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Abstract-The observation and the understanding of ocean
depth behaviours require the development of sea floor
observatories, well equipped with real time instrumentation.
However, a large-scale deployment of such a network is
expensive and needs a complex infrastructure with power supply
and data exchange issues. The main objective of this study isto
develop a flexible and low cost extension for existing observatory
networks. The proposed and investigated solution is a quasi-all-
optical extension, which consists in deploying a fibre optic
devoted to transport both the energy required to supply the
instrument and the up/down-stream transmitted data. In this
paper, we present the architecture of this quasi-all-optical
extension and we discuss about its feasbility thanks to
experimental results.

I.  INTRODUCTION

Important projects concerning the development af fiwor
observatories have recently been undertaken imwarareas
(Canada, USA, Europe and Japan) [1]. There areiptault
objectives, such as to provide strategic long teramitoring
capabilities in  geophysics, chemistry,
oceanography or biology.

It is well-known that these observatories requiognplex
substructures, expensive equipments and importeanmfor
the data exchange and the power supply: for exartipe
renting of cable maintenance vessels. Today, ortheofmain
issues is to reduce the cost and the complexitthede sea
floor observatory networks to explore with morexitglity
some specific and geographically extended areas.

The use of fibre optic technology with a quasiegtical
architecture for energy and data transmission kat gensor
instrumentation seems to be an attractive solufibis optical
solution can be used for extending current netwoaksl can
result in a large-scale deployment of observatdatians
without requiring a complex infrastructure, costheans and
frameworks.

The main goal of this work is to demonstrate thatgr and
data transportation on a fibre optic cable could d®
interesting solution. We discuss here about itssifiélity
thanks to experimental results.

biochemistry

This study is part of the ESONET framework
“implementation and development of cabled netwddtssea
floor observatories” which implicates different enbational
research institutes [1].

In section Il we describe more precisely the consd the
main objective of this study. In the following sect we
present the optical network architecture. Thensdation IV,
some experimental characterisations are presentédis
allows us to discuss about the superimposition atb cand
energy in the same fibre optic.

Il. MAIN OBJECTIVE

Figures 1a and 1b show a schematic of typical kea f
observatory network architecture. A terrestriatistasupplies
the power in the electric form and manages the data
transmission in the optical form towards a junctibox.
Mostly, the sensor is plugged in the junction box @n
electrical link.

Sometimes, it could be interesting to extend theeolatory
network in order to expand, for occasional reasahs,
measurements over a few kilometres far from thestieg
infrastructure. We suggest in our work to extenel tietwork
from one junction box (Figure 1Boptical extension)'and to
take advantage of a quasi-all-optical architectuf@ur
investigated solution consists in deploying a rire optic,
which transports both the energy to supply therimséent and
the up/down-stream transmitted data.

This quasi-all-optical extension will be directipked up to
a junction box. A power laser placed inside thecfiom box
converts the electrical energy into optical energlen the
power supply and the data are both transmittedhenapptical
form thanks to one fibre optic. The sensor receikies in the
electrical form after O/E conversion. As it is adiiectional
transmission, the sensor has to be equipped witiser to
communicate up-stream data towards the terrestasbn.
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Figure 1. Architecture of a typical sea floor olvsgory network extended thanks to our quasi-alleapsolution.

The power requirement is approximately some hurslrefd
electric mW to supply an instrument located at abizun
kilometres from the junction box.

However, considering the limited energy efficierufythe
various optoelectronic components presently aviglaln the
market and the high optical power needed, somiearipoints
need to be addressed prior to launch into the pyjoittg phase,
ie.

- Energy efficiency: currently available

I1l. QUASI-ALL-OPTICAL EXTENSIONARCHITECTURE

In order to optimize the performances of the opteawork
(power efficiency, high quality data transmissiap,.the
optical wavelength and the power range should Wwefulsy
chosen. This has been done by taking into accohbet t
availability and the price of the needed components

optical A~ wavelength and power choices

components are not appropriate for this type of

application. It is thus necessary to study solgiom
improve their performances (efficiency of laserrses

Two main types of fibre optic, multi-mode or singitede

fibre optic can be used to transport both the gn&sgsupply

and photovoltaic cells used to supply the energyihe instrument and the up/down-stream transmitiat @@].

management of the electrical impedance, ...)

