els were fed to an RGB monitor for produc-
ing hard-copy pictures and to the NTSC
encoder.

The G signal is important for another
reason: it is essential to the color TV signal
in NTSC format. The major portion of the
NTSC luminance signal is contained in the
G video. Also, the bandwidth of the R and
B signals is very low in NTSC, so that the
G signal is vital to preserve detail in the
color image. Without the synthetic G, the
images of Saturn would have had little
value in NTSC color.

Conclusion

The Pioneer Image Converter System
(PICS) has proved to be an invaluable aid
to Pioneer mission operations and has oper-
ated very reliably for three Pioneer mis-
sions: the Pioneer 10 encounter of Jupiter
and the Pioneer 11 encounters of Jupiter
and Saturn. Exciting close-up images of

Saturn, such as Fig. 7, were fed to the TV
networks from PICS, and the images were
seen worldwide.
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Psychophysical Analysis of the
“Sensation of Reality” Induced by a

Visual Wide-Field Display

This report summarizes research on the psychological effects induced by certain param-
eters of visual wide-field display. These effects were studied by means of three different
series of experiments. The first experiment series evaluated the subjectively induced tilt
angle of the observer’s coordinate axes when presented with a tilted stimulus display
pattern. The second experiments were to determine the observer’s eye and head move-
ments for information acquisition when presented with a visual wide-field display. The
third series of experiments was to determine, by means of a subjective 7-step evaluation
scale, the viewing conditions under which the display induces a sensation of reality in
the observer. From the results of these experiments it was concluded that a visual
display with horizontal viewing angles ranging from 30° to 100° and vertical angles from
20° to 80° produces psychological effects that give a sensation of reality.

When new information is presented to an
observer, he may sometimes wish to re-
ceive such information at a distance closer
to the information source, and at other
times he may wish to add his own observa-
tions to the information presented and
freely associate them with that informa-
tion. At present, the first case is repre-
sented by television, which gives high-
density information similar to the real im-
age sources in real time, and the second
case by newspapers and other printed me-
dia using typeset characters and photo-
graphs.

With the advancement of new tech-
nologies, broadcasting has now developed
such procedures as teletext, facsimile, and
A contribution received on 22 October 1979 from
Toyohiko Hatada, Haruo Sakata, and Hideo
Kusaka, Auditory and Visual Information Process-
ing Research Group, Broadcasting Science Re-
search Laboratories at the Japan Broadcasting Corp.
(NHK), 1-10-11, Kinuta, Setagaya-ku, Tokyo 157,
Japan, Copyright © 1980 by the Society of Motion
Picture and Television Engineers, Inc.
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home video, adding to television some of
the characteristics of the print media. They
were intended to improve the quality of in-
formation and increase the degree of free-
dom in obtaining the information.

With regard to the first wish, that of
coming closer to the information source,
does today’s TV broadcasting serve the
purpose properly? Monochrome has ad-
vanced to color, and the size of the display
tube and the sharpness of the image have
improved appreciably. Added to that, the
miniaturization of broadcasting equipment
has made possible the speedy and immedi-
ate coverage of events. However, when it
comes to a more faithful presentation of the
information, something is still wanting in
television.

For example, in the TV reporting of a
sports event in progress, several cameras,
some with super-telephoto zoom lenses,
may be used to keep track of the progress
of the game; but close-ups cannot present
the scene as a whole (and the TV spectator

By TOYOHIKO HATADA, HARUO SAKATA,
and HIDEO KUSAKA

may miss out on something happening out
of the range of the camera), while long-
shots cannot show the facial expressions of
individual players (and the TV spectator
may miss out on an interesting player reac-
tion). To overcome these shortcomings of
the medium the image is sometimes di-
vided up and two cameras are used.
However, this method still has its limits,
and the observer cannot become as enthusi-
astic as he would while actually sitting at
the stadium and being able to freely direct
his attention toward any part of the scene., -
Is it impossible to transmit simultaneously
with several cameras and enlarge any part
of the scene that the observer would like?
Apparently there exists an underlying de-
sire for widening the camera angle and
making the TV screen much larger so as to
show with great clarity the scene as a
whole.

For the inception of a broadcasting sys-
tem that induces in the observer an active
attitude toward the perception of informa-
tion, the image display technology must be
improved first. At present, efforts for a
more ‘‘natural” picture presentation are’
made with regard to the aspects shown in
Table I.

In the case of sports coverage men-
tioned above, enlargement of part of the
scene by the TV spectator as he is watching
the long-shot scene of a game will require
the improvement of picture sharpness and
provision of a larger display screen, shown
in Table I(a). To give a feeling of the vast-
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ness of the arena a three-dimensional dis-
play presentation system, shown in Table
I(b), is desirable so-as to not fatigue the
observer. Furthermore, to make it possible
for the viewer to choose the observation
point he likes best and thereby achieve a
greater sensation of reality, the improve-
ments cited under (b) and (c¢) in Table I are
necessary.

