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Context

Noise pollution

MSFD (D11) :

* Impulsive noise

¢ Continuous noise
e 1/3 octave bands 63 Hz
* 1/3 octave bands 125 Hz

Risks :

* Masking

* Stress

* Hearing loss, habitat abandonment

Evaluation :

* Model

* Measurement
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ANTHROPOGENIC SOURCES

Acoustic deterrent devices
Fishing vessels
Recreational vessels
Cruise ships

Commercial shipping
Offshore oil & gas

Seismic airgun surveys
Military & civilian sonar
Offshore renewable energy
Underwater explosions

Construction and pile-driving

NATURAL SOURCES

Waves

Wind

Rain

Marine mammals
Currents

Underwater landslides,
volcanos and earthquakes

Fishes

Invertebrates

European

MARINE BOARD
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Y
Golfe du Lion

Monitorin oo
Jasine G

Measurement program

» 11 recording stations (French EEZ) ;
* Close to shipping lane ;

10°0.000 5%0.00'0 0°0.00° 550.00'E 10°0.00°E

Positions des mouillages MAMBO

(‘JJ 3 \JQ é"gr Sous-région marine

* Presence of marine mammals ; R

Liniites faisart [objet daccord en vigueur avec IEtat voisin
ou dans le cas dabsence dEtt aux cites faisant face
o

= Mouillage opéré par [Université de Toulon
®  Mouillages operés par Chorus

@ Mouillages opérés par le GEEC

®  Mouillages opérés par le Sham
1T Zones grises

 Coastal and offshore ;

S0°0.00'N

» Shallow / deep waters (~70 m to 4800 m) ;
» 2 or4recorders per station ;
+ ~20 000 hours.

45%0.00'N

Maintenance is expensive (offshore)
— reduce sampling to increase autonomy

40°0.00'N
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Ambient noise estimation

Automatic treatment of underwater noise measurement =

» Percentile Controlled Recursive Averaging (PCRA)
method ;

* The window size is set using the best stationarity
window of the sample (~10 sec) ;

» Enable to extract the background noise ;
» Inform on signal presence probability.

SERENADE 2022

Spectrogramme de données brutes
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Pihan-Le Bars, H. and Kinda, B. Percentile Controlled Recursive
Averaging (PCRA): a novel approach for ambient noise estimation
in underwater acoustics. IEEE Journal of Oceanic Engineering
(accepted)
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Selected data

Celtic Sea : Ushant ralil

SERENADE 2022

Is the level distribution preserved when downsampling
(artificially reduced recording cycles)?

25 s0km”
Campagne | Capteur || Inmersion Debut Fin Durée | Cycle | Durée acq. f T
(m) (ddimm/aaaa) | (ddmm/aaaa) | (jours) | (minh) h e 75 /s Emij:m
03C 2019 | SM19 5 04/09/2019 30/09/2019 26 60 624 aoon 7 > w03c - moow2 |
SMA1 30 04/09/2019 30/09/2019 26 60 604 - *— 10004
Z - - 0.006
04C 2019 | SM19 27 07/09/2019 19/10/2019 42 60 1008 vl e < 0008
SM1 37 07/09/2019 12/10/2019 35@| 60 1008 ’\,\ . W‘,ﬁ'(,,:ﬁ
SMZ2 54 07/09/2019 30/1072019 53| €0 1008 Kgaliubacucs 05G
. SM3 83 07/09/2019 22/10/2019 45 60 1008 04C
[ 05G 2020 | SM2 B0 20/03/2020 22105/2020 53 a5 1134 | nenez Rennes (121 m) = (550 m)
SM3 150 21/01/2020 21/03/2020 50 45 1080 ™
L SM19 300 20/03/2020 18/05/2020 59 45 1062 : R4
07G 2020 S5 20 21/0172020 20/0372020 50 75 1062 | L Lorient L
EE 50 19/02/2020 13/04/2020 54 45 972 - '-\ ;@’
SM7 80 21/03/2020 22/05/2020 62 45 1116 N by pair of
(T 05G 2021 | SM22 300 21/05/2021 25/07/2021 70 30 840 B R simu|taneous|y
SM23 150 11/03/2021 25/03/2021 14 30 160 = recorder
[ SM24 80 16/05/2021 01/08/2021 77 30 924
SM25 30 16/02/2021 06/05/2021 79 30 948 i
& 4 W W 2W
04C, 2019, SMART19
04C, 2019, SMART19, 63 Hz
—— 63 Hz
130 —— 125Hz
—— 250 Hz
120 —— 2000 Hz
E 110
E ) E 100
8 <
a 90
E
80
70
60
60 70 80 90 100 110 120 1 1 1 1 1
Niveau [dB re 1uPa%] 0 200 400 600 800
Temps [heure]
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ﬁ'ﬂmquz : a Bruit ambiant & 63 Hz-SMART 24 (80m)] Bruit ambiant a 125 Hz-SMART 24 (80m)
FRANCAISE SH M v — 05G-2021-mai — OSG—ZOZl-rn_ai
B, 300 anssmyrogaphie Z 02 —— 05G-20214uin | 0.2 05G-2021-ifin
© —— 05G-2021-juillet —— 05G-2021-juillet
S — 05G-2021-aoit —— 05G-2021-ao(t
2 01 0.1
[}
©
uty cycle ;
@ 00 - 80 90 100 110 120
8 Niveau de bruit ambiant (dB re 1uPa?) Niveau de bruit ambiant (dB re 1uPa?)
1< » ton =45 mMin

