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Comparing Objective and
Subjective Picture Quality

Measurements

Relating Picture Qual-
ity Rating (PQR) values
to Subjective Scores

Introduction

The advent of the PQA200
Picture Quality Analysis sys-
tem has enabled rapid objec-
tive picture quality measure-
ments, allowing codec devel-
opers and those evaluating
codecs to perform a broader
range of tests than would oth-
erwise have been possible.
Obijective picture quality
measurements using the
PQA200 provide results that
are in Picture Quality Rating
(PQR) units. Many users and
potential users have raised
the question, “How does the
PQR value relate to the units
I have been used to from tests
performed under the ITU-R
BT.500 standard for subjec-
tive measurements?”.

In order to answer this, it’s
necessary to look at both sub-
jective and objective mea-
surements to see how they
are performed. It’s also valu-
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able to assess other factors
which may be apparent, such
as how repeatable the mea-
surement may be.

Finally, a comparison may be
made between the subjective
and objective results. This
can provide a figure for corre-
lation, and can also provide a
direct mathematical relation-
ship between the two. Factors
that will alter this relation-
ship are discussed.

Subjective Measurements

For many years, ITU-R
BT.500 has provided stan-
dards for subjective picture
quality measurement. Over
the last few years, this has
been extended to deal with
the changing measurement
requirements for compressed
systems. Several measure-
ment techniques are
described within this stan-
dard, two of which are
described below in greater
detail.

The first, referred to as “The
double-stimulus impairment
scale method (the EBU
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method)” provides a mea-
surement that can be repre-
sented within a five-grade
impairment scale.

5 = Imperceptible

4 = Perceptible

3 = Slightly annoying

2 = Annoying

1 = Very annoying
Observers see the reference
image sequence followed by
three seconds of mid-grey fol-
lowed by the test image
sequence. Voting on the
impairment is performed
based on the adjectival scale
described above.

An alternative measurement
referred to as “The double-
stimulus continuous quality-
scale method” (DSCQS),
replaces the five-grade scale
above with voting on the qual-
ity of both the reference image
sequence and the test image
sequence. The difference
between the two represents
the impairment. Typically,
the two images are displayed
in turn, but the viewer is not
told which is the reference.
The form used for voting con-



tains five adjectives relating to
the absolute picture quality:
excellent, good, fair, poor, and
bad. However voting scores
are not restricted to these five
adjectives and are instead
given values on a continuous
scale with values between 0
and 100, where 0 and 100 rep-
resent, respectively, bad and
excellent picture quality. The
resulting difference values
will also generally lie within
the range of 0 to 100 where 0
and 100 represent respec-
tively low and high levels of
impairments. (Negative values
can exist when voters con-
sider the picture quality of the
test image to be better than
that of the reference image.)

Picture quality measurements
obtained from subjective tests
are subject to variations
caused by many factors.
These include physical
details of the experiment
including viewing distance
and instructions to voters to
weight their judgement more
heavily on loss of detail
rather than the overall image
(usually observers are asked
to assess the overall quality)
or interpretation of the adjec-
tives used for describing
either the impairment or the

absolute quality as they are
translated into different lan-
guages). Finally, different
viewing panels will produce
differing subjective results.
While increasing the number
of participants in the panel
may reduce this factor, finan-
cial constraints normally pre-
clude this option.

Many of these factors may be
regarded as virtues of subjec-
tive picture measurement in
that they enable the selection
of test conditions to meet
specific test requirements,
but they lead to inevitable
differences in results
obtained from different labo-
ratories. ITU-R BT.500 states
that a study of consistency
between results obtained
from tests performed by dif-
ferent laboratories shows that
there can be systematic dif-
ferences.

Objective Measurements

As with the subjective tests
described above, the PQA200
uses both reference and test
image sequences to make its
measurements. Measure-
ments of picture quality,
again actually measurements
of impairments, are provided
as PQR values. Within the
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Figure 1. Comparison of Subjective and Objective Picture Quality Rating for 2 to 10 Mbit/s MPEG-2 Video
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PQA200, a human-vision
model is used to assess visi-
ble differences for every
pixel. These are used to com-
pute PQRs on a frame-by-
frame basis so that a plot can
be made of PQR values
against time. They are also
smoothed (Qym Weighting
average) to provide a single
PQR value for a sequence.

