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Presentation Outline INTERGRAPH

® [ntroduction
® Rigorous / Approximate Sensor Models
® Rational Functions (RFs)
® Advantages / Disadvantages of RFs
® Multi-sensor Triangulation Workflow
® Numerical Results
® Summary

)
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Satellite Orbital Characteristics INTERGRAPH

® Circular earth orbit
® Sun-Synchronous
® Asynchronous

® Altitudes of 200-680 km
® Average orbit revolution time ~ 90 minutes

® Revolutions are numbered with an average of
16 passes per day

O!

ISPRS Hannover Workshop 2005 i

—



h

Satellite Image Acquisition Principles INTERGRAPH

“WHISKBROOM” “PUSHBROOM” “‘STARING ARRAY”
Cross-track Electromechanical Scanner Linear Detector Array Frame Imaging
Electronically Scans Across Track
Multiple
Detectors/Bands Linear

/ Detector Array
/ . (One Array/Band)
Scan Mirror

/

Two -
Dimensional
Array For
Each Band




Satellite Imagery - Advantages/Limitations — INTERGRAPH

Advantages:

Global Access

Wide area

Frequent access

Non-intrusive

Digital downlink

Worldwide archive (back to 1973)

Limitations:
Atmospheric Conditions (clouds, haze, etc.)
Distribution networks
Timeliness and Price
Data/Image Quality and Standards
Education and Training
Government Regulations
International Copy Right
ecurity and Criminal Use &

—
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Satellite Sensor Models INTERGRAPH

® Interpolative Models — Collinearity Equations

® Projective Models — Polynomials (1st, 2nd, 3rd order)
® Depending upon the values of I, j, k, p,, and p,)

m m m

3NN an){ffﬂ"zk

_ p(X.Y.Z) _ 1=0j=0k=0
pz {X‘ }?- Z) i M i

5: 7‘ yzb@',{r;ff}?jzk

i=0 j=0k=0

x

b m

7. 7‘ 7‘ {?:il?.j:_l-f}’ JT'ZE'

= p3(X.Y.Z) _ i=0,;=0k=0
] jo (:X FZ) mooH N
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Rigorous Sensor Models INTERGRAPH

Advantages:

® Time-dependant collinearity equations

® Rigorous orbital constraints (ephemeris data)
® “Exterior Orientation” on an orbital basis

® Platform and sensor distortion

® Earth, datum/map projection distortion

Disadvantages:

® Sensor physical parameters not often known

® VVendors may not publish sensor model

® Sensor model is complex requiring specialized software
® Real-time loop matl; must be changed for each sensor

ISPRS Hannover Workshop 2005
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RFs — Advantages / Disadvantages  INTERGRAPH

Advantages:
® Sensor independent
® Sufficient speed for real-time loop
® Support any map projection system
® Easy inclusion of external sensors

Disadvantages:
® Cannot model local distortions
® Coefficients do not have physical meaning
® Accuracy decreases when image gets larger
® Over parameterization
@ Zero'crossing |

_
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Digital Photogrammetry Workflow INTERGRAPH

ImageStation Products

Mission Planning  Photogrammetric Manager O  rient/ Trig

g
-5




SPOT
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Image Type and Format INTERGRAPH
Sensor Image Processing Image Type
Support Data Level
| andsat FAST, FASTL7a, 1G - Space 4and5TM (30 m)
HDF Oblique 7 ETM (15 & 30m)
Mercator
IRS SuperStructure 1A Pan sub-scene 1-9
(LGSOWG) Pan strip L, M, R
SPOT CAP, DIMAP 1A SPOT 1-3 (10-20 m)
SPOT 4 (10-20 m)
SPOT 5 (10, 5, 2.5 m)
QuickBird | 'SP 1B (30m DTM) | Pan (0.61 m)
Multi (2.44 m)
ISPRS Hannover Workshop 2005 %
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Satellite Triangulation Workflow INTERGRAPH

Create Satellite Project

mport or Key in Control Point (WGS84)
Read Ephemeris Data for Each Imagery
Define Rational Function Bitmaps
Measure Control/Check/Pass Points

® Perform Satellite Triangulation

® Generate Image/Object Grids

® Fit RFsto These Grids

® Use RFs for 3D Collection and Orthophoto
Generation ,

ISPRS Hannover Workshop 2005 { E
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Coordinate System & Map Registration

INTERGRAPH

Generate “Drive Parameters”

