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between Picture and Sound Directions for HDTV
Sound Systems*
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Several recent studies have suggested that ordinary stereophonic systems are not
sufficient for HDTV use. These investigations have noted the localization error between
picture and sound as a reason, but have not studied the extent to which this phenomenon
causes viewer annonyance. The psychological experiment described was designed to
investigate the acceptable extent of angular displacement between visual and auditory
images for on-axis viewing. The results show that it is about 11° for acoustic engineers
and 20° for the members of the general auvdience. In addition, the number of frontal

channels in HDTV is discussed.

0 INTRODUCTION

Studies have been made on stereophonic systems for
high-definition television (HDTV) at CBS, IRT, and
NHK. All agree that ordinary stereophonic systems are
not sufficient for a large HDTV screen. Torick [1] pro-
poses a triphonic sound system which utilizes two con-
ventional stereophonic channels and a center channel
for optional use when widely spaced left and right
toudspeakers are employed. NHK [2] proposes a 3--1
svstem consisting of three frontal channels and a rear
channel. NHK's configuration is similar to the quad-
raphonic system that is used for motion picture sound.
IRT takes a more academic position. Plenge {3} suggests
that five channels are necessary in order to localize
sounds in the direction of corresponding pictures. His
suggestion is based on the experimental result that a
discrepancy of less than 4° is not perceptible. This has
been confirmed by the author as well [4].

The stability of sound localization may be indispen-
sable to HDTV, but even in the case of movies, many
products are still monophonic despite the feasibility
of quadraphony. Therefore the degree to which the
discrepancy annoys us should be discussed in a more
practical light.

In this paper the discrepancy between sound image
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and video image is evaluated specifically to find the
acceptable extent of discrepancy, not the just-noticeable
difference (JND). To obtain practical resuits. the dis-
crepancy was evaluated using human faces and voices.
Moreover. the subjects, consisting of both nonexperts
and experts, were encouraged to relax.

The method of successive categories was used. There
is a very good reason for using this method. In general.
localization of sound images does not distribute nor-
mally when associated with a visual stimulus {3]. The
perceived direction depends on a number of factors,
such as the subject’s concentration on the visual stim-
ulus, the compellingness of the stimulus, and the syn-
chronization of sound to image [6}. Therefore. to ask
subjects the direction of the sound image itself is not
the best approach, because this question sometimes
makes it difficult for the subject to concentrate on the
visual stimulus. The method of successive categories
Is a good way to avoid this difficulty.

1 EXPERIMENT |

1.1 Experimental Procedure

The setup for this psychological experiment is shown
in Fig. 1. The picture display was a 72-in (1.83-m)
NTSC television projector. Pictures were projected from
the front of its screen.

Ten foudspeakers ( Yamaha NS-10M. flat to 20 kHz)
were set on the left side of a subject. Four of the loud-
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speakers were set just under the screen (Fig. 2), and
the others were set at the same height around the subject.
The loudspeakers between 0° and 45° were hidden by
a curtain so that the subjects would not be aware of
them, and all other loudspeakers were out of view.
Agsuming symmetry between left and right, no loud-
speakers were set on the right side. The entire setup
was in a soundproof room with a volume of 130 m>.
Though the distances to the side and rear loudspzakers
were slightly shorter than to the frontal ones bacause
of the size of the room, there was no significznt dif-
ference in their loudness at the position of the subject.

Program material was a young woman silting on a
chair and reading a magazine aloud. A scene from the
program and the frontal loudspeakers are shown in Fig.
2. The background behind her was a studio interior
wall. Her image and voice were reproduced on the
screen and by one of the toudspeakers, respeciively.
The image of her mouth on the screen was positioned
7% above the tweeters of the loudspeakers. The motion
of her lips on the screen was synchronized with the

sund.

The experimental procedure was as follows. A subject
sat in front of the screen on axis and judged how much
he or she was annoyed by disagreement between visual
and auditory localization according to the following
categories:'

A. Imperceptible

B. Perceptible, but not annoying

C. Stightly annoying

D. Annoying

E. Very annoying

After the subject had recorded each evaluation, he
or she switched 1o the next presentation by pushing a
button. The order of presentation was random, but
identical for all subjects. The number of repetitions
was five, so judgments were made by each subject 50
times (10 loudspeakers X 5 times}. The subjects were
allowed to spend as much time on making a judgment
as they liked, and were instructed to feel at home.

Forty-four persons served as subjects. They consisted
of 14 acoustic research engineers (experts) and 20 non-
experts, including 11 women. The sound pressure level
was set at about 65 dB(A) maximum, or virtuallv equal
to the loudness of the natural voice of the modzl. The
lights in the room were turned off to shut out visual
stimuli other than the video image.

1.2 Experimental Resuits

All the results are shown in Table 1. The values
represent the percentage of cach response to each stim-
ulus. Itis clear that the farger the discrepancies become,
the lower the scores. except for the loudspezker at
180°. As sounds coming from behind are sometimes
perceived as coming from in front, it is not unusual
that the scores for 180° are not minima,

The same data are illustrated in Figs. 3 and 4. These

' CCIR Rec. 300, “Impairment Scale of Stady Group 1.7
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figures show that the experts judged the discrepancies
more strictly than the nonexperts. The nonexperts re-
sponded with a much higher ratio of categories B and
C: “perceptible, but not annoying™ and “slightly an-
nonying” than did the experts. For the nonexperts, per-
ceptible discrepancics are often acceptable.

14.3% of the experts and [4% of the nonexperts
judged 0° localization not to be category A, which
might be because of the 7° discrepancy between the
picture and the front loudspeaker in the median plane.

