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ABSTRACT

During oceanographic and Antarctic surveys, it is of primary importance to monitor vertical concentration
profiles of organic substances and phytoplankton. These substances are dtrtified in layers floating at differ-
ent seawater depths, depending on geographica, environmental and biologica conditions. In order to de-
termine ther didribution, water sampling in the water column is usualy performed at fixed Stes dong -
lected sea transects.

In the frame of the Itdian Research Programme for Antarctica (PNRA), arange resolved lidar fluorosensor
has been designed to acquire and store complete Laser Induced Fuorescence (LIF) time resolved signds,
from which depth profiles of concentration of different substances and other seaweater parameters can be
extracted. The first range resolved prototype has been ingtalled at the oceanographic vessdl bottom and
operated during the XV Itadian Antarctic Misson (Jan-Feb. 2000). After testing the prototype, a lidar
fluorosensor payload has been designed for subsurface use from a Remotely Operated Vehicle (ROV).
The technicd layout and characterigtics of the ROV payload are presented and discussed, together with
preliminary results obtained with the range resolved lidar fluorosensor ingtalled at the vessel bottom.

INTRODUCTION

Scientific and technologica research programmes are carried out under the umbrella of the PNRA that is
committed for supporting Italian participation to the study of the Antarctic environment and ecosystem.
Within the Technologica Sector of the Programme, a mobile fluorosensor |aboratory has aready been
developed, equipped with loca and remote instruments for continuous operation in the Antarctic aress. The
main condtituents of the system, a compact lidar fluorosensor capable of single or dud laser excitation of
chromophores at the sea surface, alamp spectrofluorometer, a pulsed amplitude fluorometer (PAM), were
lodged into a dedicated 1SO 20" container, loaded on the Research Vessd (R/V) Italica and successfully
operated during the oceanographic campaigns within the X111 (Nov.97 - Jan.98) and the XV (Jan. - Feb.
2000) Itdian Antarctic Missons. Thematic maps (1) were produced of different near-surface seawater
quality parameters (trangparency) and congtituents (CDOM, phytoplankton pigments and photosynthetic
activity) in the Ross Sea and aong the Southern Ocean transect, from Terranova Bay up to New Zedland.

Further developments of the programme (1999-2001) foresee the design and redlisation of new apparatus
for range resolved measurements, amed to monitor vertical concentration profiles of dissolved organic
substances and phytoplankton along water columns severa tens of metres degp. Since seawater optical
characterigtics limit the transmission both of the exciting laser beam and of the generated fluorescence sgndl
a greet depths, it is advisable to atempt to follow dynamic modifications aong a column by sending the
instrumentation on asubmersible carrier.

A tethered vehicle, with respect to a fully autonomous one, seems to represent a satisfactory compromise
in terms of space and available power supply, mohility, maximum accessible depth and long mission time.
A Remotely Operated Vehicle (ROV) carrier has dready been developed to conduct underwater studies
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in the Antarctic marine environment, mostly a Terra Nova Bay, and ingpections under the ice-pack. Re-
aults of the planned monitoring missons are revant to severd scientific disciplines, incuding oceanogra-
phy, marine biology, glaciology and sedimentology.
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Figure 1. Experimental ar-
rangement during test ice-
pack missions, the lidar
fluorosensor is lodged at
the bottom of ROV.

Pack lce

A new lidar fluorosensor has
been desgned for ingdlation
as an interchangesble package
on the Antactic ROV built
and tested a the Robotics
Department of IAN-CNR for
marine science applications.

The optoelectronic components, including a compact Nd:Y AG laser operated in 3¢ harmonic and the re-
ceiver, have been redesigned in order to fulfil the ROV logigtic requirements and to operate in different
scenarios, ether in Antarctic Seas (the mgor task for the Programme), or in the Mediterranean Sea. The
first Antarctic test is foreseen during the XVII misson (2001-2002), when the payload and its vehicle are
planned to participate in scientific activities at the Italian base of TerraNova Bay (BTN). Measurements
aong vertica and horizonta transects will be performed, driving the ROV both from an operationd station
on theice and from a samdl ship. Ground base measurements will be performed at the beginning of the aus-
tra summer time, when the ice-pack covers the whole BTN area and the operationd station can be pos-
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tioned on the ice-pack itsdf, nearby the
base. A tent will be used to assemble
and host master and dave insrumenta-
tion, the ROV and its payloads will be
immersed through a hole on the ice
(Figure 1). After the ice-break in the full
summer season, the ROV will be oper-
aed from a smdl boa (Malippo),
hogting the operating station as well. In
the latter case, the ROV postion will be
known with good accuracy efter inte-
grating the data supplied by a GPS with
aVSBL (Very Short Base Line) acous-
tic Pogtioning System (Figure 2).

