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Ocean

. Size: 362 Mio km?(71% of the Earth surface)
. 3% ice covered
. Depth

- Average 3750m

- Deepest point 11,033m (Challenger Deep, i
Mariana’s Trench) ’
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Sea Surface Temperature

Sea—surface temperature [°C]

- e e ol
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Annual mean sea surface temperature from the World Ocean
Atlas [http://www.nodc.noaa. gov/OCS/WOAOS/ 2005]
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http://en.wikipedia.org/wiki/Sea_surface_temperature
http://en.wikipedia.org/wiki/World_Ocean_Atlas

Ocean Salinity

The international thermodynamic
equation of seawater - 2010:
Calculation and use of thermodynamic
properties

Manuals and Guides 56
Intergovernmental Oceanographic
Commission

Sea—surface salinity [PSU]
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Annual mean sea surface salinity from the World Ocean Atlas
[http://www.nodc.noaa.gov/0OC5/WOAQ05/ 2005
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http://en.wikipedia.org/wiki/Salinity
http://en.wikipedia.org/wiki/World_Ocean_Atlas

Ocean Circulation
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Conception Bay& Greenland

. Temperature Range
- -1.5°C to 16°C

. Density
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Underwater Vehicles

. From submersibles to underwater gliders
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- N
Manned
1
Tethered Untethered
|
Bathysphere
Bathyscaphe Submersible

Mobility & Range

Depth
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Underwater Vehicles

Unmanned
’ I
Tethered Untethered
-
\
Towed
ROV Crawler bodies
N
Submarine AUV Glider
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Trieste Bathyscaphe (Deep Boat)

Research Vessels: Submersibles - Trieste
Department of Navy Press Release
February 1, 1960

ABOARD THE USS LEWIS OFF GUAM--(NAVNEWS)--The Navy's bathyscaph
Trieste again set a world's diving record when she probed 37,800 feet (10,911
m) to the depths of the Marianas Trench, deepest known hole in the world's
oceans, Jan. 23.

Lt. Don Walsh of San Diego, Calif., and Swiss scientist Jacques Piccard,
operating from this destroyer escort, made the descent. No difficulties were
experienced during the dive, during which the Trieste was subjected to a
pressure of 16, 883 pounds per square inch (more than a thousand times
greater than the pressure at sea level).

This depth program has been named "Project Nekton" and, according to a
Navy announcement, provides "scientific knowledge of sunlight penetration,
underwater visibility, transmission of man-made sounds, and marine geological
studies." The Trieste had previously made two record-setting dives, the last on

Jan. 7 when she descended to 24,000 feet.
SNORKEL
There was light outside the Trieste until about 800 feet, according to Lt. Walsh. vae pressuRe q RELEASE. venr
At about 6000 feet, the chill from the water forced both men to don warmer o 2 ” VALVE [—l Eﬁépnom.ms v,
clothing. The entire descent required 4 hours and 48 minutes. Once done, . = g =N e ' r
about 20 minutes was spent on the bottom making observations and recording - -
data. Lights enabled the men to see living and moving objects. The return trip Ere” | rcounk e g N BALLAST
to the surface was made in 3 hours and 17 minutes. ' F T
ADM Arleigh Burke, Chief of Naval Operations, sent congratulations to the two PELLET g PELLET Lt
men. He termed their record-breaking feat an accomplishment that " may well it = BT
mark the opening of a new age in exploration of the depths of the ocean which Ul FLOODLAMPS
can well be as important as exploration in space has been in the past." ELECTRONIC
HATG

BALLAST — BALLAST

RELEASE RELEASE

MAGNET /] MAGNET

d WINDOW
GUIDE OBSERVATION
ROPE GONDOLA
GENERAL ARRANGEMENT DRAWING OF TRIESTE, CA, 1959
—— ’
TAL University of Universitat TECNICO
.. ru m ‘7 JACOBS Zagreb ~ de Girona @ LISBOA
UNIVERSITY TEcH

