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THE FIRST DIGITAL DECADE Y
1998-2008

1) Bill Gates, Jan 2008
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THE INTERNET
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Since 2005
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BUSINESS MODEL?

Yellow Pages &
Local Advertisement
US$ 60 Billion/Year
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with
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Store locations for: 80301 Trip Planner Try again: Enter a zip code or city name
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GEODATA SOURCES
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GeoEye-1 Launch
50 cm Pixel
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BYTES?

THE EARTH'S LAND MASS

¥ Sg..km 148 millign
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THE EARTH’S LAND MASS

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

THE EARTH’S LAND MASS

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

/

At 10x Redundancy
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HUMAN SCALE
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BYTES, REVISITED
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THE EARTH’'S HUMAN HABITAT

The World in 15 cm per Pixel

Street Side in 2 cm
Interior in 0.5 cm

...and with 10 x redundancy

Towards 1 Exabyte
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3D-VISION

1. Excellent Imagery
ﬁ Area (Pan):
Min 60
Max 7920

7860 Grey Levels

12.94 bit
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3D-VISION

2. Smart Image Collection

Input
Multiple “Raw” Aerial Photos

Output
Single Ortho Photo
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Redundancv = accuracy
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Redundancv 9 outller detectlon

3SD-VISION

3. Automated Triangulation

GRAZ.3000.PHOIOS
T I U B 8
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3D-VISION

5. Superior Accuracy

Difference
DSM

North/South
minus

East/West

Images

GSD 10 cm

R.M.S.
Differences
+ 7cm
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3
CAMERA EVOLUTION

- DIVERSITY

Microsoft/Vexcel Aerial Frame Camera Evolution
UltraCamD-03 UltraCamX-06 UltraCamXp-08

UitraCamb, 7500 * 11500 UltraCamX, 9420 * 14430 UltraCamXp, 11310 * 17310
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Leica
ADS-80

12000 Pixel
Push Broom

LUDL)

‘Intergraph
RMK-D&Dx

“Medium Format”
Frame, 11K x 11K
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1 UltraCam
ULTRACAM ! XpWA
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MECrosoft
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Pixels:
17.3K x 11.3K

THE “"CLEAR 30°
PROJECT

WITH THE
ULTRACAM G

Angle of View:
70°
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'~ Camera Center

primary system
Camera Center
secondary system o
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|Gl Digicam
Applanix DSS

7.2K x 5.4K Pixel:

33



Plctometry
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Vision Map A3:
Rotating Pair of Frame Cameras
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64K  3D-Points. ]
756K  Measurements | =~ |
4K x 3K. Pixels
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Fully automated analysis
625 images
+ 1 to 3 cm residuals

A
TECHNOLOGY EVOLUTION

- DIVERSITY
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500 Systems?

250 Systems?
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3D-V
Surface Noise
~+6.5cm

Recall:
GSD 8 cm

.ﬁﬂ Triangulated

to within 1 Pixel

ALS

= Accuracy
from GPS/IMU
~+20cm

BUILDING SHAPE FROM
ALS
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BUILDING SHAPE FROM
3D VISION

STREETSIDE
LASER SCANNING
VS
STREETSIDE
PHOTOGRAMMETRY
(3D-VISION)
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Streetmapper-System in Graz

~ 60 Laser Points/m?

~ 7000 Pixel/m?

New Laser Scanning
500 pts per m?
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18 Images
Width x Height = 1024 x 1360 Pixel, f = 744 Pixel
2870 Triangulated Points (SIFT-Features)

i Hauptschale ‘
§ Jropes i
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Point Cloud
Triplet 1

44



Point Cloud
Triplet 2
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Depth

192 —

190—

188 —

186 —

184 —

182 —

180 —

178 —

176 —

174

Plane Fitting RMSE =+ 0.9 cm
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Pixel @ 1.3 cm

500

0
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3 COMPLAINTS ABOUT 3D VISION

“Redundancy” - data overload

GPS/IMU insufficient for dense matching -
Triangulation needed - Automated workflow
non-existent

Dense matching - CPU-consuming, slow.
Perhaps 1 hour/ aerial photo?

GRAPHICS PROCESSING UNIT GPU

Image Triplet Match ~ 1 to 3 Seconds

GPU-acceleration factor 30 to 100

4 GPU-PC - Acceleration by up to 400




3 COMPLAINTS ABOUT 3C

“Redundancy” - data overloaf'@%

&
GPS/IMU insufficient év \/ g2
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aerial photo?
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S
COMPUTING EVOLUTION

- Moore’s Rule

o1



Karl- Frands Umver3|ty Graz

OUR (THEN) UNIVERSITY
VICE-PRESIDENT THEURL
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1977-2007

Improvement
12,500,000

Exceeding Moore’s Rule by 12.5




2010-2040

1 MILLION?

“HONEY,

PICK UP A 6-PACK OF
COMPUTERS ON THE
WAY HOME”

Mark Weiser, 1996
X PARC - “Ubiquitous Computing™




6
PHOTOGRAMMETRY EVOLUTION

-2 “NEO-PHOTOGRAMMETRY”

RECALL

THE 1 EXABYTE
3D WORLD MODEL
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Sky

Facade
Circulation Space
Vegetation

Roof
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CARS
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Building 1, Facade 1
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Building 2, Facade 2

Building 2, Facade 1

Meixner & Leberl. VISIGRAPP 2010
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NOVEL
MULTI-RAY MATCHING &

MULTI-RAY GEOMETRY

Graz, Aerial Triangulation

UltraCam, (Microsoft VEXCEL)
155 images / 7500x11500 Pixel
~8x8 cm/Pixel Ground Resolution
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Multi-View Dense Matching

SENSOR
Views

Reference view
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SENSOR view 4

SENSOR view 5

66



67



DEPTH precision

18m / 54 depths
~8x8cm / Pixel
~33cm / Depth

68



LOCATION-AWARE INTERNET

APPLICATIONS
Search/Advertisement

Navigation [Car, Walking]
Games
e-Commerce
Smart Phones
Mixed Reality
Internet-of-Things
Chips on Body
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RFID
0.5* 0.5 mm?

RFID
0.5* 0.5 mm?

plus
Internet
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RFID
0.5* 0.5 mm?

plus
Internet

plus
Smart
Phones

RFID
0.5* 0.5 mm?

plus
Internet

plus
Smart
Phones

plus
Sensors
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UBIQUITOUS COMPUTING

AMBIENT INTELLIGENCE

WEB 2.0

WEB-SQUARED?

| €3
PHOTOGRAMMETRY -- 20 YEARS OUT?
1. Exabyte 3D World Model
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PHOTOGRAMMETRY -- 20 YEARS OUT?
2 Commodlty Type Sensors & Platforms

J i '
PHOTOGRAMMETRY -- 20 YEARS QUT?
3. Wearable & Augmen ted Realit ]y
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PHOTOGRAMMETRY -- 20 YEARS OUT?
3. Wearable & Augmented Reality

PHOTOGRAMMETRY -- 20 YEARS OUT?
4. Real Time
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PHOTOGRAMMETRY -- 20 YEARS OUT?
5. Multi-Sensors

Cameras
Microphones

GPS
Compass
Accelerometer
RFID-Reader
Laser

9 Phetesyrth (B 1210) - Tummeplatz Gz Bov B v vl Page v 3 Took

PHOTOGRAMMETRY -- 20 YEARS OUT’7

6. Crowd-Sourced Imagery and Input Data_
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PHOTOGRAMMETRY -- 20 YEARS OUT?
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