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Manned underwater exploration
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Robots below the Arctic ice: the origin

e Problem: topography of the packed-ice
underwater profile

e Solution: using underwater vehicles equipped
with acoustic sensors

e |Interesting natural test site
o Fletcher’s Ice Island (T-3)

e UARS Unmanned-Arctic Research Submersible
o University of Washington's-/Applied Physics Laboratory

e Spring 1972

o UARS explores:the keel of Fletcher’s Ice Island

Figure 2 Unmanned Arctic Research Submersible System (UARS) -
University of Washington, Seattle

source: P.King. AUVs Under Ice: Past Milestones, Promising Future; Marine Technology News, 2016
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UARS

- technology challenge
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Launch & Recovery

e AUV deployed through a hole in the packed-ice

e Problem: the AUV had to find the launch&recovery-hole in the
packed-ice after travelling a 17-mile-transept!

o SOl

O

O
O
O

www.arice.eu

ution

an acoustic transmitter was deployed through the hole in the packed-ice

two directional acoustic receivers were mounted on the AUV bow

one omnidirectional acoustic receiver was mounted.on the AUV. stern

the AUV was recovered by using a net deployed below the hole, where the AUV nose
got caught




Mid Nineties: Odyssey AUV in the Arctic LA
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Figure 1: Arctic configuration of Odyssey II. Mission sensors are the scanning sonar at the nose, and the

temperature and conductivity sensors located in the center of the vehicle.

the AUV is deployed through a hole in the packed-ice protected by a tent |
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Nineties: CNR ROVs in Antarctica

Mario Zucchelli Station, Terra Nova Bay, Ross Sea
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Nineties: CNR ROVs in Antarctica

__Trestie

the ROV is
deployed
through a [

hole in the
packed-ice
protected
by a tent

Roby2 ROV: 1993-'94

ANTARCTIC SPECIALLY PROTECTED AREA No 161
TERRA NOVA BAY, ROSS SEA o 4

:,‘ !

Romeo ROV: 1997-'98

Malippo support vessel
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Nineties: CNR ROVs in Antarctica il

Validation of acoustic device performances
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ROV exploration of the keel of the Campbell Ice Tongue in

Antarctica
R. Bono, M. Caccia, E. Spirandelli, G. Veruggio
Consiglio Nazionale delle Ricerche

Istituto Automazione Navale
Via De Marini, 6 3
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Fig. 5. Romeo depth and echo-sounder ranges

d
2,

www.arice.eu



(ch Icep,.
Q% €,

Nineties: CNR ROVs in Antarctica b,

<C i
ARIC=

)
suod®

Val |dat|0n Of aCOUStIC dGVlce perfo rmances | Campbell Ice Tongue Mission: compass, depthmetor and echo-sounders date

ROV exploration of the keel of the Campbell Ice Tongue in

Antarctica
R. Bono, M. Caccia, E. Spirandelli, G. Veruggio
Consiglio Nazionale delle Ricerche
Istituto Automazione Navale
Via De Marini, 6
16149 Genova, Italy
E-mail: {ric, max, edo, gian}@ian.ge.cnr.it

time (8]

Fig. 6. Romeo heading, depth, sea surface detector and
obstacle avoidance sonar range. Multi-path effects are
clearly visible from time=150 s to time=450s.
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Validation of acoustic device performances

ROV exploration of the keel of the Campbell Ice Tongue in

Antarctica
R. Bono, M. Caccia, E. Spirandelli, G. Veruggio

Via De Marini, 6

16149 Genova, Italy
E-mail: {ric, max, edo, gian}@ian.ge.cnr.it

Consiglio Nazionale delle Ricerche
Istituto Automazione Navale

sea surface

450

300
time {s)

150
Figure 9. Measured and reconstructed obstacle

avoidance sonar range.

Fig. 7. Model of acoustic multi-path
between the ice-wall and the sea surface.
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1997-'98: Romeo ROV in Antarctica
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https://docs.google.com/file/d/1kzCVGx4L3Y3VDrnX9nxgh4vZ6oZP5HV1/preview
https://docs.google.com/file/d/14qhZqIq17RtGGS9yUhQDN7Y-SJijqIuZ/preview

Remote tele-operation of ROV in Antarctica

e 1993: satellite-based tele-operation of a ROV into McMurdo Sound in
Antarctica from NASA AMES Research Center.in USA

preliminary trials towards Mars'missions

O

8 Sound

www.arice.eu



2002: Polar Internet-based tele-operation

- Internet-based satellite tele-
operation of the Romeo ROV
in Antarctica from CNR
headquarters in Rome

- Internet-based tele-operation
of the Romeo ROV in the
Svaalbard islands from ltaly,
Norway and Scotland
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CNR ROV in the Arctic

e Dirigibile Italia Station, Ny Alesung Sralbard Islands
, a

Ny LME-AN /

V
North Pole|(
A :
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Tele-operation of Romeo ROV in Kongsfjord

www.arice.eu

ch lcg
(O 1CClr 8,

& ®
QO
N
]
—
<t

ARIC=

NARK



https://docs.google.com/file/d/1DHoP3euX-3x0LXPvy0jtFIl0AssU6Oiy/preview
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ROV-supported persistent monitoring

e (oal: persistent monitoring of
seafloor-water interactions
below the packed-ice In
Antarctica

e Solution:

Antarctic Benthic Shuttle
(PNRA ABS project ~2003-05)

o Terra Nova Bay, Ross-Sea,
Antarctica
o Romeo ROV

www.arice.eu


https://docs.google.com/file/d/1BswDsb6Ma66sHWRHgqug3ND0y0HnQfSY/preview
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e Scientific goal
Observing and understanding
the Antarctic silverfish
reproduction in the platelet ice

e POLE
(PNRA project -2015)

o Terra Nova Bay, Ross-Sea,
Antarctica
o 1 year under ice obseryation

www.arice.eu


https://docs.google.com/file/d/1aZGMu9IMtchtlsMst63ZYRhxt2xbbZ4p/preview

e Scientific goal
Observing and understanding
the Antarctic silverfish
reproduction in the platelet ice

e RAISE
(PNRA project -2015)

o Terra Nova Bay, Ross-Sea,
Antarctica
o Antarctic silverfish larvae and eggs

sampling with an adapted VideoRay
mini-ROV

www.arice.eu



https://docs.google.com/file/d/1oGlpy8c7ecVKCh-fO_ovZp2YI1absZ5v/preview
https://docs.google.com/file/d/1Xv2IbUhWsJlTt-Ty_nbbD5NlqErdjD54/preview

Under-ice sampling

@“’%% ARIC
&’/ ¢ Scientific goal e ICECLIMALIZERS
to collect bryozoans at 60 m (PNRA project -2017)
depth and re-implant them'in g Xer;traarcl:\’tlicc);\;a Bay, Ross Sea,
shallow water cages o Proteus ROV equipped with an

innovative underwater electrical arm

www.arice.eu


https://docs.google.com/file/d/1tBkKYuLeIKcfJWkQfQljNwlS9fucBhdD/preview

Antarctic air-sea interface sampling

e PNRA SESAMO project(2003-'04)
o integral sampling of the sed surface
microlayer and immediate sub-surface
water with a Harvey-like’'cylinder
m Terra Nova Bay, Ress Sea;Antarctica
m Charlie USV s

www.arice.eu


https://docs.google.com/file/d/1DGoPJmfZew0R0rxYUYGvZyoYDj6-aOnM/preview

Antarctic air-sea interface sampling

e PNRA SESAMO project (2003-'04)

o integral sampling of the sea surface microlayer and immediate

sub-surface water with a Harvey-like cylinder
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Scientific dissemination

& cooperations

2018
International training
_\|& vertically extended
surface robotics

2017
Cooperative

marine and air robotics

2015
Preliminary demonstration
of technology

Demonstration

Society communication




Arctic air-ice-water interface sampling

Operational
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Arctic air-ice-water interface sampling P,
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RCA

ARCTIC
PRESENT CLIMATIC CHANGE
and PAST EXTREME EVENTS

e CNR ARCA project
(2015)

o sampling and
monitoring of the
air-ice-water interface

very close to the tidal— g

glacier walls

o Kongsfjiorden, Ny
Alesund, Svalbard
Islands
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https://docs.google.com/file/d/14iUzeJH2tlw-CiQ09FLv0t1GnNeYHKk2/preview
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e CNR UVASS project (
(2017) )

o sampling and
monitoring of the ..
air-ice-water interface
very close to the tidal--
glacier walls |

o Kongsfjiorden, Ny
Alesund, Svalbard <
Islands
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https://docs.google.com/file/d/1kCNC3RElXVgWSzkSDZtoYjF_SGEELJ3c/preview

e CNR UVASS prOJect
(2017)

o sampling and
monitoring of the .. ;: '
air-ice-water interface
very close to the tidal--
glacier walls < i

o Kongsfjiorden, Ny ’
Alesund, Svalbard
Islands y am
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https://docs.google.com/file/d/1K0CJpnsKKek7_jBScL3NLACpx2nmJVk-/preview

EXCELLABUST

EXCELLING LABUST IN MARINE ROBOTICS

e H2020-TWINN-2015
contract n. 691980
EXCELLABUST
Excelling LABUST
in marine robotics
(2018)

www.arice.eu
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Arctic air-ice-water interface sampling
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e H2020-TWINN-2015
contract n. 691980
EXCELLABUST Q)
Excelling LABUS'FI~
in marine robotch

(2018) <
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https://docs.google.com/file/d/17Zo3rTCMceJ-boEpbXBK3jcGJsERltQV/preview

EXCELLABUST

EXCELLING LABUST IN MARINE ROBOTICS

e H2020-TWINN-2015 -
contract n. 691980 .
EXCELLABUST
Excelling LABUST~-
in marine robotics —
(2018)
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< Representation of the distribution of the variables acquired in

“wthe Kongsbreen area.along.the.water.column: a) temperature,

b) salinity, c) chlorophyll a, d) turbidity; dashed lines show the
position of vertical profiles.
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Arctic air-ice-water interface sampling
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APECS-ARICE Webinar

Polar marine robotics

Questions!?

An international collaboration strategy for meeting the
needs of marine based research in the Arctic
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