APECS-ARICE Webinar
Polar marine robotics - Part 2

Moderation: Josefine Lenz (AWI, APECS & ARICE)

Speakers:

Massimo Caccia (CNR-INM)

Angelo Odetti (CNR-INM)
Raffaella Beroldo (CNR-INM) Ao tixtion ciDils
Early Career Scientists
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Angelo Odetti, PhD, Marine Engineer and Naval Architect,

Researcher, designer of marine robots and vehicles

Experience in Air Cushion Technology (Hovercraft)

Joined the CNR 1n 2013

Research: development of new concept vehicles for access in remote areas.

Designer of:

e Hybrid (ROV-AUV) vehicles: e-URoPe, PROTEUS, BLUCY
o ASV SWAMP
e Samplers, tools and actuators

Took part in two robot-based campaigns in Svalbard in 2017 and 2018

www.arice.eu



Marine Polar Robots - Design approach LA
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Arctic air-ice-water interface sampling

Operational
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Operating issues:

\a lAaa
¢ Moving between floating ice
0% .
e Reduced logistics S
S <
e Mission constraints %

<E
e Be able to put the Hand-on the vehlcle

/_\I_(I;=

e Vehicle recovery?
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Moving between icebergs, bergy bits and growlers
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Iceberg Size Classification

Very large
\
e ————

Growler

Size category Height Length
Growler <1m <5m
Bergy Bit 1-5m 5-15 m
Small Iceberg 5-16 m 15-60 m
Medium Iceberg 16-45 m 61-120 m
Large Iceberg 46-75m  121-200 m Grand Banks

Very Large Iceberg >75m >200 m ©The COMET Program
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Moving between icebergs, bergy bits and growlers

Robot shape: Unmanned Semi-Submersible Vehicle (USSV)
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First Campaign

Robot shape:
Unmanned Semi-Submersible Vehicle (USSV)

with multiple thrusters for towing ability and redundancy
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First Campaign
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Marine Polar Robots

(PPOLE

PACK ICE =X FLOATING ICE \

- HOLES DRILLED

IN THE PACK
— / \SILVERFISH
GROUND CAMERA ::g:: SILVERFISH SAMPLER-ﬂ;;;/?i\

“CTD PROBE

= P2ROV SEA WATER

SEABED
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Marine Polar Robots

) 200 m umbilical optic fiber cable
Vertical stern 2 Gbit and 36 V power supply
thruster

Closed cell foam for stability
and balancing of the buoyagcy

Vertical bow

thruster\

Camera to
detect / track
Biological structures
of interest

2 main thrusters

Echosounder
80 N total thrust

Stainless steel AISI 316 Canister for the control electronics.
Based on industrial standard PC/104 managing I/0 for:
optical fiber, motor control, power supply, network, CTD

Manoeuvre
echosounder, lights, cameras, IMU, VGA, USB, payload

LED Lights bow thruster

Echosounder for measuring
the distance from the ice surfE"Igl%dular chassis that allows to insert additional modules

Made of high density polyethylene (HDPE):
light, shock-proof and resistant to low temperatures material

www.arice.eu
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Marine Polar Robots

Communications
¥ Wi-Fi antenna and auxiliary Ethernet camera

Cameras |
Pilot Ethernet camera and Go Pro camera '
' Surface control unit

PVC canister containing a Single Board
Computer, GPS and inertial sensors

¥

Additional

Foam Module \

Core Vehicle:
45 kg
1400mm long
340 mm diameter
5 Thrusters

Front sensors
Turbidimeter & fluorescence

echosounder  ——pp L98 ; _
é Ty Multiparametric
probe CTD

Battery Pack

www.arice.eu
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Marine Polar Robots

Robot shape: EIEES
Unmanned Semi-Submersible Vehicle (USSV)
with multiple thrusters for towing ability and redundancy

www.arice.eu
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Reduced Logistics

2017
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Reduced Logistics T
Q Air Sensors
PROTEUS-USSV — de_:::l:u
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Marine Polar Robots

1 Control system - Stainless steel canister containing a Single Board Computer, two PC/104
for digital, analog and serial 1/O used for interacting with sensors and actuators

