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1. INTRODUCTION

Conventional passive hearing protectors - ear-plugs, ear-mulls and noise-excluding helmets - are

very widely used to protect hearing against damage lrom excessive noise exposure. They may be
combined with microphone and telephone transducers to term communications headsets. This approach
may tail in very intense noise because:

The attenuation at ambient noise by the headset may not be sulticient to give a low enough noise
level at the ear;
Even il the attenuation measured under ideal conditions is sulltcient. the attenuation in practical
use is likely to be less (see, for instance, Hempstock and Hill [1]);

In the case at communications headsets. noise at the ear is increased by speech and noise picked

up by 'live" microphones;
At very high levels. the intelligibility oi spoken communications is reduced by distortion within

the communications system and within theear.

Where noise cannot be reduced at source, it is necessary to lind improved lorms oi hearing protectors
and communications headsets which overcome. or at least alleviate, these problems.

The main problem within the Army is the noise within tracked armoured lighting vehicles (AFVs). The

tendency ol such vehicles to become laster and more heavily armoured has, unlonunately. given rise

to a tendency to become ever more noisy: we now have vehicles in service which. in the most noisy
Condition (generally last movement on roads), approach or even reach a sound pressure level (SPL) cl
I30 dB at crew positions. The noise is generated principally by track link contact with sprockets or
with the toad surlace. Crew members need to hear spoken communication. and tn most cases also
require to speak to their comrades. Head-sets need to be very robustly constructed, and also need to
be compatible with other headgear such as helmets.

Although the work described in this paper is cancerned chtetly with military requirements, similar

problems will occur in some civil applications. and the same approaches may be helptul.

2. POSSIBLE [MPROVEMENTS TO CONVENTIONAL HEADSETS

It may be helplul to consider improvements under three separate headings;

2.1 Reduction in airborne noise

Ear-mulls and noise-excluding helmets typically give a good attenuation at high lrequencies above
1 kHz. but a much less good attenuation at low lreouencies. For instance. the assumed protection '(ie
mean - standard deviation) at 125 Hz may be only 10 d8, yet the noise may be most intense in this

band. This attenuation can be improved. lot instance by increasing head-band lorce or ear-cup volume.

but this will result in severe discomlon during prolonged use or In incompatibility with other headgear.
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Ear-plugs can give a better mean attenuation at low lrequencies. but their attenuation shows a large

standard deviation in laboratory tests (and an even larger standard deviation in practical everyday
use). so that some users are not ellectively protected. Fortunately. a solution - Active Noise

Reduction (ANR) - has been developed over the last lew years.

ANR. adapted lor this purpose. uses a small microphone inside the ear shell. near the ear. which senses

the noise penetrating the headset; the microphone signal is amplified and inverted. then led to a

telephone transducer within the ear shell. thus cancelling some ol the noise. The system is now well
known and well proven: see. lor example. Twiney. Holden and Salloway [2]. and Nixon. McKinley and

Steuver {3].

There is little point in achieving a good ANR perlormance at the expense oi conventional (passive)

protection. since the total protection achieved is a combination of the two. The requirements need to be
careiully balanced. because (for instance) good passive protection demands a large ear shell volume
while ANFi works best with a restricted volume: it lollows that ANFt is most uselul where ear shell

volume is restricted by other headgear.

2.2 Reduction in noise transmrttod through the rntercommunications system
This commumcations load consists oi speech. noise picked up by 'Iive' microphones, and radio

interterence: it is dillicull to quantity. since it depends on how the system IS used. For instance. ii

there is little or no use at radio communications, and the crew's microphones are switched oll except

during briel periods of use. then the noise dose arising lrorn the communications load will be small. The

level at the communications signal is usually adjustable. and in theory should be at the minimum level
consistent with reasonable intelligibility. However. it is much more usual to find the microphones
permanently ‘Iive' (which the user linds convenient since ll permits hands-[roe operation). and the

level set permanently at 'maximum' in the beliel that loudness gives clarity. Typically. this can give

an increase in 'A' weighted SPL at the ear around B. possibly 12. d8 above that measured without the
communications load: the existence ol several live microphones. where only one is being used to
transmit speech. will also degrade intelligibility.

