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Biodiversity crisis: [Rigal et al., 2023]
= -25% birds population overall (1996-2016)
= -60% in farmlands
= -18% in forests

European directive [2002/49/EC]:
protection of quiet areas

Acoustic propagation in forest environments

= Multi-scale
= Multiple scatterers
= Impedance boundary conditions

o

o

Various sources

e}

C\.\
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History

Transmission Line Matrix model (TLM)

Introduced to model high-frequency magnetic fields
[Johns and Beurle, 1971].

o Time-domain method (3D, complex geometries, impedance boundary
conditions)

o Validated and/or studied for

s Room acoustics [Guillaume, 2009]

B Propagation in urban areas [Guillaume et al., 2008]

B Propagation through parallel cylinder(s) above a horizontal plane [Chobeau et al., 2017]
o Python/OpenCL parallelized on GPUs [cuillaume and Fortin, 2014]
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Basis

,” Secondary

g source
Source .\

) >\ “Wavefronts

Huygens-Fresnel principle
[Guillaume, 2009, Chobeau, 2014].

@ detailed: [Goestchel et al., 2022]
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Basis
S 1
. nly . :
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Source .: source O
\\\ & Wavelet O
\\7 Wavefronts
Huygens-Fresnel principle C ® C
[Guillaume, 2009, Chobeau, 2014].
@ detailed: [Goestchel et al., 2022] O
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,”/ Secondary
Source .: source O
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T, 1}
1 1 nterniyp
. ~Wavefronts n Rr n Ir
Huygens-Fresnel principle C .”T]?”[rl.
[Guillaume, 2009, Chobeau, 2014]. ann,fﬁ
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@ detailed: [Goestchel et al., 2022] )
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Trees description

Parameter Formalism

Trunks center

coordinates Xes Ve
Tree
height ht
A Trunks
t radius a
Canopy radius
a (approx.) 2
Canopy
Y height 3
(e, Ye) (e, Ye) Tree " o
Simplification of tree descriptive parameters. species species

Geometric parameters’ description. Canceled
parameters are the ones not considered in the
TLM simulations.
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Dataset from in-situ survey: CNRS “Nouragues” research station

o Tree localization provided by Evolution and Biological Diversity laboratory (EDB),
Toulouse Il University.
m Part of the COPAS project in French Guiana
m 1851 trees with radii a; € [0.016 — 1.43] meters

Tree inventories of Nouragues nature reserve, French Guiana.
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French National Museum of Natural History Campaign

o Recordings provided by the Institut de Systématique, Evolution,
Biodiversité (ISYEB)
o Described in detail in [Haupert et al., 2023]
o In brief:
s 1 source, 1 microphone (Svantek sonometer)
s 10 source-receiver distances (1-100m)
= 3 sequences, 4 repetitions at each distance

~[__[ADDo%D

Spectrogram of the experimental measurements at 1 m, = 35 s display.
8/18
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Geometric reproduction process

o GPS points accuracy is questionable
o Approximations made:
m axis of the coordinates of the trees, one tree as reference
n regression line between GPS points to place the microphones

x 9/18
Forum Acusticum 2023 | Politecnico di Torino | 11th - 15th September 2023 Turin, Italy /



il forum
1 acusticumn
i 2023

Simulation setup

Geometric reproduction process

o GPS points accuracy is questionable

o Approximations made:
m axis of the coordinates of the trees, one tree as reference

e @ A

= regression line between GPS points to place the microphones

---- domain

considered trees

e microphones GPS points

—— linear regression line

¢ estimated microphones

—50

-25 0 % 50 75
Xeopas [m]
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Geometric reproduction process

o GPS points accuracy is questionable

o Approximations made:
m axis of the coordinates of the trees, one tree as reference

= regression line between GPS points to place the microphones

Simulation setup

""'" @ AN

% source
. ° ., ‘.\ . ¢ microphones
s . © . . o ® trees
. .- . . .
P e . e
. .
< . ® .
o o -
+ A .l %A Ao A e
ek ehe @ ¥ v
. . . oLt e
© * . o
P R . N L L «
. ) b . .
.
0 10 20 30 40 50 60 70
Xioca [m]
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Geometric reproduction process

o GPS points accuracy is questionable
o Approximations made:
m axis of the coordinates of the trees, one tree as reference
n regression line between GPS points to place the microphones
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Sound source

o Experimental sound source: JBL Xtreme 2 loudspeaker

o Numerical sound source: monopolar point source with time-domain support

Sweep Waveform

Amplitude[-]
o

107!

