DAGA 2023 Hamburg

Simulation and physical testing using standardized ear simulators.

Lars Birger Nielsen', Mads Herring Jensen®

' Hottinger Briiel & Kjcer A/S, 2830 Virum, Denmark, E-Mail: LarsBirger.Nielsen@hbkworld.com
> COMSOL A/S, 2800 Kongens Lyngby, Denmark, E-Mail: Mads.Jensen@comsol.dk

Abstract

Many innovative audio products are nowadays being
developed by extensive use of virtual models and simulation.
The implication is that a virtual prototype of the audio
product can be optimized before the physical prototype is
realised and the desired acoustical properties can be
validated by measurements.

This paper describes how important acoustical
characteristics of an audio product are simulated using
COMSOL Multiphysics and validated by measurements on a
Type 4.3 Ear Simulator that has been implemented in the
High-frequency HATS Type 5128 from Hottinger Briiel &
Kjeer.

The results of the simulation and the measurement results
are analysed to determine the correlation between the two.

Introduction

This paper presents the measurements that were performed
on a Receiver-In-the-Ear (RIE) arrangement placed in the
ear canal of the Type 4.3 Ear Simulator as specified by the
ITU-T P.57 standard [1,2]. This paper also presents the
simulation results of the virtual model of the Type 4.3 Ear
Simulator in COMSOL [3, 4, 5] and a RIE arrangement. The
RIE arrangement includes a dome attached to the receiver
unit. In Figure 1 the receiver and dome are shown.
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are provided by courtesy of GN Hearing A/S.

Measurement setup with ear simulator

The frequency response of the RIE arrangement is
determined by positioning the RIE arrangement in the ear
canal of the ear simulator. To reduce the influence of
ambient noise the ear simulator with the RIE arrangement
positioned in the ear canal of the ear simulator are placed in
an anechoic test box. Figure 2 illustrated how the RIE
arrangement is positioned in the Ear Simulator.

Before a series of measurements are performed the
sensitivity of the microphone in the ear simulator is verified
by attaching a calibration adaptor to the coupler and placing
the adaptor with the coupler microphone in a sound level
calibrator capable of producing an acoustical level of 94.0
dB SPL at 1.0kHz. In this setup the sound pressure level is
95.3 dB SPL at 1.0kHz. The increase of 1.3dB is caused by
the additional volume of the calibration adaptor. The
measurement setup is illustrated in Figure 3.

The frequency response is determined by simultaneously
measuring the SPL at the microphone in the ear simulator —
equivalent to the drum reference point or DRP — and the
input voltage at the terminals of the receiver, and then
calculating the ratio between the two.

A stepped sinusoidal excitation from 20Hz to 20kHz at
100mVRMS was applied to the input terminals of the
receiver and the SPL from the microphone in the ear
simulator was measured selectively at each of the
frequencies covered by the excitation signal.

Figure 1: In the picture the RIE unit is shown together with
the dome. The dome has a single flange and two vents
providing a controlled leakage when attached to the
receiver and positioned in the ear canal. The RIE and dome
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Figure 2: The picture to the left shows the pinna of the
Type 4.3 Ear Simulator with the RIE arrangement
positioned in ear canal. The picture to the right shows a
closeup of the picture to the left.

Before each measurement is performed, the positioning of
the RIE arrangement is checked. This is to ensure that the



center of the acoustical outlet of the RIE arrangement
coincide with the virtual center line of the ear canal [2].
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Average and standardiviation of measurements

Figure 3: The Type 4.3 Ear Simulator with the RIE
arrangement placed in an anechoic test box. The excitation
signal is provided to the RIE arrangement via an electrical
interface adaptor embedded in an enclosure.

Measurement procedure and results

A series of measurements with the RIE arrangement placed
at approximately the same position in the ear canal were
performed. Between each measurement the RIE arrangement
was completely removed from the ear canal and then
positioned again. This procedure is specified by the ITU-T
P.380 standard [6].

When positioning the RIE arrangement, it is only moved
towards the drum-reference-point (DRP) and during the
movement it is checked if the flange remains in its correct
position. This procedure is used to avoid that the flange on
the dome is deformed thus creating an unwanted leakage.

For the RIE arrangement five measurements were performed
and the related results are shown in figure 4 and figure 5.