It can easily be seen that for the realiza-
tion of even the least of the above cited im-
provements a visual wide-field display will
be most effective. (See items marked with
an asterisk in Table I.) The wide-field dis-
play is technologically feasible and it is ca-
pable of inducing strong psychological
effects.

From this point of view we will first
summarize what psychological effects the
observer will experience from a large tele-
vision screen having a high definition im-
age (realizable in the near future); then we
shall report on the quantification experi-
ments for these psychological effects. Be-
cause of a number of limitations in our
experimental conditions, it still remains to
be seen whether our experiments will be
applicable in their entirety to a new type of
broadcasting display. We will be happy if
our report offers guidelines for the concep-
tion of future developments of the wide-
field display.

Relationships between Image Display
and Conditions of Observation

An information system using pictures
can be schematized as in Fig. 1 (Ref. I).
The question is: what effect will the dis-
played pictorial information have on the
observer, and as a result, how will he eval-
uate the offered information? Of like im-
portance is the problem of information
source selection by the information pre-
senter according to his purpose: what pic-
tures will he present with regard to
information content? At present, there ex-
ists no scale for the evaluation of those pic-
tures. They may be evaluated on the basis
of information efficiency at the time of ob-
servation, but if emotional and other fac-
tors are added, evaluation will become
difficult because of the various factors in-
volved. The same difficulties arise, of
course, with regard to the relationships be-
tween display and observer, and the ob-
server’s functions may be simplified as in
Fig. 1.

Cognition is to see an object and under-
stand what it is. Emotion is to derive a
powerful feeling of beauty or any other
equivalent (or antithetic) sensation from
what is seen. An evaluation scale for cog-
nition can be based on the time of recogni-
tion and on the rate of correct observer
answers given. This appears immediately
obvious. For beauty, however, we can
hardly find a concrete evaluation scale,
even if we may feel intuitively that we un-
derstand it. To explain the word *‘beauti-
ful,” dictionaries use synonyms such as
“pleasing,” ‘lovely,” ‘‘handsome,” and

Table 1. Areas of possible technological improvements needed for the feasibility of the visual

wide-field display.

Conformity with the visual
perception functions

Conformity with the
observing functions

(a) Upgrading of the existing pictorial informa-
tion. (Improvement of picture sharpness, natu-
ral movement of objects, and display screen.*)
(b) New reproduction modes of pictorial infor-
mation. (Three-dimensional space informa-

tion;* expansion of observer space* and time.)

(c) Display methods matching picture content.
(Expansion of obscrver space* and time; active
observing conditions; conformity of induced
emotion and picture content, i.e. to establish
empathy between the viewer and the director.)

*Denotes that these topics are especially relevant.

> Sensation perception

b o e s e e - —— — ———— - —————

e ————— ———————— ——— o= g
| Presenter I} Picture !
‘ 1 I

I b |
: b |
. . I

! Purpose — Source of Camera -+ : Recording || Display ;
' 1! |
! information ! . i

)
b R e L _J
e e e ——— T T T, e e s re———
Observer

Cognition

Evaluation

Fmotion

| I N

Fig. 1. System for the transfer of information from presenter to observer.

“pretty,” but concrete feelings differ in
their degree, depending on the object seen
and on the surrounding circumstances.
(Webster’s definition: “‘exciting aesthetic
pleasure.’”)

Is it impossible then to have a standard
for “beauty”? No, it is not! In beauty con-
tests, the winner is chosen by seeing
whether she has qualities strong enough to
convince the contest judges, although some
objections may be raised. This type of
evaluation by a limited number of observ-
ers uses a subjective cvaluation method, as
is often employed in psychological experi-
ments. It is certain that such a subjective
evaluation method is effective in cases dif-
ficult to quantify. But, natural scientists
tend to insist that an ebjective method must
be found for examination of the process by
which a human observer reccives informa-
tion and evaluates it. They also maintain
that certain specific factors exert great in-
fluence on the psychological evaluation
during the human observer’s information
processing.

For this reason, in studying the effect of
a picture on an observer, one must separate
the component factors of a picture and ex-
amine their individual effects, and not
merely analyze the displayed picture as a
whole. We shall now study the effect of a
large-screen picture on an observer, break-
ing it down into component factors.

Hatuda et al.:

Psychophysical Analysis for Wide-Field Display

Factors Affecting the Visual Wide-Field
Display and Their Psychological Effects

Figures 2 and 3 illustrate the psycholog-
ical effects an observer will experience in
front of a wide-field display. For the better
understanding of their relationship, the pre-
senter and the observer have been sepa-
rated according to their different roles.

Display Factors of a Visual
Wide-Field Display*

Factors on the image presenter side are
(Fig. 2): the camera angle, 8, the pictorial
composition within the information source,
F, the display screen, DS, the image mag-
nification, 8,/6,,, and the projection magni-
fication, L /L, (where L; is the distance
from lens to film in the projector). They
will briefly be discussed in the following.