Source spectrum
=== Cutoff frequency 103
=== Number of points / A

————— 10!

Energetic fraction [%]

0.000
0.0 0.2 0.4

o
2
&
1
1
T
1
1
1
1
[
[}
I
|
1
1
1
1
1
1
1
1
& 1]
1
1
/
1
Nppw]

06
/far 1
Filtered Sweep (fmax = 1500 Hz).
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Computational domain

1 x-slice : (15.0,y, 2) z-slice : (x, y, 2.5)
15 40 :
-8 354
2 = -
( 5 0 15 20 % 30 3 40 -2
y (m) 15
1o y-slice : (x, 27.0, z) 1(j
10 0
8 10 20 30 40 50 60 70
E x (m)
e I s
2 1 [ 1 9
10 20 30 10 30 60 70
x (m)
AL (m) At (s) Ny x Ny, x N, Memory (GB)  teomp (h)  Fmax/Amin
2.29e-02 3.90 e-05 3265 x 1931 x 527 6.65 Gb 97.25 174

Configuration for the 3D simulation setup with fmax = 1500 Hz, Nppw = 10 and the source-receiver
distance rmax = 40 m.
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Time-domain simulation

O Low frequency simulation, Windowed Chirp source f = 400 Hz, view from above.

Xy plane

g

4

&

g
Pressure [Pa]

5e-05

1e-04

2604

40
y (m)
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Comparison of the attenuation relative to a reference microphone

01 % A TLM - pine forest ground

=) «  TLM - beech forest ground
R =51 % Measurements ]
E 104
T
o —15y
2 9 %
o
.8 *
Ea § %
2 _30] + i %
.30 7

~359 T

0 10 20 30 40

Distance [m]

Results Comparison for a simulation with fmax = 1500 Hz.
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o Encouraging comparison between time-domain method and experimental
results

o Frequency analysis needed for the comparison

o High-frequency limitation due to computational burden

o Effective wavenumber method [Ostashev et al., 2017] adaptation to
time-domain methods for foliage modeling

o Dedicated experimental campaign for more comprehensive comparisons

o Calculation of detection spaces for bioacoustic [Guibard et al., 2022]
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= david.ecotiere@cerema.fr
= benoit.gauvreau@univ-eiffel.fr -
o link : -

» http://www.umrae.fr/

Unité Mixte de Recherche en Acoustique
Environnementale (UMRAE) is a joint research unit in
environmental acoustics between Gustave Eiffel University
& CEREMA.
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Time-domain simulation

O Low frequency simulation, Gaussian pulse source f = 400 Hz, view from above.

Xy plane

X (m)
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Pre-processing of experimental & simulation data

x10~*

| — = recorded signal
1.00 —— filtered signal

----- background noise

Spectrum [-]

|
0 2000 4000 6000 8000 10000 12000
Frequency [Hz]
Spectrums of recorded sweep signals at 10 m from the source before filtering (blue dash-dotted)
and after filtering (green). Ambient noise (orange dotted).
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Impedance characteristics

Ground oo Q Bark oo Q
parameter [kPa.s.m™2]  [] parameter [kPa.s.m™2]  [-]
710, table VII Oak bark 3
[Attenborough et al., 2011] 102.5 0.58 measurements 50.00 10 0.5
pine forest Test val
est value 3
34, table VIII (more absorbing) 10.00 10 0.5
[Attenborough et al., 2011] 225 0.50

beech forest

Parameters for “slit-pore” (semi-infinite) model: (left) Ground parameters, (right)
Bark parameters.
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