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Fig. 4.1 Average diffgrades of the 8 subjects in the quality retest for all the systems in that
experiment. Each audio material was presented 3 times for systems 4 and /, and once for each of
the other 3 systems (a, d, and j) in the 81 trials of the retest.

Dires | Prijm | Water | Glock | Bascl { Mrain | Vegla | Trmpt | Hpscd SysAvg
h {-0.10{-0.11[-0.13/-0.70|-1.36{-0.13}-0.26|-1.82|-1.10 -0.64
/| 1-0.09]-0.15(-0.161-0.97|-1.44|-0.12|-0.18|-1.78 | -0.99 -0.65
a [-0.391-0.03/-1.03| 0.00|-1.18|-0.01|-0.94|-0.79-0.71 -0.56
d |-1.36]-1.43({-1.08|-1.30]|-1.23[-1.46|-0.70|-0.54 | -1.73 -1.20
j |-1.86|-1.86|-2.34|-2.26{-3.11|-1.99|-2.18|-3.38 | -3.58 -2.51
h-11-0.01] 0.04] 0.04| 0.27| 0.08|-0.01]-0.09|-0.04]-0.11 0.01

Table 4.1 Average diffgrades for each system at each audio material and for overall system
averages. The bottom row shows the algebraic difference between the diffgrades for systems 4
and [ in the top two data rows.
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—05)-shows-that, within-any-material; differences-between-any-two-systems-must exceed-0:68-of a—
grade in absolute magnitude in order for those systems to be considered statistically different for
that material. The bottom row of the table shows that the differences between 4 and [ are less

than 1/10th of a grade except for the Glockenspiel (0.27) and for the Harpsichord (0.11). All of
these differences are considerably smaller than the 0.68 needed for the verdict of a reliable

difference.

The relatively large 0.68 needed for significance (compared to 0.45) in the original study) is due
to the smaller number of subjects used in this retest (8 versus 21 previously). The exceedingly
small magnitudes of differences between h and [ across materials here (mostly less than 1/10th of
a grade) must be attributed to the exceptional expertise of these subjects as well as to the three
repeated cbservations for those two systems.

It must be concluded that 4 and I cannot be considered to be different in quality across all 9 audio
materials under the conditions of the experiment.

The results for the other systems (g, d, and j) are important too for several reasons. First, the
results must show that the experiment was not insensitive to revealing differences. If it were, then
no valid final judgment could be made about  and [ since their apparent lack of difference might
be explained as the outcome of a poorly executed experiment.

Examining the table and figure shows that many significant differences did emerge in the
experiment. For example, looking at the “water” and “trmpt” materials, the differences between h
(and )) on the one hand, and both a and 4 on the other, obviously exceed the criterion magnitude
of 0.68. And, of course, almost all comparisons between system j and any of the other systems
(with only 3 exceptions involving system d) are larger than 0.68. Hence it cannot be said that the
experiment was too crude for reliable differences to emerge. And so the lack of difference
between h and [ is not due to experimental insensitivity.

Second, and quite important, the results for these other three systems must relate in some sensible
way to the outcomes for those same systems in the original quality experiment. If such a
relationship was obscure, then it might be argued that despite the apparent identity of & and [ here,
the conditions of this study were so different from the original one that one cannot assume that [
would have pérformed identically to £ if it had been in the original study instead of .

A visual comparison of Fig. 4.1 here, with Fig. 2.2a (of chapter 2) of the original quality test
results shows that the general pattern of results for each of the comparable systems are strikingly
similar. This is most immediately obvious with system j because it occupies a distinct region
towards the bottom of both figures. But it is also true of the other systems. A point-by-point
comparison shows that the up-and-down pattern across the audio materials is generally the same

for each system in both figures.

An even stronger case can be made for the identity of outcomes between the two experiments.
Recalling that 5 of the subjects in the present retest were also in the original quality assessment,
the results for those subjects alone can be isolated and compared. These comparison will not be
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presented-in detail here. The readercan be assured, however, that they show virtually -identical

numerical results with no statistical differences between them.

Since the present results were obtained with exceptionally expert subjects, as compared with
sufficiently expert ones in the original test, the implication is that whatever small differences are
seen between the two experiments is due to the larger range of individual subject expertise in the
first test. In fact, consistent with findings about the grades of subjects with exceptional expertise
in many previous studies at the CRC, the outcomes here show somewhat harsher judgments
(lower diffgrades) than in the first quality test. In other words, we are confident that had listeners
with fully comparable expertise been used in this retest as in the first test (and if the number of
subjects had been as large), the results would have been quite identical. This retest, then,

provides excellent confirmation of the original study.

