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Lecture 17: Cartography in virtual 
environments



Virtual reality: A spectrum

ÅVirtual reality: computer-simulated 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.
ÅImmersive multimedia
ÅVirtual environment

ÅMixed reality: merging of real and virtual worlds to produce new 
environments and visualizations where physical and digital objects co-exist 
and interact in real time.
ÅAugmented reality: a live direct or indirect view of a physical, real-world 

environment whose elements are augmented (or supplemented) by 
computer-generated sensory input such as sound, video, graphics or GPS 
data





Some history
ÅMid 1950s, visionary cinematographer Morton H. Eilig built a single user console 

called Sensorama
Åstereoscopic display

Åfan scent emitters

Åstereo speakers

Åmoving chair

Å1961, Philco/ƻǊǇƻǊŀǘƛƻƴ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ŦƛǊǎǘ Ia5 ǘƘŜ άHeadsightΦέ
Åhelmet had a video screen and tracking system. 

Ålinked to a closed circuit camera system

Åused for helicopter pilots

ÅIn 1965, Ivan {ǳǘƘŜǊƭŀƴŘ ŜƴǾƛǎƛƻƴŜŘ ǿƘŀǘ ƘŜ ŎŀƭƭŜŘ ǘƘŜ ά¦ƭǘƛƳŀǘŜ 5ƛǎǇƭŀȅΦέ 
Åά!ŦǘŜǊ using this display a person imagines the virtual world very similar to the real 

worldΦέ

ÅDuring 1966, Sutherland built a tethered VR system



Sensoramaand Headsight



Sutherland (1965) 
Flight Simulator



True VR: Immersive, interactive, multi-sense



Types of interaction

ÅVoice recognition

ÅNavigation

Å½ƻƻƳΥ ά5Ǌƛƭƭ ŘƻǿƴέΥ Progression

ÅSee through

ÅSearch

Å3-D visualization and movement

ÅTime-line

ÅMultimedia : web links and portals



How does it work?

ÅSynchronized sound and 
video

ÅStereo separation by 
isolated lenses

ÅHead movement sensing
ÅReduced frame and 

interaction lag



Virtual Globes
ÅA virtual globeis a 3D software model or representation of the Earth or another 

world
Åprovides the user with the ability to freely move around in the virtual 

environment by changing the viewing angle and position. 
Åhave the additional capability of representing many different views on the 

surface of the Earth
Ågeographical features, man-made features such as roads and buildings, or 

abstract representations of demographic quantities such as population

ÅIn 1998, Microsoft released a popular offline virtual globe in the form of Encarta 
Virtual Globe 98. 

ÅThe first widely publicized onlinevirtual globes were NASA World Wind (released 
in mid-2004) and Google Earth (mid-2005)

ÅMany virtual globes exist today



Examples

ÅNASA World Wind
ÅCitySurfGlobe
ÅBing Maps  
ÅSkylineGlobe
ÅGoogle Earth
ÅMarble, part of the K Desktop Environment, with OpenStreetMap
ÅArcGIS Explorer  
ÅEarthBrowser
ÅSoftware MacKiev's3D Weather Globe & Atlas
ÅEarth3D
ÅWorldView
ÅBhuvan
ÅBaidu Map
ÅNational Geographic Atlas

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


Augmented reality



Some issues

ÅHow do you collect 3D data for photorealism?

ÅHow much realism is necessary?

ÅHow does interaction change the experience?

ÅWhat about permanent and temporary objects?

ÅHow do you deal with underground and overlapping spaces?

ÅCognitive disturbance: Foveationand peripheral vision altered

ÅImage lag and motion sickness



The issue: Can you sense reality?



Generalization in Computer Graphics: 
Level of Detail
ÅJames H. Clark (1976) Hierarchical Geometric Models for Visible Surface Algorithms. Communications of the ACM, October 

1976,19, 10. pp 547-554. 



