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1. INTRODUCTION

Argo uses autonomous, vertically-profiling neuydluoyant floats to collect (primarily) temperatuned
salinity data from the uppermost 2000m of the osearhe horizontal movement of the floats alsovedlo
subsurface and (to a letter extent) surface cusramtbe estimated. The continued improvement and
evolution of float technology is crucial for thecsess of the international Argo project. This psscef
technology improvement and innovation is also are¢aspect of the Euro-Argo infrastructure.

In this report, we review the status of presentHli@gt technology and consider its likely evolutioner

the coming years in respect of float design, Ifetj cost, new sensors, improved telecommunicagtns
Float manufacturers and their products are firstlyaed and the competitiveness of European prawider
assessed. New and emerging requirements for imgrcaabilities and performances (communications,
lifetime) in particular for marginal seas and amufial or improved sensors (e.g2,8ea ice, density, sea
surface temperature and sea surface salinity, iicad, plankton), are also detailed. Bio-geochenand
bio-optical sensors are currently under developm@otnbining such sensors with the mature profiling
float technology should allow us, in particular, address requirements coming from new research
communities (e.g. biogeochemical, optical and oaedour, carbon cycle, ecosystem, fishery). Trafie-o
between additional costs, increased complexity dedelopment of the user community need to be
analyzed.

The floats being used in Argo and Euro-Argo hawartiorigins in technologies developed during the
1990s in programmes such as the World Ocean CironlaExperiement (WOCE) which used
Autonomous Lagrangian Circulation Explorers (ALACHQats (Davis et al, 1992) and their later
profiling derivatives (P-ALACE) floats (Davis ande@k, 2001). These later became the APEX float
manufactured by Webb Research Corp (a divisiorhef Teledyne Corp) in the USA. In Europe the
MARVOR float (Ollitrault et al 1994) used in progscsuch as SAMBA, ARCANE (Speer et al 1997) and
Eurofloat (Bower et al, 2002) evolved into the presPROVOR and ARVOR profiling derivatives
manufactured by NKE. A further float design, thOL® was designed by the Scripps Institution of
Oceanography in the USA but since it is not useuro-Argo it will not be described here. A detiva

of SOLO, the Nemo float, is manufactured in Germaypyptimare.

The basic operating cycle as recommended by tleeniational Argo Scientific Steeering Group is for
floats to spend most of their submerged life gbaking” depth of 1000m and, during the profilingage,

to first descent to 2000m and to then profile dgitime ascent to the surface. After transmittirgggtofile
data and having the float position determined hglie communication the floats return to the pagk
depth. The recommended time for repeating a camplecle is 10 days. These parameters (cycle time,
parking depth and profile depth) are sometimes fremtio suit the area in which the measurements are
being made (e.g. in the Mediterranean sea a shaléolvdepth and 5 day cycle time). In all floatdels

the ascent and descent are initiated and contreitedrby pumping fluid between a reservoir inside the
float's pressure case and an external bladdely didplacing fluid to or from an external bladdgrroean

of a piston, thus changing the float's volume wiliitemass remains constant. All floats are powéned
batteries.

The breakdown of float types being used in the wludlthe international Argo programme and the Euro-
Argo component in February 2010 is as follows :-

Apex Provor/Arvor| SOLO Nemo Other Total
Argo 2176 (68%) | 149 (5%) 823 (25%) 37 (1%) 13 3198
Euro-Argo | 320 (65%) 137 (28%) 0 (0%) 37 (7%) 494




turo

@ Del. n°4.2.1

2. TECHNICAL DESCRIPTION OF FLOAT TYPES

2.1. PROVOR and its derivatives

PROVOR has been designed by IFREMER from its eadli@RVOR float, and is manufactured by its
industrial partnership NKEMyw.NKE.coh PROVOR carries Sea Bird type 41CP CTD sensohasdn
important volume variation capacity. It can be used wide range of density gradient and can be
launched from any vessel at low speed using onbpa and from a high speed vessel (20 knots tebted)
using release kit and launching crate. Based aselfdallasting features, PROVOR is fantail reaabjle

to be launched in all seas by removing a magnedsidgin parameters can be modified by user before
launching. During the first descent data are aegliin order to enable comparison with CTD cast
(Conductivity Temperature Depth). Data are tran@dithrough Argos satellite system. PROVOR can
complete more than the nominal four-year Argo missusing lithium batteries (more than 250 profaes
2000m depth, CTD pumping continuously, transmittid@ CTD averaged levels). A model exists which
carries alkaline batteries (150 cycles). PROVOR gatform dedicated to carry various extra senliaes
PROVOR_DO: dissolved oxygen, PROVOR_A: Sofar atoysitioning during drift, PROVBIO:
optical irradiance and transmittance (with Iriditetlemetry).

2.2. ARVOR

The ARVOR float has been designed by Ifremer, biggian important know how in float activities and
well qualified subassemblies. The purpose of thigetbpment was to get an optimised and speciit fl
for Argo application: CTD measurements, lightergii(20 kg), cheaper than Provor. NKE has achieved
its industrial design. Argos telemetry is useddbiect data and localize ARVOR when surfacing, and
Iridium satellite communication option has becomailable in 2009, allowing high resolution profiles
ARVOR floats carry Sea Bird type 41CP CTD sensar @an perform up to 250 profiles from 2000
meters depth to the surface, with CTD pumping cwausly and transmitting 110 CTD averaged levels.
A profile is achieved during the first descentdomparison with a CTD cast. ARVOR float is self-
ballasted allowing operation in a wide range ofsignconditions and gradients. Ballasting operation
not required. ARVORcan be dunched by non-specialist crews, using a magr&atothe mission.
Wireless connectivity using Bluetooth eases missimmfiguration and testing before deployment.

2.3. APEX

The present APEX design is an evolution from thdiexaALACE and PALACE designed in the 1990s.
Based on the same 6.5 inch (16.5cm) diameter aluminull as its predecessors, APEX is rated to 2000
db operating depth and each float has a nominas wia26 kg. Virtually all APEX floats carry Sear8i
type 41 CTD sensor. (Floats using Iridium commatian technology allowing higher vertical resolutio
use the type 41CP sensor). These are mounted oof tthg instrument and make measurements only
during the ascent phase ascent.

The functioning of the APEX float is governed bgantroller that has been modified during the life o
Argo to improve float performance and to eliminpteblems as they have been revealed by extensave us
and by detailed analysis of the data.

The standard maximum volume displacement of thev(superceded) 180ml and the present day 260ml
floats does not allow floats to surface from 200@nocean areas with very low surface densitiestdue
high temperatures and low salinities (for instancdahe Bay of Bengal). In such cases an optional
compressee (based on a gas spring) can be fittdREX floats can be specified to operate in either
isobaric (pressure-following) or isopycnal (dendaitfowing) modes.
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APEX with Argos telemetry can complete the nomiioalr-year (approx 140 profiles Argo mission using
alkaline batteries. In order to extend float Keveral APEX float oparators have equipped floath w
lithium batteries. Starting in 2010, WRC factongtialled lithium primary batteries will be availabl

Floats are delivered to users ready to deploy amdbe launched by non-specialist crews with minimal
training. A user interface (20 mA loop with progd converter to RS232) enables easy testing or re-
programming of floats when needed. APEX floats hasen successfully deployed from aircraft.