Edit Satellite Photo |

E phemeris Data YEisuppartsF_divehCert_ProjectshS Browse...
Fational Function Bitmap | C:\Frogram Filesh SP\bitmap. dat Browse. .
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Map Sheet Coordinate System
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Cloge: Help
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Map/Image Registration INTERGRAPH

_[ 1D: Twne: Class: Lon Lat (DDMMSEY 2
_ [338001 [contral ] [Fur =] F77 504463501 | [38.1737825962 [522 [t
Descriation: Sx Sy 52
[10 [10 |
0K | Cancel |
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1d: [399001 :
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72 Control
32 Caontral ﬂl
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Generate Image/Object Grids & RFs ~ INTERGRAPH

After a Successful Bundle Adjustment:

® Create Image Grid for Each Imagery
Project Image Coords. onto Several Elevation Planes
Fit RFs to These Grids by Least Squares

O

O

® Analyze Results/Coefficients

® Use RF Coeffs. as Real-Time Math Model

Generate Rational Funchions

Active Model Output Fisel Grid File Pisel Defintion:
I 10 [m) IUpper-Ieft iz1.1 j

Frimary Projection Design File:
IH:'W-.finchester_spntE‘«dgnhwinchester.I:I LCancel

Secondan Projection Design File:

_plIH:'W-.finchester_spntE‘«dgnhwinchester.I:I Help
Left B aw Grid File: Right B aw Grid File:
Ii:'xpn:liects"«winchesterhmstﬂ “postari | | Ii:'apru:-ie:::ts'*.winn:hester"«mst"«Ehpnstgri |
Left B aw Bitrnap File: Right B aw Bitrmap File:
IE:'\F"r-:ugram FilezhSPR \bitmap. dat | IE:'\F’ngram Filez'|SPkNbitrap. dat |
Left LSR Bitmap File: Right LSF Bitmap File:

ISPRS Hannover Workshop IE:"«P'rn:ugram Filez' 5P bitmap. dat | IE:'\Pngram Filezh SPMMbitrmap. dat |

Ready -




Data and Numeric Results

® |KONOS (San Diego, US)
® Two Stereo Pair (Geo Product)
® 6 Control points

® SPOT5 (Avignon, France)
® 4 Level 1A Images (5m, 2.5m)
® 22 Control Points

® QuickBird (Denver, US)
® 11 Basic Images
® 70 Control points
® USGS 10m DEM

@)
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IKONOS — REC Adjustment INTERGRAPH

ImageStation Photogrammetric Manager - |EI|E|
File Edit Miew Translakors Feports | Tools  Rasker Ukilities  Help
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IKONOS Triangulation INTERGRAPH

. Satellite Triangulation Results ] 3] . IKONDS Options 1'
Summary Statistics | Phato Statlstlcsl Object Statistics I Pairit Statlstlcsl ~ Mapping Coordinate System
Parameter | S | N | z | = - Key Statistic: G hi . .
FiMS Cortrol 0.024 0.031 0.008 0.028 SamE il SE0dEPNIC  Design File:
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. Angular Unitz: Degrees . )
Phatas Used: 4 — Post-Adjustment S eting
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Ok, I Cancel Defaultz Help
Contral... | Groups... | Feports... |

LCompute Apply | Feset | QK. | Cancel | Help |
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Points
Used
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0 1.3 1.6 2.2
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2 . 04 0.2 0.1
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SPOT Triangulation INTERGRAPH

. Footprint Yiewer
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Satellite Triangulation Results
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QuickBird Project INTERGRAPH
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QuickBird Triangulation INTERGRAPH

EI i, Satellite Triangulation Results o ] A |

Summary Statistics | Phato Statistics | Object Statistics | Point Statistics |

i, Satellite Triangulation Parameter Weid
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QuickBird Project Footprint
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QuickBird — Source Data INTERGRAPH
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QuickBird Mosaic (1) ~INTERGRAPH
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QuickBird Mosaic (2) INTERGRAPH
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® |ImageStation Satellite Triangulation is very flexible

® Math model is implemented in a Microsoft Common Object Model
(COM)-based code module

® Allows support for new satellite remote sensor with relative ease

® Accommodates variations in the number and scope of adjustable
parameters

® Unified, weighted, simultaneous least squares adjustment

® |[KONOS math model is based on rational polynomial functions
modified by an affine transformation

® Mapping with high resolution space images is becoming a
reality

® For several applications there is a direct competition
between aerial and space images, and the choice of

which.product.to use IS purely economical

—
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