* T :recording period

SERENADE 2022

Duty cycle =75 %

« t,, : recording duration : > tperioa = 00 min _

*  tyerioa . duty cycle period » T=180 m'rL:

«  Duty cycle = ton! tperioa % T

Working hypothesis -

*  Treference = 30 days ;1 Z E ;
«  Probabilistic model %
»  Distribution monthly dependant s,

86

115 2.‘0
Time [hour]

T
25

28/06/2022

Barker, Paul, and Paul A. Lepper. "Development of a versatile platform for long-term underwater acoustic monitoring." Proceedings of

Meetings on Acoustics ECUA2012. Vol. 17. No. 1. Acoustical Society of America, 2012.
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Method

Error estimation

Reference estimation :

T (time period) : 30 days
Frequency : 1/3 octave band 63 Hz
Percentile : P50

Duty cycle : 100%

Sensor reference : SMART2

We will vary :

T:1,7, 14 and 30 day(s)

ton="5 min

/

A

—— Reference

Duty cycle = 5%

80 85 I =]
Level [dB re 1pPa?]

PS  psg

ton (recording duration) : 1 min — 1 hour

Duty cycle : 50% to 0,1%

95 100

P95

ton [Min]

SMART2 , P50, 30 day(s)

50.0 45.0 40.0 35.0 30.0 25.0 20.0 15!

Duty cycle [%]

SERENADE 2022

10.0 5.0 0.0

P50 -

28/06/2022

Level [dB re 1pPa?/Hz]
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E r r O r eSt i m at i O n SMART2 , P50, 1 day(s) 5 SMART2 , P50, 7 day(s) 5
Recording period R
Fixed parameters :
« Sensor : SMART2 : 1
. Frequency : 1/3 octave band 63 Hz 00 450 400 30 B0 250 200 150 100 50 00 50.0 450 40.0 35.0 sugu?yifu?eii? 150 100 50 00
° Percentlle P50 SMART2 , P50, 14 day(s) s SMART2 , P50, 30 day(s) s
Variable : :
« T (time period) : 1, 7, 14 and 30 day(s) .
— Median value is affected if T is not long 1 :
enough (14 days appear enough here). .
50.0 45.0 40.0 35.0 i;)ulzyiic?e?]ﬂ 15.0 10.0 50 00 50.0 45.0 40.0 35.0 ?;)ﬁyii(?ei;]l) 15.0 10.0 50 0.0

— Duty cycle > 10% is recommended

28/06/2022 8
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E r r O r eS t i m at i O n SMART2 , P50, 30 day(s) ,63 Hz SMART2, P50, 30 day(s) , 125 Hz s
Frequency R
Fixed parameters .
* Sensor: SMART2 :
[ ) Percentlle 50 50.0 45.0 40.0 35.0 35;;3-(?;]0 15.0 100 50 00 50.0 45.0 40.0 35.0 slgﬁyiil(?ei;]o 15.0 10.0 50 0.0
° T (tlme perlod) . 30 dayS SMART2 , P50, 30 day(s) , 250 Hz SMART2, P50, 30 day(s) , 2 kHz s
Variable : :
« Frequency : 1/3 octave bands 63, 125,  _:
250 and 2000 Hz
— Same impact on all frequency bands s i
50.0 45.0 40.0 35.0 i;)uliyiic?e?]l) 15.0 10.0 50 00 50.0 45.0 40.0 35.0 sgugyif,jef;? 15.0 10.0 50 0.0

28/06/2022 9
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Error estimation