APEX floats have been adapted for measuring vasabther than temperature and salinity. The number
of APEX floats operating in Feb 2010 include dissdl oxygen (180 floats), (Kortzinger et al, 2005)
fluorescence (10 floats) (Johnson et al 2009). JARBats have also been used to carry acoustic rain
gauges (Riser et al 2008) and to measure currezdrsprofiles (Sanford et al, 2007). A further
modification to APEX floats allows them to collelsigh-resolution temperature profiles of the upper
oceans.

By early 2010 approximately 5000 APEX floats hadrbdelivered to 20 nations.

2.4. NEMO:

OPTIMARE (www.optimare.dghas developed the Navigating European Marine @bs¢NEMO) Float
for Argo. The NEMO design is based the Scrippsititsdn of Oceanography SOLO float, the design of
which is openly available for manufacture by otparties. Like other floats NEMO ascends from a kdept
of up to 2000 meters in regular intervals to thdazie and transmits the collected data via the &\rgo
satellite system. The NEMO-Float has been partibulmproved to allow the deployment under ice,
positioning through GPS and RAFQOS, as well asrhegration of new sensors (nitrate, oxygen,...) and
telemetries. Data transfer to a land-base is availda satellite communication.

3. SENSORS

3.1. CTD

3.1.1. Measurement accuracy

Existing technology

Provor floats are fitted with Sea-bird SBE41CP AREX floats with the SBE41 CTD sensors
(http://www.seabird.com/products/profilers.HtnSea water is pumped through the SBE41 at sofaté
ml/sec for 2.5 seconds during which the measuresr@nt, C and P are made. The SBE 41CP(continuous
profiling) is pumped at a rate of 30 ml/sec flowntinuously during the profile. The specificatiar both
SBE41 and SBE41CP are:

Pressure salinity temperature
range 2000 dBar 0-40 PSU -5°c at +35°C
Initial accuracy +/- 1 dBar 3 mPSU +/-2m°C
resolution 0.1 dbar 1mPSU 1 m°C
Observed stability <bdbar / 5 year 10 mPSU/5year |2m°C/5year

On all floats the CTD sensor unit is placed atttpeof the float and is controlled by the main Céfiihe
float.

The CTD is used :

to get pressure measurements for controlling fhediaviour, using specific "fast pressure” command.
consumes approx. 100 milliwatts.
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to get triplets (Pressure, temperature and saliminly for ascent, but also for descent and dift
parking depth. It consumes approx 300mWw.

In all cases the pumping of the CTD sensor is wigfébetween 0 and 10m (adjustable) before that flo
reaches the surface. This is to avoid contamingod hence degradation) of the sensor by polisitan
the sea surface.

Since Argo floats are not designed to be recovatdide end of their mission, calibration of the
conductivity (salinity) sensors is achieved by cangpn of salinity data with recent ship-based
measurements and by comparisons between nearly. flohe method is adopted by all float operators
and is documented by Owens and Wong, 2009, arlddkapt under constant review by the Argo Data
Management Team and the Argo Steering Team.

The measurement of salinity is fundamentally depahdn the accuracy of the pressure and temperature
measurements. Pressure offsets in all float madaishe adjusted by measuring atmospheric pressure
when the float is at the surface. Temperature oreasents have to be assumed to adhere to the
manufacturer’s or float operator’s pre-deploymealitzation.

A small number of floats have been recovered ivforking order and have allowed the sensors to be
recalibrated. A report documenting the sensotgifdr 3 Apex floats over periods between 2 and 2.5
years (Oka, 2005) showed salinity drifts in theger0.0074 and -0.0125. Temperatures showed sffset
of between 1 and 1.5 °Cxfand pressures between 1 and 6db.

In 2009, pressure sensor (Druck manufacturer csnlractor of SBE) has been affected by a serious
failings. The pressure sensor “microleaks” probleduces a negative drift of the pressure sensads. Th
pathology in Druck pressure sensors induces miaksl@ast the glass/metal seal. This oil leak |tads
internal volume loss, which then exhibits itselfaasincreasing negative offset at all pressureis Th
problem has led to stop float deployments in 200@ the problem was resolved. Seabird has replace
failing sensors, some of them by Druck sensorshthaee passed screen tests, most of them by neleKist
pressure sensors.

In a PROVOR and ARVOR float (with Argos telemetrtf)e reset-offset function of the SBE sensor is
used to reset the pressure sensor to 0 beforedéacThe surface pressure value is thus a pressurd offse
relative to the previous profile. Any drift in tipeessure sensor is thus taken into account for theth
vertical positioning and the salinity estimate fridme conductivity measurements. Truncated surface
pressure values were then transmitted with a 1 aisadution , which was inadequate to detect aift; dr
The resolution of the pressure offset has beenfieddio 1cBar in 2009.

First generation of APEX floats are equipped withAPF8 controller that transmits positive values
(when a negative surface pressure is measuredyiricated to 0). APEX floats equipped with an
APF8 controller also transmit positive values witdbar added. When the control was performed, the
5 dbar was removed in the technical files of the@is DAC. The new APEX floats equipped with
an APF9 controller transmit positive and negatiwdage pressure without adding 5 dbar. The
microleak problem can only be seen on recent fleatspped with the new APF9 controller.

Improvements-evolutions trends

At the first Euro-Argo users group (June 2008) ¢heas interest in developing floats that would fedb
greater depths (3000m was mentioned). The majdtaliibns on such a development are a) pressure case
strength b) energy considerations c) sensor stahitid accuracy.

To achieve depth capability greater than 2000 dBBE has proposed a titanium pump impeller housing,
rather than plastic. This part is the same as ase®BE 49 FastCAT (adds about 255 grams to the
weight).

At the end of 2008, the new SBE 41CP has beenladei It consumes less than 180 milliwatts (agains
300 mW today)
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Other CTD sensors have been tested in the pastlfESits sensitivity to environment and its dnfji
caused by biofouling made us renounce to this @olgy. An alternative way could be the development
of an optical density sensor which has startedith#008.

3.1.2. CTD acquisition

a) Provor measurements and sampling method

During descentif enabled by the user, measurements are doreaftexr sinking detection (typical
threshold 8 dbars). The CTD pump is then runningtinoously until parking depth is reached. During
ascent measurements are made from leaving start prpfiesssure until surface. The CTD pump is
running continuously until 5 dbar is reached, awa@do pump any dirty film at sea surface. The main
CPU picks PTS samples every 10s, while the CTDveedione sample every 2s.

At first descent, measurements are always donéliagaCTD on ship comparison.

At parking depththe CTD pump is put on every time a measurengeptagrammed (min 1 hour).

