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1000m E/W lines at 90m spac- is 5m. Sidescan data is OK; four

ing, vehicle at water depth of files logged, but one file is missing
20m. Multibeam and sidescan at the end.
are ON.

Instruments used:

Reson Seabat 7125

RDI ADCP

Seabird Fastcat SBE49 CTD
Wetlabs ECO FLNTU backscatter
Edgetech 2200M Sidescan sonar
Eh-sensor
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AUV-track (black) and mission profile lines for test dive 27 (=rerun of
test dive 15).
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AUV-track (black) and mission profile line for the end of test dive 27
while trying to get the first GPS fix. The difference between INS navi-
gation and GPS after surfacing is only 5m after 1 hour.

16:30

Recover vehicle. No problems.

27.11.08

08:00

Move to offshore working area 3 for deep-water testing

Deploy two transponders for Transponders deployed and cali-
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deep water tests.

brated.

DT4A @ 28°43.797’N/14°55.833'W
DT4B @ 28°43.879'N/14°54.084'W

28.11.08

13:00

09:30

Deploy vehicle for 1000m long
N/S profile with transponder
navigation at water depth of
3500m near 28°45’N/14°55'W.

Deploy vehicle for four 1000m
long N/S profiles with trans-
ponder navigation at water depth
of 3500m near 28°45'N/14°55'W
(test dive 28). Two missions
planned. One at 75m altitude for
bathymetry and 2" mission 20m
above ground for sidescan data.

Instruments used:

Reson Seabat 7125

RDI ADCP

Seabird Fastcat SBE49 CTD
Wetlabs ECO FLNTU backscatter
Edgetech 2200M Sidescan sonar
Imagenex852 pencil beam

Dive cancelled due to high seas.
New software patch to solve time-
synchronization problem is in-
stalled and seems to work prop-
erly.

Abyss went down to 3500m, found
the transponders and started the
mission. However, shortly after the
mission started the AUV went
dead and restarted its system.
Safety procedures required the
AUV to abort the mission and as-
cent by dropping its weight.

Descent to 3400m took 60 minutes
(0.9m / second).

Navigation
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oM 500M 1000M
Meters

AUV-track (black) and mission profile lines for test dive 28. The mis-

sion was aborted shortly after the

start of the first bottom line.
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Navigation
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AUV-track (black) and mission profile lines for the beginning of test
dive 28. The AUV read the transponder and, at first, distrusted the po-
sitions (red arrows) before using them for navigation (green arrows).

14:00 Recover vehicle. Recovery went fine. Afternoon
spent with trying to find the reason
for the restart. Possibly ground
fault in the transducer cable. Re-
paired with polyurethane.

POS 376 AUV Abyss - Mission 28 (28.11.08) POS 376 AUV Abyss - Mission 28 (28.11.08)

Salinity turbidity
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g g

g
g

4000 4000

Salinity versus depth for mission | Backscatter versus depth for mis-
28. sion 28.

Y
29.11.08 09:00 Deploy vehicle for 1000m long ABYSS went down to 3500m, found

N/S profiles with transponder the transponders and started its
navigation at water depth of mission. Almost five profile lines
3500m near 28°45’N/14°55'W were finished when the AUV re-
(test dive 29). Two missions leased the pick-up float (at 3400m

planned. One at 75m altitude for | depth!) that was than spun around
bathymetry and second mission | the propeller. The AUV safety pro-
20m above ground in order to gram stopped the mission and
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acquire sidescan data. started the ascent. No bathymetric
Instruments used: data was recorded on file due to
Reson Seabat 7125 communication failure between
RDI ADCP vehicle and RESON bottle early on
Seabird Fastcat SBE49 CTD during the dive. It is interesting to

Wetlabs ECO FLNTU backscatter | Note that the commands for abort-
Edgetech 2200M Sidescan sonar | ing the mission appear in the
Imagenex852 pencil beam RESON lodfile.

Oil leakage during the dive.

Navigation

rtPos
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T T T T
~2000M -1000M oM 1000M ;Uéﬂ
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AUV-track (black) and mission profile lines for test dive 29. The AUV
used transponder navigation (green arrows) during the first part of the
first profile line and later used INS navigation only.

Navigation
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-1000M -500M oM S00M 1000M
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Detail of the transponder navigation fixes during test dive 29. The AUV
used transponder navigation (green arrows) during the first part of the
first profile line and later refused the fixes (red arrows). Remainder of
the track used INS navigation only until mission was aborted (black
arrows shown for the end of the mission.

14:00

Recover vehicle. Zodiac had to be used in order to
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untie the line from the propeller.
After this was done, recovery with
the LARS went fine.

POS 376 AUV Abyss - Mission 29 (29.11.08) POS 376 AUV Abyss - Mission 29 (29.11.08)
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Conductivity versus depth for Backscatter versus depth for mis-
mission 29. Data logging sion 29.

stopped when mission was

aborted.

