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Outline

• Some information about the oceans
• Overview of underwater vehicles
• Design cycle
• Range and endurance
• Underwater gliders

– Concept 
– Operations

• Components
• Questions?
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Ocean

• Size: 362 Mio km2 (71% of the Earth surface)

• 3% ice covered

• Depth
– Average 3750m

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

Annual mean sea surface temperature from the World Ocean 

Atlas [http://www.nodc.noaa.gov/OC5/WOA05/ 2005].

http://en.wikipedia.org/wiki/Sea_surface_temperature
http://en.wikipedia.org/wiki/World_Ocean_Atlas
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Ocean Salinity

Annual mean sea surface salinity from the World Ocean Atlas

[http://www.nodc.noaa.gov/OC5/WOA05/ 2005

The international thermodynamic
equation of seawater – 2010:
Calculation and use of thermodynamic 

properties

Manuals and Guides 56

Intergovernmental Oceanographic 
Commission

http://en.wikipedia.org/wiki/Salinity
http://en.wikipedia.org/wiki/World_Ocean_Atlas
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Ocean Circulation
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Conception Bay& Greenland

• Temperature Range
– -1.5oC to 16oC

• Density
– ~1026kg/m
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Underwater Vehicles

• From submersibles to underwater gliders
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Underwater Vehicles

Manned

Tethered

Bathysphere

Untethered

Bathyscaphe Submersible Submarine

Unmanned

Tethered

ROV Crawler
Towed 
bodies

Untethered

AUV Glider

Mobility & Range

Depth
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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.

There was light outside the Trieste until about 800 feet, according to Lt. Walsh.
At about 6000 feet, the chill from the water forced both men to don warmer
clothing. The entire descent required 4 hours and 48 minutes. Once done,
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
to the surface was made in 3 hours and 17 minutes.

ADM Arleigh Burke, Chief of Naval Operations, sent congratulations to the two
men. He termed their record-breaking feat an accomplishment that " may well
mark the opening of a new age in exploration of the depths of the ocean which
can well be as important as exploration in space has been in the past."
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Manned Submersibles

Jiaolong Submersible 

(China) 7,000m

MIR I & II Submersible (Russia) 6,000m 

Tourist Submarine

ALVIN Submersible (USA)

4,500m

New ALVIN Submersible (USA) 

6,500m
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Submarines

Fuel-cell / Diesel electric 

Submarines

U214 Type 

Depth: >200m 

Submerged Range: 1200NM

Length: 70m
Diesel electric Submarines

Victoria Class (Canada)

Depth: >200m  

Range: 8,000NM (snorkling

30%)

Length: 70m
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Submarines Cont’d

Seawolf class (US)

Nuclear powered fast attack 

submarine

Length: 107m

Depth:?500m?

Typhoon class (Russia)

nuclear powered missile 

submarine

Length: 175m

Depth: ?400m?
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Remotely Operated Vehicles (ROV)

Eyeball class ROV

Inspection class ROV system

ROV – Winch – Generator - Manipulator

Work class ROV (Compact car size)

HROV Nereus (WHOI)

Full Ocean Depth capable
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Autonomous Underwater Vehicles (AUV)

Courtesy John Anderson DFO

MUN 

Explorer
• Propeller driven 

❖ Torpedo shaped

• Optimized for horizontal forward 

flight

• Higher velocity

• Higher altitude

❖ Hovering vehicle

• Stable platform

• Imaging

• Micro bathymetric surveys

• Terrain following

Autonomous Benthis Explorer (ABE)

© WHOI/USA
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ARGO profiling floats

• 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 
scheduling.

– Data transmission system: controls 
communication with satellite.

• Approx. Weight: 25 Kg
• Max. operating depth: 2000m (deepARGO

6000m)
• Crush depth: 2600m

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.html

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’d)

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

Position where floats have surfaced in the lat 30days.

Source: http://www.argo.ucsd.edu/
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Slocum Mission

• Vision with a background
• Oceanography driven
• Provides specific 

specifications of what is 
desired or envisioned

• Did everything get 
accomplished?

• Requires a multi-disciplinary 
approach and knowledge 
across disciplines and fields

../literature/History&Future/Stommel-Slocum-Mission-Article.pdf
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Design Cycle for AUV
Requirements:
Range, Depth, 
Data, …

Sensor 

Choices

Sensor Power, 

Size, Weight, 

Update-rate

Power, Size, 

Weight, Accuracy

Navigation/ 

Communications
Power,Size, 

Weight

Battery Size (Energy, 

Weight, Volume)

Overall Size & Weight 

(includes pressure 

vessels)
Vehicle 

Speed

Neutrally 

Buoyant Vehicle 

Size

Propulsion/Contro

l Requirements

Propulsion/Contro

l Design 

Power,Size, 

Weight

Repeat Design Cycle 

until it converges 
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Endurance and Range

• Loads
– Hotel-load:

• Everything but propulsion 
that is needed to run the 
vehicle

– Pay-load
• “Customer equipment”, 

usually sensors, sampler,…

– Propulsive-load

../literature/ABE/bradley_isope1992.pdf
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Navigation

