SASSO — Expendable arrays of sensors

13-15 May 2019
Rl  SASSO (Sistema Acustico di Sorveglianza con Sensori

Ottici) project deals with opto-acoustic sensors for
underwater surveillance and is part of the Italian
Military National Research Program.
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Project and goals (1 of 2)

SASSO project has the purpose to explore a new concept of
underwater surveillance by means of expendable arrays of
sensors based on interferometric FO hydrophones, using
fibre laser strain sensors (FLS).

The aims of the project are:

To operate  without limiting the  platform
maneuvrerability;

To reduce the LCC of the towed array compared to a
piezoelectric one;

To obtain a system that could be managed and
maintained autonomously by the Navy.



Project and goals (2 of 2)

R SASSO project is divided in 4 phases:

1. Feasibility Analysis, Technical Specification and Definition of a
Project and Goals set of trials for validation of the demonstrator (18 March
SASSO Architecture 2016 — 13 Apr|| 2017)’

Technological Approach

Fecte and Tect bad 2. Realization of all the components of a first technological
Contacts and Thanks demonstrator (7 March 2018 — 30 June 2019 scheduled);

3. Implementation of an array made up of two sub-arrays each
of 6 sensors and realization of the SW to manage the array (1

year, );
4. Trials at lab and at sea to validate the demonstrator (1 year,

) #UDT2019 ).




Overview Architecture (1 of 2)
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Rt The SASSO system is composed of:

1. A wet part, constituted of a sensing FLS array and a
connecting FO cable;
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An optical pump;
An interferometer module;

A

An opto-electronic receiver.
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Overview Architecture (2 of 2)

Pump Laser Driver Module Telemetry Fibre FL sensor.
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Prototypical Array structure

Undersea Defence Technology

13-15 May 2019

Stockholmsmassan, Sweden

Array | Array |l
A A

]
' } '/f'_‘ | ) f } f )

Project and Goals — — —
l \ J \ J
SASSO Architecture QA /} M
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resin coating
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1starray FO

2" array FO

Tensile-strength relaxing cable

L=120 mm
Prototypical Transducer dimensions W=16 mm
H=12,1 mm
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Fibre Laser sensor principle
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The fibre laser is printed in an Erbium doped optical fibre. When illuminated by
an optical source emits a very pure laser beam. The external pressure changes
project and Goals the frequency of the emitted beam.
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Sensitivity of FLS with bender

The sensitivity (S) of the FLS with bender mechanical amplifier is
defined by:

v = intermediate frequency of the C-band

D 4T2E ez = opto-elastic coefficient

E = Young modulus of the bender material

S(w) = 1Av@l | 3 —e2) 73| efriton

Fiber optic T = thickness of the bender
Sealing membrane ; L = |ength Of the bender

. p = pressure applied to the bender
¢, = speed sound in the bender
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Coating support for
resin casting inlet

" Gate for tensile-strength towing cable

— | 12.

Support clamp for tensile-strength towing cable
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Demolding phase after 48h curing @ room temperature
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Laboratory test

Test on the DFB-FL transducer: measurement of the optical efficiency of the
sensor after hydrophone casing

Main test guidelines on the FL

* p-shifted FBG on Erbium doped fibre
* L=49mm

*  Pump power 650 mW @ 980 nm

* Lasing efficiency > 15%

14.
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Array linearity detection algorithm

1. Detection of transducer signals and choice of a possible source

2. Determination of the correlation matrix of the complex sensor
acquisitions at the frequency of the chosen possible source

3. Analysis of the phase profile

A0

The absolute error in position
reconstruction can be very high.

The relative error reconstruction
is a function of the Signal to
Noise Ratio, with a maximum
0.4°atSNR=0

15.
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Direction of Arrival algorithms

The performance in Direction of Arrival has been measured in simulat
using the Conventional Beamforming, CAPON and MUSIC algorithms.

The Conventional Beamforming has good performances up to -40 dB SNR,

while CAPON and MUSIC cannot be used at SNR lower than -30 dB.
Three sources at-10, +30 and +33 degrees

100

CAPON

ion

100
90
80

7ol

=
8 s0
40

30

piye f
rt : .,,.,h.!". ,,‘ wilmad’ # v o ..‘.
sl "8

-150 =100 -50 a 50 100 150

450 100 -50 0 5 100
Bearing: -10 30 33 Antenna shape: Lin Bearing: -10 30 33 Antenna shape: Lin
SNR:-26 Integr. time: 0.2 sigma: 0 I mage freq u e n CieS SNR:-26 Integr. time: 0.25 sigma: 0

b 403

0.4

-05

-06

16.



Ry,

unT >

%
Undersea Defence Technology

13-15 May 2019

Stockholmsmassan, Sweden

Project and Goals
SASSO Architecture
Technological Approach
Tests and Test bed

Contacts and Thanks

¥ #UDT2019

Flow Noise [dB re 1 uPa Hz"-0.5]

Tow speed
[Kts]

SS6 + 20 dB SS6 +5 dB SS3+5dB

12 SS6 +13 dB SS3+5dB ~ SS3
9 SS6 + 8 dB ~ SS3 SS1+10dB
6 SS6 +5 dB SS1+10dB ~S§S1

Self noise is estimated in the Mediterranean Sea with a towed array made
up of 32 elements.
Sea State refers to Knudsen curves.
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Technological Approach

 Approach to the technological
challenges,

* Solutions adopted,
e Lesson learned,
e Future work.

18.
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SASSO program — Tests

Trials at sea will be conducted at Portici (Naples)
with an average depth of 50 m.

The array will be fixed at a certain depth and a
ship with an active hydrophone will be displaced
all around the SASSO array in order to create the
radiation pattern of the array.

Then, a second source will be turned on to
evaluate the angular discrimination (estimated
5°) of the array.

19.
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SASSO program — Test bed

Projector

Calibration Hydrophone -

SASSO Demonstrator
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S rnpempypwmal  * \/. Falcucci (Tecnav Systems) vittorio.falcucci@tecnavsystems.com
* W. Cappelli (Italian Navy) walter.cappelli@marina.difesa.it

Project and Goals

, Thanks to

SASSO Architecture

Al  ©  F. Andreucci (Dune) andreucci@dune-sistemi.com

Tests and Test bed

Contacts and Thanks * @G. Scardigli (Tecnav Systems) giovanni.scardigli@tecnavsystems.com
« S. Balzarini (Tecnav Systems) sergiobalzarini@libero.it
* A. Laudati (Optosmart) a.laudati@optosmart.com
e A. Cusano (Optosmart) a.cusano@unisannio.it
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