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ABSTRACT

The design of efficient screens for preventing noise exposure close to road lanes with high traffic flow is both a
technical and an economical stake. This design (including material properties) is usually carried out upstream
to in-situ realizations through numerical predictions. However, the uncertainties concerning the input data can
lead to strong discrepancies in SPL predictions that are not considered in such impact studies. For instance,
the modelling of the road traffic flow stands for a key point. Likewise, the surfaces properties (ground, screens
materials, etc.) and the atmospheric conditions (inside and outside the urban canopy) can affect the sound
propagation at relatively short distance when considering urban areas. Those scientific topics are currently
under consideration in the framework of a french national project called EUREQUA. Thus, the present work
treats about this project results by focussing on the effect of such input data in a time-domain model based on
the transmission line matrix method.
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1. INTRODUCTION

Dealing with environmental noise requires an appropriate modelling of road traffic noise, i.e. the simulation
of line sources for far-field. As underlined in Ref. (1), the consideration of coherent line sources results in
overestimating the insertion losses of noise barriers. Moreover, the use of a coherent line source instead of
an incoherent line source causes strong destructive interferences (2) and tends to increase the dominance of
the modes in a circulating street (3). Nevertheless, if considering sound pressure levels relative to free field,
the coherent line source solution leads to equivalent results as a point source solution (4). Most of all, an
incoherent line source stands for a better approximation of traffic noise sources since it corresponds to the sum
of totally uncorrelated point sources, whereas a coherent line source corresponds to sources emitting in phase
(1). Moreover, an incoherent line source of finite length stands for a more pragmatic depiction of a traffic flow
(3,5, 6).

For the modelling of far-field sound pressure levels, an incoherent line source can be modelled by consider-
ing a continuous sum of independent point sources. Thus, point sources which make up the line source emit
one after the other a pulse signal. On the contrary, a coherent line source is implemented as an array of point
sources which synchronously emits a pulse signal. The present study deals with the depiction of a line source
by an array of point sources. The paper focusses on the effect of the spatial distribution of the point sources in
order to create an incoherent line source while minimizing the standard deviation on the sound pressure levels
according to the sources trigger. First, the modelling of coherent and incoherent line sources is presented.
Then, the calculation configuration is detailed. Finally, results in terms of sound pressure levels spectra per
third octave bands are given and discussed regarding dispersion according to the line source discretization.

2. COHERENT/INCOHERENT LINE SOURCE

A coherent line source stands for a set of point sources emitting in-phase signals. For time-domain
approaches, a coherent line source is then modelled by introducing a finite number of sound sources with
synchronous and identical emission (i.e. the same signal is produced by all point sources with matching time
evolution). On the contrary, considering incoherent sources means that no relation of phase exists between point
sources which compose the line source. In time-domain models, an incoherent line source is thus modelled
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by assigning a random phase at each point source constituting the line source (6). Consequently, each point
source emission is uncorrelated with others point sources emission.

However, the modelling of incoherent line sources by randomly trigger the sound sources requires to
perform several simulations as some particular interferences occur between the propagated signals according to
the trigger selection (6). Then, the distribution of the line source energy according to the line source discretiza-
tion have to be assessed in order to limit the number of simulations, even to allow a good representativeness of
an incoherent line source through a single calculation.

3. GEOMETRICAL AND NUMERICAL CONFIGURATIONS

3.1 Computational domain

Line source modelling is studied with the 3D computational domain depicted at Figure 1. The line source is
placed along the y-axis upon a perfectly reflecting boundary in order to simulate a propagation medium where
this boundary would be the axis of symmetry, i.e. a domain twice as much larger as the simulated domain.
All sources S, (i = 1 to n) are located at 0.3 m high above the ground and separated by a distance d varying
according to the simulations (see Section 3.3). Two receivers R| and R; are located 1.5 m above ground, at
10 m and 20 m from the the center of the sources axis along the x-axis respectively. Apart from the line source
boundary and the ground, the propagation medium is surrounded with absorbing layers (7).
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e Receivers
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L] medium

Absorbing
[ layers

L

z0e X

Figure 1 — Horizontal cut-off of the 3D propagation medium for the study of the line sources modelling.
Sources and receivers are located at 0.3 m and at 1.5 m high above the ground respectively.

