampling design.

So the initial plan was abandoned in favor of a more balanced design, in which all of the
color-coded tape sets are sent to each viewing lab. Every lab is instructed to divide its 30
test subjects randomly into three teams of 10 subjects each, for viewing the three sets of
tapes. Thus, each lab will assemble a "Red Team", a "Green Team" and an "Orange
Team". In the overall data set, the "Red Cohort" will be the union of the Red Teams
from the three labs, and will be spread in equal numbers across the labs, and so on for the
other colors. Schematically, we have:

Lab  Tapes Viewers Alternates
X Red X1 ..X10 Xl11..X20
Green X21..X30 X31..X40
Orange X41..X50 X51...X60
Y Red Y1 ..Y10 YI11..Y20
Green Y21..Y30 Y31..Y40
Orange Y41..YS50 Y51..Y60
Z Red Z1 ..Z10 Z11..Z20
Green Z21..7230 Z31..Z40
Orange Z41..250 2Z51..2760

(N.B. the viewer sequence numbers above are their numbers after being randomized
according to instructions in Section 2.9. The numbers for alternate viewers may not be
completely used.)

Since the quantities of primary interest in the data analysis will be summaries across the
cohorts, any laboratory-specific factors affecting judgements will be neutralized by being
equally spread out across all results.

This plan turns a potential liability (inter-laboratory differences) into a strength: the
pooled data set from the three labs can be regarded as a properly stratified random sample
from a target population that is an equal-probability mixture of the target populations
realized at the three labs. In this way, by going to three labs instead of one for test
subjects, we are likely to broaden the scope of our sampled population and make it more
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representative of the true potential market for video teleconferencing in the country.

This plan has the further desirable property that any given HRC has the same probability
of being viewed by every test subject in the study, which justifies the use of unweighted
averages across cohorts as efficient and unbiased estimates of population parameters.

Moreover, this design will also allow us to study the inter-laboratory differences
themselves — with a view to clarifying our understanding of the target sub-pOpulauon
that were actually sampled.

2.8 Stimuli Presentation Order

2.8.1 Number of Test Sessions

It was observed that with some slight modifications to the test method outlined in CCIR
Rec. 500-5, the required number of stimuli that we must present to each viewer can be
accommodated in 4 viewing sessions of 32.5 minutes each -- exceeding the CCIR
recommendation by just 2.5 minutes. Each session will consist of

10 HRC’s * 25 Scenes * 0.5 min/seq. = 125 min of testing

125 min / 4 sess = 31.25 min/sess

To each session, we add 1 minute for two additional calibration checks (one repeated
combination and one Null combination). This gives an average of 32.25 min per session,
or two sessions with 32.5 minutes and two with 32.0 minutes.

2.8.2 Randomization Within Test Sessions

Principles of good experimental design require that all the test combinations shown to a
viewer be randomly permuted over the viewer’'s four session tapes. This permits each
session to exhibit a full range of video quality and mitigates artifacts due to presentation
order (learning or fatigue effects, adjacency effects, etc).

Ideally, we might want each viewer to be presentéd with an independent randomization
of the stimuli, but we are constrained by the need to prepare each session as a pre-edited
1/2 hour video tape, so we plan to use the same 1/2 hour tapes (and hence the same
randomization sequence for each 1/2 hour tape) for all the viewers presented with the
same selection of HRC’s. The presentation order for the four session tapes will be
randomized as per section 2.9.1.

The order of presentation of the stimuli can influence the opinion of the evaluators in
subtle ways. Therefore, although a randomized order of presentation is necessary, it may
not be sufficient. Following the CCIR guidelines, we arranged for consecutive stimuli to
be dissimilar on each of the two design dimensions, meaning that not only the pictorial
content but also the transmission impairments caused by the characteristics of the HRC’s
varies. This was achieved by making some minor modifications to the randomization
process which take into account the grouping of HRC'’s into 9 types, and a grouping of
the 25 scenes into S categories with similar pictorial content, shown in Table 2.