On the one hand, a multi-mode fibre optic has gelarcore

- Submarine connection assembly: to limit high cost a (> 60 um), allowing a greater density power transioiss
complexity, the transport of both energy and data 0 ;ompared to single-mode fibre (core diameter < .yOn
the same fibre has been preferred, thus expos@eg thne other hand, a single-mode fibre allows muctgéorand
optical signal to unwanted non-linear effects (Rama higher-performance links (low attenuation, low weweth
Bnll_oum). _ .. dispersion...). That is the reason why single-mfidees are
Optical up-stream data generation and ransmissioprently used in optical telecommunication systems
from t_he sensor mstrumen_tatlon: considering thalsm Consequently, this type of fibre is cheaper. Furtize, most
electrical energy level available at the sensoatio, ot optical components are manufactured in ordeoperate

a "weak consumption” emission source must b&iw single mode fibres. Therefore, by taking irdocount

selected and implemented within the most capablg,gse arguments, we have chosen a standard sirgle fibre
optical data generation system. SMF-28 for our application.

In this context, our work consists in evaluating Hbilities,
constraints and limitations of such a solution.



The wavelength choice comes from a compromise letwe
several parameters, i.e:
- the availability of continuous high-power fibre das
(>5W),
- the optical attenuation in fibre optic,
- the photovoltaic power converter efficiency.

The optical energy to supply the sensor shoulddtienized
for a maximum efficiency. Because common high-pofiee
lasers emit infrared light either ak;=0.98 um or at
A2 =1.48 um, we have evaluated the power efficiendgr
these two wavelengths. This evaluation takes intmant the
optical attenuation of the fibre optic and the O/E
conversion [2]. Figure 2 shows the calculated fficy
according to the fibre optic length, with photoaidt power
converter efficiencies set at their typical value8 dB at
A1=0.98 pmand -6 dB &t = 1.48 pm).

The presented curves in Figure 2 show that we omesthe
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Figure 2: Efficiency of transmission (taking intocaunt the fibre
attenuation and the O/E conversion)

B. Quasi-all-optical extension architecture

wavelength\, = 1.48 um when the fibre length is greater than Figure 3 shows a schematic of our proposed extensio

1 km. In our application, the distance between jthection
box and the sensor is beyond 1 km and can reatt L@ km,

architecture. Its design enables both the energythe data
transport in the same fibre optic and permits daréadional

so we have chosen the 1.48 pm wavelength for thveepo communication between the sensor and the junction b

supply transmission in our system.

Concerning the data wavelength, it is set in théa@d
(1530 nm -1565 nm) in order to take advantage @fmimimal
attenuation range of the single mode fibre opiic] 8 benefit
from a well-established technology in the telecomimation
networks domain.

The electrical power requirement for the instrumént
approximately evaluated to some hundreds of mW. tf§o,
using the optical efficiency values presented iguFé 2, it is
possible to estimate the necessary optical powat the
power laser should deliver. We have found that wedna
high-power fibre laser able to emit more than 8 WY &n
instrument located at 10 km from the junction box.
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The extension is made up of several optical compisne

- a continuous high-power fibre laser (up to 10 W
@A=148pum) and a data laser (up to 10 mw
@A =155um),

- two multiplexers/demultiplexers used either to corab
or to separate the two different wavelengths (power
supply and data),

- a 10km fibre optic cable (standard single mode
SMF-28),

- two optical circulators used to separate the donth a
up data stream (bidirectional transmission).

- a photovoltaic power converter for the power supply
requirement of the sensor,

- two high-speed photodiodes for the data detection.
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Figure 3: Architecture of our quasi-all-optical exsion.