Camera angle. This variable (8, in Fig.
2) determines what extension of the origi-
nal object will be reproduced finally on the
display screen. The amount of displayed
information increases as the camera angle
widens. On the other hand, wide-angle de-
piction of the scenery intended by the pre-
senter may be less satisfactory, and
overemphasis of perspective may result in
image distortion. If only specific objects
are pictured with a telephoto lens, it is un-
clear what other objects may surround
them and what the general surroundings
may look like. By skillful consideration of

561
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Fig. 3. The visual wide-field display and its psychological effects on the observer.

these points, striking pictures can be pro-
duced by selecting a lens suitable for the
presenter’s intention, and by choosing a
suitable camera viewpoint. The skillful use
of a zoom lens has an especially great influ-
ence on the subjective observing distance
we discuss below.

If part of a wide-angle photograph
could be enlarged, “blown up,” within an
improved high-definition " display image,
easy on the eyes of the observer, it could
then become possible to give the observer a
choice of information selection as he might
wish. This would facilitatc a more natural
scene reproduction,

These considerations indicate that wide-

angle photography is appropriate for ex-
pressing a sense of expanse and giving the
observer a feeling of being included in the
scene space displayed. However, it is still
true that close-up shots from a distance are
still needed for showing details of single
objects and for emphasizing them. Never-
theless, one may assume that there is a
camera angle at which objects look most
natural, depending on their characteristics
and on the presenter’s aim.

Picture composition. This element (F in
Fig. 2) must always be studied apart from
wide-screen display. For instance, when
shooting outdoor scenery from a moving
car, pictures taken through a side window

§62  SMPTE Journal August 1980 Volume 89

and showing road and buildings apparently
moving past the observer will give a
stronger sense of movement to observers
facing the TV screen frontally than in-
depth moving scenery as seen through the
back window. This is so because the pre-
senter and the observers are seeing the ob-
jects under the same conditions. There is
no need for the presenter to look at objects
always under the same conditions as the
observers, but he must take note of the eye
movements of the observer as he watches
the moving landscape from a car window.
His eyes will be in continuous movement.
With a small TV screen, however, the an-
gle of eye movement is much less. The ob-
server, looking at the moving scenery on-
the screen, cannot have a sense of pres-
ence, even if he would turn his head from
side to side. This indicates the importance
of good conformity of the picture presenta-
tion technique with the observer’s behavior
~— his eye and head movements for infor-
mation acquisition.

For paintings and photographs, exam-
ples are often shown of *“‘well-arranged”’ or
“harmonious’ compositions. Mostly, they
are based on the artist’s experience. Even
the *“‘configuration perception laws’’ of Ge-
stalt psychology?® have yet to reach a con-
clusion on how to deal with the visual
function. (These empirical laws may be
stated: “When man sees a collection of
points or lines, (1) smoothly continuing
curves look unified and their unification
comes to an end at an angular part, (2)
symmetrical parts appear unified, (3) an
enclosed part looks unified against its out-
side, and (4) parts having orderly relations
among their components, or presumed to
have such relations in the future, seem uni-
fied. With these laws, we perceive points
and lines collectively.””)

Composition seems to have more to do
with the way of perceiving and processing
simultancous information that enters the
human visual field than with the searching
function as stated above. '

Functions of the retina. The functions
of the various parts of the retina* determine
the characteristics of the visual field, In the
central area of the visual field, details and
color of a figure pattern are detected with
precision, but in the peripheral areas, more
than 10° away from the center, visual acu-
ity is poor and information is not perceived
correctly (Fig. 4). However, if the func-
tioning of the peripheral areas is eliminated
completely, it then becomes impossible to
read a letter that covers an area larger than
the central area of the visual field. This
shows that the peripheral areas play some
minor role in the acquisition of informa-
tion.’

Even if the viewing distance is
changed, there is little change in the im-
pression we receive from a given composi-
tion. From this we may assume that not
only the information perception efficiency
but also the information processing at a
higher-level nerve center has something to
do with composition. The relationship be-
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tween the distribution of specific informa-
tion areas over the entire scene, and the
scene-display aspect ratio will be explained
later.

Display screen. On a display screen
(DS in Fig. 2) having a small format, be it a
front projection screen or the Braun tube, a
great amount of information displayed
within a wide camera angle constitutes no
more than a confused mass of information
for the observer. For this reason, the size of
the display screen and the viewing angle,
8y, as determined by the viewing distance,
become important factors.

The fact that wide screens have become
popular over motion picture history indi-
cates that the size of the display screen has
a great psychological influence on the ob-
server.® In the early stages of the *‘holo-
gram,” a type of stereoscopic photography
which became popular some time ago, peo-
ple were attracted by its novelty and were
satisfied with its three-dimensional display
of tiny objects like a toy. But by now they
no longer pay attention to it unless life-size
figures, not a small doll, are shown in three
dimensions. Things familiar to us look un-
natural when they are reproduced in an ex-
tremely large or very small size. For their
reproduction in a size that appears natural,
the size of the display screen and the mag-
nification rate, M = L,/L,, exert great in-
fluence.

