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ABSTRACT

Knowledge about the dynamics of walls surrounding arblfrahaped spaces is important to determine, predict and op-
timize the acoustics within. The dynamics may be quantifiettims of the acoustical boundary impedance or boundary
admittance, respectively. The authors aim to approximalis@ete distribution of admittance values for the entwari-

ary. An inverse, FEM-based algorithm shall utilize sounesgure data obtained from a set of microphone placements to
estimate those system parameters. The algorithm requiesepelated knowledge of the excitation through sounccesur
and structural vibration on the boundary. Computationéllieads to a generally ill-conditioned, non-linear leagtiares
problem whose operation depends mainly on the relationeofittmbers of unknowns and microphones, their locations and
noise. Results obtained on three-dimensional numericdemsavill be discussed.

INTRODUCTION

Simulating sound in spaces connected to any vibrating tstreic
should usually require the solution of a fully coupled systéf

the acoustical medium is light enough, a one-sided couming
structure and fluid may be assumed. Still, the structuréf itse
generally elastic and features mass and internal dampimchwh
couples the vibro-acoustics along a structural path. iStavith

the acoustics of the fluid while considering a one-sided ktogp

it is possible to account locally for these dynamic prosrif

the structural wall by introducing a mixed boundary corutiti
This condition includes a local parameter, the so callechbaty
admittance. With this boundary condition a purely acoasfior-
mulation may not include any dynamics along the boundarg. Th
authors’ contribution to the ICA 2010 in Sydnel} fiscusses the
meaning and difference of the local admittance boundargieon
tion to a fully coupled structure fluid system in detail.

The current presentation deals with the reconstructiohesfe lo-

cal admittance or impedance parameters. With impedanee tub
measurements reliable results can be obtained for pem@endi
lar wave impact on plane boundarieg.[There are few more
attempts to consider different environments, e3j. However,
within rooms of complex geometry such local methods can not
record the influence of any discontinuities on the walls dh&o
sound fields.

In contrast this research deals with the reconstructiomtifes
admittance value distributions in rooms of arbitrary getigne
Besides analysing the spatial construction of the room somea
ment of the sound sources and the sound pressure using micro-
phone arrays is required.

Pressumably, the easiest possible way to handle soundesourc
would be utilising small loudspeakers. Their radiationreleter-
istics could easily be quantified by multipoles. And usingreb
pressure data — being the answer to the excitation — to recon-
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struct those system parameters leads to an inverse proklem.
is based on a description of the interior acoustics at haicnon
excitation. The related boundary value problem consisthef
homogeneous Helmholtz equation and the Robin boundary con-
dition
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wherek denotes the wave number. Within this work the fluid is

excited by structural vibration, numerically expressedHgynor-

mal structural velocitys. The normal fluid velocity; is related

to the normal pressure derivative on the boundary by means of

the Euler equation
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with w =21 f = ck, frequencyf, average densitgy and speed

of soundc.

In order to solve this inverse problem of global reconstauct

the authors discretise the acoustical boundary value @nobly

means of the finite element method. The resulting matrix equa

tion denotes

Vi

(K—K*M —ikD)p=ipockF vs. (4

The unknown admittance parameté&fseside in the damping
matrix D.

3D - ADMITTANCE RECONSTRUCTION

As best described i, the FEM-based inverse problem leads to
a nonlinear optimisation problem. Its objective functie@ndtes
the least squares over all sound pressure measuremgnts ~
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Its solution is an approximation for the spatially pieceton-
stant admittance parameter.

The quality of that solution depends on several aspectstlyir
there is the ratio between the numbers of unknown complex pa-
rameters and the number of microphone measurements. The num
ber of surfaces on the boundary with one parameter each can be
chosen with respect to the expected characteristic wagHen
and the probable significant change of the admittance oeer th
boundary. The number of microphone locations and a sensible
distribution of those is just a matter of measurement exg@ens

A Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithmvesl

the nonlinear system of equations. At each iteration stemath
gorithm requires the gradient of the objective functione Bigo-
rithm itself estimates the Hessian matrix. A randomly-otéel
feature of the BFGS allows for a global minimum search with
vague initial values. The first gradient is provided by makiise

of the adjungated operator so that higher numbers of unksown
requires the same computational effort as smaller numlzers d

In order to keep computational time and memory for systems
with high numbers of degrees of freedom in limits, the system
matrices are stored in the compressed sparse row formaband s
lution of the linear system of equations is done by a GMRES
algorithm preconditioned by a incomplete LU decomposition
The author will also explain a simple method that precoodgi

the generally noise impaired sound pressure data.

In order to test the algorithm a numerical model of a car inter

is established. The three-dimensional acoustical donsadis-
cretised with Lagrange second order finite elements. The mea
surement data is simulated using a different FE mesh then the
mesh used for the inverse procedure whereas the locatidre of t
microphones do not depend on nodal coordinates. Convezgenc
of the FE forward solution and the inverse solution is erdure
up to the highest investigated frequencies. Additionaittificial
noise is added to the data jgf, to make it more realistic. Thus,

in this simulation so called “inverse crime” is preventectlie

first place.

SUMMARY

Unlike most inverse acoustical problems, where sound ssurc
are reconstructed, the method presented serves as systam pa
eter identification. The parameters to be identified are afet
complex admittance values globally distributed over theéren
boundary of a closed acoustical space. The algorithm ighase
a finite element discretisation that handles arbitrary geiops.
The complexity of the boundary geometry enclosing the flaidi a
the segmentation of the boundary into surfaces with sirdyteia
tance parameters can be adapted and downsized with respect t
the expected wave length.

The sensitivities of different aspects of the algorithm iaxes-
tigated on the model of the car interior and are included @ th
presentation in order to illustrate the operational réligbof
the global admittance reconstruction algorithm appliethtee-
dimensional problems of complex geometry.
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