] |
30.11.08 09:00 Deploy vehicle for 1000m long Replaced DSP board in the vehi-

N/S profiles with transponder cle with DSP board from trans-

navigation at water depth of ponder D before the dive. Ground
3500m near 28°45’N/14°55'W. fault while the vehicle is still in the
Two missions planned. One at container. No communication be-

75m altitude for bathymetry and | tween vehicle and RESON bottle.
2" mission 20m above ground in | Open vehicle and check. Problems
order to acquire sidescan data. seem not to be related to cable but
to the bottle itself. Checking com-
munications boards. RESON hard
disk fails! Mission cancelled

14:00 Trying to repair RESON bottle -
failed. Take down RESON configu-
ration and switch to subbottom
profiler configuration for the next
day.
e
01.12.08 09:00 Deploy vehicle for two 1000m After assembly of the vehicle the
long N/S profiles with trans- Subbottom Profiler bottle shows
ponder navigation at water depth | “no-vacuum” and the safety pro-
of 3500m near 28°45'N/14°55'W | cedure drops the ascent weight
(test dive 30). Several missions (correctly!) within the container.
planned. Two lines at 20m/10m Vacuum re-installed.

altitude for subbottom profiling
and one yoyo-mission (3300m
long profile in water depths be-
tween 3350m and 3500m (mini-
mum altitude = 50m).
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10:30 Shortly before launch a ground
fault of 33 is detected. Take vehi-
cle off the LARS to check the sys-
tem.

14:00 Deployment for mission (see Mission aborted during descent at

above) a water depth of 445m. System
restarted without any error mes-
sage or warning; reason unknown.

15:30 Release transponder DT4A and DT4B

17:15 Pick-up of transponders

17:30 Transit to get closer to shore, start packing and disassembling the

AUV system. Discharge batteries for storage.
Y

03.12.08

08:00

02.12.08 08:00 Start disassembling AUV and
LARS; packing containers.
17:00 At pilots point. Entering Las Pal-

mas harbour.

Start unloading Poseidon.

14:00

Scientists leave Poseidon. END
of POS 376.
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4 AUV Operations
K. Lackschewitz, J. Sticklus, and M. Rothenbeck

The Autonomous Underwater Vehicle (AUV) AByss (built by HYDrRoOID) from IFM-Geomar
was tested during POSEIDON cruise 376. It can operate in water depth of up to 6000m.

The ABYSss system comprises the AUV itself, a control and workshop container, and
a mobile Launch and Recovery System (LARS) with a deployment frame which was in-
stalled on the afterdeck of RV PoseIDON (Fig. 3). The self-contained LARS was developed
by Woods Hole Oceanographic Institution (WHOI) to support ship-based operations so
that no Zodiac is required to launch and recover the AUV. The LARS is mounted on steel
plates which are screwed on the deck of the ship. The LARS is configured in a way that
the AUV can also be deployed over the port or starboard side of the German medium and
big sized research vessels. The LARS is stored in a 20ft. container during transport.

During POS376 we were able to deploy
and recover the AUV in weather conditions with
a swell up to 2.5 m and wind speeds of up to 6
Beaufort. For the recovery the nose float pops off
when triggered through an acoustic command
and releases a floating line (Fig. 4a). The float
and the ca. 25m recovery line drift away from the
vehicle so that a grappnel hook can snag the
line. The line is then connected to the LARS
winch, and the vehicle is pulled up.

The manufacturers describe the vehicle
as follows: “The vehicle consists of a tapered
forward section, a cylindrical midsection and a
tapered tail section. An internal titanium strong-
back, which extends much of the vehicle length,
provides the structural integrity and a mounting
platform for syntactic foam, equipment housings,
sensors and release mechanisms. The maximum
vehicle diameter is 0.66 meters and the overall
length is 3.95 meters. Vehicle weight is, depend-
ing on the payload, approximately 850 kilograms.
A rectangular compartment in the midsection of
the vehicle contains three pressure housings and
an oil-filled junction box. Two pressure housings each contain one 5.75 kWhr 29-Volt lith-
ium-ion battery pack. The third pressure housing contains the vehicle and sidescan sonar
electronics. The vehicle’s inertial navigation unit and acoustic Doppler current profiler are
housed in two other independent housings that are mounted forward of the 3 main pres-
sure housings. Wiring from each independent subsystem is connected to the main elec-
tronics pressure housing via a feed thru connector which is mounted in the end of the junc-
tion box/end cap assembly. Oil-filled tubing and conventional cabling methods are used to
interconnect subsystems. A pressure compensator is used to pressurize the oil-filled tubes
and junction boxes and to monitor reserve fluid levels (Fig. 4b). The propulsion and control
systems are located in the tail assembly, which bolts to the aft face of the vehicle strong-

Fig.3: AUV ABYSS placed in its Launch-
and recovery system (LARS).
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back. The tail assembly consists of a pressure housing with motor controller electronics,
and an oil-compensated motor housing.”