Power consideration:

A profile from 2000m to surface spends 6.5 KJ ,rapp30% of the total power consumption of the floa

b) Provor data reduction

The profile is composed of 2 area named bottom anebsurface area. Each of them is split into slice
enabling the user to program the number of tratsmgipoints. PTS samples acquired into each sliee a
averaged in order to reduce amount of data to rménghe result is a triplet approximately adjustad
mean pressure of the slice. On floats fitted wiidlium transmission, standard deviation is alsapssed.

Improvements-evolutions trends

- On ARVOR float, if enabled by user, "economicaimpling method can be chosen. Instead of
maintaining CTD pump always on, acquisition maydo@e by "spot sampling": the pump is only
"on" around programmed pressure +/- 1 meter, inrthédle of each slice. The "high speed"
measurements (one every 2 second) are averagdisdheters area, then the pump is put off until
next slice. This can be applied to bottom area.ti@nother hand, pumping on in surface area is
maintained to minimize thermal mass errors in thadactivity cell, which can be large in the
thermocline. Like that, power is hugely conservetl:KJ instead of 6.5 KJ for default scheme.
approx. 25% of the number of cycles can be saved.

- Arvor floats and Apex floats can be used witkdikm/GPS communications allowing high-resolution
(2db) sampling throughout the profiling range. Andul50 such Apex floats are active in February
2010. The majority of these are operated by thévadsity of Washington, USA with a smaller
number by the Australian Argo project. In 2010, & floats are operated by Ifremer and 2 by OGS
(Istituto Nazionale di Oceanografia e di Geofisg@erimentale) in Italy for Mediterranean EuroArgo
contribution.

- Arecent development initiated by the UK allowgeX floats to make detailed near-surface profifes o
temperature that are of value in allowing Argo datde used in the study of surface mixing. The
floats do this by continuing to sample temperatfter the CTD pump has been switched off. This
float's firmware contains the Near Surface Monmagrifeature. At depth greater than 20 dbar, PTS
samples are taken as in the normal depth table2Q&bar, 15 dbar, 10 dbar and 5 dbar cross-
calibration samples are collected which consistiafion-pumped PT immediately followed by a
pumped PTS. At depths less than 5 dbar, 12 norppdrRT samples are taken at 6 seconds intervals.
This time duration allows for sampling up to andliding the surface. The near surface sampling
option requires only one extra Argos message aadhbaignificant power implications.

- In a similar way, in 2010, Ifremer has developpieel Near Surface Measurement feature to the Arvor
by adding one extra surface layer. Now, data {(nanus sampled during profile) are averaged into
three kinds of slices instead of two earlier. Thaface layer (typically 10m to Om) can be
programmed into 10 slices of 1m thickness and thieoff pressure of the CTD pump can be
programmed. This cut off pressure is taken intaant in order to flag TS samples which are not
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pumped samples. This feature has been tested lhh@®Arvor operated by Ifremer in Mediterranean
Sea.

3.2. Dissolved oxygen

The measurement of dissolved oxygen from profifiogts adds greatly to our understanding of
both physical and biogeochemical process and thas lbeen the focus of considerable
technological development effort. To date 291 tBoearrying dissolved oxygen sensors have
been deployed of which 191 remain active. Mosthese are in the Pacific, but a few are in the
Southern Ocean and the tropical and subpolar Atlant

Sensor types:two different sensor types are used today on Alamis, Seabird electrochemical
sensor and Aanderaa Optode 3830. Each of theggdmand cons; while for response times and
initial accuracy the Seabird sensors are thougletsuperior, it is the long-term stability, the
ability to measure in low £concentrations, and the robustness against biafpthat speaks for
the Optode.

Accuracy considerations: Probably the most demanding,-@ccuracy requirements are for
climate related issues like the evolution of theasic oxygen minimum zones (OMZ). It will be
one of the challenges to quantitatively resolve dhanges in the OMZ’s and both existing O
sensors have to be improved for long term stabititpe constant, calibration etc., and some
efforts are undertaken in that respect. For exampleew version of the Optode with more
exposed temperature sensor (Mk II) will likely reduthe mismatch of the optical and
temperature measurements in the Optode (Betaaestsinning).

Calibration issues: The Aanderaa Optode 3830 is used on various ptasfomcluding moored
fixed level instruments, moored profilers, autonomogliders, and profiling floats. The
instrument specifications claim long-term stabibfymeasurements (more than one year) without
recalibration. However, our comparisons with CTDaswements show that the factory settings
require an instrument-specific calibration to dgtishe accuracy needs to measure
oceanographically relevant signals. A sufficieng-gdeployment calibration is therefore of great
importance. Two possible ways are under considaerakirst, factory calibrations with improved
accuracy are underway in collaboration between faatwrer and the Bjerknes Centre (Bergen),
and these will be evaluated soon. Second, an unesiibration of the Optode is presently under
investigation — with convincing results. Commemtdividual near-by CTD® profiles are not
sufficient for e.g. OMZ studies.

O,-Float lifetime: Generally the lifetime of a profiling float is recked by a significant fraction
when Q sensors are implemented. It is too early to juddether Q sensors are reliable for
durations extending to the approximately 3-yeaatfldfetime of any of the @sensor models;
however, T,S sensors are used beyond that durdtterefore, it must be investigated whether
total float life time should be extended by the o$d.ithium Batteries to assure that the Argo
requirements could be fulfilled.

Sensor position on floats (on top of float?)O, sensors are mounted at different locations
floats; e.g. on top of APEX float, but at lower eai PROVOR float. However, it has been
shown, that Optodes can measure in moist air, amfhce measurements may be used for
calibration purposes. Thus a careful evaluatiosesfsor position for both, electrochemical and
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optical sensors is necessary, and also necessdhe ifurther evaluation of the potential for
barometric pressure measurements from floats fggerx sensor calibration purposes.

Long-Term stability and Quality Control (delayed mode): Compared to the effort with the
salinity quality control (delayed mode QC) the@QC is in its infancy; one of the problems is the
availability of reliable historical oxygen data. tde Euro Argo should encourage the research
community to timely make their measurements avkilab

In parallel efforts should and will be undertakenvestigate the long term stability of available
sensors on other platforms; e.g. moored statiolderg, moored CTD@profilers — this will
allow detailed long term (2 years at minimum) irtigestions of sensor behavior and post
deployment calibrations.

3.2.1. Dissolved oxygen

Provor - Existing technology on PROVORDO: 3830 Aarad optode

e The absolute sensor accuracy is today it is £5 #8qtM (whichever is greater). Factory

settings and calibration is sometimes erroneous.

¢ 90 % response time is today around 40 s, thabisnach.
The position on the float is not ideal (lower emghcwhen profiling on the ascent
and atmospheric measurements are not possible thbdivat is “parked” at the
surface. It could also be a difficulty to compareasurements with CTD, eg. in
presence of high temperature gradients .
Measurement is done every CTD sample (10s). Thedeps switched on during
2s, and off 8s. Extra power for optode lead to uaores~8% of total float energy, so
lifetime capabilities of Provor float could be mi@imed beyond 3 years.
The cost of an optode is around 4000€.

