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Problem

The occlusion effect is an increase in loudness of our voice when the ear canal is sealed or occluded, often
referred to as head-voice. Inserting hearing protection plugs, hearing aids, TWS earphones or In-Ear Monitors into
our ears creates a seal, trapping voice sound energy in the ear canals causing the occlusion effect. This increase
in vocalization is concentrated in the lower frequencies of the voice band. Other self-generated sounds such as
chewing, swallowing, walking or running are also amplified when ear canals are blocked. Most consumers and
musicians using occluded audio products turn up the volume to counteract their head-voice when taking calls or

singing.
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Figure 1. Real ear response of /i/ measured in
and an occluded ear condition.
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Occlusion Effect T Auditory/Physiological Model

Bone
Eardrum _/ tissue

Ossicular
chain

Cochlea

Vibrating propagation |




Occlusion Effect i Electroacoustic Model

(@) Electro-acoustical model of ear canal sound pressure caused by bone conducted sound
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Current Hearing Aid And Consumer TWS

Some hearing aids use active cancellation with venting the occluded ear, which requires an audiologist
prescription. Transparency mode in TWS earphones require additional processing reducing battery life, yet still
provides no occlusion relief.
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Modeling Acoustic Vents Using COMSOL Multiphysics

To model occlusion reduction, an LPM of a Piezo-MEMS acoustic vent was created. The Type 3 IEC 60318-4 711
coupler model (B&K Type 4147) available from the application library was used as the front volume acoustic load.
The CAD import tool was used to build a mesh for the earphone geometries. Experiments were conducted with
various pressure conditions in the ear canal related to the acoustic vents open, closed and comfort states in an
occluded earphone device. Simulations were compared to physical test results of 3D printed earphone.
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Figure 1: (upper left) sketch of the ear with pinna, ear canal, and eardrum, (upper right) ear canal Figure 2: Sketch of the geometry used in the model (cut in half due to symmetry). The main volun
occluded by an earplug with a loudspeaker, the occludeekbar canal is the part that the coupleris is a cylinder of length L and diameter D. The two side volumes are attached to the main volume v

intended to model, (bottom) ear plug placed at the reference plane of the acoustic coupler slender slits of height hl and h2.
including the location of the recording microphone.
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Type 4.3 EaBimulators T Accurate Acoustic Impedance < 20kHz

This model imports a geometry representation of the ear canal (Figure 1) as well as the
combined pinna and ear canal (Figure 2) that is defined in the ITU-T P.57 standard,
Figure 2; Ref. 1. To fulfill the acoustic requirements specified in the ITU-T P.57 standard, the
Pina, Conchae, Ear Canal eardrum impedance presented in Nielsen and Jensen, 2022 (Ref. 2) is imported as an
interpolation function and used. Some details about the construction of the geometry are

Ear drum impedance presented in Ref. 2.
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Type 3 711 Coupler vs. Type 4.3 Ear Simulator
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Type 3 711 Coupler vs. Type 4.3 Ear Simulator
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Skyline pValve Acoustic Vent 1 Occlusion Reduction

Skyline puValve acoustic vents were developed to remove occlusion effect in TWS earphones, hearing aids,
hearing protection devices, and IEMs. A companion control IC is used to change between closed (max

isolation), open (vented) and comfort (semi-open) states. Two models available, XVS-1000 (min gap) and XVS-
1001 (max gap) providing two different comfort options.
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Define Basic Model i Tube Geometries From CAD

Skyline pValve : Skyline pValve

Volume 1 Tube 10mm x 10mm?2

Volume 2 Tube 4mm x 3mm?2

Volume 3 Tube4mm x 11 mm2




Enable Skyline Mode Switching in COMSOL FEM Model

= Modify model configuration :

o Current model has provided the impedance
information of Skyline’s Open/Comfort/Close in

“Pressure Acoustic module (PA, acpr)”.

o Select frequency domain study as an example.
Add study w/ “Frequency Domain” for frequency
sweep of SPL level.

o Select “Step 1: Frequency Domain™ under Study
1 in Model Builder list before computation.

o Check “Modify model configuration for study
step” box in setting window. One can flexibly
enable / disable the impedance information for

