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Densité de trafic

Traffic density mp|
CO nteXt map close to i

04C station

European Marine Framework Strategy Directive (MFSD)

Goal : Evaluation of anthropic pressure on marine ecosystems through
ambient noise study

< Estimation of noise level generated by human activities on : *‘ !
- Continous component (traffic) 1 e b
»  Impulsive component (offshore activities) TR 7* ‘
< Transient signals extraction/classification f?;w:
MAMBO network : acoustic monitoring and opportunity noise measurements| \ s
< 12 stations spread in the French Exclusive Economic Zone (EEZ) 4 L f;““
+ Expected amount of data ~ 50 To / year TN AN WG

«» Homogeneous sensor network e
g ‘ MAMBO network's anchorages map
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Context

Requirement for continuous noise estimation

EMSF — ambient noise descriptor : production of reference time series of noise measurements to
assess the robustness of traffic noise models. ====s) Noise estimation

Targets properties for noise estimation

Continuous estimation under signal presence Chosen approach: Recursive methods with
uncertainty estimation of signal presence probability
Deal with complex and non stationary (SPP) (*) with production of time-frequency

environments & noise
Include (far) traffic noise

Fully automatic l

map of noise and SPP

Error between <1-3dB

Joint signal detection!

29/05/2022

(*) 1. Cohen, “Noise spectrum estimation in adverse environments: improved minima controlled recursive
averaging,” IEEE Transactions on Speech and Audio Processing, vol. 11, no. 5, pp. 466—-475, Sep. 2003



EX 7N
REPUBLIQUE

FRANCAISE SH M
Liberte,

%ﬁ:‘m 300 ans dhydrograpnis

Method

Recursive estimate from speech

processing field - From 1. cohen, 2003 (*) Signal absence
probability q(k,l)
Raw data (STFT)

Exponential and x?

distributions SNR thresholds

Periodogram
smoothing

Prior noise estimate
Initialization

Spectral gain — G(k,)

Signal presence
probability — p(k,l)
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Enhanc'ed signal

AKI1)  G(kI-1)
. Minimum statistics ) } : L —
3 stationarity modes SkL) .y(k,l b SNR ratios Update Recursive noise
based on user decision k — frequency line g(ki1), y(k.I) estimate 4
| —time step
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(*) I. Cohen, “Noise spectrum estimation in adverse environments: improved minima controlled recursive
averaging,” IEEE Transactions on Speech and Audio Processing, vol. 11, no. 5, pp. 466—-475, Sep, 2003.
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PC RA e S5 ;gisy signal _
17.5 100 —— Prior noise estimate
—— Simulated noise
. . . . . %0 —— Estimated noise
Bayesian SPP and recursive noise estimation  ®°
from Cohen 2003 523 "
A weighted average of past noise estimate and current £ *° » &
spectrum coefficients, controlled by a SPP : £s o
N(k, 1) = @,(k,[) NGe, | — 1) + (1 — @, (e, D)) Y (ke, 1) "’
Wlth " ° 0 Timl:(s) * ® B M:(a)n DSP -dB uIBDZZHZ“
=  Smoothing coefficient— @,(k, 1) =a, + (1 —a k, 1 _ _ _
- Signal preience probabilit;((SP)P) —np(k(l) n) Pl Noise estimate and mean PSD for a simulated sample
* Noise estimate N(k, ) for frequency bin k and time step | with two gaussian I0U|S§ trains and a t_)ackground noise
= Spectrum coefficient Y (k, 1) composed of 4 white noise samples with different levels.

Conditional SPP estimation : from Bayes rules, conditional probability density for observed signal and SNRs

§kDy(kD
p(k, ) = P(H,(k,D||Y(k,D)|?) = [1+ %(1 + &(k, l)) X e 1+ekD) _\—> Noisy signal to noise ratio
A priori signal absence probability «———

——» Clean signal to noise ratio

29/05/2022
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Performance assessment

Simulations — Results of Monte-Carlo simulation

Segmental logarithmic error (SLE) : Mean value of log-
ratio of estimated noise N and true noise N :
L-1K-1

LK
=0 k=0

IMCRA : «  Two trends, no clear link with pattern and noise type
*  Growing instability with increasing SNR

k — frequency bin
[ —time step

N(k, D
10logig ——= NG D)
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| | |
T —+ Profil 1 - white noise
—— Profil 1 - violet noise
T —+— Profil 2 - white noise
—— Profil 2 - violet noise
Profil 3 - white noise
Profil 3 - violet noise
Profil 4 - white noise