Table 2 identifies each scene by its short process name and the lower case letter used in
the test matrix on Table 1.
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Table 2. SCENE CONTENT CATEGORIES

CONTENT DESCRIPTION | SCENE NAMES & LETTERS |
(| CATEGORY ~
A One person, vtclnw(f), susie(j),
mainly head and disguy(k), disgai(l)
shoulders
B One person with vtemp(a), vic2zm(b),
graphics and/or boblec(e), smityl(m),
more detail smity2(n), vowels(w)
C More than one 3inrow(d), Srow1(g),
person intros(o), 3twos(p),
2wbord(q), split6(r)
D Graphics with washdc(c), cirkit(s),
pointing roadmap(t), filter(u),
ysmite(v), inspec(x)
E High object and/or | flogar(h), ftball(i),
camera motion fredas(y)
(Examples of
Broadcast TV)

Table 3 divides the 25 HRC’s into 9 groups according to the transmission quality and
type of impairments that are to be expected. Some revisions may be desirable after the
processed tapes have been reviewed. -

Table 3. REFERENCE CIRCUIT GROUPS

| GROUP NO. HRC NO.
1 High Quality 1-3
2 Vector Quantization, medium rate 4-5
3 Proprietary, low to medium rate 6-7
4 Proprietary, medium to high rate 8-10
5 QCIF, low rate 11-13
6 QCIF, medium rate 14
7 CIF, low rate 15-18
8 CIF, medium rate 19-21
9 CIF, high rate 22-25

Each processed test scene, also called a test combination, was then assigned a number
and letter code (such as 5-B) roughly categorizing pictorial content and transmission
circuit characteristics.

In terms of these categories and this notation, the randomization process was performed
in the following steps, using sampling without replacement, subject to certain constraints:
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1. All test scenes processed through the 10 HRC’s assigned to one set of viewing
tapes were put into a pool (the number 10 includes the 7 exclusively assigned to
that set, plus the 3 that are shared across sets).

Randomly, a test scene was pulled and its code checked.
3. If both number and letter were different from the preceding scene, it was accepted.

If either the number or letter were the same, it was returned to the pool and another
scene was pulled, until one was found that was accepted.

This was continued until all spaces on the tape (either 64 or 65) were filled.

The whole process above was then continued for the next session tape in the set,
using the remaining combinations.

This selection process results in four well-randomized tapes for each HRC set. We
anticipated some difficulties in satisfying the adjacency constraints toward the end when
only a few scenes remained in the pool. Judicious exchange with previously assigned
scenes made it easy to solve this problem.

With 64 or 65 stimuli per tape and only 10 HRC’s per tape, the above described
randomizing process produced a healthy balance of HRC’s across the four session tapes
in each set.

Special attention was given to the scenes which are to be used for quality checks since
their number is held to a minimum to avoid excessive disqualifications. The Null circuit
scenes will be judged by viewers primarily in terms of resolution and color fidelity, since
motion rendition is a minor factor. Therefore, scenes washdc(c), flogar(h), cirkit(s), and
rodmap(t) were prime candidates for this purpose. One was assigned to each session
tape. Scenes selected for repetition were typical and average ones, especially those with
the content/quality code 8-C or 9-D.

The location of Null circuit and repeated scenes on the tape were not determined by the
randomization process described above. Instead, locations were picked judiciously, by
hand, to ensure that each session tape contains one of each and that all other constraints
were satisfied. These locations were different on each session tape.

The above randomization prescriptions produced a satisfactory sequence of scenes on
each tape, but one further level of randomization was adopted to further neutralize
potential order-of-presentation artifacts -- a block randomization achieved by presenting
the four session tapes in a different randomized order to different sets of 1, 2, or 3
viewers, as described in Section 2.9.1.

2.9 Procedures for Randomized Tape Viewing and Selection of Viewer Groups

The following guidelines for the subjective testing laboratories specify how to divide the
pool of viewers into session sub-teams and what tape presentation order to use for each
of the sub-teams. The intent of these guidelines is to minimize systematic differences
which could lead to biases in HRC ratings. Whenever possible, the testing laboratories
should use these guidelines. Any exceptions to these guidelines will be recorded
(Appendix G gives an alternative method for random selection of viewer groups that will