10

Marine Systems Unit



Manned Subme:sibles

Jiaolong Submersible
(China) 7,000m

N&WAN\S ibBudrsibrei QLSAY SA) '
oHb0bm | Submersible gBu55|a) 6,000m
@aum D et e i JEET
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Submarines

Fuel-cell / Diesel electric
Submarines

U214 Type

Depth: >200m

Submerged Range: 1200NM Diesel electric Submarines
Length: 70m

S Victoria Class (Canada)
Depth: >200m
Range: 8,000NM (snorkling

30%)
Length: 70m
H,-STORAGE OPERATING SYSTEMS
FUEL CELL PLANT BATTERY ——
e iversi TECNICO
@‘a rum o ¥ééH e i W LISBOA
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Submarines Cont’d

Seawolf class (US)

Nuclear powered fast attack
submarine

Length: 107/m
Depth:?500m?

pdfum ‘7 UNIVERSITY TECH
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Typhoon class (Russia)
nuclear powered missile
submarine

Length: 175m

Depth: 2400m?
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Remotely Operated Vehicles (ROV)

Vld-oﬂay‘

Eyeball class ROV

Inspection class ROV system HROV Nereus (WHOI)
ROV — Winch — Generator - Mampulatorﬂ ~ Full Ocean Depth capable _
sarum Do {"E‘EH Sephrd ‘é‘l‘é?gﬁit @ [iB0A°
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Autonomous Underwater Vehicles (AUV)

* Propeller driven
* Torpedo shaped

» Optimized for horizontal forward
flight

« Higher velocity = e T
- Higher altitude Cwesy’jom”ae’rw”@
** Hovering vehicle
« Stable platform
* Imaging
* Micro bathymetric surveys
« Terrain following

p—— .
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« Comprised of three subsystems:

— Hydraulics: control buoyancy adjustment via an
inflatable external bladder, so the float can
surface and dive.

— Microprocessors: deal with function control and

ARGO profiling floats

scheduling.

— Data transmission system: controls
communication with satellite.

* Approx. Weight: 25 Kg

« Max. operating depth: 2000m (deepARGO

6000m)

* Crush depth: 2600m

Satellite
Antenna

4 Profiling
module
Temperature

= Probe

~110cm

Circuit boards &
satellite transmitter

Stability
Disk

Foam
support

Gear motor

Single stroke
pump

Battery

Hydraulic pump
(piston)

Hydraulic fluid

Hydraulic
'] bladder

The three float models in use are the PROVOR built by MARTEC in France in close collaboration
with IFREMER, the APEX float produced by Webb Research Corporation, USA and the SOLO
float designed and built by Scripps Institution of Oceanography, USA.

Source:

http://www.argo.ucsd.edu/float_design.htm
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http://www.ifremer.fr/dtmsi/anglais/produits/marvor/provor_uk.htm
http://www.webbresearch.com/apex.htm
http://www.aoml.noaa.gov/phod/argo/doc/introduction.php?entry=float_design
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ARGO Profiling Floats (cont’

| i

3786 Floafs
19-Apr-2021

0T 10T

180

10W

Position where floats have surfaced in the lat 30days.
Source: http://www.argo.ucsd.edu/
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6 -12 hours at surface
to transmit data to satellite

1
i
>

1
1 Descent to crusing depth
1 =10 cm/s (=6 hours)

’ Salinity & Temperature

profile recorded during ascent

1
: ~10 cmv's (~6 hours)
1
1

Cruising depth,
2000 db (2000m)

Total cycle time 10 days

An Argo profiling float cycling through the water column.
Graphic courtesy of National Oceanographic Centre
Southampton http://www.soc.soton.ac.uk/
JRD/HYDRO/argo/index.php
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Slocum Mission