• Depth

• Magnetic heading

• Inertial systems

• Doppler velocity log (DVL)

• Acoustic baseline systems

• Terrain aided 
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Inertial Systems

• Attitude Heading Reference System (AHRS)

• Inertial Measurement Unit (IMU)

• Inertial Navigation System (INS)

Increasing 

accuracy 

and cost
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Doppler Velocity Log (DVL)

• Doppler effect (Christian 
Doppler, 1842)

• Provides speed over 
ground

• Acoustic Doppler Current 
Profiler (ADCP) speed of 
particles in the 
watercolumn

• c: wave speed [m/s]

• f: frequency [1/s] 

• T=1/f [s]

• λ: wave length [m]

• c= λ/T with T = λ/c
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Underwater gliders

Typical glider features:

• Buoyancy driven (e.g. variable volume/weight)

• Fixed wing and tail

• Attitude controlled by sliding and rolling internal mass, control surfaces

• Examples of operational gliders:

• Slocum

• Spray

• Seaglider

• Achievements

• Transatlantic crossings

• Atlantic Circumnavigation (multi-stage)

• 13 month glider endurance

• Working on 6000m glider
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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):
• CTD (standard)

• Dissolved oxygen

• Chlorophyll

• Photosynthetic active radiation (PAR)

• Ice-profiling sonar

• Acoustic Doppler Current Profiler (ADCP)



26Marine Systems Unit

The Slocum Glider

• WRC electric Slocum
• 1.5 m length, 50 kg
• 200 m depth
• 0.4 m/s horiz. speed
• 0.2 m/s vertical
• +/- 250 ccm ballast
• 9 kg moving mass
• Rudder

Sensors: 

Heading, pitch, roll, depth, GPS, altimeter

Science sensors: 

CTD, PAR, Fluorometer, others.
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Low Level Control

• Ballast pump → Buoyancy 
engine

• Battery position → Pitch 
servo

• Battery orientation → Roll 
servo

• Rudder → Heading
• Bladder → Surface 

expression
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Glider dive performance
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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 

Position 

Controller

Glider

Dynamics
Pitch

Saturation

Measured 

pitch

Pitch 

Error
Dead band

Prop. 

Gain
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Pitch Controller Performance 
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Glider dive performance
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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
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Glider deployment in Trinity-Conception Bay 
2006

Separation ~ 0.5 km

Duration: 10 days

Separation ~ 15 km

Duration: 1-2 days

Ship 

stations
Glider

Glider track (blue) Ship track (red) 

Total duration: 21 day

Distance covered: 

~500km
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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
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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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• Estimation of drifter trajectory 

• Adaptive scaling of radius

> Interesting perspective: Lagrangian (inside blue circle) vers. 

Eulerian frame of reference (Zig-Zag)

glider surfacings

drifter GPS positions

possible glider trajectory

Coordinated (Cooperative?) Control
Drifter Tracking: 23-24 August, 2003 by Pradeep Bhatta and Ralf Bachmayer

Passive drifter

Glider trajectory

Idea Reality
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Sub-Systems
System Manned ROV AUV Glider

Surface 

Communications

Acoustic; Limited 

Bandwidth

High Bandwidth Acoustic; Limited 

Bandwidth

None

Pressure Vessel Large Small Medium

Propulsion Electric propeller 

drive

Multiple 

Electric/hydraulic

propeller drives

Electric propeller drive

Typ. Single propulsor

Buoyancy 

Engine

DAQ Subsea On support vessel Subsea Subsea

Navigation Acoustic Navigation: Ultra Short Baseline, Short Baseline, Long Baseline

Magnetic heading, pressure depth, ded reckoning, inertial navigation

Obstacle Avoidance Sonar based: single beam forward/downward looking, scanning, multi-beam

On manned submersibles and ROV: visually using cameras and lights

Control System Direct human control auto depth and 

auto heading standard – moving towards 

more automatic control: Auto XY

Autonomous control system with minimal 

or no human interaction while submerged 

– waypoint/ trajectory control

Sensors Sonar: sidescan, multi-beam; sub-bottom profiler; Visual: cameras (multiple, HD, 3D 

coming); CTD; Chemical; Samplers: nets and pumps, sediment samplers (push corer) 

Power Battery; fuel-cell; 

nuclear; sterling 

engine

From support 

vessel

Battery; Fuelcell Battery; ocean 

thermal energy
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Technology Evaluation at Sea

• RV Alkor

• Ligurian Sea 21.-24.2.2020

• La Seine sur Mer, France – Malaga, Spain (2. March)

• Equipment:

• ROV MARUM SQUID

• Optical Bottom node

• Fly-out MiniROV (modified BlueROV hardware)

• AUV MARUM Manatee (Skeleton)
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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 Römer, Pablo Gutierréz, Szymon Krupinski, Philipp Koschinsky, MSM98
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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

Credit: Miriam Römer, Pablo Gutierréz, Szymon Krupinski, Philipp Koschinsky, MSM98
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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/OCEANS.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.


