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Books (Optional Reading)

Interactive Displays: Natural Human-Interface Technologies, 

A. K. Bhowmik, Ed., Wiley (2014)

http://www.wiley.com/WileyCDA/WileyTitle/productCd-

1118631374.html

Mobile Displays: Technology and Applications, 

A. K. Bhowmik, Z. Li, P. J. Bos, Ed., Wiley (2008)

http://www.wiley.com/WileyCDA/WileyTitle/productCd-

0470723742.html



Recall: AR/VR System Components

ÅSense
ïAccurate spatio-temporal position tracking and localization 

(inertial measurement unit, cameras, microphones, é)

ÅCompute
ïHigh-performance and power-efficient hardware and software 

for real-time processing, rendering, and display

ÅDisplay
ïSpatial light modulation for immersive 3D visual experience

ÅAudio
ï3D immersive sound experience

ÅInteractions
ïHuman inputs and interfaces
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The Stereoscope, invented by Sir Charles Wheatstone in 1833

Display: Looking Back in Timeé



Improved construction by Oliver Wendell Holmes.  

Widely popular in late 1800s to early 1900s.



View of Boston, c. 1860

By Soule, John P., 1827-1904, https://commons.wikimedia.org/w/index.php?curid=7456182



Taj Mahal, c. 1909



Modern-Day VR Display Examples

ÅOculus Rift and HTC Vive

ï2160X1200 pixels @461-PPI resolution

ï90-FPS refresh rate

ï110ÁFOV

ÅSamsung Gear VR (with Galaxy S7)

ï2560X1440 pixels @577-PPI resolution

ï60-FPS refresh rate

ï96ÁFOV



ÅImmersive visual experience

ï 3D image display

ï Wide field of view (FOV)

ï High pixel density (resolution) and fill factor

ÅLow-latency visual perception

ï High frame refresh-rate, global refresh

ï Fast pixel response time, low persistence

ÅVisual and ergonomic comfort

ï High contrast, brightness, and uniformity

ï Low weight, comfortable design

Key Display Requirements
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Å For head-mounted display (HMD) applications, pixels-per-degree 

(PPD) is a more appropriate measure of resolution than pixels-per-

inch (PPI) that is typical in describing screen resolution. 

Å The human-eye has an angular resolution of about 1/60th of a degree 

at the central vision. 

Å Each eye has a horizontal field-of-view of ~160Áand a vertical field-of-

view of ~175Á. The two eyes work together for stereoscopic depth 

perception over ~120Áwide and ~135Áhigh FOV.

Resolution and Field-of-View (FOV)

Ref: http://webvision.med.utah.edu/book/part-xiii-facts-and-figures-concerning-the-human-retina/

PPD

required

Horizontal 

FOV (deg)

Equivalent

horizontal 

Kpixels

Vertical

FOV (deg)

Equivalent 

vertical 

Kpixels

Total 

Mpixels

required

Each eye 60 160 9.6 175 10.5 ~100

Stereo vision 60 120 7.2 135 8.1 ~60



Latencies

ÅA key system-level parameter for VR/AR/MR devices is 

ñmotion-to-photon latencyò

ïDelay between the onset of user-motion to emission of photons 

from the last pixel of the corresponding image frame

ïItôs the sum of the time taken by sensor data acquisition and 

processing, interfaces, computations, and display updates

ïDesired to be less than 20ms

ÅDisplay refresh rate and response time typically 

dominate the delay time

ïDisplay refresh rate: 60Hz inadequate, 90Hz prevalent, but 

desire 120Hz or higher

ïRequire low pixel persistence



ïEye Box

Å ~12mm X 12mm desired (~4mm pupil + ~6mm eye rotation + 

~2mm tolerance for viewing comfort)

ïEye Clearance

Å ~20mm recommended for consumer applications 

(accommodate prescription glasses)

ïSize/Weight/Form-Factor

Å Lighter and stylist consumer designs

Viewing Optics: Key Considerations



See-Through Displays for AR: Examples
(Details in Backup Slides)

Amitai, Mukawa, Levola, Cakmakci


