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The main goals of the center are to sponsor critical
fundamental research and high-impact applications in the
emerging fields of Virtual Reality (VR), Augmented Reality (AR),

and Artificial Intelligence (Al), and at the same time serve as

the central hub to facilitate the deployment of disruptive VR,

AR, and Al technologies across the Berkeley campus for cross-

F H L V I V E C E N T E R disciplinary research and education.

FOR ENHANCED REALITY
We aim to achieve these goals by offering seed grant to our

faculty, supervising and facilitating student research activities,

and fostering external industry partnerships with other Berkeley

UNIVERSITY OF CALIFORNIA
stakeholders.


http://vivecenter.berkeley.edu

Dr. Allen Y. Yang
with Adam Chang, Dr. Mohammad Keshavarzi
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What consumers believe tuture of AR/VR/Metaverse could look like
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Sixty Plus Years of AR/VR

Introducing . . .

Oct. 4, 1960 M. L. HEILIG 2,955,156
STEREOSCOPIC-TELEVISION APPARATUS FOR INDIVIDUAL USE
Filed May 24, 1957 3
1

The Revolutionary Motion Picture System
that takes you into another world

with

e 3-D
« WIDE VISION
e MOTION

« COLOR

e STEREQ-SOUND
« AROMAS

o WIND

e VIBRATIONS

QPFATENTED

SENSORAMA, INC,, 855 GALLOWAY ST, PACIFIC PALISADES, CALIF. 20272
TEL (213) 4592162

Morton Heilig, 1960 Morton Heilig, 1962 Ivan Sutherland, 1963
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AR/VR System Form Factors

Simulation Environments

All-in-One Wearables ARKit and ARCore on Smartphones Berkeley

UNIVERSITY OF CALIFORNIA



AR/VR System Form Factors Pros and Cons

Form Factor Tethered to PG All-in-One Smartphone
Fnvironment

Cost Very High Medium Very Low

Visual Fidelity Best Medium Low

Motion-"Tracking High High Medium

User Input Very Realistic Low to Medium Very Low

Our research will focus on Perception and UI/UX tasks for low-cost all-in-one applications

Berkeley
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Near-Eye Display Space (NDS)

* Renders 2D menu and items on head-mounted displays

» Google Glass uses exclusively NDS

Y roescore 26785

» Content in NDS typically i1s not anchored with any
physical objects

 [imited user interaction in NDS:
e Voice

« Gaze

« 2D Touch

» NDAS 15 often reserved for displaying private
information, rarely shared between different users

Berkeley
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Egocentric User Space (EUS)

priver
Loft: 10.5°
Lie: 67°
Volume: 460

with its origin anchored from the user's
perspective and typically moved with the user's

movement

Length: 45.5”
| Swing Weigh

Y » Egocentric User Space 1s an immersive virtual space
1w

Sy
;
B

gl

e
:

» ITypically, user interaction in EUS 1s projected within an
arm's reach from user (1--2m):

- Hand gestures
« 3D Controllers

« EUS content 1f shared, such as video calls, 1s rendered
individually for each user

Berkeley
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Overlay World Space (OWNS)

* OWS models and coincides with the physical world
» Holol.ens
- ARKat

* Interacting with OWS content implies
interacting with the real world

* Origin of OWS is anchored at a fixed 3D

location, typically does not change w.r.t. the user
movement

* In multi-user applications, an OWS and its
content can be shared and manipulated by
multiple users

Berkeley
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Pros and Cons: Three Interactive Spaces

Near-Eye Display Space | Egocentric User Space Overlay World Space

(NDS) (EUS) (OWS)

Egocentric with arm

Anchor Display Coordinates World coordinate origin

length
Interaction Voice, Gaze, 2D touch Gestures, Controllers Physma.l objects and
environment
Multi-User Sharing Very Rare Rare Popular

Berkeley
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Selected Challenges to Blur Reality and Virtuality

Near-Eye Display Space | Egocentric User Space Overlay World Space

(NDS) (EUS) (OWS)

"Retina Display"
for rendering NDS

Perception for  SLAM: Environment

Interaction YL bees, 0 lonc Egocentric 3D UI - Digital Twin: Objects

* Contextual Spatial
Multi-User Sharing N/A N/A Computing

* Decentralized Privacy

Berkeley
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"Retina" Near-Eye Display tor Mobile AR/VR

iPhone 3GS non-RD

;mq
hmJ' m“ i
gl

iPhone 4 RD

Apple started marketing "Retina Display"” in 2010

that aims to eliminate "screen-door effect"

Let's Calculate

 Fundamental Constraint:

Human perceives discrete pixels as
continuous picture if

pixel-per-degree (PPD) > 60

* In handheld smartphone case:

960 pixels + 60 ppd = 16 degrees

Conclusion: a 960 resolution display 1s "retina
display" when being viewed within 16 degrees

Berkeley

UNIVERSITY OF CALIFORNIA



"Retina" Near-Eye Display

 Each eye has a horizontal field-of-view of ~160° and a vertical field-of-
view of ~175°. The two eyes work together for stereoscopic depth

perception over ~120° wide and ~135° high FOV.