Model Builder
«— + 1 | =ty Bl =~

4 & 20240528 Lumped_Skyline_Bin1A_v2.mph (root)
4 () Global Definitions
P Parameters 1
. Interpolation 1 (DV Open R B14)
o Interpolation 2 DV Open { 814)
. Interpolation 3 (DV Comfort R_B14)
. Interpolation 4 DV Comfort | B14)
. Interpolation 5 (DV Closs R 814}
L. Interpolation 6 (DV Close [ 814)
b (%) Geometry Parts
& Default Model Inputs
= Materials
4 | Component1 (compf)
b = Definitions
P Geometry 1
b iiE Materials
4 ‘ZU Pressure Acoustics, Frequency Domain (acpor)
I fam Pressure Acoustics 1
I S Sound Hard Boundary (Wall) 1
-

b (e DV_slitimp_Open
b (e DV_slit_imp_Comfort

v

b (e DV slit_imp_Close
b (mw DV_slit_SHB
5§ Equation View

i Thermoviscous Acoustics, Frequency Domain (ts)
4 & Multiphysics
)" Acoustic-Thermoviscous Acoustic Boundary 1 (ath1)
b A Mesh1
4 ~do Study 1: Lumped DV_Open

[m Step 1: Frequency Domain

P ~do Study 2: Lumped DV_Comfort
I ~do Study 3: Lumped DV_Close
b {E Results

different Skyline modes under PA module.

~ 4| Settings

Frequency Domain
= Compute

Label: Frequency Domain
¥ Study Settings

Frequency unit: Hz

Frequencies:

Load parameter values: o .
P& Browse * [[= Read File

Reuse solution from previous step: Auto

» Results While Solving
¥ Physics and Variables Selection

Modify model configuration for study step
) Global Definitions
4 [@i Component 1 (comp1)
4 = Definitions
a= Variables 1
4 EE;‘:- Pressure Acoustics, Frequency Domain (acpr)
fa Pressure Acoustics 1
%= Sound Hard Boundary (Wall) 1
ﬂ. Lol .
s DV_slit_imp_Open } Enable
@ DV_slit_imp_Comfort )
o me } Disable

ks DVslit_imp_Close

— T T
4 5 Thermoviscous Acoustics, Frequency Domain (ta)
= Thermoviscous Acoustics Model 1
S Wall 1

&= Initial Values 1
B hlbinbocice

I EtE

+ Values of Dependent Variables
Mesh Selection
Adaptation and Error Estimates

Study Extensions

120, 30, 40, 50, 60, 70, 80, 90, 100, 200,




FEM Model Description i Open, Closed And Comfort Modes

Purpose: Establish air-domain model of Skyline 4 @ Global Definitions 4 (1) Pressure Acoustics, Frequency Domain (acor)
component for FEM simulation. Pi Parameters 1 i Pressure Acoustics 1
-\. Interpolation 1 (DV Open_ R_B14) s Sound Hard Boundary (Wall) 1
. Interpolation 2 (DV Open [ 874) = Initial Values 1
o\, Interpolation 3 (DV Comfort R_B14) = DV_slit_imp_Open . _
oy .. ) .. Interpalation 4 DV Comfort [ B14) m DV slit_imp_Comfort Possible to switch
Ventilation behavior is deplCted by the user- '.“*:__. Interpolation 5 DV Close R_B14) = DV slit_imp_Close Operation mode
selected Skyline Mode Switching (Resistance / =\ Interpolation 6 (DV. Close_{ B14) s DV_slit_SHB
Reactance tables) for 3 Skyline’s operation mode.
" Open mode » Comiort " Close mode
- : mode .
"~ Resistance . Resistance
N Resistance
Open | i Comfort Cloks iroHe
mode . I mode

Reactance
- Reactance —Reactance



FEM Model Description

A complex solid MEMS is simplified using a lumped
interface for faster computation.

- FEM model is a one-way coupling between mechanical and
acoustic domain

- Proper simplification of MEMS is useful to achieve the faster
computation for a complex MEMS systems.

Solid MEMS + Complex Lumped interface + Simplified
geometry (Air-domain structure (Air-domain)
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Skyline FP@ Device Level Testing

T FPC now has new lid/substrate per Rev 1.2 datasheet

T Example Skyline FPC




Skyline Bayonet EVK i Simulated FR Open/Closed Leak Control

XVS-1000 Effects On Frequency Response DD Speaker As Input Stimulus
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Skyline Bayonet EVK i Simulated FR Open/Closed Leak Control

XVS-1001 Effects On Frequency Response DD Speaker As Input Stimulus

SPL (dB)
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