When the display is very large, its psy-
chological effect is felt very strongly. One
cause for this — it is pointed out — is that
when we concentrate on the contents of a
picture, we are hardly aware of the frame
of the screen. With the disappearance of
the frame that separates the picture display
space from the observer surround space,
the existence of the display screen itself be-
comes less noticed, and the contents of the
picture appear to have depth and not be
flat. This is well exemplified by the fact
that when one observes a landscape photo-
graph closing one eye, so as to not see the
frame, the photograph looks as if it had
depth.

Furthermore, by wrapping the display
screen around the viewer, we can enhance
the effect of continuity and unity of the dis-

play space and the observer space, as dem-
onstrated by the Astrorama motion picture
system.

Apart from the psychological effects
described, a large display screen provides
greater freedom for the viewer’s visual se-
lection. His eye movements are less con-
fined by the screen, and his viewing angle
expands on both sides. He acquires a
greater sense of naturalness. But, when an
object is moved laterally from one end to
the other end of a large screen, the viewer
must move not only his eyes as such but
must also turn the head to follow the object
on the screen. It must be noted that this
increases the vividness of. the action but it
also increases the viewer’s fatigue. We will
describe further down in what way the eyes
and the head move during the search for
visual information.”

To diminish the presence of the display
screen, some methods use a large convex
lens or a concave mirror (Fig. 5), instead of
the method of monocular observation for
the suppression of the perception of the
screen frame. The displayed virtual image
appears in an enlarged size at a distance
from the lens or the mirror. As a result,
depth sensation and naturalness are felt
more than by direct observation of the im-
age.® This method is used for flight simula-
tors and for virtual-image television projec-
tion.

Similar effects are obtained, though on
a reduced scale, by placing a glass plate
several centimeters thick over the dis-
played image, or by placing the frame of
the projection screen or the TV display
screen at a distance behind or in front of the
display. Both arrangements make the
viewer distance to the screen less precise.

Human capability for judging distances
decreases if the displayed image is more
than two meters away, and for that reason
the impression that it is displayed on a
screen weakens. A child absorbed in a car-
toon show on television will move closer to
the TV set, and even an adult may bring the
book he is reading closer to his eyes despite
the strain on his eyes. This indicates a de-
sire to exclude unnecessary (irrelevant) in-
formation and fill the effective visual field
exclusively with the wanted information
despite the greater visual effort. From these
facts it becomes evident that a large-screen
display that broadens the viewing angle
past a certain value will be effective, even
if this requires an adequate viewing dis-
tance.

(The human capabilities for judging dis-
tance depend on the following: (1) accom-
modation of the crystalline lens of the eye
— which also relates to depth of focus per-
ception; (2) convergence of eye movement
which occurs when one looks with both
eyes at an object, especially at shorter dis-
tances; (3) disparities in the detection acu-
ity of the binocular retina images; (4)
motion parallex that detects changes in the
relative positions of far and near objects
through changes in the observer’s position,
etc.; (5) psychological effects coming from
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the observer’s experience, etc. Of these,
1), (2), and (3) are seen to work effec-
tively when the object distance is within
about two meters for (1), within about five
meters for (2), and within about ten meters
for (3), respectively. Conditions (4) and (5)
are effective up to fairly long distances, de-
pending on the conditions.)

Image magnification. Its value can be
expressed as the ratio of the projection an-
gle to the camera angle, 6;/6,, (Fig. 2). If
8, = 0,, and if the projection distance L,
equals the camera-to-object distance, the
screen image size of the object will be
equal to the original object size. As men-
tioned in dealing with the preceding fac-
tors, the displayed object size has a strong
psychological effect on the observer.
Often, in the last scene of a film, close-ups
of the hero are cut to long-shots, and the
hero's taking leave of the audience (which
has identified with the hero) is made effec-
tive solely by progressively diminishing
the figure of the hero on the screen.

Thus, the size of an object displayed
within the picture influences the observer’s
subjective distance perception, and a
change in magnification may give the ob-
server a feeling of being included in the
displayed object space, or conversely, a
feeling that he is viewing the scene from a
distance as an outside onlooker. Move-
ments increase the impact of these effects.
However, when the picture includes an ob-
ject of a size familiar to the spectator, cer-
tain magnification rates will depict it in a
natural way, depending on its surround-
ings.

Our explanations so far have been
mainly given from the point of view of the
presenter of the picture, placing emphasis
on the factors existing on the presenter
side. But, unless we thoroughly check the
factors on the observer side, we will not be
able to produce as much of an effect as we
would want to achieve. It would be impos-
sible, however, to define the observer con-
ditions if we were to take into account such
factors as family environment and mental
state of the observer. Therefore, we have
grouped the effects resulting from the vari-
ous visual functions (visual field, searching
movement, accommodations, etc.) and
from display factors into three basic effects
clusters (Fig. 3a, b, and c). We will report
on this together with the results of the psy-
chophysical experiments concerning these
functions.

