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Introduction

To achieve this goal it is necessary to track both and to signal the presence 
of the dolphins to possibly any subject operating in the protected area.

Two buoys with four hydrophones each, installed in Santa Margherita-
Portofino marine protected area, collect data transmitted to a ground station

At an early stage of the project, knowing there were few data available, 
we decide to monitor even “background” noise
(from boat, sea, other natural sources…)

The average power of noise background is at the same time 
a parameter affecting resolution and an indicator of “noise pollution”

The equivalent sea state noise is calculated from this parameter and 
compared against Wentz curves

ARION project aim is: 

to protect dolphins and boats, while preserving human activities, mainly preventing collisions
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Following data flow: how it works

On shore

Off shore

Off shore



Storage unit

2 PC with: 

• 8Gb RAM

• 100Gb SSD HD buffer

• HD sata 2Tb 

High Data Availability:

• PC1 collects and store data (normal mode)

• PC2 is PC1 mirror in watchdog mode

if PC1 is unreachable => 

PC2 restart in normal mode

3 USB3 portable HD: 

1. at the lighthouse

2. on the road (lighthouse-laboratory)

3. Laboratory (to storage unit)

Laboratory

infrastructure

hub usb, router

switch 1Gb etch.

LCD, keyboard, 

mouse, ADSL...

4 units 15Tb storage, raid 5 + a cluster...

hardware installed on shore (at the lighthouse)

On shore
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Antialiasing 8-poles 
Sallen-Key low-pass 
filter (-3dB @23kHz)

sea-noise equalizing high-
pass filter (-3dB @3kHz)

- hydrophone 
sensitivity: -199 dB re 
1V/uPa @10kHz

- hydrophone pre-amp 
gain: 36 dB @5kHz

ADC: 4-channel, single 
clock, 16 bit, +-10V 
range, up to 100 kS/s

Band-pass zone 
gain: 36,28 dB

hydrophones home-made 
filter/amplifier PCB

onboard PC with 
ADC 



NORTEK Acoustic Wave And 
Current Profiler (AWAC)



eseguite misure sea-noise

- depth: -10m e -17m

- sea-state apparente: 2-3

- sea-state misurato  : 3-4

livello di sea-noise misurato e’

risultato maggiore rispetto alle 

curve teoriche

Wenz curve vs

data comparison

MISURA SEA-NOISE

23 Feb 2012
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25cm wave

15-03-2014
from 00:02 to 01:02 UTC

wave height: 25 cm 

- Sea ambient noise 
pressure (dB re 1uPa)

- 1 hour recording 
- 4 hydrophone average

- 500 s  portion, flat pressure
- spectrum level (dB re 1 uPa/√Hz) 

RESULTS
- Wave height recorded by 

wavemeter:25 cm  SS2
- Spectrum level recorded: 

corresponds to SS4 (Wenz
curves)



0

20

40

60

80

100

120

140

1 10 100 1000 10000 100000
Sp

e
ct

ru
m

 L
e

ve
l (

d
B

 r
e

 1
u

P
a/

√H
z)

Frquency (Hz)

130cm
wave

85

87

89

91

93

95

97

99

0 500 1000 1500 2000 2500 3000 3500 4000so
u

n
d

 p
re

ss
u

re
 (

d
B

 r
e

 1
u

P
a)

time (s)

SS4_WaveHeight130cm_14-04-26_2246_UTC

26-04-2014
from 22:46 to 23:46 UTC

wave height: 130 cm 

- Sea ambient noise 
pressure (dB re 1uPa)

- 1 hour recording 
- 4 hydrophone average

- 500 s  portion, flat pressure
- spectrum level (dB re 1 uPa/√Hz) 

RESULTS
- Wave height recorded by 

wavemeter:130 cm  SS4
- Spectrum level recorded: 

corresponds to SS4 (Wenz
curves)
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11-05-2014
from 22:40 to 23:40 UTC

wave height: 250 cm 

- Sea ambient noise 
pressure (dB re 1uPa)

- 1 hour recording 
- 4 hydrophone average

- 500 s  portion, flat pressure
- spectrum level (dB re 1 uPa/√Hz) 

RESULTS
- Wave height recorded by 

wavemeter:250 cm  SS4/5
- Spectrum level recorded: 

corresponds to SS4 (Wenz
curves)
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CONCLUSIONS / FUTURE WORK

• Absolute sound pressure levels have been extracted from raw acoustic data “flat” pressure (no boats) 
• 3 random sea ambient noise 1h-samples, with no boats, from different groups, according to the height of the 

wave have been analyzed
• Significant wave height measurements corresponding to the 3 samples 

have been recorded by in-situ wavemeter (25 cm, 130 cm, 250 cm)
• portions (500 seconds, average of 4 hydrophones) 

were processed to get corresponding average spectrum levels in the 3 kHz-23 kHz band

If compared to Wenz curves, all of the data samples  overlap at SS4
This is in contrast with sea ambient noise spectrum levels expected by the recorded wave heights
This study indicates a general sea ambient noise level increase with respect of the Wenz curves in the proximity of 
Portofino headland.

We may confirm the presence of dolphins in the area, especially at night and/or when there are few small boats
We are now refining guidelines for people entering the marine protected area

• about 20 TBytes (growing) of raw acoustic data are available by ARION project for further analysis
• a standard calibration of the whole acquisition system is scheduled

to get precise absolute sound pressure levels in order to improve the analysis accuracy