Propulsion is generated with a 24 VDC brushless motor driving a two-bladed pro-
peller. Control is achieved with horizontal and vertical fins driven by 24 VDC brushless
gear motors. The vehicle velocity range is 0.25 to 2.0 m/s, although best control is
achieved at velocities above 1.0 m/s. The AUV dives descent with about 1 m/s whereas
the ascent time is about 0.7 m/s or 1m/s if ascent weight is dropped. Together with the de-
ployment/recovery procedure the descent to the seafloor and the ascent back to the vessel
took 3 hours at a water depth of 3500 m.

Fig. 4: Details of the AUV ABYSS. a) view inside the pick-up float box, b) view inside
the vehicle with main electronic bottle (left), oil compensator (right), and the titanium
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backbone, c) multibeam transducer and receiver, d) Camera, e) flashlight. f) subbot-
tom profiler.

a) b)

Fig. 5: Details of the AUV ABYSS deployments. a) ABYSS shortly before launch, b) ABYSS
is being launched, c) ABYSS after the mission; the pick-up float is released, d) Recov-
ery with the LARS system, e) ABYSS connected to the LARS and being brought in, f)
The zodiac had to be used after the recovery line was spun around the propeller of the
vehicle.

Sensors of the base vehicle include an EDGETECH 2200-M sidescan sonar; a SEA-
BIRD Fastcat SBE49, a WETLABS ECO FLNTU optical backscatter/fluorometer, and an Eh-
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sensor (provided by Dr. K. Nakamura; Japan). The KEARFOTT inertial navigation system
T24 is aided by an Acoustic Doppler Current Profiler (ADCP) with bottom lock capabilities.

In addition, the vehicle can be reconfigured for three different modes of operation as fol-
lows:

1. Base vehicle plus RESON Seabat 7125 Multi-Beam, or
2. Base vehicle plus Electronic Still Camera & Strobe, or
3. Base vehicle plus EDGETECH Sub-Bottom Profiler

All sensor information collected by the vehicle is marked with time, depth and lati-
tude, and longitude as it is collected, facilitating the rapid and highly automated generation
of maps and HTML based reports. An acoustic communication system permits the vehicle
to send status messages to the surface ship containing information about the vehicle’s
health, its location, and some sensor data while it is performing a mission at up to 6 km
below the surface. The acoustic communication system is also used to send data and redi-
rection commands to the vehicle. The AUV utilizes electronics, control software, and the
laptop based operator interface software from the REMUS 100 vehicle system.

The vehicle navigates autonomously using a combination of navigation methods, depend-
ing on the mission objectives, conditions, and optional equipment enabled.

* GPS - Works only on the surface, GPS determines the vehicle’s location on Earth.
GPS determines the “initial position” before the vehicle submerges, and verifies or cor-
rects the vehicle’s position when it surfaces during the mission. GPS also plays a criti-
cal role during INS alignment.

* Inertial Navigation System (INS) - After alignment on the surface, INS continuously in-
tegrates acceleration in 3 axes to calculate the vehicle’s position. It uses input from the
DVL and the GPS to maintain its alignment.

* Doppler Velocity Log (DVL) - Continuously measures altitude and speed over ground
whenever the vehicle can maintain bottom-lock. The DVL receives temperature and sa-
linity data from the CT Probe to calculate sound speed. The DVL must be within range
of the bottom to measure altitude and provide bottom-lock for the INS.

* Low Frequency Long Baseline Acoustic Navigation (LFLBL) - The vehicle can navigate
using Long Baseline (LBL) navigation by computing its range to two (or more) moored
acoustic transponders. Low Frequency LBL navigation provides longer range acoustic
navigation than standard frequency LBL navigation.

A Vehicle Interface Program (VIP), a Windows®-based program (Fig. 5) manages
every aspect of AUV operation, including the following tasks:
* Mission planning on electronic navigation charts (customizable, multi-format)
* Real-time mission monitoring through the acoustic modem

* Real-time support-vessel position and heading through GPS and compass feeds (from
the AUV control container

* Pre-mission system checkout
* Post-mission data analysis, mission play-back, and side-scan review
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Navigation charts show missions during planning, operation, and review. A graphic Mis-
sion Planner lets users build mission files using drag-and-drop to position waypoints and
mission objectives on the chart window, and fine-tune missions using editable text fields.
Automatic error checking verifies all aspects of planned missions, and warns operators if
any mission parameters are incorrect. Communication between the vehicle and the com-
puter runs through a standard Ethernet connection, or wirelessly, using the WiFi connec-
tion. The vehicle interface program (VIP) provides a convenient means of mission planning
and programming.

Fig. 5: Screenshot of the Windows®-based vehicle interface program software (VIP) han-
dling the AUV operations.
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