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Appendix A-1

Data Sheets - Used Sensors



APPENDIX

136



APPENDIX

Data Sheet — RIEGL VZ-400
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Data Sheet — IXSEA HYDRINS

FEATURES BENEFITS

.............................

remains valid for minutes
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APPENDIX

Data Sheet — TRIMBLE SPS851
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APPENDIX

Data Sheet — RESON Seabat 8101

SeaBat 8101
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APPENDIX

SYSTEM PERFORMANCE

Across-Track Beamwidth: 1.5°
PROCESSOR SPECIFICATIONS

Other Graphics: 8-bit RGB

Mounting: 19in. rack mountable

Weight: 20kg (44 Ibs.)

DISPLAY SPECIFICATIONS

Screen Size: 14" diagonal
Wairtht- 11 9kn (94 Alha \
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Appendix A-2

Initial Lever Arm Measurement
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APPENDIX

Lever Arms “Deepenschriewer III” — Top View
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APPENDIX

Lever Arms “Deepenschriewer III” — Side View
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Appendix A-3

Uncertainty Computations
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Appendix A-4

QPS QINSy Calibration Results
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Appendix A-5

RIEGL RiIPROCESS Calibration Results —
Scan Data Adjustment
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APPENDIX

Results Scan Data Adjustment — Computation 1
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Results Scan Data Adjustment — Computation 2
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APPENDIX

Results Scan Data Adjustment — Final Result
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APPENDIX

Evaluation of Scan Data Adjustment

RiPROCESS Report — Lines 1+4

Laser devices

Name
Scanner 1 (VZ-400, )

- Confidence
Observations
Best 15 observations
# Object 1 Object 2 Deviation Description
1 100812 103024 100812 110414 00
2 100812_105024 100812_110414 0.000
3 100812_105024 100812_110414 0.000
v lWOl;'__lUJUxS'—I IUUOIL_I LU L v.uuy
7 100812 105024 100812 110414 0.000
11 100812_105024 100812_110414 0.000
12 100812_105024 100812 110414 0.000
13 100812_105024 100812_110414 0.000
14 100812 105004 100812 110414 0.000
1= 100812_105024 100812_110414 0.000
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RiPROCESS Report — Lines 1+4

Worsl 15 observalivos

N i (_)bjcd 1 Ob_]f_c_f 2 Deviation Description
1 100812_105024 100812_110414 0.095
2 100812 105024 100812 110414 0.004
2 1002812105024 100812 110414 0.000
4 100812_105024 100812 110414 -0.0£2
5 100812_105024 100812 110414 -0.083
& 100812 105024 100812 110414 -0.082
7 100812_105024 100812 110414 -0.081
8 100812_105024 100812 110414 -0.073
9 100812_105024 100812_110414 -0.067
10 100812_105024 100812 _110414 0.066
11 (00812 105324 100812 110414 0.004
12 100812_105024 100812_110414 0.063
13 100812_105024 100812 _110414 -0.061
14 100812_105024 100812110414 0024
15 100812_105024 100812_110414 0.053
Best 1 scans
Name Objects __SfEI _q_e_@__
100812 110414 37 0.021
Name Objects Stid. dev.

ITistogram of residues

-0.08 -007 -(.06 -005 -0.04 -0.03 -0.2 -001 O 0.01 0.02
Digtance [m]

003 004 005 006 007 008 005

Orientation chart
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APPENDIX

RiPROCESS Report — Lines 2+3

RiPROCESS Scan Data Adjustment Protocol

Observation parameters

Calculation results

Laser devices
Name Pitch Yaw X Y Z Range Shif
Seanner 1 (VZ-400,) 3 58260 00 i 0,000 [
- Confidence Q 0.
Observations
e T ey - e s L |
1 100812105504 100812_1035320 0.000
7 100812 105504 100812_105320 0.000
2 1NN 1NSSNA 1NNR1TY 1NSITN nnnn
11 100812_105504 100812_103320 0.000
12 100812_105504 100812_105320 0.000
12 100812_105504 100812_105220 0000
14 100812 105504 100812 105920 0.000
15 100812_105504 100812_105320 0.000
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RiPROCESS Report — Lines 2+3