. Vision with a background
. Oceanography driven

. Provides specific
specifications of what is

Tmuvoﬁmwom
of knowledge ofion &5
greatest the more

FEATURL

THE SLocum MISSION

Narratve and liustration
By Henry Stommel

Trisorrcuirio realize that twenty-five years
have pussed since 1 first came 10 the Slocum Mission
Control Center on Nomamesset Isdand, one of the
Elizabeth Istands, in 1996. ] was a post-doc in physi-
cal oceanography, and the Department of the Eavi

dants of a sea captain prominent in the China trade of

contact Mission Control via sasellite. During beief
moments at the sarface, they transmit their accumu-

to steer throwgh the ocean while submerged. Their
speed is generally about half a knot. There are mili-
tary applications for them, but oar work in WOOS is
unclassified. We have 3 fasly large fleet of Slocums,
about 1,000, Half are devoted 10 a peogram of routine
hydrographic observation, much like the meteorodo-
{ists’ upper ait network. The rest make soundings of
temperature. salinity, oxygen, nutricnts, and those
peochemically important tracers that the goochem-

igh meas-
uring devices and sensors for. The other half of the
entific purposes:

special rescarch programs cammied out under the in-
structions of academic scicntists, by contract. Skocwms
were originally designed with a S-ycar lifetime., but

the early nineteenth century. The P
quired Nonamesset to establish the World Ocean
Observing System {WOOS), a facility capable of
monitocing the glohal ocean. using a fleet of small
noutrally-booyant floats called Slocums that draw

ocean, Nomamesset Island was chosen patly because
it s Isolated from the mainkisd of Cape Cod. but

the
Gea. especialy when it
conficts with collective
wisdom.

desired or envisioned

. Did everything get
accomplished?

. Requires a multi-disciplinar
approach and knowledge
across disciplines and fields

National
I TAL Technical Univ L'l'f\l‘l)'(ll.
. . r u m ‘ J’“'U!h . niversity of Z[l_i.',l'l.‘b
UNIVERSITY
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mostly because itis close 10 the Woods Hole Oceano-
graphic Institution, the Marine Biological Labora-
tory. and a thriving scientific community.

Nestling low in the hills is the Msssion Control
Ceater itsclf, with its satellise amtennas. Aloag the
beach. facing Buzzands Bay, there arc a few houses
for a small permanent staff. Most of the scientific
seaff commute from their homes in the Upper Cape
area. reaching Nonamesset by a ferry, There is alarge
dock at the cove, but the one that the ferry uses is ot
o Th

than 10 years. They are widely dispersed throughout
the world s ocean.

Our WOOS center and the Slocum Mission had
their start because of the growing concem with
manitocing the environment: s the ocean heating
up? Where are the pollutants going? Cas we con-

are uscful in predicting the direction of climate
change? With a necessarily small flet of research
ships. how could numerous widely dispersed meas
urements throughoat all depths of the ocean be ob-
tained on a routine basis? In 1995, much of the

had been ived for 1S
years in the Woeld Ocean Circulation Experiment
(WOCE), exploring the general cisculstion of the
ocean but still using the technology of the 80°s. Fige
exaniple, one of the keysiones of WOCE was the

7
biles on the island, The beildings arc connected by
footpaths and there is & namrow-gauge railroad for
maving supplies from the docks to the facilities. For
the most part the istand has been left undisturbed. It
is In 2 pristine state of beauty, tranquil beyond the
experience of those who swarm abowt on the main-
land.

The Stocum float s named after Joshua Skocum,
the Yankee skipper who first went around the world
singlchanded in a small sailing vessel. There were
Stocums ca the Elizabeth Islands before, ever since
Peleg Slocum of Dartmouth purchased Cuttyhank.,
Nashawena and Penikese in 1693. Whether Joshua
was related 1o them, | never have discovered. But my
relationship with Slocums has a different geneal-
0gy—a scientific and techical one. Perhaps 1 showld
begin by saying what Skocums do.

