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INTRODUCTION

Sound Field Estimation (SFE) is a common task in experimental acoustic, which aims to predict the far-field properties of a studied source based on near-

field measurements [1]. SFE relies on two aspects: an accurate and versatile method to perform acoustic measurements and an efficient numerical scheme 5
to predict the radiated sound field. Coping with the challenges raised by both aspects, we propose an SFE procedure based on : ©
— A numerical SFE solution derived from the Boundary Elements — Fully- automated 3D acoustic pressure measurements performed with =
Method (BEM). a robotic arm. 4

\_

THE BOUNDARY ELEMENTS METHOD (BEM) ROBOTIZED MEASUREMENTS

PROBLEM MODELING AND VARIATIONAL FORMULATION EXPERIMENTAL SETUP

-

Sound Field Estimation < Resolution of the
stationary Helmholtz wave equation with the
Sommerfeld radiation condition.

If 092 denotes the closed boundary on which
the measurements py are performed, the sought
acoustic pressure field p is given by :
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where k € R is the considered wavenumber VALIDITY HYPOTHESIS OF ROBOTIZED MEASUREMENTS

Introducing free-field Green function G(x,y), [2] shows that a general solution of — Sound source stationarity and transfer function computation

(1) is given by the following combined layer potential : As measurements are performed in a sequential manner, our study will focus on
the transfer functions of time-invariant electro-acoustic systems (A < 0.25 dB).
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Finding the exact solution comes down to find the boundary density u such that the ‘:anSfcr — ampljud;:?dfhfi —— How to assess the actual impact of
boundary condition on 0f2 is satisfied, e.g., opting for a variational approach : 045 F g the robot ?

Measurements with and without the
robot, performed in 6 different control

Findu : 00 — C, st.Vv: 00 — C, / po(y v(y)do(y') =
configurations.
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NUMERICAL RESOLUTION AND CONVERGENCE PROPERTIES Es/ ;-Z‘ remains below 2.25 dB between 50 Hz
Given a triangular mesh approximating 92 and choosing P! Lagrange elements to £ -5 and 1000 Hz.

describe u and v, (3) may be solved using a Galerkin approximation. 15 s white noise signal sampled at 96 kHz,

= The measurements py must be performed at each node of the mesh. Frequency (Hz) Welch's method and 12" octave smoothing.

Using equation (2), the studied sound field p may then be estimated at any field — Flawed positioning accuracy of the robot
point of 2, with an [, error decreasing as fast as the squared mesh resolution [3].

Using the calibration procedure presented in [4], the accuracy of the robotic arm

G%oth resolution and prediction steps were implemented using FreeFEM++ BEM library [5]) was increased to +2 mm, ensuring a reliable positioning of the microphone. y
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