Usually. themicrophones are pressure-gradient (noise cancelling) boom microphones. with the boom

tilted to the headset such that the microphone is just in tront oi the user's mouth. (Throat microphones

are rarely used. sincetheir speech quality is poor and they become very uncomionable during

prolonged use.) Unfortunately. the discrimination between the near source (voice) and tar source

(vehicle noise). which may be 20 dB at 250 Hz. lalls otl badly at higher frequencies

Microphones oi improved periormance are available. and can reduce noise dose as well as improve

speech intelligibility; however, the microphone housing. which is needed to protect against rain. mud.

impacts and other environmental stresses. can degrade the microphone perlormance.

A voice-operated switch [VOS) will give the user 'hands-lree' operation. but will switch the

microphone 'oll' when it is not being used. The V05 has been seen as a possmle solution tor some

years. but has generally either given an unreliable pertormance or has been very expensrve. RecentlyI

VOSs have been developed which are more acceptable to the user.

The use ol adaptive noise cancelling to remove tonal components lrom the microphone signal is a

possible development lor luture headsets.
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2.3 Ergonomic factors
Such taclors as: ease of use. comton. robustness. compatibility with other headgear, ease oi donning

and dotting. stowage. and reliability. are just as vital as good acoustical pertormance.

3. ESSONS FROM PRACTICAL EXPERIENCE

APRE has now evaluated a number of dilterent types of headset. produced by several dillerent

manufacturers including contractors working tor APRE. We have the advantage of being able to work

closely with several Army units. including a small trials section at APRE who provide test subjects.

Although much at our work is directed towards noise in AFVs. most at our experience will be oi

interest in a wider context.

3.1 Methods oi measurement

Real-ear attenuation at threshold (HEAT) measurements 0! attenuatton. such as defined in ISO 4869

Pan 1 [4]. cannot be used with ANR. since the electronic noise masks the hearing threshold and will

give exaggerated values tor attenuation Funher. REAT methods are uselul only where the attenuation

can be expected to be independent oi SPL; this is so tor conventional passive protectors. out not lor

ANR at high SPLs where the perlormance may be limited by transducer output. We Iherelore use

miniature (Knowles. type BL 1785) microphones at the ear canal entrance, both to measure the noise at

the ear and. with a microphone on the outside oi the protector, to calculate the transmission loss (Rood

[5])-

In common with ISO 4869. we use human subjects since we do not yet have enough conlidence that

aniiicial heads will reveal all the possible weaknesses in headset design. 'A“ weighted SPL at the ear

is monitored continuously. and care is exercised to ensure that the 8-hour L Eq at the ear does not

exceed 90 dBtA) on any one day: usually it is much less. As additional saieguards. monitoring

audiometry is used routinely helore and alter each series at measurements. and subjects are drawn

irom a pool oi men with good hearing (due to the possibility that poor hearing could be associated with

vulnerability to noise-induced hearing loss).

The majority oi measurements are conducted in a 'noise tacilily' consisting at an old personnel carrier

hull equipped with a battery oi loudspeakers. Loudspeaker input is derived from a 'white noise'

source. shaped by two 1/3 octave spectrum shapers in series. This allows SPLs up to 130 dB.

Subjects are visible through closed-circuit TV. and are usually audible to the experimenters via a

standard Army (Clansman) intercommunications system. A number of satety culvouls are titted.

including one accessible to the subjects. Measurements in this iacility are always supported by

measurements in moving vehicles.

3.2.2 lntelligibility oi speech ts measured using the Dtagnostic Fihyme Test (DFiT) (Voiers [6]). we also

use the STIDAS lest devised by Steeneken and Houlgast ([7]), which is much quicker to use than DRT.

and gives lat more inlormalton. but needs to be validated against DRT or srmtlar methods. STIDAS

yields a score between 0 and l lor Speech Transmtssion Index (511). a score ol 1 representing the

ideal.

3.2.3 Microphone response is measured, in terms oi itequency response and sensitivity at 1 kHz, using,

an artificial voice (such as that In the Bruet and Kjaer Artificial Head and Torso Simulator) placed in an

anechoic room. Comparison with corresponding measurements tn a reverberant lield gives the noise
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discrimination. Alternatively. STIDAS can be used to check microphone response.