They migrate vertically shrough the ocean by
changing ballast, and they can be steered horizan-

tally by gliding

Pcary Stcemmel, Woxads Hede Oceasagraphec Intistion, Woods
Hole, MA, 02443

——
Universitat
de Girona
St

single ship per year aver a period of 12 years to
survey 48 long hydrographic sections, with some
repeats, Only six stations each day could be occu-
pocd. giving a very low rase of data acquisition
compared to what the meteocologists were getting
from their upper air network.

A really new method was noeded, one that would

& de and 3t

o Y
that matched what remote sensing by satellise pro-
vided for the sea surface. Multiplying the aumber of
ships by a factor of 100 was economically out of the
question, But a ploncering ocean engineer had &
different vision of bow 1o gamer a harvest of data on
a deep-ccean global basis, and this led, afier a few

10 the D E s
determination 10 support the Slocum Mission and the

It has been my carcer.

Sohere | am on a lovely October day sisting in the
tibrary of Mission Control overlooking Vineyard
Sound. On the grass bank oetside the window there
52 flock of sheep grazing. | have the daily logbooks
of those first deployments and experiments made in
the carly days of Mission Control before me on the

OOUANOGRAN Y AR 0y

TECNICO
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Loads
Hotel-load

- Everything but propulsion

Pay-load

Propulsive-load
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that is needed to run the
vehicle

“Customer equipment”
usually sensors, sampler,...

GANEG  National

Endurance and Range

Proceedings of the Second (1992) Insernasions Off hore and Polar Engincering Conference

San Francisco, USA, 14:19 Jume 1992
Copyright < 1992 by The International Society of Offshore and Polar Fngincers
ISHN £-580651-00-1 (Se0; ISHN 1480651024 (Vol 11}

LOW POWER NAVIGATION AND CONTROL F(:R_ LONG RANC

AUTONOMOUS UNDERWATER VEHIC

Albert M. Bradiey
Woods Hobe Oceanographic Institution

Wood:

ABSTRACT
This paper discusses the ultimate limits %o the range of

Hole, Massachusetts, USA

of the vehicle's power budget and to the intriguing class of slow

ocean-crossing vehicles that then become possible. This paper

presents proven examples of low power alternatives to current AUV
and coatrol and offers some ideas on

conventionally powered deep ocean
Vehicles (AUVS). It is intended as an introduction 10 the uai
problenss of vehicles designed for speeds between 0.2 and 2

We first present the relationship between range, size, noa-
propulsion energy requirements and flotation efficicncy for vehicles
wsing various common battery technologies. We then demonstrate
that, at these speeds, the noa-propulsion encrgy requirements
severely limit the ultimate range. We next discuss strategics for
implkementing navigation and control systems at power Jevels of 0.1
10 1 Watl. We present systems which are based on existing technol-
ogies in use in various arcas of oceanographic research but mot
generally utilized in the AUV community. We conclude that ocean-
crossing AUV's of modest size are possible. To support this thesis,
we present a design example of a vehicle suitable for euvwmul
monitoring of a hypothetical deep ocean dumpsite. This 3

vehicle will have a range in excess of 6000 km at a speed (.( 05 m
sec.

KEY WORDS- AUTONOMOUS UNDERWATER VEHICLE,
LOW POWER, LONG RANGE

1. INTRODUCTION- Why are we doing this?

Loag range, slow moving Autonomous Underwater Vehicles
(AUV’s) appear to be an atractive solution 1o problems of eaviron-
mental monitoring, geophysical exploration and military
surveillance. Many suthors have written enthussastically and exten-
sively about the potential applications of AUV's and we will not
repeal their arguments bere. Instead, we assume the reader is
impatient to discuss the limitations to the range obtanable by
AUV’s based on curent technology. We will demoastzae that, if
the AUV can accomphish its mission while moving slowly, the
range-hmiting Lmnr 15 the parasitx non-propulsion power requare-
ments of “hotel™ load. We will show that, if this overhead power is
minimized, ranges sufficient to cross ocean hasins ane realizable

