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ABSTRACT

Semi-anechoic rooms are used for the acoustic charac-
terization of noise sources. They involve heavy infras-
tructures and thick absorbent lining. The purpose of the
ongoing project "’DADA” (Dome Anti-Diffraction Acous-
tique), is to demonstrate a lower-cost alternative by sup-
plementing a thin passive lining with active technology.
This project targets an actual size functional demonstra-
tor, an important milestone before tackling a fully ac-
tive anechoic room at the Laboratory of Mechanics and
Acoustics (LMA). Previous work achieved the active re-
duction of the pressure scattered by the reflective wall of a
semi-anechoic room, in the 80 — 200 Hz frequency band.
These results validated an innovative approach allowing
to control the scattered pressure throughout the measure-
ment volume, using a setup located over its periphery. The
DADA project extends these results by dealing with the
five non-reflecting walls of a semi-anechoic room. Ana-
lytical and FEM simulations are described and discussed.
They allow a parametric study of many design aspects,
including the structure of the active control system and
transducers locations. The resulting design will be pre-
sented, together with simulations able to deal with test
sources of increasing complexity.

Keywords: Semi-Anechoic room, Active noise con-
trol, Acoustical measurements, Active Anechoicity
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1. INTRODUCTION

The principle of active anechoicity consists in cancelling
the acoustic reflections of the walls of a room with the
help of an active system. The strategy for controlling the
acoustic field scattered by the walls is based on the fact
that a unique linear operator maps the total acoustic field
close to the walls to the field scattered by these walls,
whatever the direct acoustic field [1-3]. This “scattering
operator” can be identified from off-line measurements in-
volving a known direct field and then used to calculate the
scattered sound field caused by an unknown direct field.
An actuator array is then used to minimize this scattered
sound field, just like an "ordinary” total sound field picked
up by microphones.

A recent PhD work allowed to cloak the reflective
wall of a semi-anechoic room acoustically in the 80 —
200 Hz frequency band. The DADA project proposed
here targets a more realistic situation, aiming at suppress-
ing the acoustic scattering by five walls. The objective of
the project is to produce a functional demonstrator with
dimensions (W = 4.5 m; D = 3.65 m; H = 3 m) com-
patible with industrial applications. Fig. 1 describes the
principle of the demonstrator to be realized.

2. THE SCATTERED FIELD CONTROL
STRATEGY APPLIED TO ACTIVE
SEMI-ANECHOIC

The aim of the strategy is to transform by active control a
room with a reflective floor I into a low frequency semi-
anechoic room, see Fig. 1. For this purpose, sources are
installed behind a surface I' over which microphones are
placed, allowing to estimate and control the field scattered
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Figure 1. Principle of a semi-anechoic room with
active technology.

by the walls.

A major advantage of this geometry is that the in-
stallation of the microphones close to the reflecting walls
naturally places these microphones close to the antinodes
of the first acoustic modes, avoiding the homogeneous
Dirichlet conditions that would defeat the control strat-
egy. A fine-tuning phase may require a few additional mi-
crophones sensitive to possible modes that are otherwise
indistinguishable.

2.1 Integral formulation of the scattered pressure

For a distribution of f sources in the volume, the sound
pressure in the volume can be written at the w pulsation,
using any Green’s function G [4, p. 321] for the Helmholtz
equation :

Dot (30) = / F(ro, @) G(r|ro,w)dVe

0
N [G(r|r0,w)3nop(ro7w) )

r+r

0
—p(ro, w)aTG(rh‘o, w)] dlg

Chosing a Green function G which respects the
acoustic boundary conditions on I", the surface integral
cancels on I and the direct field and the one scattered by
the walls behind I" may be respectively defined by :

pdzr r, w / f o, w

|I'0, )d‘/b (2)
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The field scattered by the walls depends linearly on
the total pressure on I' and its normal gradient. This func-
tion is thus independent of the sources located in the vol-
ume.