1 100812 105204 100812105920 0097
* 1NOR1TT 1NS5N4 1NNRE? 105070 NS
7 100812 105504 100812 105920 0.087
§ 100811 105504 100812_103920 0.0835
9 100811_105:04 100812 _105920 -0.082
10 100812 105501 100812_105920 0.079
1 100811_105:04 100812_105920 -0.073
12 100817_105304 100812_103920 -0.072
12 100811 105504 100812105020 0.072
14 100811 105504 100812 _105920 -0.069
15 100811_105:04 100812_105920 -0.068
Best 2 scans

Name Objects Std. dev.

Histogram of residues

Court [1]

-0.08 -0.08 -0.07 -0.08 -0.05 -0.04 -0.03 002 -0.01 O 001 002 003 004 005 006 007 0.08 0.08
Distance m]

Qrientation chart
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RiPROCESS Report — Lines 4+5

APPENDIX

RiPROCESS Scan Data Adjustment Protocol

Observation parameters

Calculation results

Laser devices

Name Roll Pitch Yaw X Range Shift
Seanner 1 (VZ-400.) 0 0
- Confidence 0 0
Observations
e g - PUTRR. arvaspuv |
1 100812_110414 100812_110736 0.000 ‘
z iG081Z 110404 100812110730 0065
3 100812 110414 100812 110736 0.000 ‘
11 100812_110414 100812_110736 0.001
12 100812_110414 100812_110736 0001
13 100812 _110414 100812_110736 0.001
14 100812_110414 100812_110736 0.001
15 100812_110414 100812_110736 -0.001
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RiPROCESS Report — Lines 4+5

o

1

2 100812_110414
3 100812_110414
4 100813 110414

7 100812 110414
§ 100812_110414
9 100812_110414
10 100813 110414
11 100812_110414
12 100812 110414
13 100812_110414
14 100812 110414
15 100812_110414

Best 1 scans

Name

100812 110736
100812 110736
100812 110736
100212 110736

100812110736
100812 110736
100812 _110736
100812 110736
100812 110736
100812 110736
100812 _110736
100812 110736
100812 110736

Ohjects

0.100
-0.096
-0.002

0.020

-0.072
0072
-0.071
0.067
0.067
0.066
0.066
-0.064
A0.063

Std. dev.

Histogram of residues

-0.07 -0.06 -005

-0.03

-2 -tmoo oM

Distance [m]

0.02

0.0z

0.0: 005

006 007 008 008 01

Orientation chart
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RiPROCESS Report — Lines 3+6

RiPROCESS Scan Data Adjustment Protocol

Observation parameters

Calculation results

Laser devices

Name
Scanner 1 (VZ-400.)
- Confidence
Observations
[
[ S " s |
1 100812105920 100812 111226 0.000
3 INNETT 1RO 1NR1Y 11114 Tt
7 100812 105020 100812 111226 0.000
8 100812_105920 100812 111226 0.000
100812_105920 100812_111226 0.000
1L 100812_105920 100812_111726 01000
11 100812_105920 100812_111226 0.000
12 100812_105920 100812 111226 0.000
13 100812 _105920 100812_111226 0.000
14 100812_105920 100812_111226 0.000
15 100812102920 100812111226 0000
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RiPROCESS Report — Lines 3+6

1 100812_105920 0.097
1 1NNR1T 1NSEIN 100017 111774 nna7
] 100811_105920 100812_111226 0.090
@ 100812_105920 100812_111226 -0.087
7 100811105920 100812_111226 0.087
8 100812_105920 100812_111226 -0.087
9 100811_105920 100812_111226 0.086
1 100R17_105470 100817_1112726 083
11 100817_105920 100812_111226 0.083
12 100811 105920 100812_111226 0.082
13 100811_105920 100812_111226 0.080
14 100811_105920 100812_111226 0.079
15 100812105820 100812 _111.226 (LU
Best 2 scans

Name Objects Std. dev.