Percentile

Fixed parameters

 Sensor: SMART2

* Frequency : 1/3 octave band 63 Hz
* T (time period) : 30 days

Variable

* Percentile : 5, 50 and 95

— P95 more impacted : presence of
ships

— affected percentile depends on
soundscape

— <2 dBre 1 pPa?

o [min]

ton [min]

Cécile Perrier de |a Bathie, Analyse statistigue du bruit

SMART?2 , P5, 30 day(s)

5
4
3
2
1

50.0 45.0

40.0 35.0 30.0 25.0 20.0 15.0 10.0 50 00
Duty cycle [%]

SMART2 , P95, 30 day(s)

50.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 50 00
Duty cycle [%]

102.5¢

100.0

95.0

90.0

iveau de bruit ambiant
(dB re 1uPa?)

97.5]

92.5]

87.5,

ambiant sous-marin et de I'impact de I'environnement sur
ce dernier a I'échelle de la sous-région marine Gascogne.

28/06/2022

85.0]

~ w

Level [dB re 1pPa*/Hz]

-

~ w ES

Level [dB re 1pPa*/Hz]

-

N

05-23 00:00
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SMART2 , P50, 30 day(s) 5
4
E
3k
< E]
£ P
Py 2§
3
g
1
0
50.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 50 0.0
04C, 2019, SMART19, 63 Hz
0.10 —— 0.2 min
~—— 3.0 min
—— 10.0 min
0.08 —— 20.0 min
—— 30.0 min
—— 40.0 min
50.0 min
] £.08 —— 60.0 min
z
&
0.04
0.02
Heavy tail
0.00
60 76 8’0 Sb 160 liO 120
Niveau [dB re 1uPa?
[
{ Représentation du
3 signal journalier
(Niveau de bruit
! ambiant en fonction
i du temps)
10

05-2314:11 05-2321:17

Temps (j)

05-23 07:06



Campagne | Capteur | Inmersion Début Fin Durée | Cycle | Durée acq.
.é k) (m) (dd/mm/aaaa) | (dd/mm/aaaa) | (jours) | (minvh) h
IFan:L't%A%UEE SH M 04C 2019 SM19 27 07/09/2019 19/10/2019 42 60 1008
i SM1 37 07/09/2019 12/10/2019 35 60 1008
it 300 ans dnydrographie SMz2 54 07/09/2019 30/10/2019 53 60 1008
SM3 83 07/09/2019 22/10/2019 45 60 1008

SMART1, P50, 30 day(s)

SMART1, P50, 30 day(s)

Error estimation

ES
FS

Sensor : 04C station R

Fixed parameters . ;

* Percentile : 50 : :

° Frequency : 1/3 Octave bands 63 HZ 50.0 45.0 40.0 35.0 ﬁ)uzyii.(?ef? 15.0 100 50 0.0 50.0 45.0 40.0 35.0 ?ﬁyiiﬁef;f 150 100 50

° T (tlme perlod) 30 dayS SMART2 , P50, 30 day(s) s SMART3, P50, 30 day(s) s

+ Sensor_ref: SMART 2 . .

Variable .

-+ Sensor: SMART19, 1, 3 o S I .

H neceSSity to monitor On the Water COIumn 20.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 50 00 ° ].;>0.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 5.0 °
Duty cycle [%] Duty cycle [%]

28/06/2022 11



Campagne | Capteur || Immersion Début Fin Durée | Cycle | Durée acq.
553“ e 7N\ (m) (dd/mm/aaaa) | (dd/mm/aaaa) | (jours) | (min/h) h
FI!AMCA?SE SH M 04C 2019 SM19 27 07/09/2019 19/10/2019 42 60 1008
s NS SMT 37 07/09/2019 | 12/10/2019 | &5 50 1008
Frasraied 300 ans dhydrographie SMz2 54 07/09/2019 30/10/2019 53 60 1008
SM3 83 07/09/2019 22/10/2019 45 80 1008
- - 04C, 2019, SMART19
rror estimation =
130 125 Hz
— 250 HZ
120 — 2000 HZ
Sensor : 04C station
. g
'.:‘ 100
? %0
§ 80
70
60
04C, 2019, SMART1 ° 200 00 600 800
140 Time [hour]
125 w2
130 — 250 HZ
—— 2000 HZ

Flow noise from tidal current
— to remove

04C, 2019, SMART2

Level [d8 re 1pPa*/Hz]
3

70
130 — 63Hz
125Hz
60 — 250Hz
0 200 400 600 120 — 2000 Hz
Time [hour]
F o
£
=
£
2100
&
=
04C, 2019, SMART3 = .90
140 3
H
3
= 80
130
120
10

il (Ul | nlll)lll,lllhlul .|ul‘W' |rh Il 1““[11 . ’ - T e “ ”

