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Leica ADS100
Calibration Certificate

Control
Sensor Head  Serial Number Unit Serial Number
This certificate is valid for SH100 10542 CC33 33509
IMU Serial Number
CUS6 56073751 Inspector
Calibration certificate issued on 15 Feb 2016 by
Muzaffer Adigiizel

Certificate and calibration data ID 807905 10542 160215-1
Document Code 807905 B a

Leica Geosystems AG
Heinrich-Wild-Strasse
9435 Heerbrugg
Switzerland



Leica ADS100 System Calibration Certificate

Components
Component Device
SH100 # 10542

CC33 # 33509

Lens system

Beam Splitter
Focal Plate Module (FPM)
Inertial Measurement Unit

GPS/GLONASS

Positioning system incl.

Type

D065
Standard
FPM

CUS6 - ulRS

SPAN

Nominal FPM layout of tested system

Reference line positions

Serial Number

2014-0033
11072014-021
56073751
BMAW14350053J

Line X [mm] Y [mm] Y [mm] Y[mm] Usable length [pixels]
Pixel 1 center of | Pixel 20064
line
GRNF26A 30.0000] -50.1575 0.0000 50.1575 16000
GRNNOOA 0.0000] -50.1575 0.0000 50.1575 20012
GRNB19A -22.0000{ -50.1575 0.0000 50.1575 18330

Positions of other lines, relative to reference line

Line Reference | AX [mm] | AY [mm]
GRNNOOB GRNNOOA 0.0025 0.0025
BLUxxxA GRNxxxA 0.0000 0.0000
REDxxxA GRNxxxA 0.0000 0.0025
NIRxxxA GRNxxxA 0.0000 0.0025

View from top of Sensor Head

Certificate and calibration data ID: 10542_160215-1
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Leica ADS100 System Calibration Certificate

Calibration process

Adjustment and calibration of optical systems in optical laboratory

Passed Date Inspector
DSNU (Dark Signal Non Uniformity) ok 09.02.2016 Bernhard Riedl
PRNU (Photo Response Non Uniformity) ok 09.02.2016 Bernhard Riedl
Image sharpness ok 09.02.2016 Bernhard Riedl
Best image plane ok 09.02.2016 Bernhard Riedl
Relative geometry of staggered and
multispectral lines ok 09.02.2016 Udo Tempelmann
Flight and data processing

Passed | Date Inspector
Test flight ok 10.02.2016 | Deniz Arslan
GNSS and IMU data processing ok 12.02.2016 | Muzaffer Adigiizel
IMU accelerometer biases ok 12.02.2016 | Muzaffer Adigiizel
IMU latency ok 12.02.2016 | Muzaffer Adigiizel
Image data processing ok 12.02.2016 | Muzaffer Adigiizel
Geometry of reference lines ok 15.02.2016 | Muzaffer Adigiizel
Inspection
Inspectors
Name Bernhard Riedl 15.02.2016
Position ADS Production Manager
Name Muzaffer Adigiizel 15.02.2016
Position ADS Support Engineer
Name Udo Tempelmann 15.02.2016
Position Manager System Engineering

Maintenance

Last date of service

Recommendations

Certificate and calibration data ID: 10542_160215-1

Page 3 of 5



Leica ADS100 System Calibration Certificate

Results of geometrical calibration

Calibrated apparent pixel coordinates for all sensor lines are contained on the calibration file
attached to this certificate. File: 10542_160215-1.zip

Stereo lines

A-lines GRNNOOA GRNF26A GRNBI19A

Calibration method Estimation of additional parameters in
simultaneous bundle adjustment

Sigma naught of bundle adjustment 1.5 micron

Mean local redundancy >0.5

Accuracy of calibrated apparent pixel coordinates  +1.0 micron

Final bundle adjustment result:

Certificate and calibration data ID: 10542_160215-1 Page 4 of 5



Leica ADS100 System Calibration Certificate

IMU misalignment

Misalignment results in [deg]: o= -0.00699 + 0.00019
o = -0.01475 +0.00019
K= 0.04511 + 0.00024

Staggered green and multispectral lines

Staggered green GRNNOOB

Multspectral BLUNOOA REDNOOA NIRNOOA
BLUF26A REDF26A NIRF26A
BLUB19A REDB19A NIRB19A

Calibration method Offsets to GRNNOOA GRNF26A GRNB19A by
sub-pixel correlation on image pairs of vertical and
horizontal bar patterns, taken with defined rotation
speed in the goniometer.

Accuracy of offsets to the green

reference band: + 0.1 micron

Certificate and calibration data ID: 10542_160215-1 Page 5 of 5
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs

There were two total lifts. Graph reports generated from processing software and flight logs are
found on the following pages.

Mar 21, 2016-A (N73TM, SN7178)............... 2
(1T o) Bl oY o U 10
Mar 22, 2016-A (N73TM, SN7178).............. 1

Hamilton Co., IN 2016 Remote
Sensing and Basemap Update Project
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LiDAR GPS / IMU Stats and Flight Logs
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LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:

LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:

LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs

Flight Log
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LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:

LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix D:
LiDAR GPS / IMU Stats and Flight Logs
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Appendix E:
Imagery Flight Logs

There were three total lifts. Flight logs are found on the following pages.

Mar 21, 2016-A (N7266Z, SN10548) ......... 2
Flight LOG..cciiiieeeeccciirnrer e 3
Mar 22, 2016-A (N7266Z, SN10548) ........ 4
Flight LOG..coiiiieeeeccciiriree e 5
Mar 22, 2016-B (N7266Z, SN10548)......... 6
Flight LOG..ciiiiieeeecrciirnier e 7
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Hamilton Co. IN 2016

Aerial Triangulation Report

Prepared for
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Produced By:
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1.0  Project Details
The scope of this project consists of providing 4 band color aerial photography, aerial
triangulation, color digital orthos.

