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Overview

• What is necessary for high-fidelity VR?
– minimal latency
– good spatial calibration

• Why is VR useful for studying 3D vision in 
moving observers?
– experiments that could not be done without VR
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End-to-end latency of different displays

Stuart Gilson



LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

End-to-end latency of different displays
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People can detect quite small differences in latency
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Reduce end-to-end latency

Idling

Idling
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End-to-end latency of different displays

9ms improvement
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People can detect quite small differences in latency

Performance is 

better on these 

because the 

stimulus has 9ms 

shorter latency
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Spatial calibration of a head mounted display
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Spatial calibration of a head mounted display

(x,y,X,Y,Z) for n frames

… allows you to solve 

for 11 parameters per 

frustum (location, 

orientation, focal 

length, aspect ratio 

etc)
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Spatial calibration of a head mounted display
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Spatial calibration of a head mounted display
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Spatial calibration of a head mounted display
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Overview

• What is necessary for high-fidelity VR?
– minimal latency
– good spatial calibration
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Psychophysical evidence against 3D reconstruction

• Intransitivity of depth relations (A>B>D but A<C<D)
– Svarverud et al (2012)
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Psychophysical evidence that requires VR

• Task:
‘Is the square closer or 
farther  away in the 
second interval?’
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A, B and D are at the same
perceived distance

A

B D

Psychophysical evidence that requires VR

Require
s V

R
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A C

D

A, C and D are at the same
perceived distance

Psychophysical evidence that requires VR
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A

B
DB

C

DC

Further than A (via B)
but
Nearer than A (via C)

Psychophysical evidence that requires VR
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A C

B

5 observers

M
atched distance (m
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Psychophysical evidence that requires VR
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5 observers

M
atched distance (m

)Space

Psychophysical evidence that requires VR

‘Compressed’

‘Broken’
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Psychophysical evidence against 3D reconstruction

• Intransitivity of depth relations (A>B>D but A<C<D)
– Svarverud et al (2012)

• Spatial updating is biased in a way that is inconsistent 
with 3D reconstruction:
– Vuong et al (submitted)

24
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Psychophysical evidence against 3D reconstruction
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Psychophysical evidence against 3D reconstruction

Require
s V

R
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Psychophysical evidence against 3D reconstruction

27

‘Model’: participant 
represents these as 
all being in the 
same plane 
(beyond the 
right hand wall)
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Psychophysical evidence against 3D reconstruction
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Psychophysical evidence against 3D reconstruction
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Psychophysical evidence against 3D reconstruction
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Psychophysical evidence against 3D reconstruction
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Psychophysical evidence against 3D reconstruction

Require
s V

R
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Psychophysical evidence against 3D reconstruction
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Psychophysical evidence against 3D reconstruction
point to Greenpoint to Yellow
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Psychophysical evidence against 3D reconstruction

This experiment raises questions about whether constructing a 

consistent map is something we only do after a lot of 

experience and consistency-checking
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Psychophysical evidence against 3D reconstruction
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Overview

• What is necessary for high-fidelity VR?
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– good spatial calibration

• Why is VR useful for studying 3D vision in 
moving observers?
– experiments that could not be done without VR
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