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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. 

+ dBs 

https://www.semanticscholar.org/paper/OESense%3A-employing-occlusion-effect-
for-in-ear-Ma-Ferlini/0caae6723e40a4cbd57cbf3c688c38e1ccbc90d3/figure/3



Occlusion Effect ï Auditory/Physiological Model 



Occlusion Effect ï Electroacoustic Model 



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.   



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.

Figure 2: Sketch of the geometry used in the model (cut in half due to symmetry). The main volume 
is a cylinder of length L and diameter D. The two side volumes are attached to the main volume via 
slender slits of height h1 and h2.

Figure 1: (upper left) sketch of the ear with pinna, ear canal, and eardrum, (upper right) ear canal 
occluded by an earplug with a loudspeaker, the occluded-ear canal is the part that the coupler is 
intended to model, (bottom) ear plug placed at the reference plane of the acoustic coupler 
including the location of the recording microphone.



Type 4.3 Ear Simulators т Accurate Acoustic Impedance < 20kHz  

Figure 2; 
Pina, Conchae, Ear Canal 

Figure 1; 
Ear Canal 



Type 3 711 Coupler vs. Type 4.3 Ear Simulator 



Type 3 711 Coupler vs. Type 4.3 Ear Simulator 



Skyline µValve 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.  

Skyline µValve Acoustic Vent ï Occlusion Reduction 

XSV-1000 XSV-1001 



Define Basic Model ï Tube Geometries From CAD





FEM Model Description ï Open, Closed And Comfort Modes



FEM Model Description  



Skyline FPC т Device Level Testing for PoC

т Example Skyline FPC
т FPC now has new lid/substrate per Rev 1.2 datasheet т FPC Gerber Provided By Email 



Skyline Bayonet EVK ï Simulated FR Open/Closed Leak Control

XVS-1000 Effects On Frequency Response DD Speaker As Input Stimulus  



- 15 dB @ 250

Skyline Bayonet EVK ï Simulated FR Open/Closed Leak Control

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



DD Speaker DD Speaker 


