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Abstract — Viewing positions of autostereoscopic 3D affect the observed 3D image quality. The
response of the people who had little experience in viewing autostereoscopic 3D was investigated.
Thirty participants with the normal stereoscopic vision were selected and took the visual evaluation of
autostereoscopic 3D at the various viewing positions. Photograph was also taken for the quantitative
analysis of the viewing zone characteristics and the uniformity of 3D screen of autostereoscopic 3D.
In visual evaluation, the larger difference of good and bad 3D image quality was observed at the
viewing distance of 300 cm than at other viewing distance. This result and the periodic trends
accorded with the analysis of photos at various camera positions. From these, we found that even the
unexperienced viewer can correctly evaluate whether 3D image quality is good or bad.
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1  Introduction

2  Method

Nowadays, people can experience 3D TV or 3D movies at
theater.! These 3D applications are based on 3D technologies re-
quiring a special eyeglass. After the commercialization of 3D
using the special eyeglass, research on autostereoscopic 3D is un-
der way to remove the discomfort of wearing special eyeglass.z_lo

In viewing autostereoscopic 3D using lenticular lens or
parallax barrier, viewing positions critically affect the image
quality of the observed 3D images. People who research and
develop autostereoscopic 3D are skilled in evaluating the
observed 3D image and finding good viewing positions. Yet
the response of the people who have little experience in view-
ing autostereoscopic 3D is also important for the wider usage
of autostereoscopic 3D applications like digital signage.

Various methods for measurement of 3D were re-
ported.u_15 Some of these included the methods of visual in-
spection for stereoscopic 3D, but not for autostereoscopic
3D. Hence, investigation of the visual inspection for
autostereoscopic 3D needs further research.

In this paper, it was investigated how the general viewers
evaluate the 3D image quality of autostereoscopic 3D at the
different viewing positions. If the general viewers can identify
good and bad 3D image quality at the different positions, they
will be able to shift the viewing positions to the better viewing
positions. Photograph was also taken at the viewers’ positions
to quantitatively analyze the viewing zone characteristics and
the uniformity of 3D screen of autostereoscopic 3D. Result
analyzed from these photographs was compared with the re-
sult of visual evaluation.

Commercial autostereoscopic 28 view 3D display with the di-
agonal size of 65 inch and slanted lenticular lens was used as
3D san1ple.16 Viewing distances of 200, 250, and 300 cm were
selected, in consideration of the product specification of view-
ing distance of 300 cm. Figure 1(a) illustrated 3D input
source of 3D sample for visual evaluation. As 3D input source,
2D + depth map format was used where the left half size rep-
resented 2D image and the right half size represented depth
map.17 The spatial distribution of gray level of depth map in
Fig. 1(a) determined the depth condition of 2D image of
the left side.

To select 30 participants with the normal stereoscopic vi-
sion, StereoFly test was used to measure stereo acuity that
was determined by the minimum amount of the discriminable
depth.l&19 From StereoFly test, 30 participants who were ca-
pable of stereoscopic vision were selected. Stereo acuity of 30
participants were measured to be 56.1 = 23.8 arc seconds and
the average age was 22.9 + 2.1 years.

Before the start of visual evaluation test, preliminary ques-
tions of Table 1 were asked to each participant, to check the
previous experience in viewing 3D. Multiple selection was
permitted.

Five responses of Table 2 in evaluating the perceived 3D
image quality were explained to each participant, using
3D sample and 3D input source of Fig. 1(a). During
explanation of less than 1 min, participants were permitted
to change positions freely to experience the change of the per-
ceived 3D image quality at the different viewing positions.
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FIGURE 1 — (a) 3D input source with 2D + depth map format. At depth
map of right side, bright and dark grays represent the depth in front of
and behind the screen, respectively. (b) Setup for the test of visual evalua-
tion at the viewing distances of 200, 250, and 300 cm. Viewing positions
were marked on the floor and the center of the ends of two feet of the par-
ticipants was located at the marked viewing position.

TABLE 1 — List of preliminary questions.

Q1. Did you have experience in viewing 3D?

(a) Yes (b) No

Q2. (Answer if answer of Q1 is yes) What kind of 3D application did you
experience?

(a) 3D TV (b) 3D movie theater (c) 3D mobile (d) 3D amusement center
(e) others ()

TABLE 2 — Five responses for visual evaluation of the perceived 3D
image quality.

Near object looks behind screen. (Pseudoscopy occur)
Most of screen does not look sharp.

Some area of the screen does not look sharp.

Most of screen looks sharp.

