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Virtual reality: A spectrum

AVirtual reality: computersimulated environment that can simulate
physical presence in places in the real world or imagined worlds. Virtual

reality can recreate sensory experiences, which include virtual taste, sight,
smell, sound, and touch

A Immersive multimedia
A Virtual environment

AMixed reality: mergingof real and virtual worlds to produce new _
environments anw/isualizationsvhere physical and digital objects-eist
and interact in real time.

AAugmentedreality: a live direct or indirect view of a physical, reairld
environment whose elements are augmented (or supplemented) by
8o¥nputer-generated sensory input such as sound, video, graphics or GPS
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Some history

AMid 1950syisionary cinematographer MortoH. Eilig built a single user console
calledSensorama

A stereoscopic display
Afan scent emitters

A stereo speakers

A moving chair

A1961,Philco/ 2 NLI2 N} 0A2Y RSOS{ Hed8HEKS FA NE
A helmet had avideoscreen and trackingystem.
Alinkedto a closed circuit cameisystem
A usedfor helicopterpilots
Aln1965)lvan{ dz0 KSNX YR SYy@AaA2ySR ¢KIid KS O
Aa ! FusiBgNQis display a person imagines the virtual world very similar to the real
worldd €

A During 1966Sutherland built a tethered VR system
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A HEAD-MOUNTED THREE-DIMENSIONAL DISPLAY*

Sutherland (1965)

* The work reported in this paper was performed at Harvard University. supported in part by the Advanced
Research Projects Agency (ARPA) of the Department of Defense under contract SD 265, in part by the Office of

u | |
Naval Research under contract ONR 1866 (16). and in part by a long standing agreement between Bell
I I I I l l I a O r Telephone Laboratories and the Harvard Computation Laboratory. The early work at the NUT Lincoln
Laboratory was also supported by ARPA.
Introduction
The fundamental idea behind the three-dimensional display is to present the user with a

|| ~‘ perspective image which changes as he moves. The retinal image of the real objects which we
. : . - see is, after all. only two-dimensional. Thus if we can place suitable two-dimensional images
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on the observer's retinas, we can create the illusion that he is seeing a three-dimensional
object. Although stereo presentation is important to the three-dimensional illusion. it is less
important than the change that takes place in the image when the observer moves his head.
g : o The image presented by the three-dimensional display must change in exactly the way that the
image of a real object would change for similar motions of the user's head. Psychologists have
long known that moving perspective images appear strikingly three-dimensional even without
stereo presentation: the three-dimensional display described in this paper depends heavily on
this "kinetic depth effect”. (1)
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Figure 1: The parts of the three-dimensional display system



True VR: Immersive, interactive, mghnse
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Types of interaction What can | help
you with?
AVoice recognition

ANavigation

Ar22YY @G5 NRlodrdssioR 2 ¢V
ASee through

ASearch

A3-D visualization and movement
ATimeline

AMultimedia : weblinks and portals
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How does it work?

A Synchronized sound and
video

A Stereo separation by
Isolated lenses

A Head movement sensing

A Reduced frame and
interaction lag
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VirtualGlobes  %a

1998 Edition

VIRTUAL(GLOBE
The Most Comprehensive Geogra dic

aphic Reference

AAvirtual globeis a 3D software model or representation of the Earth or another
world

Aprovidesthe user with the ability to freely move around in the virtual
environment by changing the viewing angle and position.

Ahavethe additional capability of representing many different views on the
surface of theEarth

Ageographicafeatures, maAanade features such as roads and buildings, or
abstract representations of demographic quantities sucp@sulation

Aln 1998, Microsoft released a populaifline virtual globe in the form oEncarta
Virtual Globe 98

AThefirst widely publicizednlinevirtual globes were NASA World Wind (released
In Mid-2004) and Google Earth (maD05H

AMany virtual globes exist today



EarthBrowser - Interactive +
h
8 Most Visited [E] Google IR Google Calendar | | eGrades | Gauchospace || UC Onine Logi
EXaI I lp e :
DI_)®
N

ANASA Worl&Vind
A CitySuriGlobe

A Bing Maps

A SkylineGlobe

A Google Earth —
A Marble, part of the K Desktop Environment, V\mn)enStreetl\/Iap
AArCGIS Explorer

A EarthBrowser

A SoftwareMacKiev's3D Weather Globe & Atlas

A Earth3D

AWorldView e e 157
A Bhuvan O -
A Baidu Map M
A National Geographic Atlas 23R8
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http://www.skylineglobe.com/
http://en.wikipedia.org/wiki/OpenStreetMap
http://en.wikipedia.org/wiki/EarthBrowser
http://www.pyxisinnovation.com/Products/worldview.html
http://en.wikipedia.org/wiki/Bhuvan
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Some Issues

AHow do you collect 3D data for photorealism?