- p(rm OJ)

2.2 Substitution of the normal gradient term

Active control preferably relies on sound pressure mea-
surements which are easier to obtain and more robust
than pressure gradients measurements. Assuming that the
walls have a localized behaviour and can be described by
a specific wall admittance 3, and that the microphones are
placed on the walls, thenon I :

oo—plrg, ) = ~ikfp(xo,) @
no

The diffracted pressure is then written as a surface in-
tegral involving only the total pressure. I' may then be
discretized, ensuring to have at least two pressure sensors
per wavelength. The integral can thus be approximated by
a discrete sum :

ng (r, w)pi (rr, w) ©)

psca r, w

The key advantage of this representation is that the
filters gy (r) are independent of the noise sources in the
volume. This approximation is widely valid although it
is difficult to establish under what exact conditions [3].
In the case of DADA, it is in particular not valid at the
“irregular” frequencies corresponding to the resonances of
the p = 0 boundary problem on I'. To circumvent this
problem, it may suffice to move or add some microphones
outside I' (¢f. § 3.4) .

2.3 Identification of scattering filters and control

The coefficients of the above approximation may be deter-
mined through an off-line identification. This requires to
know the scattered (or direct) and total fields for a number
of source distributions and to solve the associated linear
inverse problem. One possible mean is to move a “refer-
ence source” of known radiation pattern into the volume
to generate the necessary data [5], taking into account the
image field generated by the ground. Then a classic con-
trol is applied to cancel the estimated scattered pressure.
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3. DADA SIMULATIONS

This section presents the analytical modeling of the Active
Anti-Diffraction Dome with weakly absorbing walls.

3.1 Analytical modelling

The primary and control sources are considered as acous-
tic monopoles. The transfer matrix between the source
volume velocity and the cavity pressure is calculated from
the known expression of the rigid cavity Green’s function
in which modal damping rates &, are introduced to take
into account the effect of the absorber.

The acoustic Green’s function G initially derived
from a hard wall cavity model is expressed as a series of
damped modes :

+o0 t
_ wn (r)¢n (I‘o)
(m“”_gh%+wQMhm%k¢mv(®

where the 1), are eigenmodes and f, = 5=k, with
c the celerity of sound, the resonance frequencies of the
cavity.

In a parallelepipedic (3D) cavity, the eigenmodes are
products of cosine function of the space variables. In this
way the Green’s function takes on a finite value at resonant
frequencies. The damping rates to be used for a given cav-
ity may be derived from a Finite Element Model (FEM) of
the cavity lined with absorbing material.

Using this Green’s function, at each pulsation w,
the pressure p produced at a point r of the cavity by a
monopole at the point ry providing a volume ¢ of fluid
(i.e. of volume velocity ¢ = jwq) is finally written (with
p designating the density of the fluid) :

p(r,To) = — pc®wiq

+oo t
Y, (r),,(ro) O
“ 2 T T Do ), G2V

This way, it is possible to calculate the pressure gen-
erated at any point in the room, for a source considered as
a monopole.

3.2 Scattered pressure control

Let pscq be the field scattered by the upper walls of the
room at the minimization points when the primary source
is in operation. Let C be the transfer matrix between the

control sources and the pressure at the same minimiza-
tion points. The vector u of commands, to be supplied
to the control sources for control, must minimize at each
frequency the criterion :

J = ||psca + Cul? (8)

Note that for the actual facility, this control might be
performed in real time, using an algorithm close to the
Filtered-Error LMS [6, p. 251]). This would even allow
to integrate the filtering of pressures on I" with little or no
additional CPU cost.

3.3 Configuration of the simulation

In a rigid cavity of dimensions 4.5 m x 3.65 m x 3 m, 802
modes exhibit a resonance frequency below 500 Hz.
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Figure 2. Location of the 62 minimization points.

Fig. 2 shows the modelled room and the positions
of the 62 minimization points uniformly distributed over
a closed surface surrounding the control volume. Be-
fore applying the control, the identification phase requires
the calculation of all transfers between the minimization
points and the identification sources located in the control
volume Fig. 3.

In a first step, analytical simulations based on the
modal series for a 2D model allowed to analyze the main
parameters of the setup and to choose a suitable configu-
ration.

3.4 Results from 2D simulations

In a previous paper [7], 2D simulations were performed in
the 20 — 400 Hz range with 102 modes. The modal damp-
ing rates used in the analytical model were derived from a

AN

Associazione
Italiana
di Acusfica



forumacusticum 2023

Figure 3. Location of the 72 identification sources
distributed within the control volume (in blue).

