N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 na

Calibration Report

ULTRACAM,

Large Format Digital Aerial Camera

Camera: UltraCam D, S/N UCD-SU-1-0031
Manufacturer: Vexcel Imaging GmbH, A-8010 Graz, Austria
Date of Calibration: Apr-10-2009

Date of Report: Feb-15-2010

Camera Revision: 4.0

Revision of Report: 4.0
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 na

Calibration Report

Geometric Calibration

Camera:

Manufacturer:

Panchromatic Camera:

Multispectral Camera:

Date of Calibration:
Date of Report:
Camera Revision:
Revision of Report:

ULTRACAM,,

Large Format Digital Aerial Camera

UltraCam D, S/N UCD-SU-1-0031

Vexcel Imaging GmbH, A-8010 Graz, Austria
ck =105.200mm

ck =105.200mm

Apr-10-2009

Feb-15-2010

4.0
4.0
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Panchromatic Camera

Large Format Panchromatic Output Image

Image Format long track 67.5mm 7500 pixel
cross track 103.5mm 11500 pixel
Image Extent (-33.75, -51.75)mm | (33.75, 51.75)mm
Pixel Size 9.000pum*9.000umM
Focal Length ck 105.200mm + 0.002mm
Principal Point | X ppa -0.360 mm + 0.002mm
(Level 2) Y ppa 0.180 mm + 0.002mm
Lens Distortion | Remaining Distortion less than 0.002mm

Multispectral Camera

Medium Format Multispectral Output Image
(Upscaled to panchromatic image format)

Image Format long track 67.5mm 2400 pixel
cross track 103.5mm 3680 pixel

Image Extent (-33.75, -51.75)mm | (33.75, 51.75)mm

Pixel Size 28.125um*28.125um

Focal Length ck 105.200mm

Principal Point | X ppa -0.360 mm + 0.002mm

(Level 2) Y ppa 0.180 mm + 0.002mm

Lens Distortion | Remaining Distortion less than 0.002mm
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UltraCam D, Serial Number UCD-SU-1-0031

\VVEXCEL
0o

Individual Panchromatic Cone Data

Cone 0, Parametric Description, Not Effective in Output Image

Cone # CO
Lens Rodenstock Apo-Sironar Digital 105mm
Linos GmbH, Germany
Shutter Prontor Magnetic

Prontor-Werk Alfred Gauthier GmbH

Image Extent (nominally)

(-33.75, -51.75)mm (33.75, 51.75)mm

Extent CCD O

(-33.75, -51.75)mm (-9.75, -15.75)mm

Extent CCD 1

(-33.75, 15.75)mm (-9.75, 51.75)mm

Extent CCD 2

(9.75, -51.75)mm (33.75, -15.75)mm

Extent CCD 3

(9.75, 15.75)mm (33.75, 51.75)mm

Parameters Shift X ShiftY Rotation Scale
CCDO 3.3547778E)1 mm -1.8556565E01 mm 3.9751715B2 gon 1.0029818
+ 0.0011 mm + 0.0018 mm + 0.0001 gon + 0.00005
CcCD1 3.7669141E1 mm -2.0080341ED01 mm 1.0049033
+ 0.0011 mm + 0.0018 mm 0.0000000 gor + 0.00005
CCD2 2.8840962E)1 mm -1.4064660ED1 mm -9.2578184ED3 gon 1.0041549
+ 0.0011 mm + 0.0018 mm + 0.0001 gon + 0.00005
ccD3 3.4715644EB1 mm -1.8350302ED1 mm 1.0477971ED1 gon 1.0057724
+ 0.0011 mm + 0.0018 mm + 0.0001 gon + 0.00005
Radial Distortion
[mRm] 5.0 10.0 15.0 20.0 | 25.0 30.0 | 35.0 40.0 45.0 50.0 55.0 60.0 65.0
[L(ljf:l] -188 | -37.8 | -55.7 | -715 | -84.2 | -928 | -96.3 | -94.1 | -85.2 | -69.1 | -45.0 | -12.3 29.4
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 0, Residual Error Diagram
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Residual Error (RMS): 0.63 pm
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UltraCam D, Serial Number UCD-SU-1-0031

\VVEXCEL
0o

Cone 1, Parametric Description, Not Effective in Output Image

Cone #C1
Lens Rodenstock Apo-Sironar Digital 105mm
Linos GmbH, Germany
Shutter Prontor Magnetic

Prontor-Werk Alfred Gauthier GmbH

Image Extent (nominally)

(-33.75, -18.04)mm

(33.75, 18.04)mm

Extent CCD 0

(-33.75, -18.04)mm

(-9.75, 18.04)mm

Extent CCD 1

( 9.75, -18.04)mm

(33.75, 18.04)mm

Parameters Shift X Shift Y Rotation Scale
CCDO 2.6617517ED1 mm -4.170404902 mm 1.0030373
+ 0.0018 mm + 0.0013 mm 0.0000000 gon + 0.00005
cCcD1 1.6473808E)1 mm -1.0253285E)1 mm 3.0753640E2 gon 1.0033954
+ 0.0018 mm + 0.0013 mm + 0.0001 gon + 0.00005
Radial Distortion
[mRm] 5.0 10.0 | 15.0 20.0 | 25.0 30.0 | 35.0 40.0 45.0 50.0 55.0 | 60.0
[Sr:]] -15.0 | -29.6 | -426 | -52.8 | -59.1 | -60.5 | -56.1 | -44.9 | -26.0 1.3 37.8 84.1
+SEOStf LYF3IAY3I DYO! w8010\GIad udtNalzdo SNHF 84S ykn w !

