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High contrast

Colour richness
Realism

3D appearance
Details

Why is contrast important?

Low contrast
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Exploiting binocular vision / WSIGGR%PH

Idea

* Use different views between the eyes to
enhance image appearance

» *Need to take care of Binocular Rivalry

Related work
* Binocular tone-mapping operators (BTMO):
[Yang et al. 2012] [Zhang et al. 2018, 2019]

* Maximize image difference, yet maintaining
viewing comfort

Problems

* Inconsistent enhancement

* Heuristic viewing comfort predictor
* Heavy optimization

Left-eye image Right-eye image
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DiCE: Dichoptic* Contrast Enhancement A L7 ASIA201d

Left-eye Image Right-eye Image

*Dichoptic presentation: two different images are presented to the two eyes
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Fusion of contrast

Contrast to the left eye Contrast to the right eye

1
B B\ B

R (o

e 2
Perceived contrast ’B ~ 3
C, +C
L R
= (=
2
[Legge & Rubin 1981]
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Left-eye tone-curve

Right-eye tone-curve

Output log luminance
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Input log luminance;
B Perceived tone-curve "
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Predictor of rivalry /“W SIGGRAPH

louqt)A Left-eye tone—curvei Right-eye tone-curve
of 7 o
© Need a predictor of rivalry!
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& Predictor hypothesis 1
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Stimuli
1 - e 16 binocular images processed b
lout A | Right-eye tone-curve nter| dt ges p Y
o : ' Leftieye tone-curve interleaved tone-curves
— |
2
g Procedure
é * Adjust the difference d to find the strongest
= enhancement without rivalry (8 participants)
8’ * Run the experiment for different number of
- linear segment N
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Input log luminance l;r, ~Which predictor is closer to a constant for different N?

Interleaved tone-curve Hypothesis 1 Hypothesis 2
Luminance difference  Ratio of contrast
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Experiment 1 - Predictor of rivalry
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Participant 1
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Image Index

Hypothesis 2
Ratio of contrast

Better!

11



Selected examples RE
/ %QGGR%PH

e

L J
N=2 1/h=0.33 h-1=0.36

[ J
N=2 1/h=0.33 h-1=0.36

The two image pairs
have the same ratio of
contrast but different
luminance difference

]
N=20 1/h=0.33 h-1=0.136

These images can be cross-fused with the assistance of the dots above
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Final DIiCE tone-curve

- |/ =0.3289, 1th pctl
= | [N =0.5287, 25th pctl

1/h =0.6308, 50th pctl |
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* The shape of the DiCE dichoptic 2
tone-curves for different ratios g -0.5
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8 25 |

|/h =0.7422, 75th pctl
— |/h =1.0000, 99th pctl
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HDR frame
I

{Tone-mapping]

* Seamless integration to any VR rendering pipeline Standard VR

* Can take both HDR and SDR images as input rendering pipeline

* Negligible computational cost

Display encoding
(sSRGB/BT2100) — Linear

]
\ / — Gamma-

Display-encoded frame corrected
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Experiment 2 — Validation

Pairwise Comparison

DIiCE
Contrast

Preference / o \

BTMO . , Standard Images

binocular tone-mapping without enhancement

N —— N ——

e

Run comparisons for 19 scenes (16 participants)
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I BTMO
[ DiCE

Fix the quality of
standard images to
zero

Plot the quality scores of
DiCE / BTMO relatively
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Quality [JOD]
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Experiment 2 — Validation (Contrast Perception) -7

a) Contrast

2 3 4 5 6 7 8 9 10 11 12 13
Scene number
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Experiment 2 — Validation (Overall Preference) -7 o

b) Preference
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Fix the quality of i L‘J
standard images to I
zero

Quality [JOD]

Plot the quality scores of
DiCE / BTMO relatively s
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Summary

A

C ontr I b u tl ons: Standard Stereo Standard Stereo

e Explicit contrast enhancement based on
established psychophysical models.

* Asimple yet effective rivalry predictor based
on new experimental findings.

* Easy integration to any VR rendering pipeline
with any choice of tone-mapping operators.

* Negligible computational cost, processing an
image pair in milliseconds without GPU
acceleration.

Limitations:
* Inherent trade-off between contrast
enhancement and binocular rivalry.
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Project URL (Unity Asset available)
https://www.cl.cam.ac.uk/research/rainbow/projects/dice/
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