FEM model of the cavity considering a 2% absorption co-
efficient with purely reel impedance, over the upper walls;
these rates account for the dissymmetry of the absorption.
This FEM model also provides a better representation of
the near field of a real source (enclosure) and the effect of
a given absorbing material.

These previous results show that the identification of
the scattering filter is correct and allows to estimate the
scattered pressure at the minimization points. In addi-
tion, a comparison of two control strategies is performed
: one consists in cancelling the scattered pressure in the
measurement zone and the other at the walls. The perfor-
mance of the wall control is comparable to that obtained
in the measurement zone with the exception of additional
accidents. Indeed, the pressure control on a line does not
allow to cancel the pressure in the surface at the resonance
frequencies of the p = 0 boundary problem on I'. This
problem is solved by dissymmetrization of the minimiza-
tion points. In contrast to the control of the scattered pres-
sure in the measurement zone, the wall control allows the
global cancellation of the scattered pressure.

4. 3D MODELING OF THE ACTIVE
SEMI-ANECHOIC ROOM

4.1 Configuration

3D simulations are then run using LiveLink™ for MAT-
LAB® which provides a direct connection to MATLAB®
while running COMSOL Multiphysics® 5.6. The room
is modelled as a rectangular parallelepiped of dimension
4.5 x 3.65 x 3 m? using the physics pressure acoustics,

10" Convention of the European Acoustics Association
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frequency domain. An impedance condition of 8.10%
Pa.s/m is applied to all walls. The mesh is controlled
by the physics of the model taking into account the
maximum wavelength of the simulation.

The simulations are performed over the frequency
range 20 — 200 Hz in 1 Hz steps and stored in a matrix
of dimensions 62 x 181 x 72. Fig. 4 shows the pressure
levels calculated at several minimization points when the
room is excited by one of the monopoles.

20 logy,(abs(acpr.p_t)/107%) (dB)

fréquence (Hz)

Figure 4. Pressure level at the 8 minimization points
located in the vertical plane at x = 0.7 m.

4.2 Identification step of the scattering filter

The identification sources in the measurement volume are
modelled by monopoles of flow rate go = 10~* m?/s.
For the identification step of the scattering filter, the direct
pressures pg;,- are calculated at each identification micro-
phone (MiclID) position by considering the radiation of the
monopole in a half-space closed by a perfectly-matched
layer (PML). The floor is modelled as a sound hard bound-
ary, see Fig. 5. This is done for each position of the iden-
tification source (SourcelD).

The total pressures p;,; are calculated the same
way but in the rectangular room with boundary specific
impedance condition of 198pc which leads to 2% absorp-
tion applied to all walls, see Fig. 6. Then, the exact scat-
tered pressures ps., are deduced from pg;, and pyo; as:

Psca = Ptot—Pdir (9)

The identification of the scattering filter is obtained
by solving Eqn. (5) from this dataset, see details in [5].
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Figure 5. Radiation of a monopole in a half-space.
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Figure 6. Source (number 12, 30) and microphone
(number 1, 8) identification positions.

4.3 Control of the scattered pressure

The control is performed on the identification micro-
phones used previously to identify the scattering filter.
The control sources are modelled as plane pistons posi-
tioned over the walls of the room, see Fig. 7.

They are actuated successively by applying an accel-
eration

a=j*xw#*qy/S (10)

where S = 0.0133 m? is the surface area of each pis-
ton. The resulting pressure is evaluated for all the min-
imization microphone positions to generate the transfer
matrix C with the control sources at each frequency. The
commands u to be supplied to the control sources are ob-
tained by solving Eqn. (8).

Turin, Ttaly « 11™
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Figure 7. positions of control sources 1 to 9.

4.4 Results of control

Once the transfer matrix for driving all the control
sources has been obtained it is used to implement
the active control of the scattered field produced by a
test source. As an illustration, we used the monopole
sourceID 12 and sourcelD 30 as test source and we
observed the resulting pressure at the identification
microphones (MicID 1 and 8) with control on using an
exact (legend P,, exact) vs an estimated (legend P,,
estimated) formulation. In the following illustrations, the
legend Py, corresponds to the radiation from the test
source in a half-space closed by a PML and the legends
Pyt and Pk, correspond to the radiations from the test
source in the room with specific impedance conditions at
the boundaries (cf. § 4.2).