2.0  Aerial Photography

A total of 29 flight lines of RGB photography, consisting of 903 Nautical Miles of Imagery,
were taken at an altitude of 12,750 feet above ground level. The photography was obtained
on April 13th and 14th, 2016 using an Leica ADS100 pushbroom sensor (serial number
10547) having a focal length of 62.5mm.

3.0 Control

The ground control was established by Quantum Spatial, Inc. using GPS technology. Please
refer to the ground control report for more specific detail. The X, Y, Z coordinates of each
photo center is included in the final AT adjustment. A total of 32 photo identification



control points were used. The location of the control points are shown on the photo center

diagram.

All statistical data for the control points are given in the Aerial Triangulation section.

Ground Control Points

Point ID X Y Z
HAM41PID 183372.707 | 1736478.857 | 915.191
PIDO1 168205.391 | 1706936.328 | 889.588
PID02 190409.876 | 1704002.174 | 827.201
PIDO03 222525.291 | 1703936.568 | 810.971
PID04 245089.688 | 1708332.844 | 818.267
PIDO05 192297.707 | 1721244.330 | 863.511
PID06 217741.696 | 1714870.715 | 740.261
PID07 268079.226 | 1718960.696 | 849.460
P1D08 208962.250 | 1731892.660 | 821.016
P1D09 164780.326 | 1730792.829 | 891.371
PID10 170589.648 | 1746410.062 | 915.387
PID11 197699.781 | 1747530.492 | 893.678
PID12 273322.585 | 1739112.554 | 867.013
PID13 249346.061 | 1745008.578 | 777.931
PID14 169897.178 | 1762277.063 | 944.102
PID15 193758.054 | 1768425.589 | 927.930
PID16 236332.524 | 1773261.287 | 810.733
PID17 257086.440 | 1784512.499 | 815.309
PID17_1 257097.154 | 1784537.695 | 816.058
PID17_2 257101.680 | 1784510.802 | 815.173
PID18 229180.348 | 1798905.419 | 863.006
PID19 192500.372 | 1789264.994 | 910.613
P1D20 172551.979 | 1799556.048 | 935.106
PID21 273536.651 | 1810541.960 | 830.982
PID22 252161.430 | 1810134.547 | 857.122
PID23 225721.567 | 1809562.294 | 863.538
P1D24 199098.745 | 1805609.361 | 911.692
PID25 223244.080 | 1746787.390 | 788.357
P1D26 255271.964 | 1728727.465 | 830.638
PID27 215063.622 | 1759131.751 | 832.238
P1D28 241398.186 | 1795061.952 | 849.468
PI1D29 247049.935 | 1762898.235 | 807.976




4.0  Aerial Triangulation Measurement

The measurement of the pass points, flight ties and control data was performed on Leica
XPRO Triangulation software, automated aerotriangulation system. Pass points were
selected automatically using a sophisticated auto correlation algorithm.

5.0  Aerial Triangulation Adjustment

The adjustment of the measurements was performed using a robust aerotriangulation
software package on softcopy photogrammetric workstations. The final adjustment of the
block was accomplished by using a rigorous simultaneous least squares bundle adjustment.
The general procedure is to remove all blunders from the data using automatic blunder
detection. The bundle adjustment is then run with minimal ground control to test the
photogrammetric measurements for consistency. Next, the full ground control data set,
including the ABGPS data, is added to the adjustment holding the horizontal control very
loose and the vertical control very tight. Since horizontal control errors can affect the
vertical control but not vice-versa, we can detect errors in the vertical control. The
horizontal control is then tightened and the effect on the vertical control and the
photogrammetric residuals are inspected. The final adjustment makes sure that all of the
measurements are in balance with each other and properly represent the actual conditions.

6.0 Aerial Triangulation Results

The aerial triangulation results are given in three sections: airborne GPS (ABGPS),
photogrammetric measurements, and ground control. The following parameters were used
during the A/T data reduction:

Parameters

Parameter X/Omega Y/Phi Z/Kappa XY

RMS Control 0.176 0.165 0.155

RMS Check
RMS Limits 1.000 1.000 1.000
Max Ground Residual 0.386 0.416 0.373
Residual Limits 2.000 2.000 2.000
Mean Std Dev Object 0.111 0.101 0.150

RMS Photo Position -0.048 -0.036 0.043

RMS Photo Attitude
Mean Std Dev Photo Position
Mean Std Dev Photo Attitude

Key Statistics

Sigma: 1.6 um
Number of iterations:

0.02414 0.02395 0.04488
0.057 0.056 0.062
0.0033 0.0019 0.0010

20



Solution Successful.

Current Count
Control Points Used: 31

Check Points Used: O
Image Points Used: 739

6.1 Least Squares Ground Residuals

The observations in a simultaneous block adjustment are the photo or model points, and
the ground control. The least squares residual for an observation is how much the
measured value is moved during the adjustment.

7.0 Control and Tie Point Problems

None

8.0 Delivery Data/Materials

o 28047 CTL.txt-Control
e 28047AT_Report.doc-A/T report

9.0 Aerotriangulation Approval

9.1 Aerotriangulation Results Summary

The aerial triangulation results are summarized in the following table:

Parameter Results
Sigma Naught 1.6
Number of Images 29
Total Points 31
Image Measurements 739

Control Points

31 Horz/Vert Photo ID Point

Ground Control RMSE’s

X 0.176 meters
Y 0.165 meters
Z 0.155 meters
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