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Hearing Protection Systems
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� Overview of Hearing Protection Standards
� Daily Risk Criteria - Exposure Time
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Hearing Protection Standards

Hearing Protection Systems

Common Attenuation Standards—What Do They Mean?

SNR – Signal-to-Noise Ratio

• Compares a level of noise against the level of background noise 

• European Standard ISO 4869

NRR – Noise Reduction Rating

• Average attenuation of hearing device based on laboratory testing 

• U.S. Standard ANSI

SLC80 – Sound Level Conversion 

• Valid for 80% of wearers

• Compares the difference between the workplace noise level 
(outside the hearing protector) C – weighted to the noise level at 
the wearers ear (i.e. under the hearing protector) A – weighted 

• Australian Standards

SPL – Sound Pressure Level

• Is a ratio of the absolute, Sound Pressure and a reference level  
(the lowest intensity sound most people can hear)

• Measured in decibels dB
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Exposure Time
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• A-weighting, dB(A) SPL, attenuation, SNR and NRR, can be abstract concepts when we want to understand what is 

considered as dangerous

• “Damage risk criteria” convert these abstract concepts into one that is easier for most people to understand—Time

• Many countries recognize the 8 hour, 85 dB(A), 3 dB exchange rate rule to determine the allowable exposure time in a given 

noise field

• We can demonstrate how different hearing protectors behave in differently shaped noise fields by computing the allowable 

exposure time based on the spectral content of the noise and the performance of the hearing protector

• Notice the differences among noise fields with similar overall levels…



Total Daily Exposure
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How to Use SNR and NRR (An Example)

Conditions

• Assume an 8 hour shift average noise 95dBA

• Hearing protector has a SNR = 29 dB, and NRR = 27 dB

SNR Calculated Total Daily Exposure

• Reduce noise level by the SNR figure

• 95 dBA - 29 dB  = 66 dBA

NRR Calculated Total Daily Exposure

• Reduce NRR figure by 7dB (if noise measured A weighted), i.e. 27 dB - 7 dB = 20 dB

• Divide by 2, i.e. 20 dB ÷ 2 = 10 dB (derating)

• Subtract 10dB from noise: 95 dBA - 10 dB= 85 dBA

Much Simpler…or Maybe Not
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Hearing Protection Standards, cont.
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Common Standards In Military—What Do They Mean?

REAT – Real-Ear Attenuation at Threshold ANSI S12.6- 2016, ISO 4869-1 

• This measures the difference between the occluded and unoccluded ear 

measured at threshold

• Can be used to measure the noise-reducing capacity of:

� Passive hearing protection systems and 

� Active hearing protection systems – if turned OFF

Problem with REAT:

• When measuring frequencies below 500Hz:

� Threshold data will be in error by a few dB

� The error increases as the frequency decreases
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Hearing Protection Standards, cont.
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Common Standards In Military—What Do They Mean?

MIRE – Microphone In Real Ear - ANSI S12.42 

• Miniature microphone placed in subject ear

• Noise field measured with and without hearing protector

• Can be used for active hearing protection systems switched ON
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REAT and MIRE
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How to Use the Results

• Both REAT and MIRE test methods are subjective 

• Multiple subjects with multiple fits

• Mean attenuation for all subjects

• Measure standard deviation for all subjects, all fits

• Note 2 standard deviations = 95% fit (worst fit case)
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Using the DATA –
PASSIVE REAT
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How do You Use the Data?

• ALPHA 900 Passive Hearing Protection

• Subject testing ANSI S12.6

• Mean minus 2 Std. deviation in third octave

• 125 Hz mean 12.4 – (2x3.3) = 5.8

• 4000Hz mean 50.8 – (2x4.2) = 42.4

• 8000Hz mean 54.1 – (2x2.9) = 48.3

• Therefore, improving fit repeatability is important as 

it reduces the standard deviation



What are the Options?
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Passive Hearing Protection

• Acts as a barrier to noise, between the ambient environment and your ear drum

• Characterized by having no active components (speakers, microphones, controllers) attempting to reduce the noise through 

active means

• Noise reduction mechanisms include transmission loss, absorption and reflection, dynamic system analysis, standing waves 

(acoustic modes)

• Typically come in the form of earplugs (various types of generic and custom) and circumaural (around the ear) earcups (larger

internal volume typically results in more attenuation)

• Combined earplugs and earcups (double hearing protection) becomes a coupled system – attenuation performance doesn’t 

simply add



What Complicates the Choices?
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Spectral Content

• “Spectrum” refers to the frequency (pitch) content of the sound field

� “Broadband” – sound energy exists at many frequencies
� “Narrowband” – sound energy exists at a few frequencies

• Different noise fields have different frequency content that can pose different levels of risk for hearing loss

� “A-weighting” accounts for the sensitivity of the human ear, and de-emphasizes low frequencies, which are less likely to 
cause hearing damage

• Mid and high frequencies (1 kHz – 5 kHz) are the most damaging

• Here we are primarily concerned with continuous noise, as opposed to impulse noise

• The spectral content of the noise should be examined, along with the hearing protector performance, before deciding on the 
best hearing protection options…



What Complicates the Choices?
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• We will use these two different A-

weighted noise fields as examples for 

the next several slides, both 115 dBA

� Bradley Fighting Vehicle, 
dominated by low frequency (below 
600 Hz) energy–115 dB(A)

� Typical jet noise, broadband, 
dominated by mid-high freq. 
(above 600 Hz) energy–115 dB(A)

• We care about the overall, total daily 

exposure

• Different hearing protection will offer 

different results for each of these 

noise fields…

Spectral Content
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• We can use examples of different 

passive hearing protection to 

illustrate how at-ear performance 

can change significantly, based on 

hearing protector selection and 

noise field spectral content

• Hearing protectors have different 

performance (attenuation) at 

different frequencies – ideally we 

will match the hearing protection to 

the noise environment
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What Complicates the Choices?