PPD Horizontal | Equivalent | Vertical Equivalent | Total
required | FOV (deg) | horizontal | FOV (deg) | vertical Mpixels
Kpixels Kpixels required
Each eye 60 160 9.6 175 10.5 ~100
Stereo vision | 60 120 [.2 135 8.1 ~60

Retina Near-Eye Display that offers 120-degree FOV

* Minimally dual 8K resolution for near-eye AR/VR display
* Ideally dual 16K resolution

- How to transter such amount of data: 5Gbps 1n single 8K format
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"Semi-Retina" Near-Eye Display at CES 2018

LUCI alyx, First 4K Dual MicroOLED Near-Eye Display
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Egocentric 3D User Input

3D Controller Hand Tracking Full-Body Tracking

It speed and low-latency 1s a concern, controllers are still the best current option
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Hand "Iracking Solutions

-

Depth-based Camera-based Radar-based
Atheer Holol.ens, Microsott Soli, Google

Advantage of Depth Cameras

None of the other solutions can support hand gestures to manipulate 3D virtual
objects 1n absolute 3D coordinates

Berkeley
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Depth-Based Avatar '1racking

éOpenARK

vivecenter.berkeley.edu/OpenARK




State ot the Depth Gameras

PrimeSense / Kinect 1 SR PMD by Infineon Intel RealSense

(Acquired by Apple) (Acquired by Sony) (used on Magic Leap 2) (Partially Discontinued)

StereoLabs ZED 2 Camera Microsoft Azure Kinect Apple 1Phone LIDAR

Berkeley
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Four Depth Cameras 'Technologies

gh-precision

Pros

Cons

3D localization & visual
odometry

Large-scale
reconstruction from big
data photos

Real-time 3D

reconstruction and
scanning
Dark environments

Outdoor apps

Good tradeoft between
accuracy and cost
Accuracy on texture
regions

High-precision
applications

Hot/cold environments
Limited range

Indoor apps
Low cost and low
complexity

High-precision
applications
Limited range
Limited resolution

app!
s 1B

lications

localization

Dense 3D

reconstruction

Expensive

High power

Not always work under
the Sun

Berkeley
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Quality of Depth Result 1s Critical for Applications




Depth Perception for Room-Scale 3D Hologram

Microsoft Holoportation, 2016 Google Project Starline, 2021

Availability of Accurate Depth 15 Critical
Berkeley
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3D lLocalization

Finding Virtual Asset in Physical World -- Pokemon Go AR Experience B
erkele
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Visual-Inertial Odometry in OpenARK




3D Localization Approaches

Method Outside-In Inside-Out Digital-Twin Localization

Satellites or Base Stations o CamerIal\s/igynChromzed Camera, LIDAR, IMU
Algorithm Irangulation Visual-Inertial Odometry 3D Object Localization

Use Clases Installation of basestations All-in-One Pre-trained on Known Objects,

1in limited space Wearable AR/VR Utilize three sensing modalities

Berkeley
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Simultaneous Localization and Mapping (SLAM)

Limitations
- Hardware sync (cameras, IMUs, LIDAR) 1s a must
* Dual camera 1s better than single

* More 1s not always better: Depth data are
significantly more noisy (Azure Kinect do not

natively support SLAM)

» Less 1s not always better: SLAM may fail when 3D
surface lacks visual features

IIIIIIIIIIIIIIIIIIIIII



Digital-1win 3D Locahization

WD Forllexample,
fas our target object



Spatial Computing Merging Virtual and Physical Worlds

- 5 =

Tablet Desktop

DEVELOPER RESPONSIVE
DESIGN

* Mohammad Keshavarzi, Contextual Spatial Computing: A Generative Approach, Berkeley PhD Dissertation, 2022

Asset Placement across
Platforms

One code across multiple
computer plattorms (Java/

HTML)

Developer doesn't know screen
size/resolution/orientation
(Separation of content and

layout: GSS)