3.2 Line sources modelling

Line sources (coherent or incoherent) are simulated by regularly distributing N point sources along their
axis. Considering n point sources S, separated from each other a distance d (what is equivalent as considering
line source segments of length d with a centered point source), each point source emitting a time signal s; (7)
with a fixed amplitude A;, i.e. an identical sound level L;, the total emission sound level L, , can be estimated
by:

2
L;, =10log;, (nlOLi/m) = 10log,, <n|;’—2|> , (D

ref

with p_. the reference sound pressure (p , =2- 1073 Pa).

For a coherent line source, each point source signal s_, () corresponds to a gaussian-shape time signal
1
starting at t = 0 of the following form:

Scoh; (t) = A, exp [(_EZ (fsrct - 1)2>} ) 2)

where fg. is the source frequency defined as fy . = i 2% (with fmax the maximal frequency of validity of
the simulation). In the case of an incoherent line source, the point source signals s, . () are similar to the
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coherent ones but their emission triggers are shifted with respect to each others by a time decay ¢, particular to
each point source S, such as:

Sincoh; (1) =Aexp [(_ﬂ:zfsrc (t _ti)z)} . 3)

Each source sound power L, is defined in dB.m~! which can be expressed as a function of the total sound
level L, :
L

z,

n:D'LW,i:n'd'Lw,w 4)

with D the length of the line source. Thus, each signal amplitude can be estimated as a function of the sound
power per meter Ly, ~and of the number of point sources per meter Nye/m = 1 /d, that is combining Egs. (1)
and (4):

Pret 14" Lwm /20Ngre/m

A =20 ) ©)

T
The same formula is used for a coherent (Eq. (2)) and a incoherent (Eq. (3)) line source .

In order to uncorrelate the signals of point sources (i.e. to simulate an incoherent line source), the time decay
t, of each point source is randomly selected for each segment. Thus, the time required to ensure the emission
by the whole point sources and the propagation up to the receivers increases by refining the discretization of
the line source (see Table 1). In the case of the coherent line sources, the simulation duration remains identical
in either line source discretization cases and fixed at 0.107 s for this geometrical and numerical configuration
(Figure 1). The time decay between each point source trigger is equal to the gaussian pulse duration (i.e.
0.013 s). Thus, the effect of the time decay is not considered in the present study.

3.3 Simulations parameters

Calculations are performed with the Transmission Line Matrix (TLM) model (8, 9, 10). The computational
domain presented at Figure 1 is discretized with a spatial step equal to 0.05 m which implies a validity for
the calculations until the nominal frequency at 650 Hz for third octave band analysis. The associated time
discretization is around 8.5- 107> s. The ground is assumed as perfectly rigid and the propagation conditions
are homogeneous (no wind or temperature effects). The absorbing layers are designed such as allowing a
frequency domain analysis from the 100 Hz nominal frequency.

The calculations consist in simulating alternatively a coherent or an incoherent line source with various line
source discretizations d (see Figure 1). In each case of incoherent line source with a constant discretization, 5
simulations are performed with different sources trigger. In order to reduce the duration of the emission, the
line source is divided into point sources arrays of 10 m long (i.e. 2 arrays for this geometry). Thus, 5 different
selections of sources triggers can be simulated for the larger discretization step evaluated in this study (i.e.
d =2 m, see Table 1). Such calculations are repeated by varying the discretization of the line source from
d = 0.05 m until d = 2 m and adapting the signals amplitude according to the number of point sources per
meter N, in order to approximate a line source with a sound energy Ly, = 90 dB.m™'. In total, 5 line
source discretizations are considered which are reported in Table 1 with their associated number of sources
in total n and per meter N as well as their associated number of sources per both minimal and maximal

sres/m?
wavelengths (N . and N respectively), and the simulated time of propagation.