Tem

Improvements-evolutions trends

There are aspects of existing technology which si¢ethe addressed before it can bé
mass deployed in open ocean studies. The objeaifibe manufacturer are to reach
the following specifications:

* Absolute sensor accuracy of £1 % or £2 uM (whiares greater

* 90 % response time of less than 15 s.

» faster T sensor for temperature compensation willbaced in the proximity of

the foll
» the response time of the foil should be improved.
* Improve its calibration procedure.

The position of the optode seems to be betterisfatose to the CTD. In this case, the raw data of
the oxygen could be combined to CTD temperaturesnreanent, which is faster. The interest of
this aspect should be confirmed. This will have semuences on transmission: more data to
transmit.

Dissolved oxygen on Apex floats

The performance of oxygen sensors on Apex floassbie@n described by Kortzinger et al 2008.
Much of the development work has been carried gubteve Riser, University of Washington
who has deployed floats fitted with both Aandergadde and SBE sensors. This results have
not yet been reported in the peer-reviewed liteeatu
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3.3. Ice sensing

Initially Argo was intended to observe the deepfiee ocean in real time. However, during
recent years, the ice-resilience of Argo floats hasn increased. Today four different types of
ice compatible floats are in use:
Two commercial float types

1.) NEMO (by Optimare Sensorsysteme AG, Bremerha@enmany)

2.) APEX (by Webb Research Corporation, East Fatmduassachusetts, USA)
and two non-commercial float types manufactured at,

3.) University of Washington, USA (Steven Risand

4.) Hole Oceanographic Institution, USA (Peten¥dr).

NEMO Float:
So far, NEMO floats are ice compatible within iretBouthern Ocean only. Ice compatibility is
achieved by NEMO floats through three modules.

1) Ice Sensing Algorithm (ISA)

The algorithm aborts the float’s ascent to thes@éce when ice is expected at the surface. ISA
improved float endurance in ice-covered seas sagmfly from less than 40% to 80% percent. In
particular, 70% (7 of 10 floats) of the 2003 getheraof ISA equipped floats have now reached
their 6th summer season, exceeding the 5-year ander design criterion as originally
established for ice-free oceans. This increasedirande is most likely due to the saving of
energy when floats avoid data transmission dutiiegde covered periods.

2) Interim Storage (iStore)

With some areas being ice covered for significantqals of time, substantial numbers of profiles
will be aborted and thus not transmitted immedyatalthough these profiles had been measured
by the float. Hence, it is desirable to save thiega until they can safely be transmitted at a late
date. To overcome these difficulties NEMO-floats able to facilitate the interim storage of
ISA-aborted profiles. The data of the aborted fpesfare transmitted during the subsequent
summer season when ice coverage — and hence mglredge — is minimal, even when extended
surface periods are needed to transmit the lagerwblume.

3) Subsurface RAFOS navigation

To optimally utilize interim stored profiles, thegfile/float location (under the sea ice) must be
known to an acceptable level of accuracy. Use afelr time measurements of frequency
modulated underwater sound signals allows retrds@etracking of floats by means of the
RAFOS (Ranging And Fixing Of Sound) technology with accuracy of a few kilometers. A
RAFOS array for subsurface positioning of Argo-tlbavas installed within the Weddell Sea
during the past years, consisting of a set of 1@new sound sources. First results prove the
usefulness of RAFOS positioning even under sea-ice.

Descriptions of ice related features of the othmatf types mentions above have been requested
and will be included in future report (pending aahility).

Underwater Rafos navigation on Provor

The Provor can be fitted with an acoustic Rafo®ikexr. This technology have been used on
Marvor floats in the nineties. It has been impletedron 3 Provor profilers (called Provor-A) in
2006 and tested at sea. However, floats fitted atibustic positioning are intended to stay for a
long while at parking depth: they don’t respondthe 10 day's cycle specification of an Argo
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float.

3.4. Biogeochemical

Measurements of biogeochemical parameters was maleoceanographic vessels in the past.
With the coming of new small sensors with relavdbw power requirements, new
measurements are possible on floats.

"ProvCarbon" float have a Wetlabs transmissomeROUZER (carbon-related properties) and
an oxygen sensor (Aanderaa optode).

"ProvBio" float is equiped with Wetlabs and S-Atigs sensors: a transmissometer, a
radiometer (3 wavelenghts), an ECO3 (fluoresce@OM, backscattering). These floats can
performed 3 cycles per day. They use Iridium comication to transmit more data in less time
and programming of the mission can be modified dymink capability.

In 2001 a WetLabs precision fluorometer (design&ke8S) was integrated to an APEX float as
part of a NASA-funded effort, by University of Wasgton, University of Maine and Oregon
State University. Ongoing development since thas led to multiple deployments of WetLabs
combined fluorometer and turbidity sensors (deseph&LNTU and recently FLBB) usually in
combination with dissolved oxygen and CTD measurdgme Other optical sensors carried by
APEX floats include WetLabs CROVER transmissomatet SeaPoint turbidity sensor.

Improvements-evolutions trends

The demand for nutrient measurements is growingatéi measurement should be implemented
in 2010 on Provor, using new MBARI/S-Atlantic SUNgensor. Trade-off between power
availability and amount of data collected shoudbalysed.

3.5. Acoustic sensors

A detailed discussion on issues and requiremeniscioustic sensors is given in Annex 1.

4. SATELLITE COMMUNICATION

a) Argos transmitted data on Provor

Data collected in float memory are gathered intgo&rmessages whose filling are optimised by
absolute/ relative coding. Subsequent tripletsesmond to alternating data points in the profile
(for example, measurement numbers 1, 3, 5, 7). Interleaving data points are sent in another
message. This technique minimizes the impact ofabe of any one data message.
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To improve the probability of reception, data aransmitted several times. The number of
repetitions depends upon the quantity of data terdresmitted, the transmission period and the
programmed minimum transmission duration. Messagesent in a random sequence in order to
minimize the risk of accidental synchronizationome message with some form of transmission

interference.
A "cyclic redundancy check" code (16 bits CRC CQITS$ added at the beginning of each

message to make the transmission safer.

A technical message is generated which containg/ mmdormations to monitor the float motion.
These one are used to make up more precise tnagsctd floats.

Performance of transmission: for a typical 10 daygo cycle (1000 dbars drifting, 2000m
profile, 200m surface/ bottom pressure threshdlddlars thickness for surface slices, 25 dbars
for bottom slices), 112 PTS triplets are generatapprox 17 Argos messages, 6 hours
transmission duration.

Argos2
Energy budget: 6h transmission durati®n4.75 KJ

transmission costs
15€ monthly fee + 2.25€ / 6 hours slice of trarssioin (CLS Argos 2008 rate).
—> for 3 profiles / month: 15€ + 3* (2.25€+2.25€)=2& month.

The pros and cons of Argos are well known: glolmletage, low modem/ antennas cost for the
first, non permanent random access and poor dtga for the second.

