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System Overview

direct-view display

head-mounted displayOff-Axis Layered Displays



Direct-View Displays

• Direct-view displays are ubiquitous

• 3D direct-view displays provide
additional depth cues

• Limited depth range
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Head-Mounted Displays (HMD)s

• Augmented reality displays &
virtual reality displays

• Similar perceptual disadvantages as 
3D direct-view displays

• Layered displays to extend the 
zone of comfort

• Usually fewer pixels-per-degree than 
direct-view displays

PlayStation VR2

Varjo XR-3

Microsoft HoloLens 2



Off-Axis Layered Displays

• Combine direct-view display and HMD

• Layered architecture

• User wears HMD and 
looks at direct-view display



Applications

a) Gaming

b) Multi-user interaction

c) CAD modeling in stereo

d) Interaction/exploration in a CAVE



Prototype





Pipeline



Through-the-Lens Results



Vergence-Driven Optimization



• Support for monoscopic direct-

view displays

• Relay lens system with LCD

• Multi-user interactions

𝑇𝑉 ⋅ 𝐿𝐶𝐷 + 𝐻𝑀𝐷

Monoscopic Direct-View Displays



Results: Monoscopic Direct-View Displays

patterns perceived image without occluder perceived image with occluder
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