But, within the web browser,
Ul functionality 1s uniform

Berkeley
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Spatial Computing Merging Virtual and Physical Worlds

Asset Placement in AR

One code across multiple
computer plattorms (Game

Engines)

Developer doesn't know
varying 3D space shapes

METAVERSE
DEVELOPER

Layout and furniture in 3D
space have different contextual
functions

* Mohammad Keshavarzi, Contextual Spatial Computing: A Generative Approach, Berkeley PhD Dissertation, 2022 Berkeley

UNIVERSITY OF CALIFORNIA



Spatial Computing Merging Virtual and Physical Worlds

Original Positioning

Unknown User Input

| i » User interacts with 3D virtual
. \ L S hea 2N content from different perspective
2 N - User's own posture and actions
/) : — — b : :
‘B ; possibly drive the content
¢l

- User have expectations when
interacting with other users

* Mohammad Keshavarzi, Contextual Spatial Computing: A Generative Approach, Berkeley PhD Dissertation, 2022

* Keshavarzi, Yang, Caldes, et al. SceneGen: Generative Contextual Scene Augmentation using Scene Graph Priors, IEEE VR Conference, 2020.

*

Keshavarzi, Yang, Caldes, et al. Optimization and Manipulation of Contextual Mutual Spaces for Multi-User Virtual and Augmented Reality
Interaction, IEEE VR Conference, 2020.

* Keshavarzi, Yang, Caldes, et al. Synthesizing Novel Spaces for Remote Telepresence Experiences, ISMAR 2022. Berkeley

UNIVERSITY OF CALIFORNIA



Does Multi-User Metaverse Compromise Privacy?

Original Positioning Privacy Concerns
d W -
. — | gl  Other users may infer user's own
""" = d 'l L S 2 private 3D space
r W R » Other users may infer user's own
W e =
¥ B . meta data
I ‘?’
C
| "(f A » Bad actors may create fraudulent
o e counter-parties to scam users

* Vivek Nair, et al. Exploring the Unprecedented Privacy Risks of the Metaverse (MetaData), 2022.

* Vivek Nair, et al. Going Incognito in the Metaverse (MetaGuard), 2022. B k 1
CIKCIC
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Challenges in Sateguarding User Privacy betore the Internet

@he Washington Post g@ IRS

Democracy Dies in Darkness

Depariment of the Treasury Website: www IRS gon
internal Revenue Service

THE SWITCH
Steven Terner Munuchin Charles Rettig

Secretary of Treasury IRS Commussioner

Nearly half of cellphone calls will be
scams by 2019, report says

Q By Hairiza Shabian Re: IRS Audit Number: (R

September 19, 2018 at 9:24 a.m. EDT Dear

My name is Lewis J. Fernandez. | am the Associate Chief Counsel with the income tax and accounting division of the
Internal Revenue Service (IRS). The IRS is now mandated to conduct preliminary audits of .S, tax payers and you wcere
selected for an audit. The preliminary audit has indicated major issues with your filings of the years 2012, 2013, and 2014
and [ need to speak with you concerning those income tax filing years

You must contact me within the next five (5) working days of receipt of this letter between the hours of 8AM EST and
4PM EST at (202) 8524216, If | am not available when you call, please be sure to leave a message. When vou call

please have with you the following

[ Your income tax filings for 2012, 2013 and 2014:
Your social security number, State [D or driver's license:.
Your current banking information.

Current employment information it applicable;

“ ’ ’ 5. Information concerning your personal assets (i.e. car, home, etc.)
Your cooperation in this matter is expected. In the event you elect or fail to contact me, understand you will be subjected
to addttional fines and a full audit requiring you to appear at a regional IRS office and face a potential investigation

Be sure to have this letter with your [RS Audit number above so | can quickly reterence vour case when vou call

Smcerely,

Typical robo-calls are pre-recorded
usually for political campaigns,

Lewis ). Fernandez
Associate Chief Counsel,

IRS meome tax & accounting

Ever get a phone call from a number that looks suspiciously like your own? This video explains them, and what you should do about them.
(Video: Jhaan Elker/The Washington Post)

f GiftArtice | T, Share

Nearly half of all cellphone calls next year will come from scammers,
according to First Orion, a company that provides phone carriers and Ber | <ele
their customers caller ID and call blocking technology. UNIVERSITY OF CALIFORNIA y
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Challenges in Sateguarding User Privacy in Web 2.0

MAGAZINE  NEWSLETTERS PODCASTS MORE v

Artificial Intelligence | Cryptocurrency Metaverse Cybersecurity \ Tech Forward

TECH - TWITTER

Bob Iger says Disney abandoned Twitter
acquisition in 2016 after discovering

‘substantial’ amount of bots

BY KYLIE ROBISON
September /, 2022 at 5:59 FM PD

KIMBERLY WHITE/GETTY IMAGES FOR VANITY FAIR

Former Disney CEO Bob Iger says that he was spooked by the prevalence
of bots on Twitter long before Elon Musk.

