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GAF AG – DLR IMF Partnership Euromaps3D

Product Specifications:

Post Spacing: Max. 5m

Product variations: 12m DSM (HREGP)

Spatial reference system UTM / WGS84

Height reference EGM96/WGS84

Absolute vertical accuracy LE90 5-10m

Absolute horizontal accuracy CE90 5-10m

Relative vertical accuracy LE90 2.5m

File Format GeoTIFF (16-Bit)

Scene-based DSM 27km * 27km

Mosaicked DSM 0.5° * 0.5° tiles

Base data IRS-P5

Ortho-image pixel size 2.5m

DSM from Semiglobal Matching
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High Resolution Photogrammetry from Space - What input can we expect ?

Characteristics of current commercial VERY HIGH RESOLUTION Satellites:

WorldView-1 WorldView-2 GeoEye-1 Pléiades-1A/1B

GSD (Nadir)
Products

0.50 m
0.50 m

0.46 m
0.50 m

0.41 m
0.50 m

0.7 m
0.50 m

Bands Panchromatic Pan & 8 MS Pan & 4 MS Pan & 4 MS

Dynamic 
Range

11-bit 11-bit 11-bit 12-bit

Swath
(Nadir)

17.6 km 16.4 km 15.2 km 20 km

Agility (Slew) 10s for 200km 10s for 200km 18s for 200km 11s for 200km

horizontal 
Product
Accuracy
(CE 90)

5 m (specification)
3.8 m (provider 
monitoring)

5 m (specification)
3.5 m (provider 
monitoring)

5 m (specification)
3.5 - 4.5 m (provider 
monitoring)

8.5 m (specification)

Digitalglobe / USA
September 6, 2008

Digitalglobe / USA
September 18, 2007

Digitalglobe / USA
October 8, 2009

Astrium / France
December 17, 2011
December 1, 2012
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Example: Agility and collection capacities
WorldView-2 – Rio de Janeiro / 19JAN2010 / 29 images from one orbit

Source: DigitalGlobe
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5 ? - would be nice but also not operational

3 - seems to be a good „trade-off“

29 ? - overdone for 2.5D and not operational

SAT-Capacity, 
Matching, Occlusions, 

Computing Time, 
Costs…

………………………

How many images can we get from a single orbit acquisition ?
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Occluded areas
in FORE/Back
combination

B/H
Ratio

Accuracy Z-
Measure

Matching
Ability

Occluded
Areas

Back approx. Nadir Fore

Characteristics of (Tri-)Stereo Geometry
6 possible stereo
combinations
Redundancy improves
accuracy
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Example: WorldView-2 (Munich):
Convergence angle and number of looks for two overlapping stereo images

Blue color indicates unmatched or occluded areas.

Image 24° Stereo 12° Stereo Triple Quadruple
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Pléiades:
TriStereo
aquisitions
available as
standard product
worldwide

WorldView:
Possible within
European Spaceimaging
Cone over Europe

WorldView/GeoEye
Outside Europe:
Depends on area/project
size

Who can acquire appropriate imagery?

GeoEye:
In Europe through E-GEOS



Tripletacquisition from one orbit

+12,5°, 0°, - 12,5° InTrackONA

middle aquisition < 10° CrossTrackONA and at „closest approach“
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corridor for
SAT ground track

N

TriStereo Satellite Tasking Configuration
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How can we achieve high horizontal and vertical precision without GC?

Absolute geolocation accuracy as defined and monitored by providers

WorldView-2 Geolocation Accuracy 2012 Source: Mulawa, DigitalGlobe JACIE 2013
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How can we achieve high horizontal and vertical precision without GC?

Relative geolocation accuracy- Example DigitalGlobe Criss-Cross Test Australia

RPC Bias correction should be
sufficient for good relative and
absolute orientation

Result from 25 pairs:
CE90: 0.59m
without systematic pattern

Source: Smiley, DigitalGlobe
JACIE 2011

12

 

h

RPC1

RPC2

2D

3D

RPC-Accuracy

Image registration
x, y)

X

Y

Z

RPC3

How can we achieve high horizontal and vertical precision without GC?

RPC based error propagation through Azimuth/Elevation Model
(Dial/Grodecki 2004) 

triplet scenes

triplet + 2 archive scenes

CE 90 = 2.30 m

LE 90 = 7.60 m

CE 90 = 2.20 m

LE 90 = 3.60 m

Accurate multiTiePoints and fully parameterized Bundleblock Adjustment
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How can we guarantee high horizontal and vertical precision without GC?

Accurate multiTiePoints and fully parameterized Bundleblock Adjustment
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Pixelwise Matching with adapted Semiglobal Matching (SGM)

LR check,
Filtering

Dense cost
computation

Disparity
selection

Disparity images
D’(p), D’(q)

S(p,d)

C(p,d)

D(p)

Basic algorithm, Hirschmüller (2005)

I1

I2
Cost

aggregation
 Photo-consistency with Mutual Information & Census
 Cost Aggregation with 16 Paths
 Disparity Sampling with 0.5pix
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Standard-Product Tri-STEREO DSM

DigitalSurfaceModelORTHOimage NUMber of Matches STD of Matches

All product layers have 0.5m resolution. Watermask in NUM Layer or separately.
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Specifications:

Horizontal Resolution 0,5m

Vertical Resolution 0,1m

Horizontal Reference UTM

Vertical Reference WGS84/EGM2008

Horizontal Accuracy
(absolut)

CE90 < 2,5m (no GCI)

Vertical Accuracy
(absolut)

LE90 < 3,5m (no GCI)

Format GeoTIFF (32bit)

Frame ca. 15x15km²

Standard-Product Tri-STEREO DSM
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Example: DSM Refinement - Watermask

Quality Control and Enhancements:

• Semiautomatic Voidfilling
• Watermask
• Visual QC
• Manual Refinement
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Example: DSM Refinement - Roadnet

Roads generally very problematic due to moving objects, traffic jam etc.
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Detail Example: DSM – WorldView-2 – 2.5D Model with Ortho
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Example: DSM – Pléiades-1A – 2.5D Model
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What Higher Level Products will come in the future?

• DTM
• Building reconstruction
• Textures from archive imagery
• 3D-Change detection

DTM

LOD1Simple LOD2
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Example: DTM from DSM - Worldview – Geodesic Dilation

DSM; 1m DTM; 1m Reference DTM; 1m 

Histogram: DTM - Reference Profile: DSM (blue), DTM (green),  Reference (red)

Diff = DTM – Reference

Mean(Diff) = -0.76m

StandardDev.(Diff) = 2.34m
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Thank you for your attention!