VRML 2.0 LOD Example

#VRML V2.0 utf8 
LOD { range [20,40] level [ 
#full detail 16 sided cone 
Shape{ appearance Appearance{ material Material { diffuseColor1.0 1.0 1.0 } } 
geometry Extrusion{ crossSection[ -1 0, 0 0, -1 -2 -1 0] 
spine [1 0 0 , 0.866 0 0.5, 0.5 0 0.866, 0 0 1 , -0.5 0 0.866, -0.866 0 0.5, -1 0 0, -0.866 0 -0.5, 

-0.5 0 -0.866, 0 0 -1 , 0.5 0 -0.866, 0.866 0 -0.5, 1 0 0 ] } } 
#intermediate detail 8 sided cone 
Shape{ appearance Appearance{ material Material { diffuseColor1.0 1.0 1.0 } } 
geometry Extrusion{ crossSection[ -1 0, 0 0, -1 -2 -1 0] 
spine [1 0 0 , 0.707 0 0.707 , 0 0 1 , -0.707 0 0.707, -1 0 0,-0.707 0 -0.707, 0 0 -1 , 0.707 0 -

0.707, 1 0 0 ] } } 
#low detail 4 sided cone 
Shape{ appearance Appearance{ material Material { diffuseColor1.0 1.0 1.0 } } 
geometry Extrusion{ crossSection[ -1 0, 0 0, -1 -2 -1 0] 
spine [1 0 0 , 0 0 1, -1 0 0, 0 0 -1 , 1 0 0 ] } } 
] 
} 



Google Glass, Google cardboard



3D measurement systems: remote sensing of objects

ÅFirst generation DEMs, photogrammetry and contour 
conversion

ÅSecond generation based on SAR and IFSAR

ÅSRTM near global coverage, 30m/90m

ÅGDEM global based on ASTER imagery

ÅNED completed at 30m, then 15m and less

ÅLIDAR has now taking over

ÅNew photogrammetric methods showing promise



IFSAR DEM



SAR from Space



SRTM: Global topo map



How Lidar works



LIDAR first and last pulse



3D Models LiDAR



LiDAR at El Pilar





Terrestrial Scanning LiDAR



LidarPoint Cloud Data
UCSB Ellison Hall, 1st Floor

Primary Study Area
EH Room 1720

Secondary Study Area
EH Lobby

Additional Study Areas
North Wing Hallway
East Wing Hallway

East Stairwell

Data Collection Information
Platform: RieglLMS-Z420i

Laser Scanner
# Points: 35 million



LidarPoint Cloud Data
EH East Stairwell, 1st/2nd Floors



Platforms Tested To Date (EH Room 1720 Only)

Nikon D3100
(14.2 MP)

Microsoft LifeCam Studio
(2.1 MP)

Logitech QuickCamDeluxe
(0.3 MP)

Sony DSC-TX10
(16.2 MP)

Panasonic DMC-FZ28
(10.1 MP)

RieglLMS-Z420i Laser Scanner
(Baseline Measurements)



Animated Point Cloud
(LifeCam Studio)



3D modeling and data structures

ÅLongley et. al. 6 models: gridded points, irregular points, cells, 
irregular polygons, TIN and contours

ÅPrior dominance of DEM

ÅExtensive use of TIN and surface patches

ÅComputer graphics and games favor Voxels

ÅLIDAR and photogrammetry return a POINT CLOUD

ÅHas led to use of term Digital Surface Model



Measurement vs. Modeling

ÅSelect key surface points, edges

ÅGeneralize remaining surfaces

ÅSolids modeling

ÅFeature extraction; Buildings, trees (e.g. Lidar analyst, Feature analyst, 
Quick Terrain modeler, TerraSolid(Microstation)

ÅGeometric vs. natural objects

ÅRealism vs. Size e.g. Google Object Warehouse



Point Clouds



BingMaps 3D Selected Cities (LA)


