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Definition of a Virtual Environment

A virtual environment is an interactive, virtual image dis-
play enhanced by special processing to convince its users
that they are personally and directly physically immersed in
a space other than the one they actually inhabit.

Ivan Sutherland’ s virtual environment personal simulator! circa 1965
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'Haber, R. N. (1986). The simulation of high speed aircraft flight. Scientific American, 255 (July) 96-103.

Some Head-Mounted Displays Over Time
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Decompositions of a Virtual Environment
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Ellis, S. R. (1993) What are virtual environments? Computer Graphics and Applications, 14, 1,17-22.
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Latency Detection Experiment — 2
System Latency with various Polhemus Installation Environments
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Adelstein B.D., Burns, Eric. M., Ellis, Stephen. R . and Hill, M. I. 2005)
Latency Discrimination Mechanisms in Virtual Environments: Velocity and
Displacement Eror Factors. Proceedings.of the 49th Annual Meeting of the
Human Factors and Ergonomics Society, pp, 2221-2225
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Experimental Stimuli for discrimination of
Latency during Head Movements
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Latency Discrimination during Head Movement
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Ellis Stephen R.. Mania, Katerina, Adelstein, Bernard D.. and Hill, Michael (2004) Generalizeability of latency detection
in a variety of virtual environments. Proceedings of the Human Factors and Ergonomics Socicty pp. 1836-1841
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Some Dream Performance Specs for Virtual Environments
and Augmented Reality
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issi Dynamicrange  Signal/noise
seln S Predictive Filtering in Virtual Environment Simulation
isplays
Visual s __Predictive_Filter_Process
Monocular e
20100 msec 20-100 Hz 2'/pixel w/i 5° central vision 8 bit grey scale/color  25:1 Lincar
Stereoscopic ©0"feld contrast ratio System
100 msec 0.1-5Hz 2'/ pixel w/icentral vision 30° binocular over- 120:1 Model
ap; 2° disparity disparity ratio
Haptic range; 0.1 - 6 meter-angle
| ] Tactile convergence i
5 msec 0-10K Hz 10-100 micron vibration 8 bit 200:1 VE Graphics
- 1-2 mm spatial resolution RMS ratio f— “Application
Kinesthetic/Force
) ) 20 msec 50-100 Hz 01N 0N@DCtoIN@I0Hz 641 s
;:m:latmn Audio 6bit 1-10cm  RMS ratio Human 1000
[ardware Sound
1 msec  20Hz-20 KHz freq. .02-3 hz power 2dB 16 bit 40:1 Opera(or
Directional Sound 60dB RMS ratio TN fecnrenanes
50-500 msec 3-6 Hz relative direction: 1° @ 5° C.EP. 4n steradians 20-30:1 {
absolute direction: 20-30° solid angle ratio £ woorazy 50 ms.
i £ latency
Vocal (Synthetic speech) - 1o 7
10-100 msec  15-2 words /sec 0957 rocognstion potentially - it
in 50,000 word vocab unlimited " "
K TS
Controls
Manipulative ( Mice, Joysticks, Pedals, Trackers, etc.) 1. 00888 &
k= 10 msec 310Hz 0.2° joint angle Range: exoskelatal limb motion  200:1 ¢—] ¢ Ty o, o
100 Hz 20N@DCtolN@I0Hz  RMS ratiol nose0n s R e
— for force-reflection 14 bits/dof (discrete control)
O bt/ dofeomtimoes el TN 10 1nrr raonen 3M 401 aE sen 1 eed e
Vocal (Speech Recognition) Previous work Time Steps (8333 msec/step)
1-2sec 1-2 words/sec 4 probability of 20,000 words 100:1 . . ) .
misrecogntion RMS ratio Friedmann, Starner & Pentland, 1992; Azuma & Bishop, 1994; Kiruluta, Tachi, 1998;

After Ellis, S. R. (1993) What are virtual environments? Computer Graphics and Applications, 14, 1,17-22.

Eizenman & Pasupathy, 1997; So & Griffin, 1996; Liang, Shaw & Green, 1991,

Detection of Predictor Artifacts during Head Rotation

~ 100%
o without prediction
% (n = 8 subjects)
-
] 80%
: 1
e
o % -
R 7% \? with prediction
(n=10 subjects)

Added Latency AL (msec)

Jung, J. Y., Adelstein, B. D. , and Ellis, S. R. (2000) Discriminability of Pred n
Artifacts in a Time-Delayed Virtual Environment. Proceedings, IEA 2000/HFES2000
44th Ann. Meeting . pp. 1499 - 1-502
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