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Optimization of Hydrographic
Positioning and Attitude
Determination

Prof. Dr.-Ing. Volker Bdder
HafenCity University
Department of Geomatics

Hydrographic Educétion in Hamburg

» January 2006: Department of Geomatics moved to
the HafenCity University (HCU) Hamburg

— new founded by the Federal State of Hamburg

— well-established departments (architecture, civil
engineering, geomatics, urban planning) from different
universities

only institution in Germany offering a two-years
post-graduate program (M.Sc. Hydrography),
which is accredited according to the

“Standards of Competence of Hydrographic Surveyors”
by the IAB of FIG/IHO/ICA at Category A
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Goals

> Precise Positioning

— Based on GPS carrier phases with ambiguity
determination

— Accuracy better than 3 cm embedded
— Distances to reference station up to 40 km in one
— Real-time capability concept

— fast ambiguity resolution
— Advanced reliability and availability with INS  independent

integration from
> Attitude Determination GNSS/INS
— Based on GNSS and INS manufacturer
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Strategy
Reducing the GPS Error Budget
Distance Dependent Station Dependent Reference
| | Station
Active Network Calibration
Improvement of Availability
! !
GNSS/INS-Integration
Rover
Transformation to Hydrographic Sensor
! |
Attitude Determination (GPS, INS, GPS/INS)
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Software Concept
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Mehr: Multi antenna array Software
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; IfE, Hannover
BFG, Koblenz
, | INS position Geo++ GmbH, Garbsen|
accelaration INS velocity Granted: BMBF MTK 0590
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Real-Time:

Error behaviour ¢
5

€, (ACP or D: FKP)

Rover R determines individual corrections from
FKP and position vector to reference station

Area Correction Parameters
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g HCU | fatepcay nersin

distance [km]

15 20 25 30 35 40 45 50 55 60 65 70

- 480
360
240 @,
120

0.10 —
0.05 —
i Mo —— . . 0.00
15 20 25 30 35 40 45 50 55 60 65 70
distance [km]

TTFA and 3-D standard deviation
ORTK *FKP/in *FKP/out

2006/10/09 Optimization of Hydrographic \Ijo;iétjiggirng and Attitude Determination

10




6 7a 8 9 10° 11° 12° 13 14° 15

@ additional station (proposal)

2006/10/09 Optimization of Hydrographic \I;o;iétjiggirng and Attitude Determination 1

- . - "q ¥ . : ﬂw HC r?rt:nfuéy Universitat
] f e el -

Reducing Station Dépendet Effects

phase center variations
PCV-receiver (dA)

multipath / near-field-effects
MP-receiver (6M)

and:
PCV-satellite
SoE

MP-satellite
oW

mm...cm
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Helipod Calibration
February 2005
Geo++ GmbH, Dr. Schmitz
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Reducmg GPS- Error Buget

e antenna- and
(@)t @ 0 v (o) station-calibration
,,,El'r (Hannov. Method)
1 1 reference station
network

GPS-positioning
| ﬁmﬁe Transformation to Sensor?

"u. (@}) Cm-aCCUFacy
H g (maybe better?)
Loss of data?
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» Experiments: bridging data gaps with low cost INS
— possible functions for INS-positioning:
 Support of ambiguity search (min. 5 cm/5 s)
— Max. 1-2 seconds
* Bridging data gaps (accuracy 3 cm)
— Max. 1-2 seconds (for height determination)
 Navigation solution (2 dm/3 s)
— ,.extrapolate GPS-solution for real-time +

+/-

—> Better results with sophisticated INS possible
— LCR-88 appropriate for attitude determination
and navigation purposes
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GPS/INS Attltude Determlnatlon

>Compar|son of attitude sensors, VWFES Deneb
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Differences between motion sensor and GNNET

Differenzen bei Heading, Pitch, Roll
(reduziert um Offset)
.'n\[ | .
et ieL 8
v "
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Abbildung 7: Differenz zwischen den Lagewinkelbestimmungen mit GNNET und OCTANS
IIL. reduziert um Offset, Testmessung auf LEVEL-A am 15.04.2005 [dndree 2005].
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Conclusions

Nearly all demands in question
in the field of marine positioning
within the range of a regional
network of reference stations
may be fulfilled
with a complete optimized system
based on the methods shown in this presentation.
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Weloome to HCU
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