. 4 (il L U u“‘“ W | Mooring mechanic self-noise

0 200 400 600 800
Time [hour]

Level [dB re 1pPa*/Hz]
8




Campagne | Capteur | Inmersion Début Fin Durée | Cycle | Durée acq.
EN (m) (dd/mm/aaaa) | (dd/mm/aaaa) | (jours) | (min‘h) h
'F{E:LIG%A%UEE SH M 05G 2020y SM2 80 20/03/2020 22/05/2020 63 45 1134
i SM3 150 21/01/2020 21/03/2020 60 45 1080
Prearaict 300 ans dhydrographie / SMA1 9 300 20/03/2020 18/05/2020 59 45 1062
E r r O r eSt i m at i O n ) DATA_RTSYS_SMART_02, P50, 30 day(s) 5 DATA_RTSYS_SMART_19, P50, 30 day(s) 5
Sensor : 05G station R
& 05G, 2020
Fixed parameters .
* Percentile : 50 :
° Frequency : 1/3 OCtaVe bands 63 HZ 50.0 45.0 40.0 35.0 SI;)ulzyif;((:ei]D 15.0 10.0 50 00 50.0 45.0 40.0 35.0 ?ugyiit?ei;]l) 15.0 10.0 50 0.0
* T (time period) : 30 days e ; e :
« Sensor reference : SMART 2 (2020) : :
» Sensor reference : SMART 19 (2021) . 05G. 2021
— T (time period) : 14 days enough for 05G, : :
2021

]
50.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 50 0.0 50.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 50 0.0

Duty cycle [%] Duty cycle [%]

21 | SM22 300 | ~21/05/2021 25/07/2021 30 840
SM23 1 11/03/2021 25/03/2021 [ 14 J 30 160
SN24 80 16705/2021 01/08/2021 I 30 924
SM2! 30 16/02/2021 06/05/2021 79 30 948

28/06/2022 13




Ex 2~ i One year recording

B SH M RL|| SERENADE 2022

o 200 e - * T (recording period) : 1 year

R2 = s toy, (recording duration) : 15 minutes

CO N CI us | on ra [l — *  tperioa (duty cycle period) : 1 hour

. * Dutycycle =25 %

Autonomy R4 =

Overlapping ~40 days

RIsvs =1 —

Table 1: Battery life in hybrid mode for 1,210 mm RESEA Tlusraton de Venreglsireur ave le kit de mantoge

Configuration Duty cycles and configuration examples

54 Li 39 kHz 3 Hz — 15 kHz
SQcCI2 78 kHz 3 Hz - 20 kHz 43 57 86 107 128 160 256 430
Batteries 312 kHz 3 Hz — 150 kHz 35 47 47 88 106 153 206 350
54 39 kHz 3Hz-15kHz 15 21 21 36 45 63 93 150
Alkaline 78 kHz 3Hz-20kHz 15 18 27 36 42 60 90 150
Battery” 312 kHz 3 Hz — 150 kHz 12 18 27 33 39 48 72 120

Jssiosi022  Nttps:/irtsys.eu/
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105
0.8
6 95
. i 0.6 &S | 5
2% £ = N T3
erspectives : B :
o o o 80
& ©g & g

0.2
65

80 60

200 400 600 800 1000 25 50 75 100 125 150 175
Time [s] Time [s]

Underwater soundscape is rich : (A)  Anthropogenic noise  (B)
— What duty cycle to detect other components ? I = Ssea + Straffic + Atide (Sfow + Smoor)

=S

>
ambient noise pseudo-noise

- éwnarssonur 2 5hioshB + 5shipsship 7 5meteosmeteo’

B v
transient-noise other additive noise
120
100 100 100
1s
90 110 90 90
3 33 ol 2 33 3
g ng & ° g ng § 0 g
2 E 3 g 3 2 3 )
£ 3 § ©3 g T ¢ 3
60 % w ] w 60 ¥ «w 60 Y
20
o 85 50 50
1 5 N 05 1.0 15 20 25 3.0 35 * “ “
A3 931 a2d 925 0029000 1005 1009 . . . ) i . .
W09 09 0 e 093 g0 Time [s] Time [s] ) ) ) Time [s]
(A) Mooring noise (B) (A) BIO|Oquue noise (B)

28/06/2022 15



EX
REPUBLIQUE
FRANCAISE
st

Egalité
Eraseraict

7~
SH M
—/

300 ans dhydrographie

Thank you
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