4.4 Conclusions

We conclude that 4 and / can be considered to be identical in quality. This finding is not due to
insensitivity of the retest to finding differences. The outcomes of this retest strongly confirm the

quality outcomes of the original experiment.

We conclude that if / had been in the original quality experiment instead of 4, the outcomes of that
first experiment would have been no different than they actually were.
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5. bubjectlve Retests of Transmlssmn
Impairments

5.1 Introduction

After the original transmission impairment tests had been completed at the CRC on the proposed
DAR systems, two systems, ¢ and s were modified. The modified version of system e was named
system k while the modified version of system 4 was named system /. As such, the present retests
were conducted to determine the failure characteristics for the modified systems. These retests
were only conducted for the gaussian noise and co-channel transmission impairments.

In order to minimize costs and time requirements it was decided that the retests would be limited
to determining the threshold of audibility and the point of failure only. Furthermore, these points
(TOA and POF) would be determined by means of expert observations and commentary, EO&C.
The procedures for determining TOA and POF are described in greater detail in the following

section.
5.2 Test Procedures

5.2.1 Test Materials

The three critical audio materials used in the impairment retests were the same as the ones used in
the original impairment tests and were carefully selected by the staff at the NASA Lewis Research
Laboratory because they were particularly sensitive to revealing artifacts resulting from
transmission impairments. These materials are described in Table 3.1 in section 3.2.1 of this

document.

5.2.2 Impairment Levels

As mentioned earlier, only the TOA and POF points were to be determined in the transmission
impairment retests. Nonetheless, a complete set of recordings were provided by the staff at the
NASA Lewis Research Laboratory for the two systems & and / as described below.

Each of the three audio test materials was recorded, for the two DAR systems (k and /) and the
two types of impairment (gaussian noise and co-channel interference), at the following levels of
impairment: CC, TOA,, TOA,, ..., TOAy, Sy, Sa, ... , Sm, POF where: :

CC= coded audio in a Clear Channel '
TOA,, TOA,, ..., TOAy = N stimuli (three or more) in the close neighborhood of
the approximate TOA (threshold of audibility)

Si, S2, ... , SM= M intermediate levels of impairments
POF = point of failure
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—Fer-each-of the-above-impairmentlevels;-the-C5/Ns ratio-for the-gaussian-noise-impairment; oF—

D/U for co-channel interference, was noted. The CC level was recorded at a high value of Co/N,
(or D/U) so that transmission errors could be considered as negligible, hence the label “clear
channel” given to that level. The increments in the C&/N, (or D/U) ratios at which the other
impairment levels were recorded varied from 0.25 dB, for those situations where the DAR system
failed abruptly, up to 1.0 dB for those situations where the system failed more gracefully.

5.2.3 Subjective test procedures

Two separate experiments were performed for each of the two systems. The purpose of the first
test was to determine the TOA point for each system/impairment-type/audio-material
combination. The procedure for determining the TOA points was the same as the one used in the
original impairment tests. A detailed description of this procedure is given in section 3.2.3 of this

document.

The second test was designed to provide an estimate of the POF points for the two systems. The
procedure used for this test is described below.

Point of Failure

The purpose of the second experiment was to derive an estimate of the POF points for the two
systems k and / as opposed to determining full failure characteristic curves for each system under
various impairment conditions as was done in chapter 3. However, it was desirable to try to find
some way of relating the results of the retests to the results of the original tests. To do this, a
series of “matching experiments” were conducted wherein expert listeners identified the
impairment levels required for the modified systems k and / to be perceptually equivalent to the
POF’s found for the original systems e and 4 in the original tests. The expert listeners consisted of
three CRC staff members and were the same listeners who took part in the TOA EO&C tests.

In the figures of chapter 3, it can be seen that for many of the failure characteristic curves there
are several points which fall in the POF range. (note that a diffgrade of -3 or less is considered to
be POF). Therefore, in the retests, a perceptually equivalent impairment level for the modified
systems was found for each of the points (for the old systems) which fell in the POF range.

As stated above, to determine the POF points for the two modified systems, a series of matching
experiments were conducted at the CRC. In these tests the CRC staff members listened to the
POF points for the original systems (e and /) and found the impairment levels for the modified
systems (k and [) which were perceptually equivalent. This process was repeated for the two
systems, the three test materials, and the two types of transmission impairments (gaussian noise
and co-channel interference). Furthermore, this process was done for all points for the original
systems which fell in the POF range.