/A sres/Amax
Table 1 — Simulated line source discretizations and associated number of sources in total # and per meter N__, ,
as well as per both minimal Nm/Amin and maximal N, wavelengths (4, =3.4mand 4, =0.52 m),
and the simulated time of propagation.

d(m) n wesm N n N_.. e Simulated time (s)
0.10 200 10 34.0 5.2 1.50

0.25 80 4 13.6 2.1 0.63

0.50 40 2 6.8 1.0 0.37

1.00 20 1 34 0.5 0.24

200 10 0.5 1.7 0.3 0.18

4. RESULTS AND DISCUSSION

Figure 2 shows the sound pressure level per third octave bands nominal frequency at microphones Rj and R;
(at 10 m and 20 m from the central point source respectively) as a function of the number of sources per meter
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N, used for modelling both the coherent and incoherent line sources. Unsurprisingly, the decrease of the
sound levels deviations when refining the incoherent line source discretization (blue error bars) appears mainly
at low frequencies for both receivers. Nevertheless, the calculation of the source signals amplitude according
to the number of point sources (Eq. (5)) does not give expected results, especially for N, = 2 sources per

meter whatever the frequency, what is surely linked to the microphones geometry. For both microphones, the
coherent line source (in red) mainly leads to higher sound pressure levels than the incoherent one (in blue).
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Figure 2 — Sound pressure level spectra per third octave bands at microphones (a) R; and (b) R, according to
the number of sources per meter N, of the line source for both coherent (in red) and incoherent (in blue)

line sources. The error bars represent two times the standard deviation.
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In order to free from the sources amplitude deviation according to the incoherent line source discretization,
another representation is proposed at Figure 3 which displays the sound pressure level spectra per third octave
bands at microphone R; relative to microphone Ry as a function of the number of sources per meter N, , for
the incoherent line source solely. The mean spectra (in blue at Figure 3a and linearly interpolated between
both the numbers of sources per meter N__, and nominal frequencies at Figure 3b) is similar regardless the
line source discretization except at low frequencies (i.e. below 315 Hz) for N < 2, i.e. from a number of

sres/m
point sources per maximal wavelength N_ =1 (see Table 1).

srcs/Amax

SPL rel. ref. mic. (dB)

SPL rel. ref. mic. (dB)

(b)
Figure 3 — Sound pressure level spectra per third octave bands at microphone R, relative to microphone R

according to the number of sources per meter N__, of the incoherent line sources: (a) mean spectra (in blue)
and (b) mean sound pressure levels interpolated between both the nominal frequencies and numbers of sources
per meter N__, . The error bars represent two times the standard deviation.

The dispersion at each nominal frequency is more easily analysable from Figure 4 which shows the standard
deviation of the sound pressure level spectra per third octave bands at microphone Rj relative to microphone

R; according to the number of sources per meter N Similarly to Figure 3b, the sound pressure levels

sres/m
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are linearly interpolated between both the nominal frequencies and numbers of sources per meter N

. The

sres/m

largest deviations appear only at low frequency for all line sources discretizations, in particular for N, < 2.
According to these results for this geometry (Figure 1), it seems more appropriate to model an incoherent line
source by using a discretization over 2 sources per meter in order to minimize the standard deviation of the

sound pressure levels related to the trigger order of uncorrelated sources.

STD SPL rel. ref. mic. (dB)
o

0.5
Figure 4 — Standard deviation of the sound pressure level spectra per third octave bands at microphone R,

of the incoherent line sources.
and

relative to microphone R; according to the number of sources per meter N,

The sound pressure levels are linearly interpolated between both the numbers of sources per meter N,
nominal frequencies.

5. CONCLUSION

The modelling of a road traffic lane stands for a key point for environmental acoustics applications. An
incoherent line source is more appropriate when simulating such sources at far-field. The present paper deals
with the modelling of line sources in a time-domain model by studying the effect of the discretization of the line
source into an array of point sources. Results show that an incoherent line source implies less sound pressure
levels dispersion if distributing the sound energy over at less 2 point sources per meter for the considered
geometry. Future works will consists in improving the management of the amplitude of point sources signals
according to the discretization of the line source and in introducing traffic flow parameters as the number of
vehicles per hour and the traffic velocity (11, 12). Others input data influences should also be assessed in the
future, such as the source height above ground, the ground properties (e.g. the impedance characteristics), the
meteorological conditions, etc.
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