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Extended Reality (XR): The Next Interface

Virtual, Augmented, Mixed Reality

The next computing interface 

Will transform science, medicine, education, …

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

!""#$%&'()* Current Desired
Res (Mpixels) 7 200

Power (W) ~7 0.1

Weight (g) 500 10

… … …



XR Systems: Challenges

Large barrier to entry for open R&D
How can we democratize XR systems research, development, benchmarking?

Orders of magnitude gap
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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: Illinois Extended Reality Testbed

illixr.org
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ILLIXR Overview



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



ILLIXR Runtime

Modular, flexible architecture
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ILLIXR Applications
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ILLIXR Applications
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End-to-End Quality Metrics
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ILLIXR Components and Systems Today
Component Algorithm Implementation
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Outline

! "#$%&'()$*&#

! "++",-./01)%*2$*&#

! 3456(5$*&#.5#'."726*)5$*&#1

! 8#9&*#9.-0105%):.;*$:."++",-

! 8#9&*#9.<&%=.&#."++",-.>01$?0'

! @&#1&%$*(7.8%95#*A5$*&#.5#'.B&561



Frame Rate Execution Time & Distribution

Power

Quality of Experience
Results Summary



Frame Rate Execution Time & Distribution

Power

Quality of Experience
Results Summary

First published performance/power/QoE results for 
end-to-end XR system



Summary of Implications for System Designers
• Need to specialize hardware, software, system
• 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
• Abundance of tasks and no single task dominates

Þ Need automated techniques to determine what to accelerate

• Impractical to build accelerator for every task
Þ Must build shared hardware

• Diversity of compute and memory primitives
Þ Flexible on-chip memory hierarchy
Þ Flexible accelerator communication interface

• Algorithms in flux
Þ Must design programmable hardware

• Different algorithms have different QoE vs. resource usage profiles
ÞEnd-to-end QoE driven approximate computing

Standalone Components
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Standalone Components

ILLIXR = Rich playground for systems research
Enables QoE-driven, end-to-end hardware-software-algorithm codesigned 

systems research



Ongoing Research with ILLIXR
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Executive Committee
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• Oversight of overall direction of the project
• Executive committee membership
• Approving working groups and their chairs

• Approving working group recommendations and 
outcomes

• Setting project policies, including governance and 
membership agreements

• Outreach for the project
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• Sarita Adve, University of Illinois, Chair
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Next week
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