In some inStances, it was found that the perceptually equivalent impairment level fell between the
impairment levels recorded at the NASA Lewis Research Center and provided to the CRC. In
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————th hese-instanees, a value of Co/Ny (or D/U)-which-was-half-way between the levels provided was SR
used even though this impairment level was not actually auditioned by the CRC listening teamn.

- 5.3 Tést Results
5.3.1 Gaussian noise

The results of the retest for the gaussian noise impairment are given in Table 5.1 for systems ¢ and
k. The table provides the Cy/N, ratios at TOA and POF, as well as the failure margin (FM). This
is done for the three critical audio materials, Glockenspiel, Soprano, and Clarinet. It should be
noted that the values for system e are taken from the original transmission impairment tests
described in chapter 3 of this document. The bottom row of the table shows the differences
between the original system and the modified system (i.. e-k).

The results given in Table 5.1 show that the differences between the original system and the
modified system are very small. None of the differences are greater than 0.72 dB. The largest
differences tend to occur at TOA while the differences in the failure margins are extremely small
(no more than 0.25 dB).

As stated earlier, the matching experiments were conducted for all points which fell in the POF
range in the original transmission impairment tests. The POF points given in the table below
represent the highest Co/N, ratio which fell into the POF range. The other POF points are omitted
for clarity purposes since they do not alter the basic conclusions.

Glockenspiel Soprano Clarinet

DAR | TOA | POF | FM | TOA | POE | FM | TOA | POF | FM
System | (dB) | (dB) | (dB) | (dB) | (dB) | (@B) | (dB) | (dB) | (dB)

e* 10.76 | 9.76 1.0 10.51 | 9.51 1.0 10.76 | 9.76 1.0
k 10.29 | 9.54 | 0.75 | 10.04 | 9.04 1.0 | 10.04 | 9.29 | 0.75

difference | 047 | 022 | 025 | 047 | 047 0.0 0.72 | 047 | 0.25

* These values were determined in the original transmission impairment tests described in chapter 3.

Table 5.1 Comparison of the Co/N,, ratios at TOA and POF and
failure margin (FM) for the gaussian noise impairment for systems e and k.

The results of the retest for the gaussian noise impairment are given in Table 5.2 for systems h
and /. The form of the table is identical to that of Table 5.1. It should be noted that the values for
system A are taken from the original transmission impairment tests described in chapter 3 of this
document.
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“The results-given-in-Table-5.2-show-that the differences-between system-s-and-system-fare small.————
. They are, however, slightly larger than the differences shown in Table 5.1. None of the
differences is greater than 1.57 dB. Again, the largest differences tend to occur at TOA. The
difference in the failure margin is constant at -0.5 dB. The negative value for the failure margins
indicate that they are 0.5 dB larger for the original system than for the modified system.

Glockenspiel Soprano Clarinet

DAR | TOA | POF | FM | TOA | POF | FM | TOA | POF | FM
System | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB)

h* 10.51 | 9.01 1.5 9.51 | 8.51 1.0 | 10.01 | 9.51 0.5

/ 11.33 | 9.33 20 | 10.83 | 9.33 1.5 | 11.58 | 10.58 1.0

difference | -0.82 | -0.32 | -05 | -1.32 | -0.82 | 0.5 | -1.57 | -1.07 | -0.5

* These values were determined in the original transmission impairment tests described in chapter 3.

Table 5.2 Comparison of the Co/N, ratios at TOA and POF and
failure margin (FM) for the gaussian noise impairment for systems 4 and /.

As stated earlier, the matching experiments were conducted for all points which fell in the POF
range in the original transmission impairment tests. The POF points given in the table represent
the highest Co/N, ratio which fell into the POF range. The other POF points are omitted for
clarity purposes since they do not alter the conclusions.

5.3.2 Co-channel interference

The results of the retest for the co-channel interference are given in Table 5.3 for systems e and £.
The table provides the D/U ratios at TOA and POF, as well as the failure margin (FM). This is
done for the three critical audio materials; Glockenspiel, Soprano, and Clarinet. It should be
noted that the values for system e are taken from the original transmission impairment tests
described in chapter 3 of this document. The bottom row of the table shows the differences
between the origianl system and the modified system (i.e. e-k).