Most of the AUV's developed in recent years are handi-
capped by large hotel loads., typically hundreds or even thousands
of watts. This load includes the power for navigation, control,
communication and eavironmental sensing instrumentation. We feel
that inadequate attention has been given 10 reducing this component

promising future technologies with the goal of reducing the hotel
l0ad to below one watt. 0“‘6““ is 10 explore the posssbilities in
this low pawer arca of the AUV eavelope and provide a startin
point for the designer who is interested in investigating this re:
We try 10 cover a wide range of the pertinent topics and provide
exiensive references 10 the methods we present.

2. RANGE OF AUV's
We first present a relationship between the size of an AUV, its
d, battery energy density and range. It is derived from an
energy balance and assumes square law drag over the speeds of

mmulsum (the botel load is negligible), the range can be approxi-
maded by:

( A1) vﬁ) ?L

CaSo m
where

R = range in meters
n = propulsion efficiency (assume S0%)
@ = specific gravity of beoyancy material
Vo 0.019, a volume coefficieat
Sg = 0467, a surface area coefficient
Cyq = 0.0064 drag coefficient based on wetted area
L = overall vehicle length, meters
u = velocity, m/sec
B, = energy density of batteries, Jkg

for example,

Ph-HSO, By =0.112x10° g
Alkatine, B = 0.443 x10° 3
LiBr, By = 1.5 x 106 g

—— .
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Zagreb ~ de Girona LISBOA
[——

20


../literature/ABE/bradley_isope1992.pdf

Navigation

. Depth

. Magnetic heading

. Inertial systems

. Doppler velocity log (DVL)
. Acoustic baseline systems
. Terrain aided

P 0k —— .
et S iversity of Universitat TECNICO
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Inertial Systems

. Attitude Heading Reference System (AHRS)
. Inertial Measurement Unit (IMU)
. Inertial Navigation System (INS)

r m JACOBS
i u ‘7 UNIVERSITY
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Doppler Velocity Log (DVL)

. Doppler effect (Christian * C: wave speed [m/s]
Doppler, 1842) e f:frequency [1/s]

. Provides speed over o T=1/f [s]
ground

. Acoustic Doppler Current * A:wave length [m]

Profiler (ADCP) speed of * Cc=A/TwithT=A/c
particles in the
watercolumn

o C

s .

niversitat TECNICO

e Girona LISBOA
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Underwater gliders

SLOCUM Electric Glider

OAL:  2m Embedded___—»
Span.  1m Antennae

Typical glider features: HULOD:0.2m iy dwings

o Rudder
« Buoyancy driven (e.g. variable volume/weigt

Buoyancy engine

-
Inflatable

* Fixed wing and tail Bladder

» Attitude controlled by sliding and rolling inte

* Examples Of Operational g“derS: ® Webb Research Inc., Falmouth, MA, USA

* Slocum
O C u unit_049_2006 trial in Conception Bay Waterdepth 14-July 2006
A Qi 4]

° Spray ‘f “.I‘ | | ““"‘“ I““ ‘:EI :“‘l‘ “ ‘. |

20} f R L R e

s
=3
T

e Seaglider

@
E=]

* Achievements

* Transatlantic crossings £
* Atlantic Circumnavigation (multi-stage) :: ‘
* 13 month glider endurance ol S i
* Working on 6000m glider -
o - =
pdfum ‘7 jacos ¥é&|‘| Lﬁ%’é‘fgﬁt Tissoa
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Underwater gliders (cont’d)

- Depth range 200m -1500m depending on model

- Navigation:
 Surface: GPS

« Sub-surface: ded reckoning, pressure depth, magnetic heading,
attitude

- Low power sensor payload (selection):

e CTD (standard)