Frame - Schockproof, modular, reconfigurable frame made of polyethylene

Five Modular and displaceable thruster

Removable foam for USSV operations

Battery Pack for USSV operations

Surface control unit - PVC canister containing a Single Board Computer, GPS and inertial sensors
Cameras - Pilot Ethernet camera and Go Pro camera

Communications - Wi-Fi antenna and auxiliary Ethernet camera

9 Multi-probe CTD - Sensor module for measuring water CTD, dissolved oxygen, pH and Redox

10 Front sensors - ArLoC, Turbidimeter, Fuorescence, Echosounder

oONO U1 & WN
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Automatic Winch for marine and atmospheric sensors
Composed by an electric motor driving a fishing reel with thread guide reduction box and worm screw
Helium filled aerostat to carry the AirQino system

AirQino
Arduino-based air quality monitoring system with low cost high-res sensors: H,T,CO,CO,,05,NO,

Bunch of sensors B
CTD multi-parameter Idronaut 305 Plus (CTD, pH, redox, O,) 4
ArLoC (Arctic Low-Cost probe) multi-sensor, fluorimeter, turbidimeter
MPDACS (Multi Purpose Data Acquisition Control System)

Used to manage, synchronize and store the data collected by the instruments

MAWS (Mini Automatic Water Sampler)

Water sampler made up of 8 replaceable bottles with an automatic cap based on magnetic forces.




Marine Polar Robots
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AlS Underwater Atmospheric  Mini Automatic
Winch Winch Water Sampler
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Marine Polar Robots

Specific needs

e Sampling a good amount of
samples

e Moving accurately vertlcal
sensors " —

e Managing manifold sensorsgi
in one single vehiclel

www.arice.eu



Marine Polar Robots

Mini Automatic Water Sampler (MAWS)
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Marine Polar Robots

Mini Automatic Water Sampler (MAWS)

e Magnetic vs. spring stopper

e Maximum force at closure
e The force required to keep the cap open is reduced with distance

Stopper
Bottle ’ Shaft Flux Lines
Magnetic A / /
Flow L1nes i

0000000000 ‘
//‘UQ v 0000000000
Actuation Magnet

Bottle Magne

www.arice.eu



Marine Polar Robots

Mini Automatic Water Sampler (MAWS) . .aion

Solenoid

Modular automatic stopper Monolitic

device to be installed on Casing ~ E

the top of standard chemical laboratory Skaling

bottles o r

e Stopper device

e Standard screw cap

e Laboratory bottle 22':‘” Magnets
Magnet
Support

www.arice.eu
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Mini Automatic Water Sampler (MAWS)

www.arice.eu


https://docs.google.com/file/d/1uK1kecEK43QY7wG-XV6ehaimqamfY5v0/preview

Marine Polar Robots
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H1g ~Torque Maxon
otor with encoder

Weathertight
3d printed box

Worm
Screw
reduction
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Marine Polar Robots

Weathertight
3d printed box

g JorqueMaxon
otor with encoder

Worm
Screw
reduction
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Marine Polar Robots

Data collected by the instruments are
synchronized and saved by the MPDACS
system (Multi Purpose Data Acquisition
Control System)

e Multi-parametric probe Idronaut 305 Plus
(conductivity, temperature, depth, pH,
redox, oxygen)

e ArLoC multi-sensor

e fluorometer

e turbidimeter
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Marine Polar Robots

Hands-on the vehicle (and shipping issues)

e Shipping has an influence on robot
(mechanical vibrations)

e Always be able to put your hands on the vehicle
(commercial vehicles often are not suitable)

e Bring with you all the spare parts and tools you need
(no shops, no Amazon)

- influence on shipping cost and logistics (many boxes)

www.arice.eu
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Marine Polar Robots
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Marine Polar Robots

Hand-on the vehicle (and shipping issues)

www.arice.eu

Spare parts:

e Short time
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e Requirement to

modify/adapt
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ARICE
Vehicle recovery?
. 1 _ .
Q Air Sensors
MS—TETSTEN ;j;*
_ PROTEUS-USSV —— ﬁ ﬁ

r

www.arice.eu




Marine Polar Robots

S

Vehicle recovery?
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Design Issues:

~ch Icepy,,
Low temperatures C?'f
Reduced logistics | o
Navigation problems
Communication problems
Multipurpose analysis
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Low temperatures:

¢ Influence on structural design (sealings)

e Influence on endurance and batteries choice

e Influence on instrumentation

e Influence on robot mechanical design (Hand-on)

www.arice.eu



Marine Polar Robots

e Influence on structural and mechanical design (sealings)

Components should have cc;m
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Thermal expansion, o (ustrain/K)

Metal Canister

Sealing

-
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Shaft

0.1

materials

1, 10

T-expansion - Modulus

b X Polymers and

+/ elastomers
N "¢

Non-technical /-

.
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Young's modulus, E (GPa)

ceramics S1008 | Brck glass /] .
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pliant thermal dilatation materials




Marine Polar Robots

e Influence on structural design (sealings)

Components should have compliant thermal dilatation materials

www.arice.eu

Material

Aluminum
Carbon Steel!
Cast Iron
Copper
Stainless Steel
ABS Acrylonitrile butadiene styrene
HDPE High density polyethylene
PE Polyethylene
CPVC Chlorinated polyvinyl chloride
PVC Polyvinyl chloride

10°8 in/in °F
12.8
6.5
5.9
93
9.9
35.0
67.0
83.0
44.0
28.0

Expansion Coefficients

10 m/m°C
23.1
17
10.6
16.8
17.8
63.0

120.0
150.0
79.0
50.4




Magnetic Coupling: LS

Increased:

 Thrust

*Depth
 Watertightness
el e Termal resistance

SEZIONE B-B
SCALA1:1

10 7
Num. articolo Num. parte Descrizione Quantit
1 Motore_ MAXON ec 4 POLE
2 Corpo in Titanio MODIFICA n°18
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Marine Polar Robots S

e Influence on instrumentation

All the instruments should be chosen as
adequate for Iow temperatures CS/

Spare parts

www.arice.eu
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e Influence on endurance and batteries choice

Battery performances in different temperatures

3.8
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Marine Polar Robots

e Influence on endurance and batteries choice

(chemical reasons)
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Marine Polar Robots

e Influence on endurance and batteries choice

Lithium batteries have better performances but

take care of the low temperatures during recharging,

Never charge lithium batteries in cold!

www.arice.eu



Marine Polar Robots

e Influence on robot mechanical design (Hand-on)
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e Always remember that you should be able to dismount

something in cold environment
e Standardised Bolts (e.g. M6 with standard Allen keys)

e Better not using miniaturised stuff

www.arice.eu
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Marine Polar Robots

Reduced logistics
e Transport via helicopter or small vessel/boat

e Powering requirements of used tools
(is every powering source available?)

e Influence on robot mechanical design (Hand-on)
e Influence on shipment (time)
e Remember to have all the required spare-parts

\

www.® Transport limitations of some components (Batteries)
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e Transport limitations of some components (Batteries)
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AIRFRANCE # %) KLM %)

APPAREILS AVEC BATTERIES AU LITHIUM* T

Calcul de I"énergie d’une batterie : Wh = V x Ah DANS L’APPAREIL RECHARGE ET
BATTERIES EXTERNES

DE SECOURS (1)

EN CABINE ENSOUTE EN CABINE

Liste non exhaustive

EN SOUTE

Avec ou sans batteries Avec batteries > 160Wh

e L &5 T T il x x X

Overboards

Gyroroues Gyropodes : Vélos électriques : Gros outillage Drones Batteries

o) -
] = .

éteint
Petit outillage Drones Appareils photo Tablettes Ordinateurs :

v 7 vV X Vv

Uniquement
E-cigarettes, vaporisateurs et articles associés  ¢,,r <oi

* Les appareils ou les batteries au lithium end és, défect: ou rappelés par le fabricant sont interdits au transport.

(2) Les batteries de rechange et externes de secours s doivent &tre protégées individuellement pour éviter les courts-circuits.