The results given in Table 5.3 show that the differences between the original system and the
modified system are quite small. None of the differences are greater than 1.11 dB. As was the
case for the gaussian noise impairment condition, the largest differences tend to occur at TOA.
The differences in the failure margins are no greater than 0.5 dB for the three audio source .
materials. :

As stated earlier, the matching experiments were conducted for all points which fell in the POF
range in the original transmission impairment tests. The POF points given in the table below
represent the highest D/U ratio which fell into the POF range. The other POF points are omitted
for clarity purposes since they do not alter the basic conclusions.
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Glockenspiel Soprano Clarinet

DAR TOA | POF | FM | TOA | POF | FM | TOA | POF FM
System (dB) { (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB)

e* 11.12 | 9.62 1.5 | 10.87 | 9.87 1.0 | 10.87 | 9.87 1.0
k 10.26 | 9.26 1.0 9.76 | 9.14 | 0.62 | 10.01 | 9.01 1.0

difference | 0.86 | 0.36 0.5 111 { 073 | 038 | 0.86 | 0.86 0.0

- * These values were determined in the original transmission impairment tests described in chapter 3.

Table 5.3 Comparison of the D/U ratios at TOA and POF and
failure margin (FM) for the co-channel interference for systems e and %.

The results of the retest for the co-channel interference are given in Table 5.4 for systems 4 and /.
The format of the table is identical to Table 5.3. It should again be noted that the values for
system A are taken from the original transmission impairment tests described in chapter 3 of this
document.

The results given in Table 5.4 show that the differences between the original system and the
modified system are very small. None of the differences is greater than 0.83 dB. The largest
difference in the failure margin is -0.5 dB which occurs for the Glockenspiel audio source

material.

As stated earlier, the matching experiments were conducted for all points which fell in the POF
range in the original transmission impairment tests. The POF points given in the table represent
the highest D/U ratio which fell into the POF range. The other POF points are omitted for clarity
purposes since they do not alter the conclusions.

Glockenspiel Soprano Clarinet

DAR TOA | POF | FM | TOA | POF | FM | TOA | POF FM
System (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB)

h* 11.37 | 8.37 25 11087 | 7.87 3.0 | 10.87 | 9.87 1.0
l 11.04 | 8.04 3.0 | 10.54 | 7.54 30 | 11.04 [ 10.04 } 1.0

difference | 0.33 | 0.83 -0.5 0.33 | 0.33 0.0 -0.17 | -0.17 0.0

* These values were determined in the original transmission impairment tests described in chapter 3.

Table 5.4 Comparison of the D/U ratios at TOA and POF and
failure margin (FM) for the co-channel interference for systems 4 and /.
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~ 6. Facilities

6.1 Playback system

The playback system used during the subjective tests is shown in Fig. 6.1. The particular brand
name and model of equipment used in this set-up is described in Table 6.1 below.

The heart of the playback system is a custom audio workstation. It is implemented by means of a
486 personal computer (PC) equipped with a dual DSP56001 processor board and custom
software. On two daughter cards, the DSP board also hosts an AES/EBU interface and a SCSI
bus interface. Both the DSP board and software are developed by MPR Teltech Ltd, Burnaby,
BC, Canada [4]. The workstation is also equipped with a large SCSI disk drive (1.75 Gbyte), a
color VGA monitor and serial mouse. It operates in the Windows 3.1 environment.

Qty Description

1 486-66 PC compatible with 1.75 Gbytes SCSI hard-disk and MPT
Teltech Dual DSP56001 Processor Card (DSPC)
SVGA color video monitor
Spectral model ADDA 2218 D/A converter
Klark Teknik model DN410 parametric equalizer
Bryston model BP-5 professional stereo preamplifier
Bryston model 3B PRO professional stereo power amplifier
Bryston model 4B PRO professional stereo power amplifier
State-of-the-Art Elektronik model AAX2-2-750 active crossover system
State-of-the-Art Elektronik model CF 750 monitor loudspeakers
Stax model SRM-1/MK-2 professional headphone driver
Stax model ED-1 diffused field equalizer
Stax model Lambda Pro headphones
Sony model PCM-2500 DAT recorder/player
Panasonic SV-3700 DAT recorder/player

Pk DD ) it et D) e et ek ped ek e et

Table 6.1 List of equipment

The software driving the workstation consists in four different windows applications. Each of
them corresponds to one of the four operations required for the preparation and the presentation
of the audio materials for the listening tests. These operations are: :

1. Recording of the audio materials on the audio workstation (Record application)
2. Synchronization of the audio files (TimeSync application)

3. Building of the session files (Notepad application)

4. Presentation of the audio materials (ABC application)
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Figure 6.1 Equipment set-up
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e—Record-application

Audio test materials were processed through the DAR systems under test at the NASA Lewis
Research Centre, Cleveland, Ohio, USA and the output was recorded on DAT tapes. The DAT
tapes were then shipped to the CRC where each of the audio materials required for the subjective
tests (audio quality and transmission impairments) was individually transferred digitally to hard
disk via the AES/EBU serial interface and stored as separate audio files with individual filenames.

