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Outline

« HUGIN AUV and underwater mapping
— Underwater navigation
— Mapping sensors

« Data-driven navigation techniques
— Terrain navigation
— Sonar navigation

e Autonomous mapping concepts
— Autonomous survey
— Autonomous mine hunting

e Plans
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AUV research at FFI
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Underwater mapping

Global referenced vehicle position and orientation
+

Sensor data referenced in vehicle reference frame
— Sensor processing: acoustic signals to bathymetry
— Lever arms and reference systems alignments
— Time synchronization

= Global referenced sensor data HUGIN AUV

Koengsberg Maritime: -

Ormen Lange
Norsk Hydro

Sensors near sea floor
- High resolution
- Increased stability

Sigsbee, Gulf of MeXico
C&C Technologies
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AUV Navigation

Problem: GPS does not work under water!
SO|UtI0n E Velocity
- Inertial navigation system (INS)

- Aided by any available sensor
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NavLab (commercially available) !

Post-processing, simulation,
analysis and development
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State-of-the-art DVL-aided INS for AUVs

Doppler Velocity Log (DVL) Inertial Measurement Unit (IMU)
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AUV trajectory g

Elliptic Position Uncertainty

- Orientation found by processing accurate accelerometers and gyros
- Position drift;

~ 0.1% travelled distance, straight line

~ 0.01% travelled distance, lawn mower pattern, 1km lines

FFI Forsvarets
forskningsinstitutt



Navigation post-processing (NavLab):
Simulated Survey

2D trajectory in meters, pﬁs

Trajectory
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AUV navigation autonomy levels

 Supervised
— AUV may be commanded
— Requires infrastructure for positioning

— E.g.: Mother ship with GPS and acoustic tracking
of AUV (USBL)

« Semi-autonomous
— AUV operates autonomously
— Requires infrastructure for positioning

— E.g.: GPS-fix, GPS-buoy transponder navigation,
sea floor transponder navigation, ...

Transponder
navigation

e Autonomous

— AUV operates autonomously
— No infrastructure for positioning

— E.g.: terrain navigation, sonar navigation, ...

Terrain
Navigation
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Mapping sensors

Seafloor

Seafloor Seafloor
EM 3000 HISAS
Multibeam echosounder ~ Synthetic Aperture Sonar Combined
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SAS imaging and bathymetry

Resolution > 2 cm Resolution ~ 6 cm

SAS Image “

Along track resolution

Along track resolution

—»> <

Range resolution Range
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Range resolution Range




SAS image
fused with
bathymetry

Holmengraa sunk 1944
outside Horten
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Terrain navigation with loose INS coupling

PMF - ping: 1, smsc: D:?’B, kid: 024, hd: 027, degen: 0.93
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HUGIN Terrain Navigation System
Commercially available for HUGIN AUVs

TerrLab: simulation, development,
analysis and post-processing
TerrP : real-time system
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Search area based on INS estimate

Correlate bathymetric
measurements with an a priori
known digital terrain model (DTM)

Find best position estimate within
search area

Send position estimate and
accuracy to the INS




North [km]

HUGIN AUV, Barents Sea, 2009

Test of terrain navigation during long covert transit in open sea

Hagen & Anonsen, MTS/IEEE OCEANS 2010, Seattle
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DTM from EM710
with 10 m resolution

Straight line transit
~50 km or ~27 nm

HUGIN navigated
autonomously,
monitored on USBL

~ 4 m difference at
end of transit



i HUGIN AUV, Oslo fjord, 2010
| Test of covert transit in fjord
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North

North

HUGIN AUV, Larvik, 2011

Test of local covert terrain navigation
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