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Observers moving in front of a stereo display experience illusory parallactic motion. Our experiments imply an interpretation that confirms with predictive coding theory: Stereoscopic

depth predicts retinal parallactic motion -- which the display doesn't deliver. The visual system reports the prediction error as visible motion:
» gated by binocular disparity, and

« opposite in direction of self-induces motion parallax,
* modulated by how the surrounding scene allows the mismatch to be attributed.

Background Questions

Under natural viewing, binocular disparity (BD) and motion parallax (MP) provide mutually Q1: When does illusory parallactic motion arise, and what causes it?
consistent depth information. Head-mounted VR displays can decouple them: BD is If binocular disparity (rather than other depth cues) gates the parallax prediction,
rendered, but head movement no longer produces MP. Moving users now experience a looking at the same display monocularly should abolish the illusion.

strong percept of parallactic motion [1]. Predictive coding can account for this illusion (Fig. 1).| Q2: What motion direction does the percept adopt?
According to the predictive coding explanation, the illusory parallax should be

Fig. 1: lllusory parallax understood as ot 3D - y oredicted measured [ v ] S _ _ _

predictive coding error [2, 3]. e;ee‘;i;"p- — ——( Comparator J&—— sk opposite in direction to physical parallax.

BD teeds a forward model that takes , ~ 5 Q3: How do scene context and viewing geometry modulate the percept?

non-visual sensory information about prediction | error . . . . .

head displacement and predicts the expected eference — iswal H1: More scene context might provide more material to carry illusory motion. The
retinal MP. Predicted MP is then compared to real, > perception | Illusion thus becomes Iarger.

measured MP. If both match, no external motion is . : . . . :
serceived. Any mismatch, however, results in Motor [ Head H2: Morg scene Coptext mlg_ht make IS more obvious to the viewer that there is no
motion perception. areas motor command movement real image motion. The illusion becomes smaller.

General Methods Two-interval forced-choice (2IFC) magnitude comparison:
* Implementation with BMLtux [4]. Which display contains more motion?

» In VR, observers look through a window at a collection of Rubic’s Head-mounted VR (Meta Quest 3)
cubes on a table surface while asked to perform lateral body sways. ¢ Each trial contains two intervals:

+ Participant about 70 cm in front of the screen; Rubic’s cubes about 30 o ILLUSORY display (BD, no MP); | | |
cm behind the screen surface according to different depth cues: o MEASUREMENT display (no BD, MP with varying gain).
o linear perspective and other pictorial depth cues always present, * The point of subjective equality (PSE) of resulting logistic fit
o presence of BD and MP depending on viewing condition. quantifies the strength of the illusion. o2
Exp. 1: The role of binocular disparity in illusory parallactic motion Exp. 2: Direction of perceived illusory motion
Manipulation 10— Stimuli -
* Viewing condition of the ILLUSORY display: binocular  o.s {|binocutar | * ILLUSORY and MEASURMENT were g 10
VS. monocular 06 | ' displayed simultaneously side by side. s 4
Measurement S s * Task: Did the two move in the same or < é 06 | 3 r 3
» Varying gains between -1 and 1 (natural MP) in ot different direction ss . N
MEASURMENT display to find PSEs. %’ 2 | Key Result o §
* Measured both monocularly and binocularly. §§ ?2 « Judgments indicate that illusory B . — -
Key Result & S LS00 MEASURMENT: parallax is opposite the natural head- g ML — . -
. o & 0.8 || monocutar mmmm monocular Pifferent -1.0 -0.5 0.0 0.5 1.0
» PSEs were reliably non-zero when the ILLUSORY 2 e o oular movement parallax. brallax sain in MEASUREMENT
display was binocular (Fig. 3 top), and clustered near £ e ; Conclusion e
zero when one eye was occluded (Fig. 3 bottom). o4 \ * The percept adopts the opposite sign Fig. 4: The perceived direction of the illusory parallax
 Participants are more sensitive to MP with negative 0.2 | | '& of the missing parallax, reflecting a is opposite to real parallax
than with positive gain. R T ——— signed prediction error.
Conclusion MEAS;ET' 1.0 -0.5 0.0 0.5 1.0
- Binocular disparity is necessary and sufficient to Parallax gain in MEASUREMENT Exp. 4: Effect of viewing angle ..
generate i”USOFy parallax. Fig. 3: ILLUSORY was viewed binocularly (top) or x slope = 0.0042; intercept = 0.0779
monocularly (bottom). MEASURMENT was also Manipulation © 0.4 R?=0.3668; p =0.0000; N = 12
presented binocularly (red) or monocularly (blue). _ _ ] o o T
Curves show fitted dual-tanh functions. ° Elght downward viewing angles (28 o 0-3 | -I -1
to 54.2°, Fig. ' 2 T
Closed 2, Fig 6) under_bmocular S o2 s 1
Exp. 3: Effect of scene context negative-gain comparison. i STl S
Manioulat Key Result E T E :
gnlpu T_'on  closed  PSEs became larger with increasing o - " " - -
. Fcene ng_cgf:.t | c-:o_s.ebl, OE%%’ none viewing angle (LMM (3 = -0.0042 / Viewing Angle [degrees]
rame Visibility: visible, hidden Open None deg, z = -11.95, p < 0.001.
KeSy Restlt  affacts the illusi Conclusion IFig. 6: |I|usEry pa(;allax anreasels Ts thefol;ser:ver adoplts
* ocene Layout alfects tne niusion . Looking from above results in less ocations that reduce the visual slant of the horizonta
— . : urface. Viewing angle of 0°: E re located in th
(F(2,34) =13.4,p < '00_1)' strongest without conflict. Probably due to occlusion ;orijoitalf)lanf.?/igv(:ir?ganglzeosfa9§°:oE;e: are Ioc()aking
surround and weakest in closed scenes. and relative object placement. down at the horizontal plane.

Frame Visibility did not affect illusion (Fig. 5).

Conclusion 03] e T . .
* Support against H1 and for H2 (above): Rich = B visible [ Summary & Discussion
istri ' ® hidd 1 . . . . .
sgr_Lciund distributes cue conflicts across the 2 02 = I » The visual system predicts parallax from stereoscopic depth and discounts it from
vISIble scene. < I the retinal input to achieve visual constancy during self-motion.
2 01 » Scene geometry with the potential to create real MP reduces the illusion.
f;gq-j;Qj”“tg“n:;tocfhnl‘ifats"(’)eRsara”ax'” MEASUREMENT é  Shall we really call the phenomenon “illusory motion parallax”? Or is it rather
| < o - illusory motion attributed to the scene?
Closed env. Open env. No env. . .
Scene Context « Stereo screens and stereo displays for movies never became very popular. The
E 5: Effect of Vi . dist reason might be the conflict between the presence of BD and the absence of MP
XP. o. Elfect or viewing distance o8- which creates discomfort and visual artifacts. Observers are puzzled, because
: : % their visual system is neither in presence mode nor in picture mode [35].
Manipulation =
anipulatio | s .
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