It is important to precise we have used only conumady
available components to realise this quasi-allegptextension.
This was a fastidious work to do before to launcto ithe
experimental tests, because there are, today, fpticab
components designed to withstand high power. Famge,
the necessity to find optoelectronic componentdh visetter
energy efficiencies (pump laser, photovoltaic gelts the
necessity to develop a “weak consumption emissamnce”
for the optical data generation localized nearteydnsor are
essential.

We have also to mention that joining optic cabksnore
complex than joining electrical cable. The needtremsmit
high optical power has required the use of optitedion
splicing to establish the optical connection.

IV. CHARACTERISATIONS

In this section, some characterisations are predewith
the aim to demonstrate the feasibility of our qadsoptical
network  extension concept. All these
characterisations have been achieved without dptiga
stream data.

First, we show the possibility to superimpose th#adand
the energy in the same fibre optic as depictedgdnre 4. The
measured optical spectra are shown at three plartipoints
along the fibre optic (written A, A" and B in Figu) when
both power supply and data are transmitted. Thespswpply
atA =1.48 um is set at 30 dBm (1 W) and the data pasve
set at ~10 dBm (10 mW).
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Figure 4: Optical spectra measured at three paiotgy the fibre optic

At the end of the 10 km fibre optic (near the sejsthe
high power fall down around 26 dBm (400 mW). ThdBt
losses come principally from the optical attenuatio the

Voliage (V)

Voliage (V)

fibre optic and from the insertion losses in ofdtm@mponents.
On the other hand, we can observe an increase7aiBlLin

data power at the end of the fibre optic. This mmeenon,
known as the stimulated Raman amplification, ia-linear

effect that can be useful to amplify the data poj2ed]. A

great amplification with this process requires Higant

powers.

Measurements have also been performed in dynamiicee
We can assess the performances of the network bguriag
data error transmission at the end of the optiahlee To do
this, we had to work in dynamic regime. The measem of
the optical signal after 10 km in presence of digant optical

power ath = 1.48 pm give us some information about the Bit

Error Rate (BER) and the noise level. Figure 5 sheamples
of the observed data for several optical power begpFigure
5a presents for a non-return-to-zero (NRZ) moddlaignal
at a bit rate of 6 Mbits/s (data) emittedA\at 1.55 um by the

presentediata laser at the entrance of the optical extengomt A’ in

Figure 3). Figures 5b, 5¢ and 5d show the datareéedet the
instrument location after 10 km propagation alohg fibre
optic for several optical power supplies (pointnd-igure 3).
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Figure 5: Example of data transmitted on the op#ggension
(a): NRZ signal emitted by the data laser in theefion box,
(b): NRZ received data after O/E conversion withaptical power supply,
(c) and (d): NRZ received data after O/E conversith optical power
supply respectively set at 15 dBm and 30 dBm.

We can remark that the measured signal shown ir&igb
without optical power is not degraded compare ® ghgnal
shows in Figure 5a. The 3 dB decrease between ithdoe to
the insertion loss components and the fibre ogtenaation.
With a 15 dBm optical power supply, the signal shapstill
well described (Figure 5¢). We can see in Figurewsiten the
optical power is set at 30 dBm, that the signalgisatly
intensified by Raman amplification. However smalhtal



fluctuation amplitudes are observed. These
amplification and fluctuation amplitudes are caudsdthe
non-linear effects (Raman, Kerr) [2-4].

V. CONCLUSION

signadind the low optical power used for data transmission't
affect so much the data transmission.
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Our works consist in the implementation and théste$ a
guasi-all-optical extension dedicated to sea fluugervatories.
First experimental results have shown the feagibilf such a
solution. In these first tests, we have observemdffects: the [1]
Raman amplification and the fibre fuse effect [3, Bhe 2]
Raman amplification can be useful to increase #weived
optical data power. Moreover, we have noticed thergence [3]
of the fibre fuse phenomenon with high optical mnsi¢ies.

This phenomenon can destroy the optical components.
Therefore, this effect restricts the maximum optawer in
the fibre.

We have also made some experiments in the dynamic
regime. The first obtained results show that theraction  [6]
between the high optical power needed for the paupply
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