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Bioacustic Hydrophones

Acoustics at LIDO East-Sicily TSN

13’’ INFN Glass Housing

for DAQ and DAT

4 hydrophones (10 Hz-70 kHz bandwidth) synchronized.
Acoustic signal digitization (24bit@96 kHz, 120 dB effective dynamic range) at 
2000m depth. 
Data transmission on optical fibers over 28 km.
On-line monitoring and data recording on shore. 



Acoustics at LIDO East-Sicily: hydrophones

All hydrophones have been tested and calibrated at the NATO Undersea Research Center (NURC) 
in La Spezia

NEMO Collaboration and an italian company (SMID) have developed

low cost hydrophones for 4000 m depth, with no change of sensitivity

as a function of depth.

NATO has developed for/with NEMO a standard procedure for

calibration under pressure.

Moulded and cabled by Seacon

Measured variation ≤ ±1 dB

300 bar 400 bar

Sensitivity: -171 ±3 dB re 1 V/μPa

Relative Hydrophone sensitivity 

variation with hydrostatic 

pressure at 20 kHz about 1 dB

Hydrophone sensitivity vs frequency 

measure at 1 bar
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Acoustics at LIDO East-Sicily TSN: connection scheme

Hydrophone assembly realised by SEACON on
INFN request

C1

C2 C3

Seacon MICRO WET-CON
BH -12 –MPX on glass sphere
12 e.c.

Seacon Connector
BH -12 -F on Tecnomare Vessel
12 e.c.
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Acoustics at LIDO East-Sicily TSN: connection scheme

Optical box for LIDO

C2 C3

Tecnomare 
vessel

INFN
Glass

Housing

0.5 m Hydrophone assembly 
Interchange cable 

0.5 m Hydrophone assembly 
Interchange cable 

7 m Hydrophone assembly 

C1

Seacon MICRO WET-CON
BH -12 -MPX  on glass sphere
12 e.c.

Seacon Connector
BH -12 -F on Tecnomare Vessel
12 e.c.

3.5 m Interchange cable INFN/Tecnomare

7 m Hydrophone assembly 



Acoustics at LIDO East-Sicily TSN: electronics layout

Tr. A Tr.B

Connector #1

ADC  96 kHz/24bit 
Stereo SPDIF

T1 T2 T3 T4

Connector #2 Connector #3

220 VAC 220 VAC

Filter A Filter B

9 VAC 7.5 VAC

5 VDC

5 VDC

5 VDC

5 VDC

5 VDC

5 VDC

+/- 7.5 VDC

S 1 S 2 S 3 S 4

Digital Data  1-2

Digital Data 3-4

Rectifier
boards

H1

H2

H3

H4

Interchange cable INFN/TECNOMARE Vessel

Hydrophone assembly (H1-H2) Hydrophone assembly (H3-H4)



Acoustics at LIDO East-Sicily TSN: the glass housing

DAQ Box

Glass housing

Plexiglass disks

Transformer

Rectifier board (AC/DC)

AC Power Filter

Hydrophones #3-4
Hydrophones #1-2

Tecnomare Vessel

C1

C2 C3

700 mbar



Acoustics at LIDO East-Sicily TSN: integration

Power distribution system



Acoustics at LIDO East-Sicily TSN: integration

DAQ box



Acoustics at LIDO East-Sicily TSN: test and calibration
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Frequency kHz

Equivalent noise :

Total Power -90 dB re VRMS

Plateau: -135 dB re VRMS /sqrt(Hz)

Measured:

Equivalent noise of the whole system

Front-end electronics calibration



Acoustics at LIDO East-Sicily TSS

Frame

Hydrophones

Electronics housing
ROV mateable
ODI connector

40 m e.o. jumper cable

7m cables for hydros

Junction Box
electro-optical connector

JUNCTION BOX:

Two output e.o. ROV mateable connectors available

Power load per output connector: 

1.5 kVA - 380 VAC (3-phase)

Optical fibre link: 

DWDM (optional CWDM) 



Acoustics at LIDO East-Sicily TSS

Frame

Hydrophones

Electronics housing

40 m e.o. jumper cable

7m cables for hydros

Junction Box
electro-optical connector

JUNCTION BOX:

Two output e.o. ROV mateable connectors available

Power load per output connector: 

1.5 kVA - 380 VAC (3-phase)

Optical fibre link: 

DWDM (optional CWDM) 

ROV mateable
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Acoustics at LIDO East-Sicily TSS

The LIDO East Sicily TSS acoustic system  is based on the acoustic positioning system developed by
INFN for the NEMO Project.