Figure 2: Scenario of submarine in-
vestigation by using the lidar fluoro-
sensor payload from a ROV.
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A lidar fluorosensor equipped ROV, operated from a smdl size ship, offers further possihilities of gpplica-
tion in marine ecosystem survelllance, such as ordinary pipeline ingpection or sink search in the case of ship
accidents, when it is necessary to detect releases of oils or other chemica pollutants. Video cameras and
sonar, currently utilised to identify extraneous objects at the sea bottom, are unable to detect seawater
pollution, which can be traced by a submersible lidar fluorosensor gpparatus.

METHODS

Lidar fluorosensors have dready supplied large amounts of red time information on fluorescent targets at
sea (2) and on land (3) for diagnostics purposes. These systems were found especidly suitable for remote
optica observation of phytoplankton and for surface pollution identification. Laser Induced Fluorescence
(LIF) spectra collected by a lidar fluorosensor contain signatures of dispersed impurities, such as crude
oils, CDOM or phytoplankton, which can be easly extracted (4).

The latest versgon of the ship-borne mobile fluorosensor laboratory contains a surface lidar fluorosensor.
An optica window and an externa mirror dlow for transmisson of both the exciting laser beam and the
return LIF signds. The latter, collected by a telescope, after proper spectrd filtering, are passed to gated
photomultipliers (PMTs) detectors and digitally converted by means of charge-integrating ADC modules.
With this gpproach, only integrated Sgnds are collected, thus losing the fluorescence time decay profile and
therefore missing its history and depth distribution. Once the depth digtribution is found to be of interedt,
time integration of dgnas must be avoided. This implies to increase the sysem complexity, by adopting a
range resolved technique based on fast transent recorders for storing the entire fluorescent echo.

In order to test the performances of a range resolved lidar fluorosensor, a new gpparatus has been built
and ingtdled at the oceanographic vessd bottom, looking at the water column under the ship. Tests and
comparisons between the surface integrated lidar and the range resolved prototype, smultaneousy oper-
ated from the same boat, have been carried out during the XV Italian Antarctic Mission (Jan. - Feb. 2000).
Results have been criticaly examined and profitably used to define the lidar payload condraints for opti-
mising the successive planned ROV operation.

The present verson of our lidar fluorosensor is cgpable of angle or dud laser excitation of impurities a the
water surface. In the former excitation scheme, different species characterised by the presence of chromo-
phoric groups (Coloured DOM, dga pigments) can be traced, while operation in the dual excitation
scheme, the so-caled pump-and-probe technique, dlows to directly measure the phytoplankton photo-
synthetic quantum yield (5,1). The latter operation mode will be implemented as well in the range resolved
fluorosensor lidar package for the ROV.

TECHNICAL LAYOUT

Vauable technologica improvements in hardware, optics, dectronics, and acquistion software are i+
volved in the design and redisation of the ROV ingrument, with heavy congraints on ruggedness and reli-
ability. Particular care has been devoted to reduce the weight and size of dl lidar subsystems, to minimise
the power requirements for laser operation and to maximise its therma stability with respect to the extreme
environmentd temperatures (-2°C in the seawater, down to -40°C outside).

The submarine sensor to be developed must be suitable for underwater monitoring up to a 300m depth,
both in the Antarctic Ross sea and in the Mediterranean sea. The CNR-IAN ROV can carry scientific
payloads with a maximum weight of 150 kg (6,7). The power for operating the instruments is supplied
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through an umbilica (500 m long), while an Ethernet connection alows for both remote @ntrol and data
transmission from/to the operating station (ground or ship based).

The totd weight for the lidar package, instrumentation and shelter, should remain within the dlowed limit.
Furthermore, the external size must be confined within the ROV externa structure, in order to reduce pos-
sble damages during the submarine shunting. Therefore, particular care has been devoted to reduce mass
and size for dl the lidar subsystems as well as to keep power requirements for laser operation and elec-
tronics to a minimum. The frame for the lidar payload conssts of a Sainless stedl cage, supporting two tita-
nium cylinders, each with a 300 mm diameter and 1100 mm length (Figure 3). The eectro-optica compo-
nents will be inddled ingde the tubes and two smdl cylinders, 100 mm diameter, will link them. The ther-
ma ingability is a savere problem to be consdered, in view of the extreme environmenta temperature
changes in the Antarctic area, ranging from -2°C, in the seawater, down to -40°C outside and up to 25°C
indde the host tent.

Figure 3: Mechanical frame of thelidar fluorosensor payload for ROV.