—+

“+

IMCRA
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Enhanc'ed signal

J Mk 1) G(k)-1)
© Minimum statistics |y ¢k -1 KI-1 :
‘ 3 stationarity modes SkL) _V( 1) SNR ratios update Recursive noise
based on user decision k — frequency line g(k.1), y(k,I) estimate g
| —time step
29/05/2022 (*) I. Cohen, “Noise spectrum estimation in adverse environments: improved minima controlled recursive

averaging,” IEEE Transactions on Speech and Audio Processing, vol. 11, no. 5, pp. 466—-475, Sep, 2003.
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Method
PCRA method

H. Pihan-Le Bars and B

Raw data spectrogram

10
5
100

Prior noise estimate‘

5 & & 8 8 3 8 &
He

& = & & B 2
e

. G. Kinda under review(**) Signal absence
probability

| Beta-prime distributions

Ratio of spectrogram coefficient [ N[ 28 12175 410] [0 &5}
with x? distributions

| Spectral subtraction
Clean signal to noise ratio SNR ratios
estimated from spectral
subtraction of noisy signal and
prior noise estimate

Initialization

: . A(k,I-1) G(k,I-1)
Adaptative percentile

Best stationarity window ﬁ(k,l-l) v(k’l-l)
research with automatic k — frequency line
tuning | —time step

Spectral gain — G(k,)

Signal presence
probability — p(k,I)

i
i

Noise estimate — A(k,l)

SNR ratios update
g(k.1), v(k,)

DOPS/STM/ASM

Enhanc'ed signal

Recursive noise
estimate 9
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(**) H. Pihan-Le Bars and B. G. Kinda, “Percentile Controlled Recursive Averaging (PCRA) method for noise
estimation in underwater acoustics,” under review in JOE.
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0- Best stationarity window search using KS statistics

Prior noise estimate > 2-sample KS test on pairs or time serie sub-samples

with ad aptative >  Similarity hypothesis rejectior based on significance

, threshold
percentile

> Minimal stationarity horizon estimation

::::::

DOPS/STM/ASM

- Detection Threshold
- Transition detected 0.07

value of KS distance gradient - clipped below detection threshold

1- Sample segmentation & optimal CDF threshold bl [
Exemple d’échantillon research v frequency line o e
Simulé ) o 90 f ——— Smcoth;e)d pomfrd:lﬁltzatz ksz T
> Noise level along the CDF 22 Smosined powerdenciy s Koz y
_ threshold range (1-100%) 7 w ool z’ o
4-levels noise sample i > Detection of transition between Signa _’
with sharp transitions Rl noise and signal dominance  : "3e i
6% regime wt {s Transition |
YR “© g noise/signal ¢
Pulse trains . _ _ B e SRS I P e
2- Prior noise Ay ,(f) from PO i L o
» adaptative percentile q,(f)
e 3, () B. G. Kinda, et. al. ,“Under-ice ambient noise in eastern
Raw data ANp(f) - __PY7 Y segments beaufort sea, canadian arctic, and its relation to environmental

In(1 —p) forcing,” J. Acoust. Soc. Am., vol. 134, pp. 1-11, 2013

10
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probability
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with x? distributions

| Spectral subtraction
Clean signal to noise ratio SNR ratios
estimated from spectral
subtraction of noisy signal and
prior noise estimate
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: . A(k,I-1) G(k,I-1)
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Best stationarity window ﬁ(k,l-l) v(k’l-l)
research with automatic k — frequency line
tuning | —time step

Spectral gain — G(k,)

Signal presence
probability — p(k,I)
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i

Noise estimate — A(k,l)

SNR ratios update
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0.9 1
Performance assessment
0.8 1
Simulations — Results of Monte-Carlo simulation
0.7 1
Segmental logarithmic error (SLE) : Mean value of log- 3 0.6
ratio of estimated noise N and true noise N : §

L-1K-1 0.5
SLE = 1 Z Z N(k, l)‘
LK
=0 k=0

1010
glo N(k l
PCRA ¢ Negligible effect of stationarity profile
*  Weak impact of stationarity window underestimation 0.2
* Increased sensitivity for violet noise is due to simulation artefact

110

k — frequency bin

| —time step 0.4

0.3
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Profil 1 - white noise
Profil 1 - violet noise
Profil 2 - white noise
Profil 2 - violet noise
Profil 3 - white noise
Profil 3 - violet noise
Profil 4 - white noise

1. —+ Profil 4 - violet noise
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Performance assessment

Real data — Error indicators on 10 s sub-samples
Indicators :
% SNR (dB) : R=Y/N

» Approximated SLE (dB) :  Rpg5 = Y, <095/N
% Signal attenuation (dB): AR = |R — Ry 5|
with: Y — Noisy signal spectrogram

N — Estimated noise spectrogram
Yy < 0,05 — Noisy signal masked if SPP > 0.95

2.

