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Extended Reality (XR): The Next Interface

BUT orders of magnitude gap
in power, performance, quality-of-experience
between current and desired systems

Virtual, Augmented, Mixed Reality

The next computing interface

Will transform science, medicine, education, ...

I""#$%&'()* Current  Desired
Res (Mpixels) 7 200
Power (W) ~7 0.1
Weight (g) 500 10



XR Systems: Challenges

I""H#3%&'()* Current  Desired
. Res (Mpixels 7 200
Orders of magnitude gap (Mpixels)
P"E.42(=.+F"+-4$).2(G#46& AFHI=.+&.$).(J K'L M Power (W) =7 01
Weight (g) 500 10
Diverse expertise Complex metrics
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Cross-layer system co-design Closed systems, few participants
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Large barrier to entry for open R&D

How can we democratize XR systems research, development, benchmarking?



ILLIXR: lllinois Extended Reality Testbed

ILLIXR: Open-source full system XR testbed
State-of-the-art XR components w/ modular runtime
OpenXR compatible

Extensive characterization and use for research

illixr.org
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ILLIXR Consortium
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ILLIXR Overview
¢

OpenXR Interface: Monado

Perceptlon Pipeline Visual Plpellne Audio Plpelme

Mobile Device




Perception Pipeline

« Sensors: Camera, Inertial Measurement Unit (IMU)

* Visual Intertial Odometry (VIO)
— Provides position and head orientation (pose)

* IMU Integrator
— Provides high frequency pose estimates

» Pose Predictor
— Extrapolates pose to future timestamp

« Scene Reconstruction
— Uses RGB-Depth camera to build dense 3D map of world

« Eye Tracking




Visual Pipeline
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Audio Pipeline

* Audio encoding
— Encodes multiple sound sources into Higher Order Ambisonics (HOA) soundfield

« Playback
— Rotates and zooms HOA sound field for user’s latest pose
— Performs binauralization to account for user’s ear, head, nose
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XR System Dataflow




XR System Dataflow
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Different components at different frequencies
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Synchronous and asynchronous dependences
Multiple quality of experience metrics




ILLIXR Runtime

Camera | I N N N N ) e
el | [ | | | | | |
IMU it || FF00000FFAFAFFFRFFPRFFRFRFRPFRRRRRRRRRRRRRRNRRIRRNRRRNNONNNNNNNNIANANNONNL

I
Eye tracking |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Reconstruction

Application
Reprojection
Hologram
Audio Encoding
Audio Playback

° ° Time (ms) 1%

Modular, flexible architecture
:88;R5()"-="$.$,*(4+.(=6#'&$*
A.=4+4,.67()"-=&6.%2(%7$4-8&)4667(6"4%.%
L4*&67(*E4=@4%%($.E()"-="$.$,*2(&-=6.-.$,4,&"$*

USRS ) F )T (= ="/ ") (0.7 12, 2.2 (3MA(" 00227 1+

—_

C, 7SS

~
~

> Applicf\tion - ——
—_— N
N\

 Hologiam <~~~ \

Efficient, flexible communication interface
B"-="$.$,(*=.)&F&.*(N.$,(*,+.4-*(,"(=#HI6&*>2 (*#/*)+&/.
ATS)>+"$"#*("+(4*7$)>+"$"#*()"$*#-. +*

B"=7 HF+..2(*>4+.%(-.-"+7(&-=6.-.$,4,&"$



ILLIXR Applications

XR Applications 5

OpenXR Interface Monado
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ILLIXR Applications

XR Applications >
OpenXR Inte;face: Monado
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End-to-End Quality Metrics
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ILLIXR Components and Systems Today
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Results Summary
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Summary of Implications for System Designers

o Standalone Components
* Need to specialize hardware, software, system rns —oasspcton ~—FanengBouns mmscrenssouns — 1o

« Must consider all application components in system together ]
* Must consider system-level hardware components; e.g., display and I/O =

* Need to partition, allocate, and schedule system resources
* Must look at entire system to make QoE-driven tradeoffs

40% -

Cycle Breakdown (%)

20%

« Abundance of tasks and no single task dominates T e et oo e ity ormn "
= Need automated techniques to determine what to accelerate &’

- Impractical to build accelerator for every task  E3
— Must build shared hardware ‘ﬂ) ¢ R“" -

 Diversity of compute and memory primitives e .

Ambisonic Encoding

200
%

— F/eXIb/e on _Ch | p memo r-y h |e ra rCh y Reprojection Hologram Audio Encoding Audio Playback

— Flexible accelerator communication interface

 Algorithms in flux
= Must design programmable hardware

« Different algorithms have different QoE vs. resource usage profiles
= End-to-end QoE driven approximate computing




Summary of Implications for System Designers

o Standalone Components
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« Must consider all application components in system together l

» Must consider system-level hardware components; e.g., display and I/O

* Needto partltlon allocate, and schedule system resources ‘

Must logk at en om to make QoE- an tradeof] - AN -
ILLIXR Rich playground for systems research

Enables QoE-driven, end-to-end hardware-software-algorithm codesigned

Cycle Breakdown (%)

systems research
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— Flexible accelerator communication interface

 Algorithms in flux
= Must design programmable hardware

« Different algorithms have different QoE vs. resource usage profiles
= End-to-end QoE driven approximate computing




Ongoing Research with ILLIXR
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Ongoing Work on Testbed
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Executive Committee
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« Oversight of overall direction of the project « Sarita Adve, University of lllinois, Chair
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Goals

$6 @ 6*6 ( 5 6 %' 7 GD' _* 5 6 % + 6) + E 6 1 We aim to democratize extended reality (XR) systems research,

development, and benchmarking by providing

A reference open source end-to-end XR system testbed, with state-of-the-art

components connected with a modular runtime
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A benchmarking methodology for XR systems, including reference system

configurations, applications, data sets, and metrics

A community where the multidisciplinary XR systems research and development

stakeholders come together
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Join us: illixr@cs.illinois.edu, illixr.org, discord, weekly meetings