Phone: +4816849n c c n

w -316-:8E9 c ts repiltracamx.com

Page6 of 59




N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 1, Residual Error Diagram

Catnera: C1, &4 Photos
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Residual Error (RMS): 0.63 pm
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UltraCam D, Serial Number UCD-SU-1-0031

Cone 2, Parametric Description, Not Effective in Output Image

N/ EXCEL

v A

Cone #C2

Lens

Rodenstock Apo-Sironar Digital 105mm
Linos GmbH, Germany

Shutter

Prontor Magnetic
Prontor-Werk Alfred Gauthier GmbH

Image Extent (nominally)

(-12.01, -51.75)mm

(12.01, 51.75)mm

Extent CCD O

(-12.01, -51.75)mm

(12.01, -15.75)mm

Extent CCD 1

(-12.01, 15.75)mm

(12.01, 51.75)mm

Parameters Shift X Shift Y Rotation Scale
CCDO 1.0733905E01 mm -1.4737407ED1 mm -2.0291703ED2 gon 1.0035151
+ 0.0012 mm + 0.0049 mm + 0.0001 gon + 0.00005
ccD1 4128171401 mm -2.5520286E01 mm 1.0047548
+ 0.0012 mm + 0.0049 mm 0.0000000 gon + 0.00005
Radial Distortion
[mRm] 5.0 10.0 | 15.0 20.0 | 25.0 30.0 | 35.0 40.0 45.0 50.0 55.0 | 60.0
[Sr;] -206 | -419 | -625 | -80.9 | -95.8 | -106.2 | -111.2 | -110.0 | -102.0 | -86.9 | -64.3 | -34.3
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 2, Residual Error Diagram

Catnera: CzZ2, 54 Photos
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Residual Error (RMS): 0.60 pm
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 3, Parametric Description, Not Effective in Output Image

Cone # C3
Lens Rodenstock Apo-Sironar Digital 105mm
Linos GmbH, Germany
Prontor Magnetic
Shutter Prontor-Werk Alfred Gauthier GmbH
Image Extent (nominally) (-12.01, -18.04)mm (12.01, 18.04)mm
Extent CCD 0O (-12.01, -18.04)mm (12.01, 18.04)mm
Parameters Shift X ShiftY Rotation Scale
CCDO 1.1814967ED1 mm -1.0447345D01 mm 1.0059150
+ 0.0025 mm + 0.0058 mm 0.0000000 gor + 0.00005
Radial Distortion

R [mm] 5.0 10.0 15.0 20.0 25.0
dr [um] -2.3 -4.4 -6.0 -6.9 -7.0
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 3, Residual Error Diagram

Camera: €3,
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Project: 2.0 pm

Residual Error (RMS): 0.60 pm
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Full Pan Image, Residual Error Diagram

4 Camerss, 336 Photos
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Format:

Project: 2.0 pm

Residual Error (RMS): 0.64 pm

+SEOStf LYF3IAY3I DYO! w8010\GIad udtNalzdo SNHF 84S ykn w !
Phone: +43316849nc c n  w -316-8E%M c te npvwwltracamx.com Pagel2 of 59



N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Individual Multispectral Cone Data

Cone 4, Parametric Description, Not Effective in Output Image

Cone # C4 (red)
Lens Rodenstock Apo-Sironar Digital HR 35mm
Linos GmbH, Germany
Prontor Magnetic
Shutter Prontor-Werk Alfred Gauthier GmbH
Image Extent (nominally) (-10.08, -16.56)mm (10.08, 16.56)mm
Extent CCD 0O (-12.08, -18.04)mm (12.08, 18.04)mm
Parameters Shift X ShiftY Rotation Scale
CCDO 5.5332464E2 mm 2.0381086ED1 mm 1.0275044
+ 0.0002 mm + 0.0003 mm 0.0000000 gor|  + 0.00005
Radial Distortion
R [mm] 5.0 10.0 15.0 20.0 25.0
dr [um] 35.0 56.0 56.6 52.5 81.0
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 4, Residual Error Diagram

Catnerar C4
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Project: 2.0 nm

Residual Error (RMS): 0.63 pm
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 5, Parametric Description, Not Effective in Output Image