Psychophysical Analysis for Wide-Field Display 563
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tilted picture display (P4 in Fig. 7a) which
induces the subjective coordinate axes.

4. Immediately after the inducing stim-
ulus of the tilted picture is extinguished,
the line target is shown to the observer, and
it is found out at what tilt angle the ob-
server will subjectively feel that the line
target appears vertical (/T in Fig. 7). This
process is repeated several times. The dif-

indicate dimensions in millimeters.

Psychological Effects of a Visual
Wide-Field Display

Unification of display and observer
space. Under certain conditions, the dis-
play space and the observer space are uni-
fied and produce a feeling of seamless
continuity under which the observer is pre-
sented with the information contained in
the displayed picture, Suppose you stand in
a train and look through the window at an-
other train on an adjacent track. When the
other train starts moving you might feel
(relying only on your eyes) as if your own
train had started moving. This is so be-
cause the information based on objective
coordinates (lines of buildings and their
movement, etc.), obtained by means of the
visual sense, influences the condition of the
observer’s subjective coordinate axes, and
as a result the observer might feel as if the
space around him has changed into a condi-
tion different from that of the real space.
Moreover, this effect is felt with greater
strength when the observer’s interest is
strongly attracted by the object he is watch-
ing. This then will offer a suitable means
for measuring the degree of sensation of re-
ality awakened by the display, and we have
conducted experiments along these lines as
described in what follows.

Apparatus for creating an experimental
wide-field display. In order to project a pic-
ture that covers the full visual field in front
of the observer, a hemispherical glass-bead
concave screen was used (Fig. 6). The pro-

jection lens of the projector used was lo-
cated near the center of curvature of the
screen. Both the camera and the projector
lenses were identical fish-eye systems with
a 180° viewing angle and also a 180° pro-
jection angle. The observer was looking at
the screen in a vertical posture with his
eyes just below the projection lens system.
To minimize distortion of the projected
picture, the distance between the center of
curvature C and both the center of the pro-
jection lens system and the eye position of
the observer was less than 10 of the radius
of curvature of the hemispherical screen,

Experimental methods. The physical
coordinate axes of the projected picture
were tilted in order to measure the max-
imum tilting angle for which the observer
would still feel that his subjective coordi-
nate axes were vertical (Fig. 7). The mea-
surement procedure was as follows.

1. Under the.condition shown in Fig.
7b, and without a visual picture display,
the comparison standard physical vertical
coordinate is shown by means of a line tar-
get. The observer will adjust his posture so
that the tilted line target will appear vertical
to him (PS in Fig. 7). _

2. Under the same no-picture condition
a determination is made of the direction at
which the observer will subjectively feel
that the line target is vertical, and it is as-
certained that, for the given case, the line
target tilt angle tolerance is no more than
+30' (visual angle DT in Fig. 7). )

3. For 15 s the observer is then shown a
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ference between the subjectively vertical
tilt angles obtained in steps (2) and (4) will
be the quantitatively measured effect in-
duced by the picture. In subsequent experi-
ments, display variables were changed for
different measurement purposes (Figs. 8
and 9).

Experimental verticality tilt results. For
more details on picture display conditions
influencing the observer’s subjective coor-
dinate axes the reader may consult Ref. 2.
Here we wish to discuss the changes that
occur when the horizontal viewing angle
(defined as 0, in Fig. 2) is changed under
which the picture display is observed. Plot-
ting the viewing angle along the abscissa
axis and the induced angle of subjective
verticality on the ordinate axis (Fig. 8)
demonstrates the effects of viewing angle
variation due to differences in picture con-
tent. In the figure, the solid lines represent
the experimental result induced by display-
ing ordinary landscape pictures (Fig. 9),
and the broken line shows the result of dis-
playing a parallel vertical grating pattern.
The approximation formula A = k log(r¥/a

-+ 1) was used to obtain the results shown

as a broken line. In this formula, A repre-
sents the induced angle, r is the radius of
the viewing angle, and k and a are con-
stants.

In summarizing the results the follow-
ing can be observed: (1) the effects on the
observer will increase in proportion to the
widening of the viewing angle; when the
viewing angle exceeds a certain value a
state of saturation is reached and no further
changes occur; (2) the degree of the effect
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induced depends on the content of the pic-
ture — a picture composition containing
pronounced perspective elements exerts a
stronger influence on the perceived subjec-
tive coordinate axes; (3) when the dis-
played viewing angle is less than 20-30°
the tilting effect is very small with a sta-
tionary picture display; (4) when the dis-
played viewing angle exceeds 80-90° little
effect of the larger viewing angle is observ-
able and a state of saturation is reached;
and (5) for a common type of stationary
picture, the viewing angle that exerts the
strongest influence on the subjective coor-
dinate axes perception is around 50°.