A PQR value of zero indicates
that the test sequence is an
exact copy of the reference,
as we may anticipate with a
D1 dub. Increasing PQR val-
ues represent greater impair-
ments and can be loosely
interpreted as follows:

¢ A PQR rating of 1 indicates
impairments that have a
small perceptual impact.

¢ A PQR rating of 3 indicates
impairments that are
almost always observable
but not strong.

¢ A PQR rating of 10 indi-
cates impairments that are
clearly observable.

Unlike subjective measure-
ments, PQR values are con-
stant and repeatable. For a
given video sequence being
passed through a given codec
at a specified bit rate, PQR
values will remain the same.
Compression dictates that the
complexity of the sequence
will impact the PQR rating.
Typically, the more complex
the sequence, the greater the
impairment and the higher
the PQR rating, though this
will, of course, be dependent
on the device-under-test.
Encoders from different man-
ufacturers will provide differ-
ent PQR values for the same
sequence, and will poten-
tially exhibit lowest PQR val-
ues with different sequences.
Because of this, it is recom-
mended that a wide variety
of sequences be used for eval-
uation of codecs.

A Gomparison Between Objective
and Subjective Results

It’s obviously vital that objec-
tive picture quality measure-
ment results can be shown to
correlate well with subjective
results. An investigation per-
formed jointly by IRT and



Tektronix (see Reference 3)
has shown very promising
results for the PQR ratings
provided by the PQA200 and
further work is being per-
formed by the Video Quality
Experts Group.?

The graph in Figure 1 shows
plots of PQR ratings plotted
against subjective scores
obtained from DSCQS subjec-
tive tests. Each line plots the
values obtained for a specific
video sequence being passed
through a given codec at a
number of different bit rates.
Video sequences include
Barcelona, Flower Garden,
Football, Mobile and Calen-
dar, and a sequence from
NDR. Two video coders from
IRT and Thomson were
employed at bit rates of 2.0,
3.0, 4.5, 7.0, and 10.0 Mbit/s.
The high correlation between
PQR values and the subjec-
tive scores is obvious. (Note
that the two points at the
upper right represent
sequences that contain scenes
with the poorest quality,
including catastrophic failure
of the coder in certain
regions. The quality levels for
these fall well below what
would be expected for broad-
cast quality.)

As noted above, the PQR rat-
ings for a given sequence and
a given codec at a given bit
rate will remain constant.
However, as noted earlier, the

subjective ratings may vary
depending on the choice of
test conditions and also the
group of people selected to
perform the test. While this
does not change the correla-
tion, it does alter the slope of
the graphs. In other words,
the variation in subjective
scores has the effect of alter-
ing the vertical scaling on the
graph shown in Figure 1.
This makes it difficult to
establish a constant relation-
ship between PQR values and
different sets of subjective
scores.

This can be seen in Figure 2,
which shows the three scales
and their relationship.

Note also that the PQR scale
can be seen to have a zero
offset. This is due to the abil-
ity of the PQA200 to measure
picture impairments that are
below the visible threshold.
Subjective measurements are
obviously limited to measure-
ment of visible impairments.

As noted earlier, PQR values
for given sequences and
codec set-ups are repeatable
and constant. These are rep-
resented on the left-hand
scale. To the right are the two
scales associated with subjec-
tive measurements. The first
of these is the DSCQS scale
with values between 0 and
100, and the second the five-
grade impairment scale with
values between 1 and 5.
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Figure 2. Relationship between Subjective and Objective Picture Quality Rating Scales.