Improvements-evolutions trends

Argos3 will give higher data rate, predictable &mblof satellite visibility for mobile,
acknowledgement transmission, downlink capabilitlescalisation of float will have the same
performance of Argos2, If accurate fixing is need8®S should be added and the antenna issue

should be resolved.

Argos3 performances (to be confirmed):
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Energy budget: 10mn transmission duration, 2W np@amer assumption, (1 Metop passiig)
1.2 KJ

transmission costs:

15€ monthly fee + 3€ / 6 hours slice of transnaisgICLS Argos 2008 rate).

Approx 1Kbyte / profile

for 3 profiles / month: 15€ + 3 *3€= 24€/ month,

- 1 profile: 8€ / 1 Kbyte

b) Iridium satellite on Provor

Iridium transmission has been successfully expeartete on "multisensors” Provor, using short
burst data (SBD) method. It has been used becau#s higher capability then Argos2, to
transmit a lot of data. The pros of this system global and permanent coverage, good data
transfer rate, simple and fast data access (enda¥ynlink. The cons are modem and antenna
costs, the poor capability of fixing (GPS is recoemued).

Iridium transmission duration: a few minutes

Iridium transmission costs

15US$ monthly fee + 1$/Kbyte (approx.)

for 3 profiles / month: 15% + 3% = 18% / month (~€)2
- 1 profile: 4€ / 1Kbyte

Improvements-evolutions trends

For Argo applications, using Iridium will reduceaging at surface when transmitting data. This
feature is very interesting in marginal seas bpyileg beaching , so increasing lifetime of the
float. More, remote control is possible with doiwmil

Iridium could be a solution for higher amount ofadransmission, increasing profile resolution.

Power budget:

power is saved, compared to Argos2 :

Argos2: 6h transmission duratieh 4.75 KJ

Iridium: 3mn transmission duration (280mA modem mearrent)> 0.5 KJ

Remote control permits to the user to optimisentiigsion of the float by modifying parameters
such parking or profile depth, measurement sampling/hen designing this function, focus has
to be placed on security in order to be sure thatrnands sent to floats will be not corrupted.

b) Argos data transmission from APEXfloats
ARGOS telemetry is the standard for APEX floatsPEX carries a Cobham (formerly Seimac)
transmitter with nominal 1 Watt RF output.

Improvements-evolutions trends

Use of Iridium telemetry (combined with GPS) isreasingly common, based on Motorola 9522
modem. This enables high resolution bin-averagé® Gampling, as well as greatly reduced
surface time and optional use of bidirectionalited&ry to revise float operating parameters.

Development of optional Iridium Short Burst DatdB(3 feature is planned for 2010.
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5. FLOAT TECHNOLOGY

5.1. Float motion

The determination of subsurface velocities from tmevement of the Argo floats is a
fundamental objective of Argo and of Euro-Argo. TAeo cycle scheme is first, descent to
parking depth and drift there, until time to dedctn profile depth, and then rise to surface.
Since, apart from floats that are tracked by RAF@®S, floats are only positioned when at the
surface there are some inherent uncertaintiesiestimation of the subsurface velocities.

These uncertainties are

a) the float displacement during the ascent andesh¢phases and

b) the determination from the ARGOS position fixéshe exact times and locations at which the
float reaches the surface and starts its descent.

These positions have to be extrapolated from tha delayed by Argos. The method is
fundamentally similar for all Argos-tracked flogpes and has been described in detail for APEX
floats by Park et al (2004).

They concluded that the calculation of the surfg@nd submerging positions could be done to
an accuracy of order 1km and that this was depénolergeographical location (frequency of

ARGOS fixes and shear between parking depth anduhiace. (It should be noted that the
global subsurface velocity Argo product YoMaHa'@&cdribed by Lebedev et al. 2007, does not
have these corrections applied).
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(a) Schematic diagram of depth vs time for a floatle. (c) The time of the first and last fix for
each cycle, mapped back to the first cycle by sgbirg the float cycle period. (b) The times
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from (c) have been mapped around the initial dsgethat the reference time can be calculated.
The units are Julian day (starting on 1 Jan 199Bjom Park et al 2004)

The following is a detailed description of the isswf position location for Provor floats. The
Provor float is fitted with a high hydraulic pressypump for ascent and electrovalve for descent.
Depth resolution of a few meters are achieved 30@2000m gap. Descent speed is around 3.5
cm/s and ascent speed is accurately controllecbab®s +/- 0.5 cms.

Grounding behaviour: e o s fo et
2 options after grounded, depending on
whether you want to stay there waiting for
ascent time or you want the float to escape and
carry on with drifting.

One cycle every n cycle, the profile depth can
be programmed different for CTD calibration
at 2000m for exemple.

Provor Improvements-evolutions trends

« When descending, the time to reach the parkinghdapd then the profile depth could be
shortened by controlling descent speed . Insteddsbihg more than 15 hours to go to
2000m depth, the descent could last the same hiare dscent (~6 hours). This could be
useful to improve depth trajectories knowledge.sThmprovement has been already
studied in the past, but not implemented (softwarefloat.

« One way to optimise hydraulic engine could be bypting a secondary pump at surface
to achieve emergence needed to transmission. Tthdsyoperation costs 9W power,
which could be reduce by 10. This could lead téolfdore cycles. This improvement
needs a consequent design work.

» Higher pressure operation: there should be manyadtspon the design. First, the
thickness of the hydraulic end cap should be chickecond, flow should be reduce to
maintain power acceptable (or increased if highewgr and higher flow is needed),
according to batteries capabilities. May be, theacéy of the pump should be lower than
today. This improvement needs a consequent desigk w

5.2. Batteries

Provor uses Lithium batteries which has high cdpadiigh current capabilities, low auto-
discharge, high reliability, high price (~5% ofdbfloat cost). They are designed to supply the
float to perform up to 250 cycles at 2000m, cordumly pumping during profile and transmitting
110 CTD points to the satellite.

Improvements-evolutions trends

Higher capacities batteries exists (18 A.h inst@ati3) and are available in the same volume, but
with lower current discharge. These technology @du used for lower depth operation (eg

coastal floats) or coupled to "super capacitors"atsorb peak current needed by engine
(increasing price).
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On the other hand, alkaline batteries could learktluce costs and simplify shipping rules (but
reducing also performances).

Apex floats delivered from the manufacturer at pneésare only supplied with Mn-Alkali
batteries. These are designed to provide sufti@aergy for the floats to perform a 4-year (140
cycle) mission to 2000m.

Improvements-evolutions trends

Increasingly float operators have opted to fitilith batteries to increase float life and thus
provide a greater margin of error. Starting in @OYRC will supply floats fitted with lithum
batteries.

5.3. Performance/lifetime

Lifetime of the float is determined on one hand,hHoyv the mission is programmed by the user
(it depends especially on the depth and the qyaottitiata to transmit), on the other hand by the
available power embedded in the float. These featbave to match the expected lifetime of the
sensors to provide good data (i.e. it is not sémgib have a float that continues to ascend and
descent and yet does not provide useable profil@).d8ome data about this drift shows that
lifetime float, initially specified for 3 years, moleads to more than 4 years.