» TimeSync application

Once on hard disk, the audio files containing the reference and all processed versions of each
audio material are then precisely time aligned with TimeSync, a special software system developed
at the CRC. This time synchronization process is required in order to ensure seamless switching
between reference and processed versions of audio materials during the presentation.

e Notepad application

The next step is to build "session files". A trial consists of an A-B-C presentation of a given audio
material and a session consists of one or more consecutive trials. A session file contains the list of
audio files to be assigned to A, B and C (in the triple-stimulus A-B-C presentation) for each trial.
The session file is built with any text editor that is capable of generating ASCII files, such as
Notepad in the Windows environment.

The experimenter can subsequently re-order the audio files within a trial, or trials within a session,
simply by editing a session file. Modifications are done in a few minutes compared to the many
hours that an equivalent re-ordering would take to do on a DAT based playback system. Thisis a
powerful feature of this disk-based playback system.

e ABC application

The screen used by the listener during the blind testing phase is shown in Fig. 6.2. During the
training phase, there are additional buttons not seen in this figure, namely a Session button that is
used to select a particular session file, and a Trials button that allows the listener to select a
particular trial within the selected training session. These buttons are removed during the blind
rating phase. This is to prevent the subject from accidentally changing the programmed session
with the Session button, since this must remain under control of the experimental design.
Removal of the Trial button prevents the listener from moving backwards through the trials
during blind rating since trial order, as is true for session, must also remain under experimental
design control. During blind rating, the listener can only move forwards (after spending as much
time as he or she wants on a given trial) and this is done by using the Next button seen in Fig. 6.2.
A pause button is provided, and by using the loopback button seen in Fig. 6.2, the listener can
control whether playback of the trial stops at the end of each material, or whether looping is
continuous. A small comment identifying the audio material being presented is also shown. This
comment is added, as explained previously, in the session file for each trial.
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Figure 6.2 Video screen used by the listeners during blind rating sessions

Switching among A, B or C is done using anyone of the following two methods: (a) by clicking
with the mouse pointer on the “A”, “B” or “C” button displayed on the video screen of Fig. 6.2
or, (b) by pressing respectively the left, centre or right button of the three-button mouse (this
method requires the mouse pointer to be first dragged outside any button area)

A “zoom” tool allows the listeners to listen to a smaller subsegment of the audio material they are
asked to compare and assess in a given trial. The start and end time of the subsegment can be set
anywhere within the audio material using the two horizontal scroll bars shown at the bottom right
of Fig. 6.2. The top bar changes the start time of the subsegment while the bottom bar adjusts the
end time. The continuous looping, if activated, is performed on the subsegment of the material.
With this feature, listeners can focus more closely on a specific section of any material that
appears to reveal suspected distortions.

Since the files are precisely time-aligned and since cross-fading is used, the switching is truly
seamless in that there are no audible cues generated, and very exact continuity between the audio
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materials-triggered by-the-buttons is- mamtamed:Whemreadyiouaurxg,thehstener_chckmnjhe—
_ Next button. This action invokes a new scoring screen (not shown). Scores for B and C are

_entered by sliding a cursor to the desired impairment level in the corresponding scroll bar. After

~ the OK button is clicked, another small wmdow (not shown) appears requesting the listener to

confirm h1s/her selected ratmgs :

One addltlonal dlStlnCthC feature of the disk-based system is that any selected segment (A, B or
C) is output digitally via the same single AES/EBU interface, and is fed through the same D/A
'convertor as any other selected segment. And so, all versions of the audio materials to be

- compared are presented through the very same pieces of hardware. This eliminates any possible
contribution by hardware to differences detected by listeners among the different versions.

6.2 Listening Room

The specifications of the CRC listening room are summarized in the following three figures which
show respectively the room layout (Fig. 6.3), the background noise levels (Fig. 6.4) and the
reverberation time curve (Fig. 6.5). Both the background noise levels and the reverberation time
curve of the room comply with the requirements of ITU-R Recommendation BS.1116 [1].

|
|
l
l
| JW: 1.14
L/H: 2.46
N W/H: 2.16
" I Height: 2.5 m
| : Volume: 83 m?
| Floor area: 33 n?
|
|

6.3 m j

Fig. 6.3 CRC listening room layout
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Figure 6.4 CRC listening room - Background noise levels
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Figure 6.5 CRC listening room - Reverberation time (RT-60)
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