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T h e  “ E y e  M o d e l”  in  G ra p h ic s
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T h e  B io lo g ic a l E y e  in  R e a lity



9

V is io n
S c ie n c e

● Psychophysical studies on human 
visual system

● Understand visual perception 
mechanism s

● Derive computational models
● Advance human -inspired methods for 

computer vision, AI, etc.

Optometry
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O p tic a l P rop a g a t ion

Source: Mango Optics
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D y n a m ic  B e h a v iors

makeafig.com

vergence saccade vestibulo–ocular reflex
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In te g ra t ion : D e p th  P e rc e p t ion

M o t io n

Motion Parallax

Binocular

left -right eye parallax

Monocular

Accommodation

vergence
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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.
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A c c o m m o d a tio n – V is u ia l o r  M u s c u la r?
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V is u a l C o rte x

[Walton et al. 2021]
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C o m p u ta t io n a l 
M o d e ls
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A d a p t iv e  S p a t ia l A c u ity

Anatomical Statistics

[Watson J Vis. 2014]



19

A d a p t iv e  S p a t ia l A c u ity

Contrast Sensitivity Function
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A d a p t iv e  S p a t ia l A c u ity

Point Spread Function
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[Chakravarthula et al. 2021]

Shack–Hartmann wavefront sensor

A d a p t iv e  S p a t ia l A c u ity

Point Spread Function

Presenter
Presentation Notes
Light Field
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In te g ra te -a n d -F ire
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T e m p ora l M od e l: O u r  E y e s  S a m p le @ 30 F P S
Persistence of vision/Flicker Fusion

𝐹𝐹𝐹𝐹𝐹𝐹 deg = 𝑛𝑛𝑛 log 𝑙𝑙 + 𝑛𝑛𝑛 log 𝑎𝑎 + 𝑛𝑛𝑛 log 𝑟𝑟 + 𝑛𝑛𝑛

[Hartman et al.. 1978]
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F u n  B iop h y s ic a l M od e ls

[Bouzat et al. 2018]
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E x a m p le  
A p p lic a t io n s

C o m p u ta t io n a l D is p la y  a n d  R e n d e r in g
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A p p lic a t ion  I  – H olog ra p h ic  D is p la y

[Shi et al. 2021]

Presenter
Presentation Notes
Light Field
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A p p lic a t ion s  – H olog ra p h ic  D is p la y

Presenter
Presentation Notes
Light Field
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R e t in a -in -th e -L oop  H olog ra p h ic  D is p la y

[Chakravarthula et al. 2021]

𝑮𝑮𝒑𝒑𝒑𝒑𝒑𝒑 ~=

Presenter
Presentation Notes
Light Field
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G a z e -A w a re  H o lo g ra p h ic  O p t im iz a t io n
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Original Optimized

Presenter
Presentation Notes
Light Field



A Transparent Display With Per-Pixel Color and Opacity Control
Rhodes et al.  SIGGRAPH 2019 Emerging Technologies

Application II – Transparency Control



Why Transparency Matters?

Source: road2VR



Why Transparency Matters?



Why Transparency Matters?



Why Transparency Matters?



LCD

Physical Space

[Rhodes et al. 2019]



[Rhodes et al. 2019]
Frame 3

Frame 4

time

retinal 
signal 

amplitude
from display

virtual

physical

visible threshold

Presenter
Presentation Notes
Persistence of vision



Frame 1 Frame 2 Frame 3 Frame 4
[Rhodes et al. 2019]



A Transparent Display With Per-Pixel Color and Opacity Control
Rhodes et al.  SIGGRAPH 2019 Emerging Technologies






Low-Res 4D Rendering 

Closed-form Sampling

Post-Filtering:
Separable 4D 

RBF Occlusion-
aware 

Reconstruction

Eye Box

𝐿𝐿

Occluding 
Object

Light Field 
Display

Object

Eye

𝐱𝐱𝑑𝑑𝑖𝑖 𝐱𝐱𝑑𝑑𝑖𝑖+1 𝐱𝐱𝑑𝑑𝑖𝑖+2

𝐮𝐮𝑑𝑑
𝑗𝑗

𝑂𝑂

𝐮𝐮𝑑𝑑
𝑗𝑗+1

𝒏𝒏𝒊𝒊 = 𝑵𝑵
𝑰𝑰𝒊𝒊
∑𝑰𝑰𝒋𝒋

Perceptual-Content 
Analysis

𝑰𝑰𝐱𝐱
∫ 𝑰𝑰𝐱𝐱

𝑵𝑵

Application III – Optimizing Rendering

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.
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F u tu re  D ire c t io n s
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F u tu re

“ It  h a s  b e c o m e  a p p a llin g ly  o b v io u s  th a t  o u r  technology h a s  
e x c e e d e d  o u r  humanity .”  --A lb e rt  E in s te in

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



“
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Contact me: qisun@nyu.edu
https://www.immersivecomputinglab.org/
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