» Energy assessment.
Provor-CTS3 energy budget is calculated to rea€hc36les at 2000m depth, 10 days cycle, 112
CTD data per profile, with 6 hours Argos transnossiluration.
The Arvor, using less power than Provor, is abldd 250 cycles at 2000m.
As stated earlier in thios report the battery tfea standard (alkaline battery) Apex float is 140
cycles to 2000m.

* Results at sea.
Today, some of Provor CTS3 have been cycling forentban 3 years. Those from JMA (Japan,
5 days cycles) have gone beyond 210 cycles at 2@@pth. The 2 first CTS3 floats deployed by
Coriolis are cycling since 2005. To day, they dilesy/cling and have made 113 cycles at 2000m
depth (10 days period).

The following charts show the age distributions terms of number of profiles performed) for
the present active global array (green) and fosehtoats that are now inactive - floats that have
failed for any reason (red). The graphs (for Apad Provor floats) make no distinction between
mission parameters (depth of profiling or parkirggpith) but do standardise to a 10 day cycle (e.g
a float that has made 100 20-day cycles is reptedeas having made 50 10-day cycles. The
charts do not distinguish between battery typea(ade or lithium).
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Floats Age Distribution Floats Age Distribution

Apex float age distribution Provor float agetdisution
Both graphs show a drop off in the number of flagith a life longer than about 150 (equivalent)
cycles showing that the 4 year planned lifetimeas/ being achieved.

This was not always so. Float lifetimes have stgancleased during the 10 year lifetime of the
Argo project as shown on the graph below.

Argo Yearly Survival Rate

|

s e

AIC, hittpsf fargojcommuops.org, 19752008

Number of floats remaining active by year of depiemt.

Improvements-evolutions trends

With higher efficiency communication (Iridium, Arg8) and reduced time spent at the sea
surface the lifetime of floats will potentiually lrecreased (approx +20% ).

Power of new CTD sensor will also decrease, resuiti ~15% extra lifetime.

6. SPECIFIC REQUIREMENT FOR MARGINAL SEAS

Desired technological developments for marginalfieeds

Floats

Lighter and easier to deploy vehicles like Arvast bapable to profile as
deep at 1000-2000 m.

Sensors

Improve oxygen sensor to be able to measure louegglcharacteristic of
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anoxic sea areas such a the Black Sea). Solvedb&em of hysteresis (like
with Optode sensor using slow-response time tenyreraensor)

Sampling
Full resolution (1 m vertical resolution) profildssired

Capability to profile as close as possible dowthwbottom using pre-
programmed bathymetry map (to avoid touching thtéoboin shallow areas but to
allow to monitor important deep water masses.

Positioning

GPS

Telemetry

Definitely Adeos3, Iridium or Globalstar bi-direatial, with user-friendly
management and dissemination.

7. OTHER ISSUES

7.1. Technical data transmitted

The technical parameters are transmitted for eegiranalysis in order to have as many
information as it is possible for understandingafitoehaviour. This is very useful to technical
monitoring. Some information for decoding profilata are also contained in it. More recently,
the construction of trajectories has taken advantddghese technical data, to be more accurate.
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Technical data for trajectories

Improvements-evolutions trends

In order to improve Coriolis data decoding, someeoinformations could be added to technical
messages such as current date of the float, curtenber of cycle, additional points of the cycle
(time / pressure), parameters of mission programoyadser...

7.2. User interface

Provor programming interface needs a cable fot fdizgging and such as hyperterminal
software.
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Improvements-evolutions trends
A wireless link eliminate risks of plugging damagdevor is fitted with Bluetooth interface.

7.3. Initial testing and configuration

Provor doesn't need any ballasting preparatias.réady to launch in any ocean.

7.4. Handling / shipment

Mechanical features of the floats need to be vdrgng against harsh environment for
Operational Oceanography, because these instrunagstsntended to be used by several
operators before deployment. This include stocksaigpping and deployment conditions. Floats
need to be certified for large environment condiiotemperature while stocking, shocks and
vibrations during shipment and handling.

Provor specifications are:

Temperature storage: -20°C to 50°C, up to 1 year,

Vibrations: Sweeping frequency 0 to 55Hz, 3 axeg2peak to peak amplitude from O to 16Hz,
0.2mm from 16 to 55Hz

Shocks: 1/2 sinus, 15G, 20ms.

Hull made in hard anodised aluminium against cooros

Improvements-evolutions trends
To minimise costs, the using another hull technplsigould be benefit. Glass-epoxy or carbon-
epoxy solutions, should lead to less cost andytaédr hull allowing more embedded pay loads.

7.5. Deployment
Provor mission start by simply remove a magnet plthe float on.

Many methods of deployments exists with sometinme, tools to protect the float during
launching.

i
Hewe will we deploy in remete areas?
x {

Improvements-evolutions trends

The new Arvor float has been designed to facilidéployment (its 20 kg weight makes easy
handling by only one person). In many cases, nis is;meeded to deploy it.

In VOS deployments, at high speed, a specialclaing cardboard case should be preferred.
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Before first dive, Arvor will send a technical mags on shore in order to control float just after
launch.
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Annex 1
Technology of acoustic sensors for zooplankton nressents
from floats

A large number of autonomous instrument platforahiftérs, floaters, AUVs, gliders, moored
rigs etc.) for measuring hydrographical proper{ssdinity, temperature, oxygen etc.) exist today.
When it comes to acoustic systems for measuringpdimal parameters, the assortment of
platforms are much more limited. The main reasamndHis are the high power consumption of
most existing systems, large physical size andnekte need for storing and processing of the
initial sensor data. Systems that do exist, hageneral a very limited operation time or are
physically large, enabling them to facilitate hungeteries.

To be able to map the current state of the arbwfpower acoustic systems, enquiries were sent
to a number of companies worldwide. The same comapdmave also been asked to give an

evaluation on the future advancements in technol®bg results of this enquiry are elaborated

more in detail in chapters “Existing technologytdiikely technical evolution”.

Unlike more simple sensors (i.e. salinity, temp@m®tetc.), acoustic systems can produce a large
variety of output data depending on which requinetse¢he user has for the acoustic sampling.
Selection of requirements will severely influenckavkind of equipment is needed. This does
not only have an impact on the technical complexityt does also influence issues like power
consumption, physical size and cost. The end uskrthe acoustic data need to decide on
demands and desires before a cost — benefit nedijo is established. In this context “cost” is
not necessarily a monetarily term, but might ad ixelother issues.

Requirements

This chapter contains elaboration around variogsges concerning requirement of an acoustic
system used to measure zooplankton from a new gg@meiof Argo floats.