Ilistogram of residues

140 4
120
— 100
a0

ount [1

&0
40 4
20

-0.08 -0.03 -0.07 -00¢ -0.03 -0.04 -003 -0.02 -0 O 00 002 0403 004 Q05 0.08 007 008 0.0%
Distance [m]

Orientation chart
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RiPROCESS Report — Lines 2+7

APPENDIX

RiPROCESS Scan Data Adjustment Protocol

Obscrvation parameters

Calculation results

Laser devices

Name

Range Shift

Seanncr 1 (VZ-400,)
- Confidence

Observations

Rest 15 ohservations

# Object 1

Object 2

Deviation

Description

1

1 100812_105504
3 100817 _105504
10 100812_103304
11 100812 105504
14 100812_105504
15 100812_105504

100812_111623
100812 111623
100R1T_1114673

100812_111625
100812 111623

100812_111623

100812_111623

0.000
0.000
0000

0.000
0.000

0.000
0.000
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RiPROCESS Report — Lines 2+7

1008131 105304 100812 111623 -0.008

1

2 100812_105504 100812_111623 0.098

3 100812_105504 100812_111623 0.097

4 100812105504 100812 111623 0.006

rd 100813 105304 100512 111623 0.083

13 100812 105504 100812 111623 0085

14 100812105504 100812_111623 0.085

15 100812 103104 100812111623 -0.034

Best 2 scans

Aama ) SE A T4 Aew-
100817 111623 896 0.023”

Histogram of residues

120
100
a0 4
&0

Cout [1]

-009 -008 -0.07 -0.08 -005 -0.04 -0.03 -0.02 -0.01 o o001 002 043 004 005 (08 207 008 009 04
Distance [m]

Orientation chart
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RiPROCESS Report — Lines 6+7

APPENDIX

RiPROCESS Scan Data Adjustment Protocol

Observation parameters

Calculation results

T aser devices

Name Roll Yaw Y z Range Shift
Observations
|
1 100812_111226 100812_111623 0.000
2 100812_111226 100812_111623 0.000
3 100812 111226 100812_111623 0.000
4 100812 111226 100812 111623 0.000
5 100812 111226 100812_111623 0.000
& 100812 111226 100812_111423 0.000
7 100812_111226 100812_111623 0000
5 100812 111226 100812 111623 0.000
o 100812 111226 100812 _111623 0.000
10 100812 111226 100812 _1114623 0.000
11 100812_111226 100812_111623 0000
12 100812 111226 100812 111623 0.000
13 100812_111226 100812 _111623 0.000
14 100812 111226 100812 _111623 0.000
15 100812_111226 100812_111a623 0.000
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RiPROCESS Report — Lines 6+7

N

g

9

10
11
12
13
14
15

Dest 1 scans

Name

——ym e —

MNR1I 111778

100812_111226
100812 111226
100813 1112126
100812 111226
100812_111226
100812_111226
100812_111226
100812_111226
100812_111226
100812 111226
100812_111.L26

e

1nne1Y 1118732

100812 _111623
100812 111623
100812_111623
100812111623
100812 _111623
100812_111623
100812_111623
100812 111623
100812_111623
100812 111623
100812111623

0.104
nnaT

Objects

Std. dew.

Ilistogram of residues

e

Orientation chart

-0.08 -0.08 -0.07 -0.06 -005

-0.04 003 202 001 0 D04
Distance [m]

5 008 00

=1 Ee

0.02 003 0.04 0O
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RiPROCESS Report — Lines 1+8

APPENDIX

RiPROCESS Scan Data Adjustment Protocol

P |

S T S

Calculation results

Laser devices

Name

Secanner 1 (VZ-400,)
- Confidence

Observations

A

Pt

1
11

14

100812_105024
100812103024
100812_105024
100812_105024

LUUSLZ_1UDU24
100812 _105024

1L LUsULS
100812 105024

g -

i g

100812_112126
100812 112126
100812 112126
100812_112126
100812_112126

LUUSLL_ 112120
100812_112126

TUSLL 1L
100812 112126

0.000
0.000
U000
0.000
0.001

-Uuul
-0.001

LUl
-0.001
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RiPROCESS Report — Lines 1+8