Cone # C5 (green)
Lens Rodenstock Apo-Sironar Digital HR 35mm
Linos GmbH, Germany
Prontor Magnetic
Shutter Prontor-Werk Alfred Gauthier GmbH
Image Extent (hominally) (-10.08, -16.56)mm (10.08, 16.56)mm
Extent CCD 0 (-12.08, -18.04)mm (12.08, 18.04)mm
Parameters Shift X ShiftY Rotation Scale
CCDO 9.9977619ED2 mm 2.2592591E02 mm 1.0230985
+ 0.0002 mm + 0.0003 mm 0.0000000 gor]  + 0.00005
Radial Distortion
R [mm] 5.0 10.0 15.0 20.0 25.0
dr [um] 40.5 65.7 66.9 60.7 89.4
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 5, Residual Error Diagram

Catnera: C5, &4 Photos

*
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Format:

Project: 2.0 pm

Residual Error (RMS): 0.59 pm
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 6, Parametric Description, Not Effective in Output Image

Cone # C6 (blue)
Lens Rodenstock Apo-Sironar Digital HR 35mm
Linos GmbH, Germany
Prontor Magnetic
Shutter Prontor-Werk Alfred Gauthier GmbH
Image Extent (hominally) (-10.08, -16.56)mm (10.08, 16.56)mm
Extent CCD O (-12.08, -18.04)mm (12.08, 18.04)mm
Parameters Shift X ShiftY Rotation Scale
CCDO -7.0830613E)2 mm 1.1646767ED2 mm 1.0204159
+ 0.0002 mm + 0.0003 mm 0.0000000 gor|  + 0.00005
Radial Distortion
R [mm] 5.0 10.0 15.0 20.0 25.0
dr [um] 33.3 52.2 51.8 46.1 68.7
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 6, Residual Error Diagram

Catnera: C6, 54 Photos
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Project: 3.0 pm

Residual Error (RMS): 0.59 pm
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 7, Parametric Description, Not Effective in Output Image

Cone # C7 (NIR)
Lens Rodenstock Apo-Sironar Digital HR 35mm
Linos GmbH, Germany
Prontor Magnetic
Shutter Prontor-Werk Alfred Gauthier GmbH
Image Extent (hominally) (-10.08, -16.56)mm (10.08, 16.56)mm
Extent CCD O (-12.08, -18.04)mm (12.08, 18.04)mm
Parameters Shift X ShiftY Rotation Scale
CCDO 7.9896976ED2 mm -1.5023528E)1 mm 1.0176444
+ 0.0002 mm + 0.0003 mm 0.0000000 gor|  + 0.00005
Radial Distortion
R [mm] 5.0 10.0 15.0 20.0 25.0
dr [um] 31.8 49.5 48.5 41.9 60.2
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm

Cone 7, Residual Error Diagram

Catnera: C7, &4 Photos
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Format:

Project: 3.0 pm

Residual Error (RMS): 0.58 pm
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm
Explanations:

1) Calibration Method:

The geometric calibration is based on a set of 84 images of a defined geometry
target with 240 GCPs.

Number of point measurements for the panchromatic camera : 15902
Number of point measurements for the multispectral camera : 62494

Determination of the image parameters by Least Squares Adjustment.
Software used for the adjustment: BINGO (GIP Eng. Aalen, Germany)

2) Level 2 Image Coordinate System: pan 11500 pixel by 7500 pixel
MS 3680 pixel by 2400 pixel

Lvl2, Camera prop. Orientation

1 Columns 11,500
s TY
~ &
“ 103 5mm -
= pPA* :
% S |

* L
00s'L
— uzd cs9

Example:
PPA_x=-=0.123 mm
PPA y =+ 0345 mm

The image coordinate system of the Level 2 images is shown in the above figure.
The level 2 image consists of 11500 columns and 7500 rows, which leads to a total
image format of 103.5 * 67.5 mm. The coordinate of the principal point in the level 2
image is given on page 3 of this report. The above figure shows the position of an
example principal point at the coordinate (-0.123 / 0.345).
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nm
3) Level 3 Image Coordinate System: pan 7500 pixel by 11500 pixel
(after rotation of 270° CW) MS 2400 pixel by 3680 pixel
y Y
& &
§n F % F 3
: e
Flight Flight
D ire ction’ D ire ction!
“ g
=
A - B Lk b
C o j S o
4 67.5pn — - o 67T —
1 Rows 7,500 1 Rows 2400
Panchromatic Image Format Multispectral Image Format

4) Position of Principal Point in Level 3 Image

The position of the principal point 1in
setting used in the OPC during the pan-sharpening step. The exact position relative
to the image center is given in the table below as a function of the rotation setting
used in the OPC. The coordinates are specified for clockwise (CW) rotation in steps
of 90 degrees, according to the principal point coordinate given on page 3 for high-
and low resolution images.

Image Format | Clockwise Rotation PPA
(Degree) X Y
Level 2 - -0.360 | 0.180
Level 3 0 -0.360 | 0.180
Level 3 90 0.180 0.360
Level 3 180 0.360 | -0.180
Level 3 270 -0.180 | -0.360
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N/ EXCEL

UltraCam D, Serial Number UCD-SU-1-0031 nma

The coordinates in the figure below are only example values to illustrate the effect of
image rotation on the principal point position, and do not correspond to the camera
described in this report.
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