Fig. 8 illustrates the frequency response of the room
between 20 Hz and 200 Hz without and with active con-
trol when the test source (SourcelD 30) is activated only
and resulting pressure is computed at microphone MicD 1.
The control result is effective up to 180 Hz. The pres-
sure obtained with control is close to the direct pressure
with reductions of several tens of decibel, up to 30 dB at
37 Hz. In addition, the identification of the scattering filter
is correct: the control results using the exact or estimated
scattered pressure are almost equivalent.

Fig. 9 shows the frequency response of the room, in
the same configuration as seen previously, but with the
SourcelD 12 test source and the MicID 8 microphone.
The results of the control are similar to those obtained
previously except for an accident around 120 Hz. The
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Figure 8. Pressure with and without control on mi-
crophone MicD 1 for the test source SourcelD 30.

loss of controllability at this frequency could be due to
the particular arrangement of the transducers. A response
dip which is still being investigated
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Figure 9. Pressure with and without control on mi-
crophone MicD 8 for the test source SourcelD 12.

The following illustrations show the distribution of
the acoustic pressure in the room computed at 38 Hz and
47 Hz with the control switched off or on. Only the exact
scattered pressure is used for control.

The left-side Fig. 10 shows, at 38 Hz, the pressure dis-
tribution without control corresponds to the 1-0-0 mode.
The right-side Fig. 10 shows that the modal pressure dis-
tribution disappears with control. The pressure is signif-
icantly reduced on the walls and especially on the floor.

The amplitudes of the control sources located at the cor-
ners (pressure antinode) are greater than those distributed
closer to the center of the room (pressure node).

Surface: Total sound prossure bvel (d8) @38z

Surface: Total sound pressure bvel (d8) @38Hz.

Figure 10. Distribution of the acoustic pressure at
38 Hz, without control (left side) and with control
(rigth side).

The left-side Fig. 11 shows, at 47 Hz, the pressure dis-
tribution without control corresponds to the 0-1-0 mode.
The right-side Fig. 10 shows that the modal pressure dis-
tribution again disappears with control. As for the results
at 38 Hz, the pressure is significantly reduced on the walls
and especially on the floor. The amplitudes of the control
sources located near the hard floor have a lower contribu-
tion to the 0-1-0 mode compared to the 1-0-0 mode.

Surface: Total sound prossure level (d8) (14THE
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Figure 11. Distribution of the acoustic pressure at
47 Hz, without control (left side) and with control
(rigth side).

The above results show that the simulated control is
quite satisfactory. They also validate the simulation pro-
cedure, involving FEM computations in COMSOL®, per-
formed by HEPIA, and signal processing in MATLAB®,
performed by LMA. This remote collaboration prooved to
be efficient and will allow the design and tuning of the
DADA facility.
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5. EXPERIMENTATION

A demonstrator (W = 5.33m, D = 4.22m, H = 2.73m)
is under construction at LMA. The walls of the room are
made of a sandwich concept consisting in a dual inner
layer of plasterboard, a layer of absorbent material and
a single outer layer of plasterboard. The walls and floor
have been painted and the opening has two doors. A
Truss structure is installed in order to hold the devices of
the control system composed of loudspeakers and micro-
phones, see Fig. 12.

Figure 12. The demonstrator DADA.

The first measurements were made in this room with
a source built at the LMA. A model of this source was
developed in order to estimate the pressure at a point in
the room from the internal pressure measurement, see de-
tails in [8]. The source was located at one corner near
the floor and the microphone was located at the opposite
corner near the ceiling. The pressure level normalized by
the direct pressure of the source between 20 — 200 Hz is
shown in Fig. 13.

Resonances below 100 Hz are less pronounced than
those observed in simulation (see Fig. 4), probably be-
cause plasterboard is more absorbent than a rigid wall.

6. CONCLUSION

A previous 2D analytical model has shown the potential
for active control of the diffracted field in the wall via
the prior identification of scattering filters and the dis-
symmetrization of the minimization point positions. The
present 3D FEM model allows a more accurate and re-
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Figure 13. Frequency response in the DADA room.

alistic simulation, leading to the optimization of the ac-
tive control setup.. The realization of the demonstrator is
launched in parallel at the LMA.
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