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The “Eye Model” in Graphics
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The Biological Eye in Realit
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Vision
Science

Psychophysical studies on human
visual system

Understand visual perception
mechanism s

Derive computational models

Advance human -inspired methods for
computer vision, Al, etc.



Optical Propagation
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Dynamic Behaviors

vergence saccade vestibulo—ocular reflex
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Integration: Depth Perception

Seen by left eye Seen by right eye

Motion Binocular Monocular

Motion Parallax left -right eye parallax Accommodation
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Presenter
Presentation Notes
So here we trace more rays toward the flag when the gaze is looking at the flag, 
And you can see the lower right corner of the flag is a little blurred 
Because it is outside his foveal region
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Presenter
Presentation Notes
As we switch the gaze to the astronaut in the background, you can see the ladder beneath him is less clear 
Due to both out of focus and outside the foveal region.


Accommodation —Visuial or Muscular?

us

m-2D

—— Wang et al. 2006

A-1D

Geometric Prediction | |

1D

ik

2D

10 15

2.00

175

1.50

hreshold (D)

T
=]
~
[l

0.50

0.25

1.00 -

L
0.0

| 4 u

| —#— ua

125

U2
u3

L . L L . .
1.92 3.84 4.97 9.53 11.38 13.22
Eccentricity (deg)

L
15.03










Visual Cortex
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Computational
Models



Density (cones/degz)

Adaptive Spatial Acuity

Anatomical Statistics

10000 __ —— Temporal
—— Superior
— Nasal
= |nferior

1000 -
100 1 I 1 1 1 1
0.1 0.5 1 5 10 50 100
Eccentricity (deg)
NYU

F2.k

)2+(1 - aerp( - ;)]

18

[Watson J Vis. 2014]



Adaptive Spatial Acuity

Contrast Sensitivity Function
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Adaptive Spatial Acuity i . . . o

Point Spread Function

Object in visual space
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Adaptive Spatial Acuity

Point Spread Function

Shack—Hartmann wavefront sensor
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[Chakravarthula et al. 2021]
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Light Field


Integrate-and-Fire
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Temporal Model: Our Eyes Sample@ 30FPS

Persistence of vision/Flicker Fusion
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Fun Biophysical Models
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Example
Applications

Computational Display and Rendering
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Application | —-Holographic Display

[Shi et al. 2021]

SLM
3D scene
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Light Field


Applications - Holographic Display

Ideal image formation
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D
Retina-in-the-Loop Holographic Display
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[Chakravarthula et al. 2021]
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Gaze-Aware Holographic Optimization
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A Transparent Display With Per-Pixel Color and Opacig. PLro
Rhodes et al. SIGGRAPH 2019 Emerging Technolog



Why Transparency Matters?
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Why Transparency Matters?
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Why Transparency Matters?
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Why Transparency Matters?
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[Rhodes et al. 2019]
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Persistence of vision


[Rhodes et al. 2019]










Low-Res 4D Rendering
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Perceptual-Content
Analysis
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[Sun et al. 2017]


Presenter
Presentation Notes
Our software pipeline first sample a low resolution 4D light field, and derive the occlusion boundaries
(click) Combining the occlusion and the gaze, we generate the content adaptive 4D sapling. 

(click) and finally given the sparsely sampled light field, we perform an occlusion-aware reconstruction 
Using 4D separable radial basis function.


Future Directions



Future

Individualized model

Predictive and temporal effects
Visual metrics for realism
Differentiable->optimize
Multi-modality

“It has become appallingly obvious that our teefimologyyy has

NYU exceeded our humanityty.” --Albert Einstein
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Contact me: gisun@nyu.edu
https://lwww.immersivecomputinglab.org/
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