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THE FIRST DIGITAL DECADE 1)

1998-2008

1) Bill Gates, Jan 2008
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INTRODUCTIONINTRODUCTION

www bing com/maps

Since 2005

www.bing.com/maps
maps.google.com

1
WHY?



2

Yellow Pages & 
Local Advertisement
US$ 60 Billion/Year

Empowering
Customer Websites

with
Location AwarenessLocation Awareness

Validation by Enterprise Customers
Extensive Corporate Customer Base

http://www.zillow.com

SHOP PRESENTATION

http://strassentour.herold.at
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Photogrammetric Week 2009

COLLECTION, PROCESSING & 
AUGMENTATION OF VR CITIES

Franz Leberl, Stefan Kluckner, Horst Bischof
Graz University of Technology

Institute of Computer Graphics and Vision
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1 ½ DECADES

The The 
Telecom UseTelecom Use

of of 
Building DataBuilding Data

Telecom ApplicationTelecom Application
ofof

Building DataBuilding Data

Intervisibility EveryEvery
photogrammetric operation can createphotogrammetric operation can create
33--dimensional building modelsdimensional building models

In 1998: In 1998: 
But …..LegoBut …..Lego--type 3D @ type 3D @ ±± 3 m3 m

for USfor US$ 200 per $ 200 per kmkm22

& & at 200 at 200 kmkm22 per week ?per week ?
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AUTOMATICALLY DERIVED 3D MODEL OF GRAZ, AUSTRIA, 2007
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GEODATA SOURCESGEODATA SOURCES

GeoEye-1 Launch
50 cm Pixel Kiev

New Zealand Aerial Mapping
Rockwell 690 Turbo Commander

18
 m

1

Golden Gate
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SATELLITES New Zealand Aerial Mapping
Rockwell 690 Turbo Commander

YESYES

4
BYTES

THE EARTH’S LAND MASS

Sq km 148 million

THE EARTH’S LAND MASS

The World in 15 cm per Pixel
~ 20 Peta Bytes, 2-D

Kilo
Mega
Giga
Tera
Peta
Exa

Zetta
Yotta

Denver

WE WANT 3D
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WE WANT 3D

5
HOW?HOW?

3D3D--VISIONVISION
1. Excellent Imagery

Area (Pan):

Min 60

3D3D--VISIONVISION
1. Excellent Imagery

Min 60
Max 7920

7860 Grey Levels

12.94 bit

Input
Multiple “Raw” Aerial Photos

3D3D--VISIONVISION
2. Smart Image Collection

Output
Single Ortho Photo

3D3D--VISIONVISION
2. Smart Image Collection

Redundancy  accuracy
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3D3D--VISIONVISION
2. Smart Image Collection

Redundancy  automation

3D3D--VISIONVISION
2. Smart Image Collection

Redundancy  occlusion avoidance

3D3D--VISIONVISION
2. Smart Image Collection

Redundancy  outlier detection

THE EARTH’S LAND MASS

The World in 15 cm per Pixel
~ 20 Peta Bytes, 2-Dtowards 200

Kilo
Mega
Giga
Tera
Peta
Exa

Zetta
Yotta

3D3D--VISIONVISION
3. Automated Triangulation

GRAZ 3000 PHOTOS
1.5 TBYTES

3D3D--VISIONVISION
4. Dense Matching

Winston-Salem DSM to DEM
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Two Flights

North/South 
East/West

Dense 
Surface 
Model

3D3D--VISIONVISION
5. Superior Accuracy

@ 10 cm Pixel

Difference
DSM

North/South

3D3D--VISIONVISION
5. Superior Accuracy

minus 
East/West

Images

GSD 10 cm

R.M.S. 
Differences

± 7 cm

3D3D--VISIONVISION
6. Limitless Detail

6
HUMAN SCALE

STREET SIDE 
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Mapping
Objects

7
BYTES, REVISITED

THE EARTH’S LAND MASS

The World in 15 cm per Pixel
~ 20 Peta Bytes, 2-Dtowards 200

THE EARTH’S HUMAN HABITAT

Street Side in 2 cm
Interior in 0.5 cm

…and with 10 x redundancy

Towards 1 Exabyte

ESP: Dynamic Seasonal Environments
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USER 
INVOLVEMENT 8

INPUT DATA DIVERSITY

Crowd Sourced Imagery
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239        Images   
64K       3D-Points
756K      Measurements
4K x 3K  Pixels

Fully automated analysis
625 images

± 1 to 3 cm residuals

Laser Scanner Data

Streetmapper-System in Graz

9
LASER & 3D-VISION
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TOWARDS 

INTERPRETED MODELSINTERPRETED MODELS

Sky
Façade

Circulation Spacep
Vegetation

Roof
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CARS CARS

CARS
BY 
BOOSTING

CARS
BY
CIRCULATION 
SPACE

BUIDLING
TREES
GRASS

CIRCULATION SPACE
WATER

FROM 
RGB-NIR

AND 
HEIGHT DIFFERENCE
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Single Image 5 Images
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Building & Cars
Rooftop Parking

Dormers
Rooftop Buildout

Windows
Floors
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KILLER APPLICATIONS?

VR-CITIES:  APPLICATIONS

Navigation [Car, Walking]
Games

C

Search/Advertisement

e-Commerce
Smart Phones
Mixed Reality

Internet-of-Things
Chips on Body

………

RFID
0.5 * 0.5 mm2



15

RFID
0.5 * 0.5 mm2

plus
Internet

RFID
0.5 * 0.5 mm2

plus
Internet

plusp
Smart 
Phones

RFID
0.5 * 0.5 mm2

plus
Internet

plus
Smart 
Phones

plus
Sensors

UBIQUITOUS COMPUTING

AMBIENT INTELLIGENCE

WEB 2.0

WEB-SQUARED

DRIVEN BY TECHNOLOGY

5000 CPUs