-

13
14
15

Best 1 scans

100812_105024
100812_105024
100812105024
100812_105024
100812_105024

100812 1035024
100812 105024
100812_105024
100812 103024

100812 112126
100812 112126
100812 112126
100812 112126
100812_112126
100812 112126

100812_112126
100812 112126
100812 112126
100812 112126

-0.100
0.097
0.095
0.082
0.091
0.020

0072
0.070
0.067

0.063

A La L S P
Name Objects
100811_105024 461
100811 112126 461

T4 Aew-

Std. dev.

0.024
0.024

Histogram of residues

-0 -0 002 -0.07 -308 -005 -0.04

-hoz

-0.02

-0.0 0 0.0

Distance [m]

02 00@ 004 OSs 208 007 008 0.0

Orientation chart
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RiPROCESS Report — Lines 5+8

APPENDIX

RiPROCESS Scan Data Adjustment Protocol

Observalion parameters

Chalculation results

Laser devices

Name
Scanner 1 (VZ-400,)

- Confidence
Observations

[l

1 100812_110736 100812_112126 0.000
2 100812_110736 100812_112126 0.000
3 100812_110736 100812_112126 0.000
v lUUDl"__llU.'_‘IU lL.'UOl_'_ll_'l;'U (PRVL TV
7 100812_110736 100812_112126 0.000
v TUUSLL L IW /30 JAVLYLC Y R B YL uuuy
11 100812_110736 100812_112126 0.000
14 TUUSLL L IW /30 JAVLUL Y R B BT uuuy
1= 100812 110736 100812 112126 0.000
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RiPROCESS Report — Lines 5+8

12
13
14
15

Dest 2 scans

L% S

Name

100812_110736
100812_110736
100813 110736
100812_110736
100812_110736
100R17_110736
100812_110736

100812_110736
100812_110736
100812_110736
100812 110736

100812 _112126
100812 112126
100812 112126
100812 112126
100812 112126
100812 112126
100R17_1121726
100812 112126

100812 112126
100812_112126
100812 112126
100812 _112126

0.093
0.001
-0.001
0.086
0.084
0.081
0081
0.077

0073
0.071
0,070
0067

Py R £4d demn

Ohbjects Std. dev,

N8TI_110736
100811_112116

66
G236

0o
0021

Histogram of residues

-0.08 -008

-0.07 008 -005

-0.08 003

-0z

001 0 oM
Diztance [m]

0pz (03 0.04 005 008 O00F 008 (.08

Orientation chart
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RiPROCESS Report — Lines 2+3+6+7

RIPROCESS Scan Data Adjustment Protocol

Calculation results

Laser devices

Name
Scanner 1 (VZ-400,)
- Confidence

Observations

Best 15 observations

# Object 1 Object 2 Deviation Description
1 100812_105504 100812_111623 0.000
4 100812 111226 100812 111623 U000
] 100812 111226 100812 111623 0.000
la el Luayay AUSS L LLanes (PAY V)
13 100812_105920 100812_111226 0.000
14 100812 105020 100812 111226 0.000
15 100812_111226 100812_111623 0000
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RiPROCESS Report — Lines 2+3+6+7

1 100R17_105470 100R17_111673 071
2 100812105920 100812 111623 0.099
1z 100812_111226 100812_111623 -0.096
13 100812_111226 100812_111623 -0.006
14 100812_105920 100812 111226 0,003
15 100812105304 100812_105520 -0.093

Best 4 seans

Nama Mhiarts Std Aax

Worst 4 scans

Name Objects Std. dev.
| 10USLI_LUS9Z0 2618 0023
| 100812_111126 3021 0.021 |

Histogram of residues

Count [1]

'
'
'
n
'
'
'
'
|
u

-1 <014 -DA2 -0.og -0e

Distance [m]

-1.04 -DOZ

Orientation chart
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RiPROCESS Report — Lines 1+4+5+8