Since categories A to E represent only orders and
not values, the averages and the standard deviations
of the evaluations cannot be calculated directly from
Table 1. If we were to assume that the categories do
actualiy represent equal psychological intervals, the
frequeacy distributions of the stimuli are obviously
often not normal. In other words. these categories are
given proper values (category values) by assuming the
normal distribution of data {7]. These calculated values
for the three subject groups (experts, nonexperts, and
total) are shown in Table 2, where each category E is
forced to an origin and each standard deviation is a
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Table 1. Percentage of responses to each stimulus.

Acoustic rescarch esigineers Nonexperts
Discrepancy A B C D E A B C D E
0° 85.7 14.3 0 0 0 86 13.3 0.7 0 )
5 70 24.3 1.4 4.3 0 78 18.7 3.3 0 0
10° 157 44.3 24.3 14.3 1.4 48 42.7 8.7 0.7 0
15° 4.3 24.3 35.7 20 15.7 20.7 34.7 21.3 3.3 0
20° 1.4 15.7 34.3 25.7 22.9 5.3 32 34 8.7 0
30° 0 5.7 30 20 44.3 3.3 24 50 19.3 3.3
45° 0 0 11.4 22.9 65.7 0 6 32.7 42.7 18.7
90° 0 0 0 7.1 92.9 0 0 10.7 28 61.3
135° 0 0 0 10 90 0.7 0 5.3 26 68
180° 1.4 0 4] 21.4 77.1 2 18.7 14 32.7 32.7

unit for each group. In calculating these values, we
excluded the data for 135° and 180°, because they had
confusion of front and back.

Though mean evaluation and standard deviation for
each stimulus can be obtained by using the values in
Tables 1 and 2, some inaccuracies may be caused by
the truncation of the data in Table 1. We therefore used
the regressions of distances between stimulus and cat-
egory means as obtzined from each discrepancy on the
category values shown in Table 2. The resulting
regressions are illustrated in Figs. 5 and 6, where the
abscissa indicates the scale of category values and the
ordinate indicates the distances from stimulus to cat-
egory means, measured in standard deviations. The
fact that the regressions are linear on the scale of cat-
egory values indicares that the scales shown in Table
2 were appropriate.

The mean evaluation for each discrepancy can be
found on the position where the regression line crosses
the abscissa. (The distance between stimulus and cat-
egory mean is zero at that point.) The standard deviation
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Fig. 3. Proportion of responses to each discrepancy (experts).

Table 2. Category mean values measured in standard
deviation unitz. (Category E is forced to 0.)

A B C D E
Expert 4.17] 2.818 1.886 1.128 0
Nonexpert ° 4.89 3.442 2.272 1.184 0
Total 4,22 2.838 1.788 0.983 0
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corresponds to the reciprocal of the slope. The resulting
means and standard deviations are graphed in Figs. 7
and 8. The ordinates represent evaluation values for
the stimuli by assuming category E to be 0 and each
standard deviation to be a unit.

The author believes that the acceptable limit of the
discrepancy is the sound direction corresponding to
the boundary between categories B and C in Figs. 7
and 8. This was about 11° for the experts and about
20° for the nonexperts.
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Fig. 4. Proportion of responses to each discrepancy (nonex-
perts},
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Fig. 5. Regression of distances from stimuli to categories on
the common category scale (experts).
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2 EXPERIMENT I

2.1 Experimental Procedure

In this experiment, an actual television program was
used in order to determine whether the results of ex-
periment I would apply to general programs as well.
The program material was a pop song by a female singer.
The audio track had been recorded in a live performance
with a multichannel! recorder and mixed down to 3—1
quadraphony. In the center channel, her vocal was the
only signal, while the orchestra and reverberation effects
were recorded in the left and right channels. The rear
channel included the ambient sounds, but they were
not reproduced in this experiment. The image of the
singer was always on the screen, but sometimes varied
in placement.

Two loudspeakers were added to the setup that had
been used in experiment I, at directions of =30° in
order to reproduce the sounds of the orchestra. The
loudspeakers for the vocal were switched on inrandom
order by the subjects. The sound pressure level was
about 80 dB(A).? Judgments were made in the same
way as in experiment I, except that the subjects were
instructed to make them while the lips of the singer
could be seen. Seven research engineers and five non-
experts served as subjects.

2.2 Experimental Results

The method of processing the data was the same as
used in experiment I, except for the use of the numerical
values shown in the bottom line of Table 2 as category
values. The results are illustrated in Fig. 9. The solid
line shows the results of this experiment, while the
broken line shows the results of experiment I using the
same subjects. There is no significant difference between
the two lines, except for the 0° direction. The difference
at the 0° direction is not unusual, however, because

Distances from stimuli to categories

meaured in standard deviations

Category scale

Fig. 6. Regression of distances from stimuli to categories on
the commeon category scale (Nonexperts).

2 CCIR Rec. 362-2.
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the image of the singer did not remain at the center of
the screen.

14

3 DISCUSSION AND CONCLUSION

When watching HDTV from the optimum viewing
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distance, the viewing angle of the screen is about 30°.
With a center channel, the discrepancies between the
directions of picture and sound can be limited (o less
than 15° in any scene. As the acceptable extent of dis-
crepancy in this experiment was found to be 20° for
nonexperts and 11° for experts. this improvement may
be satisfactory for the majority of the television au-
dience, but not for a sensitive audience, such as acoustic
engineers.

If the discrepancy is held to less than 11°, even an
expert audience should be satisfied. Acoustic engi-
neers, however, are an exceptional audience, as they
are prone to pay attention io the localization and
quality of sound first of all. Actually, some of the
acoustic engineers in this experiment suggested that
they would not have been annoyed by the discrepancy
if they had not been asked to judge i1. The author
therefore believes that a center channel is sufficient
to improve the stability of sound localization, at least
in the horizontal plane.
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