* Dissolved oxygen

e Chlorophyll

* Photosynthetic active radiation (PAR)

* |ce-profiling sonar

e Acoustic Doppler Current Profiler (ADCP)

p——

2 Universityof Universitat TECNICU
) Zagreb - de Girona LISBOA

L ——

. ' ru m ‘7 \[J\,i.l::\”])‘n{b[ TY ;éé”

Marine Systems Unit 25




The Slocum Glider

«  WRC electric Slocum
« 1.5 mlength, 50 kg
« 200 m depth
e 0.4 m/s horiz. speed il
/ p — D —(

« 0.2 m/s vertical

« +/-250 ccm ballast
. T T | T T | T T | T T |
« 9 kg moving mass : ! b L b
* Rudder
CA L= 84 B/8"
? WINGSPAN= 38 1/2"
}1 D HULL CD= @& 3;’8”

Sensors:

Heading, pitch, roll, depth, GPS, altimeter
Science sensors:

CTD, PAR, Fluorometer, others.

frarum \J o ¥ééH
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Low Level Control

Ballast pump — Buoyancy

engine
Battery position — Pitch k\
servo < | D
Battery orientation — Rol / R
S e rVO DAL= 84 5/8"
Rudder — Headin g\;.( P Ra
Bladder — Surface
expression

varum D TREH ) o %%igﬁiit Q) T
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Glider dive performance

Cusers\glider_data\Quest272\E014\missions spawar02-2003-034-3-X(0030000X) 08-Feb-2003

C ! ] T ! - I
: : —— pitch measured
: : ——- pitch commanded
L e | ..................................... || ................................... ]
00 7500 8000 8500 9000 9500
time int miccinn [e1
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Pitch Control (during Dive)

. 2 step

- Main pitch actuation provided by ballast location
(forward of the CG) —open loop

- Fine tuning by servoing the battery position —
closed loop

Battery

. . Prop. " Glider
Piteh Pitch, > GaiFr)l > > Position > Dynamics >
Error Controller
Dead [band Satunation
Measured
pitch
—— :
TAL Universitat TECNICO
pdrum ‘7 acoms TECH de Girona W LISBOA
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Pitch Controller Performance

Initial controller parameters; upwards inflection Initial controller parameters; downward inflection
Or . Or .
110
20 20
— 40 T 40 <
E 5E 5
amy o =
a 60 L= g0l o
3 53 S
100_ Treeablfe 100_ ......................... ........... ......... . ..;_10
7950 8000 8050 8100 8450 8500 8550 8600
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Glider dive performance

Cusers\glider_data\Quest27 2\E01 4\missions spawar02-2003-034-3-X(0030000X) 08-Feb-2003
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Considerations for Controller/Actuator Implementations

. Performance
- Shallow vers. deep water operations
- Roll vers. rudder

. Operational
— Robustness of control

- Power efficiency
- Trimming of the vehicle

—— .
3 niversity of Universitat TECNICO
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Glider deployment in Trinity-Conception Bay

2006
Total duration: 21 day

Distance covered:
~500km

Ship
stations

Bonavista Line - Temperature Scatter Plot - Summer 2005
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High Level Control

Results during 2003 Autonomous Ocean
Sampling Network (AOSNII) field experiments
in Monterey Bay

Research focus: Adaptive Sampling

Participants: MBARI, CalTech, Princeton University, Harvard, JPL, Scripps,
WHOI, NPS, CalPoly, University of Miami, ...