Aim of the acoustic data collection

To be able to select adequate acoustic equipmer tesed in the Argo floats, it is important to

define the scientific aim of this new instrumerdati The Argo floats are deployed throughout all
the oceans of the world. Scientists might wantteestigate different issues in dissimilar oceans.
Even within European waters the ecosystems args#ivd o facilitate the possibility to perform
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acoustic investigations with different scientifiong, it is important that the acoustic equipment is
built up in a modular way. This should be done iway so that transition from one setup to
another can be done in a smooth way. Creating alegi#ferent systems which do not build on a
common basis should be avoided. Before acousticum&ntation on Argo floats has become a
reality, it might be difficult to foresee the sciiic potential of this new sensor. As acousticadat
from the Argo floats become available to the sdientommunity and analyses are performed, it
might lead to a revision of the aims and potertfahe data collection.

Biology

Different species of zooplankton play an importasié in the ecosystems of the various oceans
of the world. The size span of zooplankton spe@ekrge. In some European waters, small
copepods of only a few millimetres are vital comgats in the food chain. In Antarctic waters,
krill with a maximum size of approx. 60 mm is reded as key species of the entire ecosystem.
The acoustic challenges are very different betwd#en smaller and the larger zooplankton
species. This is the case both from a technicaitpufi view as well as from a biological view.
Some of the larger zooplankton is rapid swimmergkvimeed to be monitored from a distance
due to potential avoidance or attraction reactmthe Argo float. In most waters there will be a
mixture of zooplankton species at varying denstied depths.

Acoustic properties

Based on the aim of the acoustic sampling and teplankton species composition of the
investigating area, echo sounder frequencies habe selected. It would be advisable to sample
the zooplankton with more than one frequency taicedhe inherent vast ambiguity of the data.
This will make it possible to distinguish betweedmesgroups as well. Multifrequency (3
frequencies) observations and analyses are now fosexpecies and size group determination,
mainly on fish. The total frequency span will detére the total estimated size range of observed
organisms. The number of implemented frequencidsgemnerally determine the size resolution.
This is exactly true for a mathematically deterndiresstimation case while the number of size
groups may be increased regardless the numbereqtigncies for an underdetermined case
possessing other problems. Both figures have tdebermined based on the overall aims of the
buoy system, demands for accuracy, technical féigidnd cost.

The most applied method for size estimation of fagdon from acoustic data is based on
measuring the volume backscattering coefficienalafrequencies and put these data into an
acoustic-mathematical model and running the sidgenason through an inversion method. The
main requirement in the inversion process is tola®pthe most nonlinear regions versus
frequency of the scattering models of the prevgilaooplankton, e.g. the transition region
between Rayleigh scattering and geometric scatferin

For instance a frequency of around 1 MHz might kefgored as the highest one covering the
smaller zooplankton down to a minimum size of ®@B. At this high frequency the range of the
acoustic system is very short and the volume saimpl# be low. For larger organisms up to a
maximum size of 10 mm, a lower frequency will befprred, maybe at 100 kHz or lower.
Larger organisms than 10 mm may be observed akHi@Qbut estimating their size distributions
will inherently be of lower accuracy, e.g. due tweér signal-to-noise ratios. For instance by
going for a 3-frequency system, the in-betweenueagy should be in the range 400-550 kHz.
These elements have to be more closely investigatezh it has been decided on the target
zooplankton species and their belonging size ranges

Instead of using several discrete frequencies abadd system might be an option. If the
acoustic system is to sample at frequencies fat,apa frequency range of the transducer might
be a problem. More that one transducer will be adext several transducers have to be built into
one unit.

The beam width of the transducers has to be detedniAll transducers should preferably have
equal beam width and be mounted as close togetheossible. This has implications for the
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quality of the multifrequency analyses. For shipumed, towed or autonomous vehicle borne
multifrequency acoustic systems, transducers wather narrow beam widths, approx. 7°, are
used. This is neither a requirement nor a neceksitg buoy borne system. Smaller transducers
and wider beams will rather be a requirement fos tind of buoys both from technical,
operational and cost reasons.

If the transducers are pointing horizontally, tlkstem will have a larger sampling volume than a
vertical looking system since a down looking sedafy will cover a small area along the path of
the float. Much of the acoustic work done on zooktan is however based on dorsal aspect
observations and thereby vertical looking transtkicEBhe sampling aspect of all organisms has
an impact on the acoustic backscattering in thengdic scattering region.

If a vertical looking acoustic system is chosentadeollection should not take place during
ascend since the float itself might have disturltleel organisms as it passes by and thus
influenced the acoustic recordings.

The selected transmitter power most be chosenacaith. Higher power will increase the range as
well as the power consumption.

The duration of the transmit pulses will also iefhee the power consumption. A short pulse
gives higher spatial resolution and shorter range.

The ping rate has to be determined based on the foeevertical resolution (if the transducers
look horizontally), sampling range and power congtiom.

If there is a need for measuring single organistagy€t strength measurement), a split beam
system is needed. The transducer and the echo esoalettronics become more complex and
expensive. The simpler single beam systems willsmeathe spatial distribution and volume
density of the zooplankton and the data possesdigsidor estimating size distribution when
applying several frequencies.

The acoustic system should be calibrated accortbngcientific standards. This will ensure
comparable data not only between different ArgatBp but also compared to other acoustic
platforms. One option is that the floats are debdewith full system calibration from the
producer. A challenge when it comes to calibratisndepth stability of the transducer
performance. Depth stable transducers or transsiueéh predictive performance are more
expensive to produce.

Physical limitations

The Argo floats operate to a maximum depth of 28600The high pressure does not only
represent a problem for stable transducer perfocemabut might permanently damage the
transducer if proper design measures are not ingsleed. Most transducers available on the
marked could not tolerate the pressure at 2000 m.

The available space for acoustic instrumentatiostrba determined to clarify the size restriction
which applies.

Electronics

The many aspects mentioned above in chapter “Amopsbperties” will have profound impact
on the echo sounder electronics. Only when the srequirements for the acoustic system is
known, details on the impact on the electronicglesind solution can be given.

One of the main challenges for use of acousticgshm Argo float is the average power
consumption. This figure can not be determined outhknowledge of issues like sampling
strategy (see below), ping rate, transmit powemlmer of frequencies and so on. For potential
producers of acoustic instrumentation to the floatsidea of instantaneous power consumption
in passive mode would be useful. A realistic maximvalue could be 1 W and preferably less
than 0.5 W. The supply voltage has to be determined

It has to be determined to which degree the eclhimdsr should be a stand alone unit which
handles issues like sampling strategy, sleep fonality, data compression, data storage and
remote communication. A central Argo processor majko handle some or all of these tasks.
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The choices made will have an impact on the elaairsolution. Regardless of the choices, the
echo sounder electronics must have some feature:

- Communication ports to send out acoustic dateettransferred ashore.

- The sounder should be able to read various tgpesmote parameters and requests to alter the
sounder performance or inspect settings. The paessnenight be sent from an internal Argo
processor or via satellite communication from land.

- A sleep function should reduce the power consionpb close to 0 W.

Data processing

Acoustic systems tend to collect large amounts aih dar beyond the capacity of the Argo
communication link. The available baud rate ancetspan dedicated for acoustic data transfer
via satellite has to be determined.