The detalled characterigtics of the gpparatus, including the relative weight, are listed in Table 1. A modular
custom designed Nd: Y AG laser will be developed to be ingdled insde the first tube (Figure 4). An internd
auminium cage will hogt the laser and the high voltage power supply, to let them be eadly extractable for
externd service. The estimated power consumption, at laser running, isin the order of 1 kW, therefore two
heat exchangers have been included for temperature control operation. The first one connected to the laser
head, hosted downwards the optica plane, should guarantee proper operation in the Antarctic sea, while
the second one should be used for the same purpose in tropica aress. In order to prevent freezing and
damage to the laser components, the internd water cooling system will be evacuated during hardware
trandfers through the input/exhaust connection of the firg titanium cylinder. The laser source will be
equipped with two BBO crystas and the corresponding emissions will be monitored by two photodiodes
controlling the motor gtabilisation. Internd sensors will be ingdled for monitoring the water temperature
and humidity. An inert gas will be fluxed insde the tubes at high pressure, in order to prevent externd arc
formations. All the sensors signdss, including the high voltage power supply, Q-switch and laser controls will
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be transmitted to the computer through an RS232 interface cable. The second tube will host the
send/receive optics (beam expander and telescope), the PMT detectors and the computer. The laser
beam, through the smal connecting tube, will be expanded and directed horizontdly or either downwards
or upwards by means of an externa assembly containing a large mirror. The LIF Sgnds, after being fil-
tered, will be detected by PMTs at the sdlected wavedengths and stored within four fast trandent digitiser
PC cards. An indugtrid PC hogting PCI/ISA dot cards will control dl the experimental settings, as well as
the acquidtion and temporary data storage.

External heat The desgned totd weight
ﬁchanlgler Tube 1 of the payload, incuding
[ — Power supply the two titanium cylinders,
L aser HV “:Xe;p]:'n g:rat ( o the intend and externd
asinlet frames and the connectors,
is about 90 kg, thus
v Tube 2 reaching 130 kg once the
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Figure 4. Schematic lay-
out of thelidar payload.

Tablel: Main characteristics of thelidar fluorosensor componentsto beinstalled in

the ROV payload

Transmit- | Nd:YAG laser @ 355 nm Weight /kg
ter
Pump | Energy 30mJ
Probe | Energy 3mJ
Pulse length 10ns
Ppr 10 Hz 20
Expander | Vaiade 3X
Detectors Hamamatsu PMT R-1924 (2), R-1925 (2) 5
Filters Dichroic T>90% (@ 400 nm)
Interferential 402, 450, 650, 680 nm
Telescope | Cassegrain 23 cm dia. F#2 5
Fiber Optic| Plagic Multifiber Four Branches
Bundle Diameter Input 24.5 mm, Output 7 mm
Length 50 cm
Digitizer Sgnatec ISA/PCI 500 M¢/s, 8 bit
Computer | Axiom AX6050DWP | Passive Backplane 6
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PERSPECTIVE

The submarine lidar fluorosensor under development has been designed to remotely monitor range resolved
seawater and biologica parameters. A typicd lidar echo, obtained by the ENEA range resolved system
during the XV Antarctic campaign, isshownin

, together with the theoretica curve obtained by fitting experimenta data with a theoreticd expression for
lider signdl (8) and for atotal extinction coefficient (ky=2.8402 m* at 450 nm). Details on the theoretical
gpproach and experimenta apparatus used can be found in the paper “Range resolved lidar fluorosensor
for marine investigation”, in thisissue. At this wavelength, peculiar to the visible component of CDOM and
of heavy crude oils emissions, the maximum depth range is down to 30 m. Due to the seawater opticd
properties, a much smdler range (about 10 m) can be investigated for the chlorophyll channd a 680 nm.
The proposed ROV system, dthough with alimited operating range on the different channels (10-30m) will
be able to investigate accurately a horizontal transect at different depths (down to 300m) and to examine
selected sections in vertical columns. For the latter, time series can be planned at the same location in order
to study seasond and daily phytoplankton Stratifications.
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Figure 5: A typical range re-
solved LIF signal as meas-
ured by the ENEA apparatus
ingtalled at the ship bottom
during the XV Italian Antarc-
tic Expedition in Antarctic
Ross sea, Date UTC: 21:30
———7—7——————  02/02/2000.
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A semi-andytic Monte Carlo radiative transfer model has been deveoped, introducing the main optica
interactions relevant to the LI1F technique, and will be used both to optimise the send/receive optica char-
acterigtics of the lidar fluorosensor and to eva uate the effects of dissolved or dispersed seawater constitu-
ents (9).

CONCLUSIONS

The project of dua mode fluorosensor lidar to be operated from a ROV payload is a quite an advanced
dage. Prdiminary tests on range resolved measurements have been successful. Data andyss, currently
ongoing, will dlow to properly sze the eectro-opticad components for the satisfactory collection of data
relevant to Antarctic phytoplankton digtribution in the Ross Sea.
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