Sponsor: US Office of Naval Research

s .
Universitat TECNICO
de Girona LISBOA
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Glider Science Data
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Coordinated Operations

3 Glider, 1 Dorado AUV, 1 Towfish and 1 Drifter
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Coordinated (Cooperative?) Control
Drifter Tracking: 23-24 August, 2003 by Pradeep Bhatta and Ralf Bachmayer

Reality

Chasge for the Holy Sock: Episode 1; 24-Aug-2003
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« Estimation of drifter trajectory

« Adaptive scaling of radius

> Interesting perspective: Lagrangian (inside blue circle) vers.
Eulerian frame of reference (Zig-Zag)
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Surface
Communications

Pressure Vessel

Propulsion

DAQ

Navigation

Obstacle Avoidance

Control System

Sensors

Power

dfum
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Sub-Systems

Acoustic; Limited High Bandwidth Acoustic; Limited None
Bandwidth Bandwidth

Large Small Medium

Electric propeller Multiple Electric propeller drive  Buoyancy
drive Electric/hydraulic Typ. Single propulsor Engine

propeller drives

Subsea On support vessel  Subsea Subsea

Acoustic Navigation: Ultra Short Baseline, Short Baseline, Long Baseline
Magnetic heading, pressure depth, ded reckoning, inertial navigation

Sonar based: single beam forward/downward looking, scanning, multi-beam
On manned submersibles and ROV: visually using cameras and lights

Direct human control auto depth and Autonomous control system with minimal
auto heading standard — moving towards or no human interaction while submerged
more automatic control: Auto XY — waypoint/ trajectory control

Sonar: sidescan, multi-beam; sub-bottom profiler; Visual: cameras (multiple, HD, 3D
coming); CTD; Chemical; Samplers: nets and pumps, sediment samplers (push corer)

Battery; fuel-cell; From support Battery; Fuelcell Battery; ocean

nuclear; sterling vessel thermal energy

engine
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Technology Evaluation at Sea

e RV Alkor
* Ligurian Sea 21.-24.2.2020
* La Seine sur Mer, France — Malaga, Spain
* Equipment:
« ROV MARUM SQUID
* Optical Bottom node
e Fly-out MiniROV (modified BlueROV hard' " -
* AUV MARUM Manatee (Skeleton) 1 B P Y

43%21.948'

43°21.936°

W\ | TECNICO
oW/ LISBOA
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MiniROV for Gas detection and sampling in the
North Sea: Challenges

- Operating Regime in the North Sea
— Tidal currents: Managing operations in

strong tidal regime

* Predictive capabilities using Tidal models (OSU
and BSH)

* Improved and highly configurable control
system (ROS based)

* Heavy duty configuration with 8 thrusters
(4V/4H)

* Depressor weight deployment

— Low visibility

* USBL navigation

* Multi-beam sonar

* Auto depth and auto attitude controllers

> 12 Dives with up to 2 h dive time in ~“40 m

water
Credit: Miriam Romer, Pablo Gutierréz, Szymon Krupm
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MiniROV for Gas detection and sampling in the
North Sea: Challenges (cont’d)

« Gas bubble detection

— Robust guidance through USBL system

(after prior localization by ship borne “
sonar)

— Forward looking multi-beam Sonar for
bubble detection

> Successful detection of gas bubbles
- Gas sampling
— Two single actuator funnel systems with
soft valves (no overpressure)

— Transparent sampling bags (not
hermetically sealed)

— Pilot assist systems — Automated attitude
and depth control

> Successful collection of gas bubbles

. :
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Erasmus+

impacht

Any questions?

Contact:
rbachmayer@marum.de

. PS: Concerning the SLOCUM mission, the
thermal engines are a reality.

®* C.D. Haldeman, O. Schofield, D. C. Webb, T. I. Valdez and J. A. Jones, "Implementation of energy
harvesting system for powering thermal gliders for long duration ocean research," OCEANS 2015 -
MTS/IEEE Washington, Washington, DC, USA, 2015, pp. 1-5, doi: 10.23919/0CEANS.2015.7404559.

* Y. Chao, "Autonomous underwater vehicles and sensors powered by ocean thermal energy,” OCEANS
2016 - Shanghai, Shanghai, China, 2016, pp. 1-4, doi: 10.1109/OCEANSAP.2016.7485367.
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