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(Some) Emerging Technologies in XR
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Computational Near-eye Displays with Focus Cues

Gaze-contingent
Varifocal Displays

hmd housing

lenses

Konrad et al., SIGCHI 2016;
Padmanaban et al., SIGGRAPH 2016, PNAS 2017

Facebook/Oculus 2018

Near-eye Light Field

Displays @3

Huang et al., SIGGRAPH 2015;
Wetzstein et al., SIGGRAPH 2011, 2012

Holographic Near-
eye Displays

Padmanaban et al., SIGGRAPH Asia 2019;
Peng et al., SIGGRAPH Asia 2020;
Choi et al. SIGGRAPH Asia 2021; SIGGRAPH
2022, ...




olographic Displays

https://www.youtube.com/watch?v=sQS6_DbYIAw



olographic Near-eye Displays
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SIGGRAPH ASIA 2021; SIGGRAPH 2022; ..

[Peng et al., SIGGRAPH Asia 2020; Choi et al.,



Neural Holography
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A CNN
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Camera-calibrated Wave Propagation Model

[Peng et al., SIGGRAPH Asia 2020; Choi et al., SIGGRAPH ASIA 2021; SIGGRAPH 2022; ...]



Neural Holography
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Input:
........ 2D, 2.5D RGBD, 3D focal
stack, 4D light field, ...
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Output:
SLM phase
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CNN

Camera-calibrated Wave Propagation Model

[Peng et al., SIGGRAPH Asia 2020; Choi et al., SIGGRAPH ASIA 2021; SIGGRAPH 2022; ...]
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Neural Holography 2020 Results

[Peng et al., SIGGRAPH & SIGGRAPH Asia 2020]
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3D Neural Holography on Emerging MEMS Phase SLMs

Dlsplayed patterns on phase SLM Holograms captured with our prototype
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[Choi, Gopakumar et al., SIGGRAPH 2022] Experimentally Captured Results.



Additional Benefits of

Thin VR Display Form Factors

Maimone et al., SIGGRAPH 2020
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Kim et al., SIGGRAPH 2022

olographic Near-eye Displays

Other:
« Light-efficient AR Displays

* Prescription correction (including
astigmatism and higher-orders)

« (Correcting optical aberrations



Perceptually-driven
Rendering

(Some) Emerging Technologies in XR




The Human Eye



The Human Eye




Ocular Parallax
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Konrad et al., ACM TOG 2020



Ocular Parallax Enabled

Konrad et al., ACM TOG 2020



Summary of Insights

s ocular parallax visible in VR?  Yes! Same eftect size
as retinal blur!

Does ocular parallax increase

. Yes!
oerceptual realism?



Ocular Parallax Affects IPD!

Effective IPD
Krajancich et al., ACM SIGGRAPH Asia 2020



Conventional Stereo Rendering Distorts Disparities!
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Krajancich et al., ACM SIGGRAPH Asia 2020



Gaze-contingent Stereo Rendering
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GC stereo improves depth perception
iIn VR and optical see-through AR!

Krajancich et al., ACM SIGGRAPH Asia 2020
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Event-based Eye Tracking

(Some) Emerging Technologies in XR



Eye Tracking

Near-eye Systems:

* Tobii, Pupil Labs, ...
e 120-200 Hz
* Accuracy: 0.5-1°

Pupil Labs

Desk-mounted Systems

* Eyelink, ...
e 1,000 Hz
* Accuracy: ~0.5°

Eyelink 1000
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Fast tracking is needed...

for capturing extremely fast eye movements, like microsaccades, and
for new technologies in VR/AR, like foveated rendering

-

Number of
intersaccadic interval

0.5 1 1.5 200 400 600 800
Microsaccade magnitude (deg) Intersaccadic intervals (ms)

from psychophysics, miccrosaccades reach up to 200°/s



... but consumes too much bandwidth

* Imagine a 10,000 FPS system
« Each frame is 300x300
« Each pixel is 8 bits

Bandwidth is 10,000 x 300 x 300 x 8 =
7.2 Gbps!
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But near-eye gaze tracking is sparse!

An intensity image Difference between two consecutive images

I(x,y,t) —I(x,y, t)




Angelopolous, Martel et al., IEEE VR 2021

Event-based sensors trigger events (at high speed
when the brightness changes

Davis 3468

outputs




We use a sensor outputting both frames and events

And can capture what

happens between frames!

Angelopolous, Martel et al., IEEE VR 2021



Angelopolous, Martel et al., IEEE VR 2021

An overview of our system

Processing Eye Model
Online /O\
Least Squares 0

Gaze Point




Fitting the pupll at high update rate
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Estimating Gaze Vectors at 10kHz
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Real-time system

Angelopolous, Martel et al., IEEE VR 2021




Angelopolous, Martel et al., IEEE VR 2021

Wearable prototype

DVS chip

M12 Lens




Augmenting Human Performance

Warby Parker

5o

Augmented Vision

People don't need technologies, so let's engineer experiences!



Prebyopic Vision

Distance Near

Normal

muscles |
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lens \.
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Focus-tunable Lens Technology

Alvarez




Autofocals

depth camera
e

focus-tunable lens

offset lens holder

.

eye tracker (.
:koj coma corrector

Padmanaban et al., Science Advances 2019
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