All of the screen looks very sharp.
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Figure 1(b) illustrates the setup for the test of visual evalu-
ation. The ranges of the viewing positions were from —100 to
100 cm with respect to the center of 3D sample. Viewing po-
sitions were marked on the floor with interval of 5 cm. At each
viewing distances, each participant moved horizontally from
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the left to the right side by 5 cm. The center of the ends of
two feet of each participant was located on the marked posi-
tions as the participant changed positions. The center of 3D
sample was approximately at the same height as the eyes of
the standing participants. At each viewing position, each par-
ticipant was asked to evaluate the perceived 3D image quality
and answer by the response of Table 2. There was no limita-
tion of time in answering the responses. To prevent the
dependence on the sequence of the three viewing distances,
30 participants were divided into six groups that the
sequences of the viewing distances were evenly distributed as
Table 3.

To quantitatively investigate the characteristic of
autostereoscopic 3D, 3D image displayed on 3D sample was
photographed at the positions similar to the viewing positions
of the visual evaluation. Camera was placed on the translation
stage and moved horizontally with interval of 1 cm for the
range of —30 and 30 cm with respect to the center of 3D
sample at the viewing distances of 200, 250, and 300 cm as il-
lustrated in Fig. 2(a). Camera of commercial smartphone (LG
G3) was used with the normal setting. Figure 2(b) illustrated
3D input source for photography to investigate the uniformity
on 3D screen with respect to the various depth conditions.
Nine white bars with equal width were located placed on
the black background. And depth conditions from the behind
screen to the in front of the screen were determined by gray
levels of depth map from 0 to 255 with 32 gray steps.

3 Result and analysis

For Q1 of preliminary questions, all participants answered to
have experience in viewing 3D. Figure 3 illustrated the result
for Q2 of preliminary questions about the previous experience
in viewing 3D. Viewing 3D movie at theater is the largest. 3D
applications except 3D mobile were based on the 3D technol-
ogy with special eyeglass. 3D mobile that one participant had
experienced is commercialized 3D smartphone that is based
on autostereoscopic 2-view display.®® This participant had
fleeting chance to view 3D mobile but did not possess 3D
mobile. The result of the preliminary questions showed that
the general people had little chance to experience the
autostereoscopic stereoscopic 3D while all of them are
familiar with viewing 3D with special eyeglass.

Figure 4 illustrated the average of responses of 30 partici-
pants along the horizontal viewing positions for the three
kinds of viewing distance. High average value corresponded
to the perception of good 3D image, and low average value
corresponded to the perception of bad 3D or pseudoscopic
image. The difference between the high and low averages
was larger at the viewing distance of 300 cm than other view-
ing distances. Along the horizontal positions, average value at
each viewing distance showed the periodic trends. The pe-
riods were approximately 21.5 cm for the viewing distances
of 200, 26.7 for 250, and 31.5 for 300 cm, respectively.



TABLE 3 — Thirty participants divided into six groups with different
sequence of the viewing distances of 200, 250, and 300 cm for visual
evaluation.

0 A B C D E F
Ist 200 200 250 250 300 300
2nd 250 300 300 200 200 250
3rd 300 250 200 300 250 200
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FIGURE 2 — (a) Setup for photography of 3D image at the viewing posi-
tion. (b) Test image of 2D + depth map format for photography. The gray
levels of depth map determine depth conditions of multiple white patterns
on the black background. Numbers on the right represent gray of depth
map.

There was no limitation of time in answering the responses
during the test. Visual evaluation at the first viewing distance
generally took about 10 min. As the participant became more
familiar to the procedure of the visual evaluation, the time for
response gradually became shorter. All of the visual evaluation
at three different viewing distances took around 20 min for
each participant.

Figure 5 illustrated the average at the viewing distance of
300 cm for groups E&F who first started visual inspection at
300 cm and groups A-D who started visual inspection at
200 or 250 cm. All the participants had little experience in
viewing autostereoscopic 3D at the preliminaly question.
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FIGURE 3 — Result of Q2 of preliminary question about the previous ex-
perience in viewing 3D. Vertical axis represents numbers of person.

But group of A-D gained some experience during the visual
evaluation at viewing distances of 200 and 250 cm and then
took the visual evaluation at 300 cm. So groups A-D could
be considered to be more experienced compared with group
E&F in the visual evaluation at 300 cm. However, there was
no noticeable difference between the results of group E&F
and A-D in Fig. 5. The result implied that the participants
correctly identified good and bad 3D image quality even when
they had little experience in viewing autostereoscopic 3D.

3D screen was photographed at the horizontal range of
—30 to 30 cm with the interval of 1 c¢m, at the viewing dis-
tances of 200, 250, and 300 c¢cm using 3D test image of
Fig. 2(b). Figure 6(a) showed nine photos at the central sec-
tion of 3D test image of Fig. 2(b) at the viewing distance of
300 cm. Camera position for photo in Fig. 6(a) was horizon-
tally 4 cm apart. Shapes of white bar in photos at camera po-
sitions P; and Py that are 32 cm apart were similar. At the
viewing distance of 300 cm, almost the same photos were re-
peated with the period of 32 ¢cm. This period was similar to
the periodic trends of result of visual evaluation of Fig. 4(a).