AHow much realism is necessary?

AHow does interaction change the experience?

AWhat about permanent and temporary objects?

AHow do you deal with underground and overlapping spaces?
ACognitive disturbanceéFoveationand peripheral vision altered
Almage lag and motion sickness




Theissue: Can you sense reality?




Generalization in Computer Graphics:
Levelof Detall

A James H. Clark (197@)erarchical Geometric Models for Visible Surface Algorit@ammunications of the ACM, October
1976,19, 10. pp 54354.

Polygons approx.
60.000 6.000 600 60

- DISTANCE TO CAMERA >

very close very far away




VRML 2.0 LOD Example

#VRML V2.0 utf8

LOD { range [20,40] level |
#full detail 16 sided cone
Shape{ appearanckppearancqd materialMaterial { diffuseColorl.0 1.0 1.0
geometry ExtrusiongrossSectiof-1 0, 0 0;1-2-1 O]

spine [1 00, 0.866 0 0.5, 0.5 0 0.866, 0 @015,0 0.866;0.866 0 0.5;1 0 0,-0.866 0-0.5,
-0.50-0.866,001, 0.5 00.866,0.866 00.5,1001]}}

#intermediate detail 8 sided cone
Shape{ appearano&ppearancd materialMaterial { difftuseColorl.0 1.0 1.0 } }
geometry ExtrusiongrossSectiof-1 0, 0 0;1-2-1 O]

spine [1 0 0, 0.707 0 0.707 , 0 0-2.707 0 0.707s1 0 0;0.707 0-0.707, 0 61, 0.707 O
0.707,1001]}}

#low detall 4 sided cone

Shape{ appearano&ppearancd materialMaterial { difftuseColorl.0 1.0 1.0 } }
geometry Extrusion§rossSectiof-1 0, 0 0;1-2-1 O]
spine[100,00100,0061,1001]}}

]
}




Google Glass, Google cardboard

How Google GLASS wWOrks




3D measuremergystems: remote sensing of objects

AFirst generation DEMs, photogrammetry and contour
conversion

ASecond generation based on SAR and IFSAR
ASRTM near global covera@®m/90m

AGDEM global based on ASTER imagery

ANED completed at 30m, thel®m and less
ALIDARhas nowtakingover

ANew photogrammetric methods showing promise




IFSAR DEM
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SAR

satellte

transmitted/
received signal

R = Time delay/2
x Light Vel.
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SAR from Space



SRTM: Global topo map

SRTM COVERAGEMAP
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LIDAR first and last pulse




3D Models LIDAR

= CampusDEM_LIDAR - ArcMap - Arcinfo
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LIDAR at Bilar




1908500 1908600 1908700 1908800

1908400

271300 271400 271500 271600 271700 271890 271900
N ’ ﬁ ® . ﬂ
2 @ © T .

L . : o !
é;h'f ‘mk e
- » @
‘ d P
., ]
[} ) .04 o A - =, -
‘ =
. =
€ & F 4 .; ‘L .’
fﬁ' V li "
Oy = 20 100 200
I e— oo rs | ‘ [
@Yy \ 858 . -
271300 271400 271500 271600 271700 271800 271900

1908500 1908600 1908700 1908800

1908400



Terrestrial Scanning LIDAR




LidarPoint Cloud Data
UCSB Ellison Halt Bloor

Secondary Study Are
EH Lobby

Primary Study Are
EH Room 1720

<

’? Data Collection Information

North Wing Hallway ,Z Platform: RiegILMSZ420i

East Wing Hallway - Laser Scanner
East Stairwell # Points: 35 million

Additional Study Areas




LidarPoint Cloud Data

EH East Stairwells¥2"d Floors




Nikon D3100 ' Microsoft LifeCam Studio
(14.2 MP) (2.1 MP)

Panasonic DMEZ28 17—\ RieglLMSZ420i Laser Scanner
(10.1 MP) (Baseline Measurements)

- =@ Sony DSCTX10
(16.2 MP)




Animated Point Cloud
(LifeCam Studio)




3D modeling and data structures

ALongley et. al. 6 models: gridded points, irregular points, cells,
Irregular polygons, TIN ammbntours

APrior dominance of DEM

AExtensive use of TIN and surface patches
AComputer graphics and games favor Voxels
ALIDARand photogrammetry returra POINTTLOUD
AHas led to use of term Digital Surface Model




Measurement vs. Modeling

ASelect key surface points, edges
AGeneralize remaining surfaces
ASolids modeling

AFeature extraction; Buildings, trees (e.g. Lidar analyst, Feature analyst
Quick Terrain modeleferraSolidMicrostation) :

AGeometric vs. natural objects
ARealism vs. Size e.g. Google Object Warehous




Point Clouds




BingMaps 3D Selected Cities (LA)