These experiments have not demon-
strated a condition that could be exactly de-
scribed as a sensation of reality in the true
sense of the word, because only the vertical
coordinate axis was selected and quantified
as representing spatial information. On ac-
count of this, effects that can result in a
sensation of wide open spaces, etc., arc
only minimally induced in this experiment.
With regard to this point we are trying to
achieve quantification by using stimuli
from moving images and measuring the
evoked visual responses.

Influence of a Wide-Field Display on the
Observer' s Head and Eye Movements

In observing a picture projected on a
wide screen there exists little restriction,
such as the restriction given by a picture
frame, and the observer’s condition is quite
similar to that in daily life with regard to
the perception of visual information. Even
with accompanying auditory information,
the visual information perceived on current
home TV receivers obviously provides a
lesser amount of information. But, by ex-
panding the field of a visual display the
amount of information may be made to ap-
proach the natural condition.

We have carried out measurements of
the spontaneous eye and head movements
used by the observer as active means for
the perception of visual information in
daily life. When one is looking at a given
point within one’s visual field and a new
stimulus arises at another location distant
from the original visual target point, one
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Fig. 8. Induced subjective coordinate axes tilt as a function of display image tilt; ~—D--.
grating pattern, tilted —17°; ——o—— suspension bridge; tilted —10°; —— @ —— open landscape,
tilted —10°, Averaged from cvaluations by four observers. 0, is the viewing angle under which

the display was observed.

will shift one’s gaze to the new stimulus
point. One may do so either by a simple
eye movement or by turning the head, de-
pending on the magnitude of the angular
distance that separates the new stimulus
from the original target point. The results
of these measurcments are shown in Fig.
10.

The average tendency’ permits two con-
ditions to be formulated: (1) the range re-
stricted to simple eye rotation movements
is 30° horizontally, 8° upward, and 12°
downward, which is quite small with re-
gard to the total visual field; (2) the range
of head movements for the search of infor-
mation without too much observer strain is
wider than that of the eye movement in
condition (1), but when head movements
surpass 90° horizontally, 15° upward, and

30° downward the observer will generally
feel strain during head movement.

From these results we have concluded
that the range within which an observer
may conduct a fairly natural information
search would have a narrower viewing an-
gle than condition (2) above; but television
provides at present a condition that is even
narrower than condition (1) above. As a
consequence, the current TV display is tir-
ing to look at because it creates a condition
of a fixed semi-stare.

Investigating the degree of use of the
various sensory systems in daily life, we
found that the rates of sensory use are ap-
proximately one unit for the auditory sen-
sation, 500 units for the visual sense, and
less than Yico unit for the sense of touch.
Also, the capability for instantaneous in-

Fig. 9. Pictures used in tilt angle induction experiments: (a) composition giving a feeling of depth; (b) composition giving a feeling of expanse.
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formation processing is four bits per sec-
ond, and this means that we are using only
about Yso,000 of all the information re-
ceived through the various senses. It is dif-
ficult to determine to which type of
information perceived through the senses
we attach the most importance, but various
experimental results show that visually per-
ceived information is given high priority.
(Even if there is a discrepancy between
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the location of the sound source indicated
in a picture display and that of the loud-
. speaker actually radiating the sound, the
observer still will feel as if the sound were
coming from the source shown in the pic-
ture. When this discrepancy becomes
greater than 15°, some sensation of un-

naturalness is felt, however.)
As far as information display is con-

cerned, auditory information can easily be .
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(b)

Fig. 11. Eye movements induced by a pic-
ture; (a) stimulus picture; (b) trace of gaze
wandering over the picture during a 2-min
observation period. Note that the eye con-
centrates on characteristic points within the
picture, faces and hands of mother and child
(from Yabus®).

reproduced as three-dimensional (stere-
ophonic) sound, but the display of visual
information is considerably more re-
stricted. It seems obvious that, in the near
future, there will certainly be demands
coming forth for wider displays of visual
information. So far, our attention has
mainly been directed toward the appraisal
capacity of the displayed information. It is
difficult to explain completely the psycho-
logical effects that are induced by the as-
pect’ ratio of the screen and by the
distribution of the characteristic points
within the picture composition if the expla-
nations are based solely on the quantitative
analysis of information. For instance, we
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can see (Fig. 11) that one’s vision is con-
centrated on the main characteristic points
in a picture.® But it would be difficult to
determine what distribution of visual target
points would be produced by a picture with
a harmonious and beautiful composition.
We are trying to find out what sort of
change is seen in the visually evoked re-
sponses when the observer feels the beauty
of an object, and we are also trying to dis-
cover a clue for the analysis of these re-
sponses.

Object Size within the Picture Display

Depending on the kind of information
contained in a picture, especially the size
of the photographed object, the observer
may sometimes feel that this subjective dis-
tance to the displayed space segment is dif-
ferent from the real distance, and he may
feel a very strong impact of the object and
of the depth of space on his perception.
One of the reasons that TV program direc-
tors are using more and more close-ups is
that (apart from the inadequate resolving
power of TV systems for long-shots) close-
ups obtained with telephoto objectives
have a great impressive force that makes
viewers feel as if they are being “pulled”
toward the scene on the screen. To check
these psychological effects we have con-
ducted a psychological experiment using a
subjective evaluation method under condi-
tions where the viewing distance and pro-
jection magnification can easily be changed
with a setup such as shown in Fig. 2. The
following is a summary report on the ex-
periment.