Various forms of data compression are neededd&tdrdata compression algorithms might be
used on the final data. During data collection ah®unt should also be minimised. Data might
for instance be averaged over a number of pingghdf aim is to produce rough vertical
distribution data of zooplankton, the mean volumeckscattering coefficient (s can be
calculated for a limited number of depth bins (faye

The figure shows a possible way of collecting attoumoplankton data from an Argo float. As
the float descends through the layers of plankéosideway-looking echo sounder collects data
(the acoustic beam is indicated in cyan). Sevenad) peturns are averaged as the float sinks
(gives vertical/depth data compression) and theuatio backscattering is calculated for a
limited number of range bins (horizontal data coegsion). The result is a small matrix or table
of zooplankton backscattering data for each aceuséquency, well suited for transmission via
satellite communication.

Remote commands and requests have to be handledmélsages might be echo sounder
settings, processing algorithms, data transfer canai® or sampling strategy parameters.
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Depth information should be used to stop pingingemvithe Argo float is out of water, since
transducers might be damaged if they ping in openAaeraging of ping returns may be done
based on depth data (gives data by depth layestad of a fixed number.

Information on sound speed from other sensorsarfltdat should be input to the sounder system
to improve accuracy of the acoustic sampling.

Sampling strategies

The chosen sampling strategy has a profound impadbtal power consumption. Based on the
scientific aim, the sampling might for instanceyotake place in the upper part of the Argo depth
profiling. If the depth distribution of zooplanktas not known, sampling might stop if the
density decreases below a set level.

It might be sufficient to only sample during ascemdl not during descend like the Argo floats do
today, since geographic and time difference is kbeiveen the two and it is probably unlikely
that zooplankton distribution has changed a lot.

If the system detects deterioration in the batteyyacity, the sampling strategy might be altered
automatically. It is possible to imagine a numbéfaztors which might influence the chosen
sampling strategy; e.g. different sampling schethetg night than day, reduced sampling if the
Argo floats geographical drift is small etc. Thespibilities and demands for the acoustic
sampling will first be reviled after the new Argtodt have been used for some time, so
modularity and flexibility in every aspect of thecaistic instrumentation is vital.

Costs

Several factors will influence the unit cost for aroustic sensor. As mentioned above, the end
user has to define the aim of the data collectioth also specify the demand for data quality.
Some choices will have a considerable impact omttiecost.

Since it is most likely that development activitieee needed to get an echo sounder system
suitable for the Argo floats, development costsehtivbe divided between an expected numbers
of units to be produced. All the companies conthdtave found it hard to give a proper cost
estimate. Assuming we are looking for an echo seumdth two frequencies and two single
beam transducers, producing simple backscatterimakpth bins, a very rough cost estimate has
been given by a few companies at a price of apprately 5000 EUR a piece. More frequencies
will raise this price estimate.

Existing technology

A total of 13 companies worldwide, producing acausgjuipment have been contacted. Four of
the companies have replied (see chapter “Presemtafi potential provider” below), claiming
they have the needed technology and interest ticipate in the development of a modern low
power acoustic sensor for use in the future Argati. They all have existing systems within the
line of what is needed, but all companies neecetelbp the instrumentation to suit the demands
of the Argo system. There might be other companigls the needed competence that has not
been detected during this search.

Likely technical evolution

The advancement in technology for use in acoustis@'s has been large the recent years. There
IS no reason to believe that new improvements matl still appear in the time to come. By the
time of realisation of the Argo float acoustic &mt new technologies and new actors might
arise.

A trend in the development of acoustic systemslaisé years have been to move away from
hardware defined equipment. The functionally of gwnders are now to a higher degree
determined by software, giving more flexible systerAdvancement of electronic components
has and will contribute to smaller and more aceuemho sounders. This is valid for all modules
of an echo sounder, from the processing unitsadrdmsceiver.

The use of composite technology for transducersbe@®me more common. The transducers
become more broad banded and an increasing nurobetspth resistant transducers will be
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available. It is likely that it will become more ramnon to include some of the echosounder
electronics inside the transducer unit. This valluce cabling and remove noise.

Conclusions

Scientific demands and aims have to be determimstl by the end-user before technical
solutions are chosen based on cost / benefit cenagidns. At the current stage an estimate of the
trade-offs between the additional costs and ine@@®wer consumption is therefore difficult to
perform. However, it is likely that only a minorrpaf the total Argo float cost is needed to
implement an additional acoustic sensor. Such sosemill attract other user groups and increase
the scientific value of the floats.

It seems to be realistic to develop an adequatestic sensor for zooplankton sampling on Argo
floats.

Presentation of potential providers

Below follows a short presentation of the compan@sntified as potential providers (in
alphabetic order) of such a sensor:

ASL Environmental Sciences, Canadahttp://www.aslenv.com/

The company already manufactures a single-frequAooystic Water Column Profiler (AWCP)
for zooplankton monitoring. The average power comstion is approx 0.5 W with available
frequencies at 125, 200, 460 and 800 kHz each 6vith 9 degree beam angle depending on the
(single-beam) transducer. The company is supplgithditional echo sounders for use on Argo
floats as part of the Damocles project to detext ic

Marport, Canada, http://www.marport.com/

The company uses a new technology, SDS (SoftwafiaddeSonar) for their very small (54mm

X 45mm x 36mm), low power (2 mW standby, 2-10 Whsraitting) acoustic sensor. The central
USP (Universal Sensor Processor) can be progranasiad echo sounder at various frequencies
without hardware modifications. Several frequenata® be accommodated by one USP in
addition to other sensors (pressure, temperatitad, poll etc). Current frequency range is from
10 - 400 kHz and broadband transducers are anmpignamic range for the acoustics is
currently 80 dB and the acoustic system can bérea#id to scientific standards. The USP can
store 16 GB internally and has interface options.

Nortek AS, Norway, http://mwww.nortek-as.com/

The company produces low power ADCPs (Acoustic DerpBurrent Profiler) in small housings
for long time deployment. ADCP technology does foaus on accurate measurement of signal
strength to the same degree as ordinary echo syrime the focus on power consumption, size
and high accuracy is dominant. Nortek regards #heeldpment of an echo sounder variant of
their equipment as very realistic and well insideit business area.

Kongsberg Simrad, Norway,http://www.simrad.com

This company, which is one of the world leading ofanturers of acoustic equipment has a
fisheries research department supporting sciendi@mands. Recently, Kongsberg Simrad has
developed a compact, low power, low cost echo seuntbdule (Simrad ES10) for use on buoys.
Approximately 200 ES10 are sold yearly. Average @oeonsumption is approx. 1 W and the
dynamic range 96 dB. Currently one frequency of k8 is supported, but multifrequency
designs can be developed. Remotely, the sounddvecast up to average over several pings and
backscattering data can be compressed in depthiforeguired. The size is 10 x 11 x 4 cm.
Development of a small external microcontroller dcavith storage has been discussed to
facilitate advanced operations (survey strategis dampression, mission plan etc.)
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