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Abstract Methods

Slant perception was studied under viewing Participants Three males with normal non-corrected
conditions that combined horizontal-size, vertical- vision were paid to participate in this study.
size, and overall-size binocular disparities with
motion and static image conditions. For both motion
and static conditions, results indicated similar effects
of size disparity on perceived slants of disparity and
zero-disparity stimuli.  Implications for binocular
head mounted display (HMD) systems are considered.

Stimuli & Apparatus. Images were displayed on two
computer monitors mounted in a mirror haploscope.
Each stereo-pair was a computer-generated pattern of
randomly distributed elements consisting of open
squares, crosses and lines, drawn in red to reduce
phosphor smear, and subtendingt 43V. Subjects
Introduction reportedperceived slanby adjusting an unseen tactile

disk.
Magnification of an image to one eye only produce

size-disparities (SD) between the two eyes. Ogle (1938)  Horizonal SD Vertical SD
reported that an image witiorizontal SD is perceived 5

as slanted farther away on the magnified side. He alsp v
showed that an image wittertical SD is perceived as LI I
slanted nearer on the magnified side. He termed thi$ Fi
latter phenomenon an induced effect. o LT
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Kaneko and Howard (1996) showed that when
central horizontal- or overall- (i.e., equal horizontal and
vertical) SD field is viewed with a surrounding zero- Overall SD
disparity-stimulus (ZDS), the perceived slant of th :
central display is enhanced. In contrast, for vertical-S
the presence of a surrounding ZDS reduced the
perceived slant. They conjectured that horizontal-S
may be processed locally, but vertical-SD are integrated
globally. This hypothesis was elaborated by Pierce and
Howard (1997) who concluded that the perceived slaht
of an SD surface shown with superimposed ZDS is
assessed at each location in terms of the differentgeigure 1. Schematic of Disparity Conditions

between local horizontal-SD and vertical-SD averagedn each figure the black dots represent the image
over a large region. presented to the left eye, and the gray dots represent the

Hadani and Vardi (1987) and Vardi and Hada Jlinearly transformed image to the right eye.
(1989) reported that under certain conditions motion can  Three types of SDs were presented: horizontal,

interfer with perception of depth in a vertical yertical and overall. Four SD-magnitudes were used:
squarewave fandom dot stereogram. The Present, 49, 6% and 8% with a control level of 0%. The
experiment investigates the effects of motion on slangp stimulus was presented (a) in isolation, (b) with a

perception under horizontal-, vertical- and overall-SDegnira| 18 horizontal line-zDS, or (c) with a pattern-
stimulus conditions (see Figure 1). In particular, w

) X . )  WezDs containing the same texture elements, but
investigate how previously reported interactions;

b SD stimul d ZDS ﬁ db . ~interleaved between those in the SD pattern. Three
etween SD stimulus an are affected by motion, i settings were used: no-motion, and downward-

Implications for binocular head mounted display (HMD) or across-motion at°4per second velocity. The SD

systems are considered. stimuli and the pattern-ZDS both moved together; the
line-ZDS did not move.
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Procedure. A block of trials consisted of {[4 A four-way ANOVA was computed for ZDS slants.
disparity levels (2%, 4%, 6%, 8%)] X [2 disparity In general, the perceived slant of the ZDS was
directions (positive, negative)] X [3 superimposed ZDSapproximately 10° for all conditions. Figures 2c and 2e
(none, line, pattern)] + [1 control (zero-disparity trial)]} show that the line-ZDS and the pattern-ZDS produced
X [3 disparity types (horizontal size, vertical size, negative slants when the disparity pattern is larger in the
overall size)] X [3 motion types (no motion, vertical, right eye, and positive slants when the disparity pattern
and horizontal)] for a total of 225 test trials. Each wags larger in the left eye. None of the remaining main
randomly presented in a Latin square design. effects or interactions were significant.