ADC
(192kHz/24 bit)

FCMb
off-shore FCMb

on-shore

Hydrophones
+

preamplifiers

Data acquisition
board

ADS
(Acoustic Data Server)

local internet 
network

TCP/IP

The acoustic signals are sampled by ADCs
and “labeled” with GPS time by FCMb off 
shore

Data stream 32 bits @ 192 kHz  6.2 Mbps (1 hydrophone)

Acoustic array syncronous
and phased with absolute

GPS time

OFF-SHORE ON-SHORE

Audio Data
Digital audio data +  GPS time

ADC
(192kHz/24 bit)



Acoustics at LIDO East- Sicily TSS: AcouBoard
The  AcouBoard has been designed and realised by NEMO in collaboration with AGE Scientific (Lucca, Italy), 
by using professional audio technology components:

• ADC Stereo Crystal CS-5381 ( 24 bit/192kHz, Max input 2 VRMS ) 
• DIT Crystal CS-8406 (standard EBU/AES-3 stereo)

ADC and DIT are driven by a clock signal (24.576 MHz) , given by FCMb off-shore.

DIT

ADC

Link towards FCMb off-shore

(Data,Clock, Reset)

Analogical signal
coming from

hyrdrophones

11 cm



Acoustics at LIDO East-Sicily TSS: connection scheme

Hydrophone
assembly

ODI ROV 
mateable
connector

AcouBoard

AcouBoard

FCMb
Off-shore

AC/DC converter
220 VAC/ 220 VDC

Converter Board
220 VDC/ DC Low-V

Alluminum alloy vessel

Slow 
Control

Interface



Acoustics at LIDO East-Sicily TSS: connection scheme

Hydrophone
assembly
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mateable
connector

AcouBoard

AcouBoard

FCMb
Off-shore
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Control

Interface

AC/DC converter
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AcouBoard

FCMb off-shore

FCMb on-shore

Audio acquisition
board

+

+
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Optical link 
(25 km)

OFF-SHORE SUBSYSTEM ON-SHORE SUBSYSTEM

Preamplifier

Digital data

Acoustics at LIDO East-Sicily TSS: test and calibration

Signal generator

FCMb
off-shore

AcouBoard

Slow Control
Interface

FCMb
on-shore

RME
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Frequency kHz

Equivalent noise :

Total Power: -90 dB re VRMS

Plateau: -138 dB re VRMS /sqrt(Hz)

Expected underwater
background noise

AcouBoard

FCMb off-shore

FCMb on-shore

Audio acquisition
board

+

+

D
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ata

Optical link 
(25 km)

OFF-SHORE SUBSYSTEM ON-SHORE SUBSYSTEM

Preamplifier

Digital data

Acoustics at LIDO East-Sicily TSS: test and calibration

Hydrophone+preamplier (+38 dB) sensitity:     -172 dB re 1 V/Pa
AcouBoard gain: +3 dB



Trigger signal

TTL  pulse emitted by
FCMb off-shore

The accuracy on the measure
of the arrival time of acoustic
signals on the hydrophones
depends on the latency time
of the system.

Signal Generator

Gate 
Generator

AcouBoard

FCMb off-shore

TTL

TTL 

Digital
Data

Data acquisition
board

+

FCMb on shore

Oscilloscope

Optical link 
(25 km)

Generator signal

(48 kHz, 10 mVptp) Latency time: 
169.8 µs ± 0.2 µs

Entries = 50
Mean Value = 168.8 µs 
RMS=0.2  µs 
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Latency time (µs)

Acoustics at LIDO East-Sicily TSS: test and calibration



Conclusions
Acoustics at TSN:
•Hydrophones acquired and calibrated
•Data acquisition chain realised and tested
•Data trasmission system realised and tested
•Power supply realised and tested

To do:

•Mechanical integration on LIDO TSN station
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Acoustics at TSS:
•Hydrophones acquired and calibrated
•Data acquisition chain realised end tested
•Data trasmission system realised and tested
•Power supply realised
•Mechanical frame and electronics housing under construction

To do:

•Power supply test
•Mechanical integration