Passive Hearing Protection
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• In the low frequency (below 600 Hz) 

dominated BFV noise field, we see 

that the Dual Hearing Protection 

(DHP) performs only marginally 

better than custom earplugs, but both 

are significantly better than the 

circumaural hearing protector (DC2)

• The overall at-ear noise level is 

generally dictated by the highest level 

in the spectrum
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What Complicates the Choices?
Passive Hearing Protection
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• In the mid-high frequency (above 600 

Hz) dominated jet noise field, we now 

see that the circumaural (DC2) and 

custom molded earplugs (CTE30X) 

perform nearly the same, with the 

DHP (DC2+ CTE30X) somewhat 

better than both
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Passive Hearing Protection

What Complicates the Choices?
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• The effective attenuation provided by each of the hearing protectors changes as a function of the noise field spectral content

• NRR presumes a single, flat noise field when calculated

• The NRR is often not a valid representation of the actual performance of a hearing protector in a real-world noise field
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What Complicates the Choices?
Passive Hearing Protection



Active Noise Reduction (ANR)
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• The same concepts and caveats regarding spectral content and passive hearing protection also apply to ANR

• ANR can complement passive noise reduction measures by actively measuring and, through a controller, reducing the 

residual noise present under passive hearing protection

• One must first account for the passive attenuation, and then the active reduction (and addition), to determine the overall 

benefit of ANR technologies on specific noise fields in the context of hearing protection

• Returning to our BFV and jet noise fields, we can examine two ANR approaches, and evaluate their benefit in each noise 

field…

What are the Options?



Using the DATA? – Active MIRE
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What Can Active Offer?

• Subject testing ANSI S12.6

• Mean minus 2 Std. deviation in third 

octave

• 125 Hz mean 23.4 - (2x2.2) = 19

• 4000Hz mean 50.1 - (2x4.1) = 41.9

• 8000Hz mean 49.3 - (2x5.9) = 37.5

• Therefore improving fit repeatability 

remains important. 8000Hz figure 

shows ANR ’enhancement effect’
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How Do We Use the Data
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MEAN Minus 2 Std. Deviations? F-35 Methodology

JSF—Combines Noise Measurements from REAT and MIRE

Test results derived as follows:

• REAT mean – 2 Std. deviation + MIRE active

• REAT used to measure ANR in ‘OFF’ mode

• MIRE used to measure active component of ANR in ‘ON’ mode

Why?

• In basic terms, REAT data is significantly affected by fit 

• Argument that it also includes a proportion of noise conducted by the body 

• It cannot be used for active measurements, so MIRE active data added )
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Active Noise Reduction
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Types of ANR Available

• ANR Version 3 — ANALOGUE Circum-Aural

� Measures and actively cancels noise inside ear 
capsule

• JSF — ANALOGUE Circum-Aural Lightweight

� Measures and actively cancels noise inside a 
carbon fibre lightweight ear capsule

• AHNR Version 5.0P — DIGITAL Feedforward

� Feedforward measures external noise and 
internal noise and provides active cancellation
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Passive Hearing Protectors
(Circumaural Headsets and Intra-Aural Devices)
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Dual Hearing Protection with Communications

• ARGONAUT Headset — Circumaural

� For use in extreme noise environments

• WIRE-FREE CEP — Intra-aural and Circumaural

� Operates on the principle of Near Field Magnetic Induction (NFMI)
� Intra-aural communication earplugs
� Circumaural Earcups 
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ARGONAUT Dual Hearing Protection and 
Communications (DHPC)
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• Hearing protection and speech intelligibility for extreme noise environments

• Digital noise cancelling microphone filters background noise

• Enables two way communication above 125 dB noise fields

• EMI 200 V/m compatible

• CE marked

Argonaut Test Data:
�
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System Integration
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• When combining various personal protective equipment items, care should be 

taken to optimize the system performance

• Helmets, headsets, earplugs, and communications systems all interact to 

deliver a total system performance

• Simply combining high performing individual items to form a system will not 

result in the best performance/cost trades…
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System Integration, cont.
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Many Factors to Consider When Designing a Complete System, e.g.,:

• Wearing earplugs under an ANR headset is a waste of money – the ANR benefit is lost

• Communication earplugs can reduce weight and improve hearing protection by removing earcup speakers

• Proper noise canceling microphone selection can offer significant benefits to exposure times and speech 

intelligibility

• Custom molded earplugs outperform foam earplugs on a variety of metrics

• Helmets can impart resonant behavior that can sacrifice hearing protection performance at some frequencies

• Double hearing protection does not provide the sum of the two attenuators

• With a properly fitted earplug, the design of the earcup matters very little



Summary
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• Careful consideration of noise environments is required when assessing the expected performance of passive hearing 

protection

• Consideration of passive attenuation, and the spectral content of the noise field, is required when assessing the benefits of ANR

• Communication microphones can have a significant impact on the total daily exposure, and care should be taken when 

evaluating where and how to improve system performance

• Fitting, the importance of this aspect of system integration can not be overstated

• Gentex Corporation manufactures a wide variety of hearing protection and communications systems that offer these types of 

tradeoffs and considerations 

• We can help you select the best hearing protection and communication system design approach for your specific applications
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• Vaudrey, M.A., et.al., “The Impact of Spectral Shape and Active Control Bandwidth on Hearing Protection Performance,” Inter-Noise 2004, 

Prague, Czech Republic, August 2004

• Hellberg Safety AB
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