1.

1.

95 (dB)

S 1.

Vi

R,

p
Results : «  Error related to the signal overlap
*  Minimal error consistent with those obtained on simulated
data
* For an overlap <20%, a large part of the errors are < 1 dB
* The error dispersion for 04C station is likely due to flow
L noise, negligible for deep-sea station such as 05G

~N
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MAMBO station 05G
Bay of Biscay - 86 m
64 days in 2020

PCRA

0 5 10 15
Overlap (%)

20

25

MAMBO station 04C
Celticsea-27m
41 days in 2019°

. L. ® -‘,"’

~" PRET I .
& .‘-'-'o-ji-i*ﬁ‘- N

PCRA

[0} 10 20
Overlap (%)

30

40

SNR (dB)
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17.5

15.0

12.5

10.0

SNR (dB)

7.5

5.0

29/05/2022
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Available products

Example of MAMBO sample
dolphin (clicks & whistle) + vessel

* Noise and detection maps
« Enhanced signal
* Quality indicators

Estimated noise

'spectrogram |

Time (s)

DOPS/STM/ASM

29/05/2022
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Z-call sequence - Enhanced signal

Z-call - Enhanced signal and selection
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35 110 110
f 100 100
A few examples *
90 %
Blue Whale Z-call - Rhum-Rum EES 1 3 ]
r = N
g 80 ® g 80 jz
z s o 3
g20 g g 8
70 0
Z-call sequence - Raw data 15 .
3 10 Enhanced signal 60 o
100
30 800 340 360 400 50 50
Time (s) 180 190 200 210
Time (s)
90 . .
Vs - 35 Z-call sequence - Estimated noise 110 35 Z:call sequence - Slgnal presence probability 10
3 F
= = 100
% 20 3 30 30 08
b=
70
90
15 0 ;Nizs Tg g 5 o6 -
H 80 ® O H
Q o [ =4 ©
3 E ) o
1 50 3 20 gz £
%00 340 360 400 = 220 0.4
Time (s) 70
” Estimated noise o 15 Slgnal pr,esence 02
~
spectrogram proba)blllty map ‘l'
1900 340 360 400 50 19 0.0
Time (s) 00 340 360 400
Time (s)
29/05/2022
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Application to vessel detection in daily time series

Station 05G - SMART 19 (304m) - Bruit ambiant - 125Hz

Série temporelle du bruit ambiant
115 : . ) ) Bruit ambiant lointain

) H Bruit de bateaux proches
mof - Hio o ] ; P

125

105

Noise level (dB)
-
=
)

Niveau de bruit ambiant (dB re 1uPa?)

100

24/09
Time (d)

Close passages detection and separation

Station 05G - SMART 19 (304m) - Bruit ambiant - 63Hz o
—— Bruit ambiant total o
~—— Bruit ambiant lointain
—— Bruit de bateaux proches

o
]
(]

=)
o
)

Separation of near and
far traffic contributions Ongoing internship on vessels
detection and environnemental

Impact on noise level

Densité de probabilité (DDP)
e e <
= =
=) o

o
o
G

0.00

80

110 120
Niveau de bruit ambiant (dB re 1uPa?)
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(*) http://www.rhum-rum.net/fr/ 17
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Basic signal features extraction

Clicks and whistle disentanglement
MAMBO sample with dolphin tonal and pulse emission

Spectrogram

16000 3+

14000

Basic treatments on SPP image to :

« Transient signal tagging

* Pulsed and Tonal signals
disentanglement

12000

10000
N

)

8000

Frequency (kH:

6000

4000

2000

29/05/2022 (*) http://www.rhum-rum.net/fr/ 18
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dhycdrographis

\» Building of a first dataset for transient signals
4

* Tag isolated transients and vessels

| Transient/vessel object creation
* Give insights on their TF structure/type (pulsed or tonal) )

* Local and segmental statistics l
B S Creation of an object oriented
database on minio-S3
/ E = 1DAR proxy, DS, Réseau H H

are Foee st Recherche & Labellisation on target

Développement segments/events with selection
du SHOM based on signal features to cover a
large variety of signals

Contact architecte Big-Data du RED
emmanuel.daveau@shom.fr

29/05/2022

(*) http://lwww.rhum-rum.net/fr/ 19
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