Experimental setup. Subjective evalua-
tion was carried out with a setup where the
projection distance (L, in Fig. 2) could be
changed, thereby altering the display mag-
nification, L,/L; Also, the retinal image
magnification, 0,/6, = (8,/6,) - (8./6}),
can be altered through simply changing the
observer’s viewing distance (L in Fig. 2).
In this experiment, the same pictures as in
Fig. 9 were used, and the projected image
is in the form of a circular display on the
screen as in the earlier experiment illus-
trated in Fig. 7

Subjective evaluation method. The con-
cept to be evaluated is the ‘“sensation of
reality” felt by the observer on the basis of
the overall impression of the psychological
effects (space fusion, feeling of expanse,
naturalness, feeling of depth, impressive
powerfulness) summarized in Fig. 3. The
subject is first shown for 15 s a picture un-
der conditions that are to be used as a com-
parison standard.

(A picture having a camera angle of 25°
is projected on a screen from a distance of
4.5 m so that the display area of the pro-
jected picture will be 1.5 m?; the horizontal
viewing angle will then be 38° when the
displayed picture is observed from a dis-
tance of 2 m (Ref. 6). This corresponds to
about the same conditions as when viewing
a CinemaScope screen from a seat at the
center of the theater auditorium.)
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- Evaluation tests were then conducted on
a subjective seven-step scale, comparing
the standard display with the test pictures
under various changed viewing and projec-
tion distances (Figs. 12 and 13).

Hatada et al.:

1~8 : Pattern Size

(c)
Fig. 12. Measurement of the ““sensation of reality effect”: (a) when changing the view-

ing angle; (b) when varying the display area; (c) when varying the observer distance.
Average results for five observers. Numbers in parentheses show display area in m2.

Experimental Results on Dis;ﬁlaye
Object Size :

The following is a summary of the ex-
perimental results obtained by varying first
the viewing angle, and after that the dis-
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tion was varied while maintaining a

given observer distance. The upper part of each curve relates to the sensation-of-
reality effect. The dashed line indicates a viewing (retinal image) magnification equal

to unity.

play area, the viewing distance, and the
viewing (retinal image) magnification.

Effects of changes in viewing angle.
Figure 12a illustrates the results obtained
by changing the projection angle 6}, while
maintaining the viewing distance L, con-
stant, thus changing the viewing angle.
The following results were observed.

1. The sensation of reality increased in
proportion to the viewing angle and did
show a tendency toward saturation when
the viewing angle exceeded 60°. These re-
sults are similar to those of the earlier de-
scribed subjective coordinate axes induc-
tion experiments.

2. If the viewing angle is fixed, the
effect will be stronger when the display
area is large and the viewing distance is
long, i.e. when lateral projection magni-
fication and viewing distance increase by
the same factor.

3. To obtain an effect equal to the
standard condition described, a viewing
angle of 15-20° will be necessary with a
wider camera angle, and a viewing angle of
more than 45-50° will be necessary with a
narrower camera angle.

Effects of changes in display area. This
is illustrated by Figs. 12b and ¢, with the
results described as follows.

1. With a display area of 2.5 m? or
more (and a camera angle of about 40°) the
effect will show a tendency toward satura-
tion.

2. To obtain an effect similar in
strength to the standard condition with a
display area of less than 1 m?, a viewing
angle of at least 40° will be necessary.

With regard to Fig. 12¢ the following
comments should be taken into account.
This figure shows the result of an experi-
ment in which a series of eight successively
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greater display areas were used. For each
display area three observer distances were
used, so that a series of three different
viewing angles were obtained for each
given display area. In this fashion the re-
sults of this experiment can be applied to
yield conclusions on the influence of the
area of the display on the observer, as well
as with regard to the influence of the view-
ing distance on the observer. The latter pa-
rameter (distance variation) is referred to in
the next section. The relation among the
parameters ‘‘display area,” ‘‘observer dis-
tance,” and ‘‘viewing angle," illustrated in
Fig. 12c, are detailed in Table II: A display
with a circular frame was used for this
series of experimental evaluations. Each
observer was asked to give his rating on the
seven-step scale for each of the resulting 24
configurations.

Effects of changes in viewing (observer)
distance. (See Figs. 12 and 13.) Apart
from the results shown in Fig. 12, we con-
ducted tests to find out at which viewing
distance one begins to have a sensation of
reality (Fig. 13), and found the following.

1. While it is possible to obtain a good
result by shortening the viewing distance
and increasing the viewing angle and view-
ing (retinal image) magnification, a view-
ing distance shorter than 1 m should be
avoided.