Participants were given verbal instructions tqg
observe the central area of the display. Observers
matched the response disk to the perceived slant of the

SD pattern first, then to the perceived slant of ZDS. v Static

--o-- ACross

--a-- Down

Results

Perceived slant for horizontal size disparity

Figure 2 shows the adjusted slant means for th
horizontal-size disparity conditions. = Each panel'
abscissa indicates the disparity magnitude in th
disparity pattern. Positive values along the abscis
indicate that the right-eye image was larger. Negatiy
values indicate that the left-eye image was larger. Me
slants are plotted along the ordinate. Values above af
below the zero line indicate that the fused image wa
perceived as right-side away and left-side awa
respectively.

===

Mean Perceived Angle (Degrees)
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o
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Mean slants of disparity stimuli were submitted to a 40
four-way ANOVA with motion type, superimposed 20
stimuli, disparity direction and disparitymagnitude 10
serving as the within-participant variables. Although -10
control trials are shown in Figure 2, they were excluded
from the analysis. The participant-by-factor interaction -4
served as the error term in computing the F-ratio.

8642024608  §8-6-420246 8

The analysis revealed a significant interaction SD Magnification (%) SD Magnification (%)
between superimposed stimuli and disparity magnitude,
E(6,12) = 3.94, i< .05. Additionally, the main effect Figure 2. Horizontal Size Disparity

for disparity magnitude was significant, F(3,6) = 17.94.p0 . cived slant of () SD stimulus by motion type/ (b)

p < .05. This main effect is clearly shown in Figuressp stimulus with a superimposed line-ZDS by mofion
2a, 2b and 2d; the glant means of the_ disparity patter@pe, () line-ZDS with SD stimulus by motion type, ((d)
approached theoretical values and increased as [Hgy timulus with a superimposed pattern-ZDS by mdtion

disparity magnitude increased for all three motio Mtype, and (e) pattern-ZDS with SD stimulus by mofion
conditions.  Additionally, the interaction between type. Mean results for three participants.
T

superimposed stimuli and disparity magnitude can
explained by a larger effect of disparity magnitude whe . . . . .
a pattern-ZDS was presented. This interaction irsbercelved slant for vertical size disparity

: Figure 3 shows the response data for the vertical-
rg‘ge);r)ed to aglepth enhancemer{Pierce & Howard, size disparity conditions. A four-way ANOVA on

disparity slant means revealed a significant interaction
A pattern of moving elements with horizontal-size between superimposed stimuli and disparity magnitude,
disparities produced approximately the same perceiveB(6,12) = 5.65, p< .05. Additionally, the main effects
slant as a static pattern of the same disparities. The mafor superimposed stimuli and disparity magnitude were
effect of disparity magnitude was shown to be consisterignificant, F(2,4) = 10.19, § .05 and [3,6) = 4.22, p
across the three motion conditions. None of the=.063 respectively.
remaining main effects or interactions were significant.
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Although this interaction is statistically significant, the
differences in angle means are small. None of the
remaining main effects or interactions were significant.

—o— Static .
o Across Slant means for the superimposed ZDS were

--8-- Down analyzed in a four-way ANOVA. The analysis showed
no significant interactions or main effects. The slant
means for the line-ZDS and the pattern-ZDS, shown in
Figures 3c and 3e respectively, were not statistically
different from 0°.

Perceived slant for overall size disparity

Figure 4 shows the adjusted slant means for the
overall-size disparity conditions. A four-way ANOVA
on disparity slant means revealed a significant
interaction between disparity magnitude and
superimposed stimuli,_ F(6,12) = 6.01, ¢ .05.
Additionally, the analysis showed significant main
effects for disparity magnitude and superimposed
stimuli, F(3,6) = 58.68, g .05 and_R2,4) = 10.27, <
.05. In general, the angle means of the disparity pattern
increased as the disparity magnitude increased. The
slant means followed the predicted slant of the
horizontal-size component of disparity. In other words,
when the right-eye image was larger (i.e., positive size
- disparity), positive slant was perceived whereas,
-8 -6-420246 8 -8 -6-4-20246 8 negative slant was perceived when the left-eye image

