
Results

Figures 1-3 show the wind-noise levels in 43 Hz bands relative to the maximum input level of

the sound card (ï40 dB FS is approximately 100 dB SPL at 1 kHz) with fittings appropriate for

the amount of occlusion. Figure 4 shows the effect of occlusion on the amount of WNR for a

flat 50 dB HL hearing loss.

The unaided wind-noise level in the ear canal (dashed lines) increased with wind speed.

Occluding the ear canal (aid switched off) reduced unaided wind-noise levels with greater

reductions at higher wind speeds. This effect was reduced in the lower frequencies with the

vented ear mould and open fittings.

The aided wind-noise levels (aid switched on) increased with greater wind speed and

occlusion / hearing loss, and decreased with greater WNR strength settings. WNR acted over

a greater bandwidth at higher wind speeds. This is because the growth of wind-noise levels at

the microphone with wind speed is greater at higher than lower frequencies (Zakis, 2011).

Below 1 kHz, WNR had a greater effect with occluded than vented fittings, and minimal effect

with open fittings where the unaided wind noise dominated.
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Increasing numbers of hearing aids have 

wind-noise reduction algorithms, although 

satisfaction in wind noise is relatively poor.

This study evaluated the effects of hearing-aid fitting, ear 

mould, venting, and wind speed on the amount of wind-noise 

reduction achieved in the ear canal. The application of this 

knowledge to clinical practice may help improve satisfaction 

with hearing aids in wind noise.

Figure 1. Wind-noise levels in the ear canal for wind at 3 m/s (11 km/h, 7 mph, 6 knots).

Introduction

Wind noise attracts some of the lowest satisfaction ratings by hearing aid users

(Kochkin, 2010). Wind noise at omni-directional microphones can exceed 80 dB

SPL at a wind speed of 4.5 m/s (Chung et al, 2010) and saturate at up to 116 dB

SPL by 12 m/s (Zakis, 2011). Wind-noise levels can be higher with a directional

microphone response, and can also exceed 80 dB SPL at 5 m/s in an unaided,

open ear canal (Beard and Nepomuceno, 2001; Chung et al, 2010). We are

unaware of previous studies that investigated wind-noise levels in a non-open ear

canal with hearing aids and a wind-noise reduction (WNR) algorithm.

The current study investigated the effects of the hearing-aid fitting, ear mould,

venting and WNR algorithm settings on the amount of wind noise in the ear canal.

The results increase our understanding of the clinical tools that are available to

improve satisfaction with wind noise.

Methods

A Head And Torso Simulator (HATS) was placed in front of a wind generator in a

sound booth. Recordings of the sound in the HATSôear canal were made with:

ÅWind speeds of 3, 4.5 and 8 m/s (i.e. 7, 10 & 18 mph, or 11, 16 & 29 km/h).

ÅHearing aids or no hearing aid (unaided) on the left ear.

ÅA comfort tip or thin tube (no domes), and vented (2 mm) and occluding ear

moulds.

ÅThe hearing aids switched off or on.

ÅThe NAL-NL1 fitting for a loss appropriate for the tip/mould or a flat 50 dB HL

loss.

ÅThe WNR algorithm turned off or on with different strength settings.

The long-term-average, wind-noise spectrum in the ear canal was calculated for

each recording. At these wind speeds the WNR algorithm accurately detected the

presence of wind. There was no clipping in the microphone or hearing-aid circuits

during the testing.
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Conclusions

This study showed that:

ÅThe amount of wind noise in the ear canal increases with wind speed.

ÅMore occlusion of the ear canal decreases the wind noise from the unamplified path, but

increases the wind noise from the amplified path.

ÅMore occlusion increases the effectiveness of wind noise reduction algorithms in the low

frequencies.

ÅClinical tools to increase satisfaction with wind noise in hearing aids include venting and

adjusting WNR algorithm settings.

Figure 2. Wind-noise levels in the ear canal for wind at 4.5 m/s (16 km/h, 10 mph, 9 knots).

Figure 3. Wind-noise levels in the ear canal for wind at 8 m/s (29 km/h, 18 mph, 16 knots).

Figure 4. Effect of WNR (maximum strength) 

at 8 m/s for different amounts of occlusion 

and a flat 50 dB HL loss. The WNR algorithm 

has a greater effect with more occlusion 

below 2 kHz. This is because the aided 

wind-noise levels were below unaided levels 

with open fits, and above unaided levels 

with vented and fully occluding ear moulds.