APPENDIX

RiPROCESS Scan Data Adjustment Protocol

Ohservation parameters

Calculation results

Number of free parameters:

Moo o M=

veany

Lascr devices

Name

Scanner 1 (VZ-400,)
- Confidence

Observations

Best 15 observations

N e

"

13
14

100812_105074
100812_110414
100812_110736
100R17_110414

UL LIV
100812_110414
100812 110736
100812_110736

Object 2 Deviation Description
100812_110414 0.000
100812_110414 0000
100812_112126 0.000
100812 112126 0.000
100817_110734 0 0O0on
uusLs Lawiow (PAY V)
100812 112126 0.000
100812 112126 0.000
100812_112126 0.000
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RiPROCESS Report — Lines 1+4+5+8

(= "N R S TR )

12
13
14

15

Best 4 scans

100813 110736
100812_110414
100812_105024
100R17_105074
100812_110414
100812 110414

100812105024
100812_105024
100812_110414
100812 105024

100812 112126
100812 110736
100812_112126
100812_110736
100812 112126
100812 112126

100812_110414
100812 112126
100812_112126
100812_110730

Name Objects

100811_110736 1585

N1 1R 1711

Worst 4 scans

Name Objects

100811_112116 1328
| 100812 110736 1585

-0.102
0.100
-0.100
-0 099
0,099
-0.007

Std. dev.

Std. dev.

0.021
nna

0.024

0.021”

Histogram of residues

Count [1]

-0.1 -0.04 -0.02 0 0.1z 004 0.03 0.1
Diztance [m]
Orientation chart
i
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Appendix A-6

GEOMAGIC 3D Comparison Results —
Absolute Accuracy Analysis



APPENDIX

188



APPENDIX

Object A Differences: Ref./Line 1 - QINSy Postpro. INS
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APPENDIX

Object A Differences: Ref./Line 1 — RIPROCESS Recalib.
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APPENDIX

Object A Differences: Ref./Line 3 - QINSy Postpro. INS
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APPENDIX

Object A Differences: Ref./Line 3 - RIPROCESS Recalib.
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APPENDIX

Object A Differences: Ref./Line 5 - QINSy Postpro. INS
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APPENDIX

Object A Differences: Ref./Line 5 - RIPROCESS Recalib.
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APPENDIX

Object A Differences: Ref./Line 8 - QINSy Postpro. INS
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APPENDIX

Object A Differences: Ref./Line 8 - RIPROCESS Recalib.
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APPENDIX

Object B Differences: Ref./Line 1 - QINSy Postpro. INS
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APPENDIX

Object B Differences: Ref./Line 1 — RIPROCESS Recalib.
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APPENDIX

Object B Differences: Ref./Line 3+4 - QINSy Postpro. INS
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APPENDIX

Object B Differences:Ref./Line3+4 — RIPROCESS Recalib.
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5 - QINSy Postpro. INS

Ref./Line

Object B Differences
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Object D Differences: Ref./Line 2 — RIPROCESS Recalib.
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Object D Differences: Ref./Line 3 - QINSy Postpro. INS
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Object D Differences: Ref./Line 3 — RIPROCESS Recalib.
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Object D Differences: Ref./Line 6 - QINSy Postpro. INS
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Object D Differences: Ref./Line 6 — RIPROCESS Recalib.
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Object D Differences: Ref./Line 7 - QINSy Postpro. INS
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Object D Differences: Ref./Line 7 — RIPROCESS Recalib.
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Product “Dockland” — Object of 3D Port Model
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Object “Dockland” — 3D Model+Bathymetry+Ortho-Photo
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Object “Dockland” — 3D Model
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Product “Koehlbrand” — Bathymetric Chart
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Object “Koehlbrand” — Bathymetric Chart
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Object “Koehlbrand” — Bathymetric Chart + Grid
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Appendix A-9

Product “Grasbrookhafen” — ENC
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Object “Grasbrookhafen” — ENC
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Object “Grasbrookhafen” — ENC in ECDIS Application
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