2. The viewing distance at which one
begins to have a sensation of reality is re-
lated to the distance at which one is able to
see a characteristic object within the pic-
ture at a certain viewing angle, rather than
to the viewing angle of the display picture
as a whole. However, with a viewing angle
narrower than 40°, there is a tendency for
the characteristic object to be perceived by

Table I1. Viewing angles as a function of dis-
play area diameter and observer distance
when using a circular display.

Viewing angle 8, in
degrees as a function

Display  Display dia-  of three observer
areainm? meterinm  distances L, in m
3m 2m 1.5m

3.7 2.17 40 57 72
2.5 1.98 33 48 61
2.0 1.60 30 4 56
1.5 1.38 26 38 49
1.0 1.13 21 32 41
0.6 0.87 17 25 32
04 0.71 14 20 27
0.2 0.50 10 14 19

the observer as being somewhat larger than
it really is.

Effects of changes in viewing (retinal
image) magnification, 0./6,. As shown in
Fig. 13, we have tried to find the minimum
viewing angle at which one begins to expe-
rience a sensation of reality. This was in-
vestigated by varying the display magni-
fication, L,/L; of pictures taken with
different camera angles. Below follows a
summary of our findings.

1. When the viewing magnification
was increased, the impact of the sensation
of reality was felt more strongly.

2. The observer tended to try and see
the picture at a larger viewing (retinal im-
age) magnification when the picture had
been photographed with a narrower camera
angle, or to view such a picture from a
shorter distance.

3. Depending on the content of the pic-
ture (for instance, a picture containing a
human figure, or one that enables the ob-
server to estimate the camera distance at
which the objective had been pho-
tographed), the observer tried to view the
picture at a distance where its content ap-
peared to him at a natural size.

Conclusions

In this discussion we have outlined the
results obtained from our psychophysical
experiments on the psychological effects
exerted on the observer by visual wide-
field picture displays. These experiments
were conducted mainly pointing toward fu-
ture innovations in TV technology, when
high-definition TV displays and three-di-
mensional image viewing will become re-
ality. We did not touch on the sharpness of
the TV image, which is closely related to
high-definition technology. Our experi-
ments were restricted to exploring picture
display dimensions and viewing condi-
tions. However, we believe that we have
succeeded in some measure in establishing
basic observer tendencies.

In particular, we believe that our exper-
iments have succeeded in paving the way
for the quantification of the psychological
effects under which a strong emotional
feeling such as the sensation of reality is
evoked. We also believe that our experi-
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ments have provided us with usable data
with regard to the functions of the visual
field (Fig. 14).

The discriminatory visual field. It ex-
tends throughout the range within which
the observer has high-precision discrimina-
tory capability and perceives detailed infor-
mation accurately, with a visual acuity of
over 0.5. This is an area of about 3° from
the fovea.

The effective visual field. Within its
range, the visual acuity falls to about 0.1,
but discrimination of a simple figure can be
accomplished in a short period of time.'®
This is the range within which an observer
looks naturally at an object without head
movement and is able to process effec-
tively the information perceived. It extends
to maximal values of 30° horizontally, 8°
upward, and 12° downward.

The induced visual field. This includes
the range within which the observer has
discriminatory capability to the extent of
being able to recognize the existence of a
visual stimulus; but this range is related to
the observer’s posture judgement in regard
to information available in his surround
space. It covers 20—100° horizontally, and
20-85° vertically.

The supplementary visual field. This is
a range which has no direct functional role
in the perception of visual information; but
it has a supplementary function to the ex-
tent that it can arouse a shift of the ob-
server’s gaze in response to abrupt stimuli.
It covers 100-200° horizontally, and
85-125° vertically.

With a visual field having the described
characteristics and being complemented by
active eye and head movements, the human
observer has at his disposition a cleverly
designed system for the perception of vis-
ual information from a wide field of vision.
A display that adjusts itself to these char-
acteristics will become the method for
faithful reproduction of spatial information
in the true sense of the word. Also, results
of our subjective evaluation experiments
show that the information that influences
the observer’s subjective viewing distance
will sometimes be a ‘“‘natural” display
within a picture and at other times it be-
comes the factor that produces a picture of
strong impact. While — in the opinion of
some — such effects appear, under the in-
fluence of close-up scenes, in TV programs
and motion pictures, the experiment has
shown that such scenes constitute an effec-
tive method for producing in the viewer a
feeling of entering right into the displayed
space, even in the small display size as we
know it at present. In particular, experi-
ments using simple moving pictures con-
firm that this method is more effective in
the display of moving images.

As can be seen from the foregoing, we
have limited ourselves to research about
the basic characteristics because our exper-
iments were conducted under restricted
conditions. However, in the future, we in-

L (d)

tend to set up an experimental environment
closer to existing picture display conditions
and to use the results of these experiments
for the study of observer reactions (such as,
for example, the change in posture) to
quantify the psychological effects by an
objective method, and to study at the same
time the factors that produce such psycho-
logical effects.
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