PQR values can be related
directly to subjective results
for a specific set of subjective
tests. By default, this rela-
tionship will define a given
offset and gain that enables a
direct calculation of the
DSCQS score from a PQR
value. In Figure 2, an offset of
3 PQR is shown. This repre-
sents a PQR value that may
be equated to imperceptible
impairments for a given set of
subjective tests. (Note that
this offset is also apparent in
the results shown in Figure 1,
but for these particular sub-
jective tests, the offset is
approximately 4.5 PQR.) In
addition to this offset, there
will be a gain that can be cal-
culated relating the PQR
value to the DSCQS score. In
the above diagram, this can
be seen to be approximately
6.3 (PQR values of 3 and 11
relate approximately to sub-
jective scores of 0 and 50).
For the particular subjective
tests shown in Figure 1, the
gain can be seen to be
approximately 9 (PQRs of 5.5
and 11 relate approximately
to subjective scores of 10 and
60). Both these values are
only valid for the specific set
of subjective results. A sec-
ond set of subjective results
is likely to yield a different
pair of values. This is a result
of the systematic differences
between sets of subjective
results; i.e., variations in the
choice of test conditions and
also the group of people
selected to perform the test.

It’s perhaps easier to define
the relationship between the
two subjective scales. A
DSCQS result of 0 indicates
no visible impairments and
may therefore be equated to a
5 on the five-grade impair-
ment scale. In the worst case,
a value of 100 on the DSCQS
scale representing the worst

1 VQEG is an independent group within
ITU with members from Europe, Japan,
and the US. Its work involves assessing
algorithms that may be used for objec-
tive picture quality measurement with
the goal of recommending a method, or
methods, for objective measurement of
digital video quality based on their cor-
relation to subjective results.
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impairment may be equated
to a 1 on the five-grade
impairment scale. It should
be noted, however, that this
procedure is only an approxi-
mation since there is no guar-
antee of a direct psycho-
physical correspondence to
the formal mathematical con-
version from one subjective
scale to the other.

While mathematically,
knowledge of the offset and
gain will enable a calculation
of the PQR value that relates
to a value of 100 on the
DSCQS scale, such calcula-
tions are of little value. Corre-
lation between subjective and
objective results with such
high level of impairments is
known to be poor, and one
might anticipate that such
levels of impairments would
be well outside the opera-
tional range used within
broadcast applications.

Conclusions

It can be seen from the dis-
cussion above that objective
results represented in PQRs
can be related to subjective
results in either scale, provid-
ing that care is taken.

The factors to be considered
are summarized below:

* PQR results for a given
video sequence and a given
codec set-up are constant
and repeatable. Subjective
results are likely to change
with the test conditions
and changes in voting
panels.

¢ PQRs enable measurements
of impairments below the
threshold of visible percep-
tibility (a PQR of 0 repre-
sents a perfect digital

copy). Subjective measure-
ments are limited to visibly
perceptible impairments.

* Good correlation has been
established in the impor-
tant areas of low and mod-
erate impairments, cover-
ing normal broadcast oper-
ational usage. At high lev-
els of impairments which
fall well outside normal
operational practice, corre-
lation is lower.

* Both subjective and objec-
tive picture quality mea-
surements of compressed
systems are dependent on
the video sequence used for
the test.

PQR results provide a con-
stant measure of picture qual-
ity for a given sequence and
codec set up, thus enabling
valuable comparison of
results taken at different
times and in different loca-
tions. Evaluation of new
firmware in a codec becomes
fast and easy. Comparison of
codecs can be documented
easily, and additional tests
performed that may, in the
past, have been omitted due
to time constraints. In addi-
tion, PQR maps indicating
the areas of the picture that
have the most noticeable dif-
ferences provide an excellent
means of isolating and docu-
menting faults.

While the above refers pri-
marily to codec tests, and
implies a single pass, it can
be seen that the PQA200 is
very valuable for digital
video recorders that use com-
pression. It also enables mea-
surements on concatenated
codecs or multi-generation

recordings. Finally, it pro-
vides the ability to measure
impairments below the visi-
ble threshold, enabling tests
that are impossible with tra-
ditional subjective testing.

The PQA200 and it’s results
represent a breakthrough in
picture quality measurement.
The relationship between
PQRs and subjective mea-
surements is clear, but care
needs to be taken in the com-
parison. As with all measure-
ments, a full understanding
of the nature of the measure-
ments is required in order to
ensure their validity.
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