(3) Si énergie > 3 100 Wh et < 3 160 Wh : Batteries de rechange et externes de s limitées & 2 par p ger. Accord préalable d’Air France
ou de KLM obligatoire pour I'appareil et/ou les batteries. Consultez votre agence de voyage ou contactez le centre d’appel Air France au 3654
(appel depuis la France) ou au +33 (0) 892 702 654 (depuis I'étranger). Pour KLM, composez le +31 (0) 20 47 47 747
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Multipurpose Analysis - Requirements?
2015:

e Idronaut CTD + Oxygen, pH, Redox, TDS (total dlssolved SO|IC|S)A i

e Water sampling for microbiological study (mlcroblal glycolytic act|V|ty) ® AnaIySIS
2017: ~C C?

e Idronaut CTD + Oxygen, pH, Redox, TDS (total dissolved solids) 4

e Arloc temperature, Chla fluororge'tel CDOM fluorometer + Turbidity + Fluorescence ® Storage

e SBE 16plus V2 CTD + dissolved oxygen, pH, turbidity,] |k P

e Water sampling A microbiological study microbial glycolytic activity
e Airgino: humidity, temperature, CO, CO2, O3, NO2
2018:
e Water sampling:
o microbiological study
o heavy metals

o microplastics
e Airgino: humidity, temperature, CO CO2, 03, N02> I ‘ E

e Idronaut CTD + Oxygen, pH, Redox, TDS (total dissolved solids) g
e Arloc temperature, Chla fluorometer, CDOM fluorometer + Turbidity + Fluorescence

g e Shipment
-
@p)

o
-t
< e Treatment

www.arice.eu



Marine Polar Robots AP

Navigation and positioning problems

Robot modes: AS

Manual, Semi-automatic, Automatic
S
Operative use: ©

Semi-automatic working mode (auto-heading and auto-speed)

ARIC =

www.arice.eu



Marine Polar Robots

Navigation and positioning problems

www.arice.eu



Marine Polar Robots

Compass issues:
e Close to north pole (difficult calibration)

e Magnetic declination

Shift in magnetic north pole (yearly position, 1590-2020)
o
fi”}f‘_’_‘deweden \ /’
Russia Norway F i
Jceland
Greenland
70°
Russia
Canada
Alaska .

A, s e I : weRcos
: ash

P72
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Marine Polar Robots S

GNSS:
GPS (known as NAVSTAR by the
US Department of Defense)

Galileo (Europe),1 . | -
GLONASS (Russia), | [ -
BeiDou (China)... B SRy

Satellite 1
e ) e

Image courtesy of GIS Geography.

www.arice.eu


https://gisgeography.com/

Marine Polar Robots

GNSS reduced performances in the Arctic region:

e satellite-receiver geometry
ionospheric effects on the satellite signals
less benefits of satellite based augmentation systems (SBAS)

%”'@;“:@f’/’\

(L Y “’i‘%¥§>

?h"\ g\'@'g ;.,{-"V
S

=W

3oL RN

>
77 -~
/f';,//} N

Operational/certified - Planning Ejsnyggger:r::;zneer::i/'«

| for civil aviation

lonosphere activity gradient. Image courtesy of the European Space Agenc
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Marine Polar Robots N

Solution:
e Inertial navigation (Sensors integration) I‘lelps

e Use of FOG (Fiber Optic Gyr %ﬁ%ﬁcogﬁb/'@f?

’ gk
Integrated
Qoptical circuit Accelerometers

X ArCt/'C

Optical fiber

www.arice.eu
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Communication problems (in Ny-Alesund)

Communication system c?%
@

O~ ]
e A couple of 900 MHz Wi-Fi radios

-I\;Jal

e low speed (300 kbps maximum) Ethernet link between the

robot and its control station

ARICE

www.arice.eu



Respond as much as possible to: LA

* Modularity
*Reconfigurability
*Controllability
Lightness -> Portability
*Constructive Easiness
*Cheapness
*Repairability
(Modifiability)

www.arice.eu
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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

Home About News Outreach Training Apply for Ship Time  Call Results Intranet
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APECS-ARICE Webinar

Polar marine robotics

Thank you very much!

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

Outreach  Training  Apply for Ship Time  Call Results  Intranet
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Trimaran Vessel
Watersampler .
SHARK P MS-TEISTEN
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PROTEUS Watersampler MS-TEISTEN
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m  Atmospheric Sensors

PROTEUS
Water Sampler
MS-TEISTEN

' Underwater Sensors
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