SD Magnification (%) SD Magnification (%) was larger. In addition, the angle means for the disparity
pattern was largest when a pattern-ZDS was
superimposed.  Thus, the effect of the disparity
Perceived slant of: (a) SD stimulus by motion type, (b)[rnﬁgnltudeh Waﬁ enhanced ﬁby the presence |°f a ZDS.
SD stimulus with a superimposed line-ZDS by motion 'S.dEpt enhancement efiect was previously reported
type, (c) line-ZDS with SD stimulus by motion type, [(d) £Y Pierce and Howard (1997).
SD stimulus with a superimposed pattern-ZDS by motion A pattern of moving elements with overall-size
type, and (e) pattern-ZDS with SD stimulus by mofiondisparities produced the same perceived inclination as a
type. Mean results for three participants. pattern of static elements with the same disparities.

Mean Perceived Angle (degrees)

Figure 3. Vertical Size Disparity

The effect of di . iude. sh in Fi Therefore, the depth enhancement effect was shown to be
3 de:;ebe_c dq gspeg:t;; mlang ude, shown in égures obust in regards to the different motion conditions.
aan » Indicates that Slant means increased as ne of the other main effects or interactions were

disparity magnitude increased when the SD wa ignificant
presented alone or with a line-ZDS. This differs from ’
the effect of disparity magnitude shown in the horizontal- A four-way ANOVA on the slant means of
size conditions. Figures 3a and 3b show that when thguperimposed ZDS showed an interaction between the
right-eye image was larger, a negative slant waslisparity magnitude and superimposed stimuli, F(3,6) =
perceived; by contrast, when the left-eye image wad4.99, p < .05. Additionally, the analysis revealed
larger, a positive slant was perceived. This issignificant main effects for disparity magnitude and
characteristic of Ogle's (1938hduced effect This  superimposed stimuli, F(3,6) = 6.87<p05 and_FL,2)
induced effect was suppressed when pattern-ZDS was15.95, p = .057. Figure 4c shows that the angle means
presented (see Figure 3d). For this latter condition, thef the line-ZDS increased as the disparity magnitude
angle means of the vertical-disparity pattern remained ancreased. The line-ZDS produced negative slant
0° as disparity magnitude increased. perceptions for larger right-eye images and positive

In the vertical-size disparity condition, motion was slants for larger lef-eye images.  This effect of a
i e . L disparity image on the perceived slant of a superimposed
found to interact with superimposed stimuli, F(4,8) = parity imag P P b

N i th contrast effeqiPi
7.21, p < .05. Figure 3b shows that with a line-ZD ,ZDS 's referred o as @ep Pierce &

| lant de 1 tatic di .&oward, 1997). However, Figure 4e shows that the
arger siant responses were made 1o a stalic disparife 5, perceived angle of the pattern-ZDS remained near
pattern than to a downward moving disparity pattern

0° as the disparity magnitude in the disparity pattern
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increased. None of the remaining main effects oindicate that size disparity affects slant perception of

interactions were significant. disparity and ZDS similarly in both static and moving
displays. The use of HMD systems in pilot training and
20 A in flight has heightened the need to further understand the
30 impact of intended disparities (e.g., stereographic 3D
fg —— Static effects) and unintended disparities (e.g., misalignment of
0 -—o-- Across optical elements, distortion of the display device) in
o ~-a-- Down such systems.
228 It is important to consider the effects of size

-50 disparities both in the imagery presented in HMDs as
well as imagery seen through the display. However, our
results suggest that designers of HMDs need not be
concerned with potentially complex interactions between
the perceived slant of imagery containing size disparities
and the changing motion of that imagery.

' The dependent variable in these analyses was a
measure of slant angle adjusted for the direction of the
size disparity. The absolute value of disparity size was
used in these analyses. Disparity direction (positive vs.
negative) was treated as a separate factor.

Mean Perceived Angle (degrees)
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