Figure 6(b) illustrates the horizontal disparity to induce the
depth at the eyes positions of L and R. To induce the depth
perception of point F behind screen, Fy seen by the right
eye R had to be on right of Fy, seen by the left eye L. To in-
duce the depth perception of point N in front of screen, Ny
seen by the right eye had to be on left of N, seen by the left
eye. Lower side of photos of Fig. 6(a) represent depth condi-
tion behind the screen. In lower parts of photos of P3~P7 of
Fig. 6(a), white bar at the viewing position of Py, is on the
right of P,, for at m > n at the same depth condition. So left
and right eye in this range will correctly perceive the white
bar behind the screen in accord with the depth condition of
3D input source. In selected sample of autostereoscopic 28
view 3D, movement from viewing zone of view N to view 1
caused the drastic change of the observed image. In Fig. 6(a),
this viewing position between viewing zones of view N and
view 1 roughly corresponds to Py or Pg. If left eye is around
the camera position of Pg or Py, image seen by right eye will
be similar to photo of P; or Ps. This will cause the bad 3D im-
age quality or pseudoscopic vision to the participant.

In autostereoscopic 3D, generally best 3D image can be ob-
served at the optimum or designed viewing distance. Figure 7
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FIGURE 4 — Average of participant responses along the horizontal viewing position. Responses
of all participants were averaged at each viewing position. Numbers on the upper right side rep-

resented the viewing distance.
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FIGURE 5 — Average at the viewing distance of 300 cm for groups E&F
(10 participants) who first started visual inspection at 300 cm and A-D
groups (20 participants) who started visual inspection at 200 or 250 cm.

(a) showed photos at the viewing distance of 300 cm. In case of
photo at camera position P5 of Fig. 7(a), shapes of white bars
were observed to be uniformly similar at all the active area of
3D screen. And this uniformity was preserved at the photo of
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the different camera position P7 though shapes of white bars
changed. Figure 7(b) showed photo at the viewing distance of
200 cm. In this photo, shapes of white bars were not uniform
at the active area of 3D screen and zone boundary of view N
and 1 appeared locally in some part of the photo. This means
the disparity to induce the depth perception was not correctly
represented at the viewing distance of 200 cm. Photo at the
viewing distance of 250 cm also showed non-uniformity at
the 3D screen. This non-uniformity related to that the partici-
pant saw the different views at these viewing distances. At the
viewing distances of 200 and 250 cm, the participant would see
some of the 3D screen unclear due to this non-uniformity and
this would decrease the occurrences of the responses 1 and 5 of
Table 2. Figure 7 accords with the visual evaluation of Fig. 4
that the difference between the highest and lowest averages
of responses was larger at the viewing distance of 300 cm. This
also accorded with the 3D sample specification of the viewing
distance of 300 c¢m.

Though the whole 3D screen was not uniform at the view-
ing distances of 200 and 250 cm, white bar at the same
position on 3D screen still showed the periodic trends

(b)

FIGURE 6 — (a) Nine photos of the central section of 3D screen using 3D test image of
Figure 2(b) at the viewing distance of 300 cm. P;~Pq represent the camera position of each photo.
Depth of white bar is different along the vertical direction and the numbers on the left side
represent the corresponding gray levels of depth map of 3D input source. (b) Induction of depth
perception by horizontal disparity for two eyes at the positions L and R.

24  Lee et al. / Visual evaluation of autostereoscopic 3D



Camera position: P,

(a)

Camera position: P;

i

FIGURE 7 — Photo of 3D screen at the viewing distances of (a) 300 cm
(b) 200 cm. Dotted circle represents zone boundary between view N and
1 that appeared locally on 3D screen.

(b)

horizontally with viewing position interval of 21 and 26 cm,
respectively. These periods were similar to the periodic trend
of the result of visual evaluation of the Fig. 4.

4 Conclusion

Thirty participants with normal stereo vision were selected
who experienced in viewing 3D with special eyeglass but
had little experience in viewing autostereoscopic 3D. These
participants took the visual evaluation of the perceived 3D

image with respect to the viewing positions. To quantitatively
analyze the viewing zone characteristics and the uniformity of
3D screen of autostereoscopic 3D, photograph was also taken
at the various viewing positions.

Result of visual evaluation showed the larger difference of
good and bad 3D image quality at the viewing distance of
300 cm than other viewing distance. This accorded with the
3D sample specification and the analysis from the photos
taken at various camera positions. Periodic trends of visual
evaluation also matched the repetition of the similar shapes
in photos.

From the similarity between the visual evaluation and the
analysis of photos, we found that even the unexperienced
viewer can correctly evaluate good and bad 3D image quality.

Hence, unexperienced viewers are expected to find good
viewing positions in viewing autostereoscopic 3D. It also
means the 3D input source of the repeated shapes and differ-
ent depth such as Fig. 2(b) is effective to understand how the
participants saw the 3D image and estimate the good viewing
distance and the viewing zone distribution.
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