Figure 5: The average and the six times the standard

deviation for the five measurements that was performed on

the RIE arrangement positioned in the ear canal of the Type

4.3 Ear Simulator.
The measurement results display the anticipated roll-off
towards lower frequencies caused by the leakage of the two
vents in the dome. Furthermore, the two resonances as well
as the anti-resonance are clearly identified.

Virtual model

A virtual model of the physical acoustical measurement
setup was created in COMSOL Multiphysics. This model
holds the virtual model of the Type 4.3 Ear Simulator
derived in [4] and available in COMSOL Multiphysics [5].
Furthermore, the model holds the virtual model of the dome
and a two-port representation of the RIE unit. The elements
that are represented in the virtual model are illustrated
schematically in Figure 6.

Individual measurement results
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Figure 4: The individual results for the five measurements
that were performed on the RIE arrangement positioned in
the ear canal of the Type 4.3 Ear Simulator.
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Figure 6: The virtual model holds the eardrum impedance,

ear canal geometry, the wax guard and the two vents in the tip

as well as a two-port representation of the receiver.
The geometry of the virtual model illustrated in Figure 6 is
shown in Figure 7 and the associated computational mesh
which was used for the simulation is shown in Figure 8. The
geometry shown in Figure 7 holds all the elements that form
the wvirtual model. Specifically, it holds the ear canal
geometry — as it is specified in ITU-T P.57 — it holds the tip
with the wax guard and the two vents in the tip — as well as
the interconnection at which the two-port representation of
the receiver is positioned. The important thermoviscous
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boundary layer losses are also included in the simulation Simulation results
model. In particular in the vents and the wax guard that have The calculated sound pressure level (SPL) distribution at

sub mill.imetre geometry details. Figure 8 show the different discrete frequencies is shown in figure 9 through
computational mesh that has been created from the geometry 12

representation.

vent
lumped port

Ve wax guard Figure 10: The pressure distribution in dB SPL at the

second resonance at approximately 3kHz.

Figure 7: The geometry that represents the virtual model
used in the simulation.

Figure 11: The pressure distribution in dB SPL at the
second resonance at approximately 8kHz.

Figure 8: The computational mesh.

Figure 9: The pressure distribution in dB SPL at the Figure 12: The pressure distribution in dB SPL at 18kHz.
Helmbholtz resonance at approximately 700Hz.
Comparison of results

The graph in figure 13 displays the simulated output
response of the virtual model (dotted blue curve) as well as
the average of the output response of the five measurements
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(solid blue curve). It can be observed that there is a relatively
good agreement between the two results. However, at higher
frequencies, a larger difference in the output response
between the two can be observed around the resonances.
This is due to the variation in the actual placement of the
RIE-arrange in the ear canal and the associated shift in the
location of the resonances.
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positioning of the RIE-arrangement can be controlled more
precisely.

Comparison of measurement data and simulation data

Figure 13: The simulated output response of the virtual
model (dotted blue curve) as well as the average of the
output response of the five measurements (solid blue
curve).

Discussion

From a modelling perspective the virtual model that was
used for the simulation seems to be a well-suited
representation of the actual physical setup, consisting of the
RIE-arrangement and the Type 4.3 Ear Simulator.

The variation that can be observed in the measurements
confirms the commonly accepted understanding that, it is
difficult to place an in-the-ear-device in the exact same
position in an ear canal of an ear simulator. Nevertheless, the
method [6] that was used during the measurements and the
subsequent processing of the data is known to give results
that act as a valid representation of acoustic measurements
on in-ear devices.

To examine how the variation in the measurement results
can be reduced, it was considered to make a custom dome
that would fit the outer part of the ear canal perfectly. This
could potentially be considered in a future study.

Conclusion

The results produced by COMSOL Multiphysics of the RIE-
arrangement and the Type 4.3 Ear Simulator have been
validated against measurement results produced by a
corresponding physical setup.

In general, the simulation results and the measurement
results show good correlation in the full audio frequency
range 20Hz to 20kHz. At frequencies below the resonances
the correlations appear to be better than at frequencies
beyond the first resonance.

It is anticipated that an even better correlation between
simulation and physical testing can be accomplished by
modifying the physical test setup in such a manner that the
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Figure 14: A commercially available physical realization
of the Type 4.3 Ear Simulator according to ITU-T P.57.
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