PAID CONTENT

Why employers should rethink
employee satisfaction

FROM UKG GREAT PLACE TO WORK

At Vox Media’s Code conference on Wednesday, Iger discussed Disney’s
efforts to acquire Twitter in 2016, and pointed to Twitter’s bot spam
accounts as one of the factors that led Disney to ultimately decide against
moving forward with an acquisition.

SEARCH  SIGNIN Subscribe Now

FORTUNE |
BRADSTLOO

Most Popular

FINANCE

‘Poison’ lvy
Zelman—the
analyst who
predicted

the 2008
housing bust—
sees U.S. home...

September 6, 2022

BY LANCE LAMBERT

PAID CONTENT

Empowering
employees to
help build a
better workplace

FROM CHIESI

PAID CONTENT

How enhanced
data visibility
and network
intelligence can
drive digital
transformation

FROM ZAYD

‘Twitter may have a lot of bot users

osElc aCc vl HE VvVoiIo©™

S@\TZGZRF‘T‘
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Posts r/starcraft Discord Events Calendar Liquipedia Spoiler-Free VODs + Global Finals Guide

Posted by u/Collapze 3 years ago

o7 Lets find Alphastar together!

Other

Thought it would be really fun if we could try to look for Alphastar together to see if we
can find it!

Will it be able to disquise itself as a real player or will it be obvious?

The chances of actually hitting Alphastar might be pretty low, but it would be super
interesting to see replays of it and hear about how it was playing vs it.

Maybe we could discuss it here in one thread and share replays if we think we have met
Alphastar?

D Hide [ Report

wn
<

_) 95 Comments /7 Share .| Save

What are your thoughts?

Sort By: Best »

'é scargk - 3 yr. ago
Will it every give a "gl hf" salutation or a "gg" when it loses? :D

r 22 "7" ‘; ] Reply Share Report Save Follow

i HellStaff - 3 yr. ago
Team YP

for sure it will gg.
‘5v_;' 16 ‘ :._ | Reply Share Report Save Follow

Continue this thread 2>

[deleted] - 3 yr. ago

Unfortunately, it was trained exclusively on Avilo replays.

ar 14 I, Reply Share Report Save Follow

DeepMind AlphaStar pretends to

be human players

&~

Tweet

@f DogeDesigner

Elon Musk's deep fake video promoting a new
cryptocurrency scam going viral.

The video claims that the trading platform is owned by
Elon Musk, and offers 30% returns on crypto deposits.

0:18 | 528.3K views

Deeptake using Elon Musk image

to promote scam Berk€ley
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What "Ready Player One" 1s really about: Privacy and Decentralization




Metaverse and Web 3.0: New Opportunities

"Metaverse isn't a thing a company builds. It's the next chapter of the internet overall."
--Mark Zuckerberg

Private Companies,
WEDEEES Mutable

Smart contracts with :
Web 3.0 Users, Immutable . . Decentralized
financial penalties

Lack of penalty for fraud Centralized

Berkeley
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T'he Next Chapter into the Metaverse: defi.berkeley.edu

Mission

Berkeley Defi Research Initiative

Latest News Members Courses Projects Competitions

Mission

Connecting the world of individuals and businesses in fully decentralized and
trustless fashion has generated tremendous excitement to develop new

solutions in the blockchain and defi space. Although the technologies behind
them are still considered far from matured, promising applications are taking

shape in

¢ Decentralized Finance / Cryptocurrencies
e Decentralized Social Media / Metaverse

¢ Decentralized Tokenization / NFTs

Berkeley Defi Research Initiative aims to support the long-term growth of

blockchain and defi technologies and applications by offering our expertise to

» Create new education and degree programs for motivated students

e Promote cross-disciplinary research to address urgent technology
bottlenecks

e Provide a Berkeley platform for academic and industrial partners to

collaborate

Together, we can shape our society in a digital world that is more immersive,

more connected, and more fair.

Join Us

Berkeley
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http://defi.berkeley.edu

Thank you!

Dr. Allen Y. Yang
Email: yang@eecs.berkeley.edu
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