3.3 Results 0! measurements. .

Figure I shows a typical passive attenuation (measured as a transmission loss) at a communications

headset intended tor use beneath a ballistic helmet. By comparison with a heavyweight industrial ear-

mult. the attenuation is only moderately good. since the internal volume of the ear cup and the headband

contiguration are governed by the shape ol the helmet.

Figure 2 shows the additional attenuation provided by ANR. It can be seen that ANR works over a

limited lrequency range. outside which noise is enhanced to some extent; this is most marked. for this

panicular headset. around 630 Hz. Evidently, ANFt will be ettective it the noise components are

strongest around 80 - 250 Hz (as is generally the case with noise in vehicles). but will be inellective

with high-trequency noise and will be counter-productive in this case it the noise has its strongest

component around 630 Hz.

This headset. tested in our noise tacility using a simulated AFV noise of 120 dB. 113 dB(A). gave a

mean 'A'-weighled SPL ot 91 dB(A) at the ear with theANR ~oil". and 85 dBtA) with ANR 'on"; this

was measured without any contribution lrom communications.

Joyner [8] investigated the ellect 0! adding ANR to the in-service 'Crewguard' tank crewman‘s

helmet. This reduced the passive attenuation. since the volume within the ear cup was eltectively

reduced, but the attenuation with the ANR operating was better than that at the standard item below

500 Hz. Noise measurements included the communications load. in this case speech and noise picked up

by a live microphone; the level at the communications load was controlled by the subject. In the noise

tacility with a sound lield similar to that described previously. and both talker and listener in noise, the

'A" weighted sound pressure level at the ear was about 103 dB(A) with the standard in-service

headset and 98 dB(A) with the ANR headset.

Several vehicles in current service can give SPLs above 120 dB. in some cases approacing 130 dB.
Some prototype headsets have been able to limit noise at the ear to a mean 'A'-weighted SPL at about
90 dBtA) (without communications load). This is helped by the headsets in such vehicles being designed

as an integral part at a noise-excluding helmet. rather than as an addition to a helmet designed

primarily as ballistic protection. Even so. at such levels. the ANR may be barely able to cope. which is

seen experimentally as a marked increase in standard deviation as well as an increase in the mean of

the 'A'-weighted SPL at the ears.

3.4 Ettects cl protective headgear
In addition to the helmet. other terms at protective headgear. such as labric hoods or respirators, may

be needed. These introduce air leakage paths beneath the ear cup seal. mm a corresponding ellect on

passive attenuation. Typical 'A'-weighted_SPLs at the ear, again with the 120 dB (HS dBtAJ) noise

tield described previously. may be 105 dB(A) with the ANR 'otl“. Use oi ANR provides only marginal

improvement. since the transducers cannot produce enough sound pressure to cancel the noise (in this

case. the mean level was 104 dBtA) with a standard deviation cl 5 dB). Such measurements require

either very briel exposures. or the use at ear-plugs! A related problem is the ellect ol respirators on

the signal lrom the microphone; il a dedicated respirator microphone is used. its positioning relative to

the airguide is critical.
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3.5 Ergonomic factors t

Practical experience at APRE. and even more so at Army trials units. have revealed a host of

ergonomic problems with headsets. 'including:
Lack of robustness - too often. the item Will not stand up to laboratory. let alone military or

industrial. usage.

Incompeti tlity with other headgear.

Excessive headband force.
Insufficient space inside ear cup for eats, t

Failure of ear cup seals to make contact over entire circumference with side of head. l
Insufficient movement on microphone boom.

Lack of waterproofing. with consequent failure to function in the British climate.

3.6 An ear-plug with ANFI -
II is now possible to miniaturise the transducers used for ANR so that it becomes practical for use in
ear-plugs. although the power source and electronics are still at present housed in a separate box. The
advantages of this approach are that:

Ear-plugs. provided they fit well in the ear canal. offer more passive attenuation at low
frequencies than do ear-muffs.

Since the volume in which the noise is to be cancelled is much less. the ANFI should function
over a wider frequency range.
The problem of compatibility with other headgear is much reduced.

Against this, the difficulty of providing an effective. reliable and comfonable fit is even greater than
with ear-mulls.

Such an ear-plug has been described by Cole [gl'and by Goodlellow [to]. it has been shown to give the
passive and active attenuation shown in Figures 3 and 4 (measured as a transmission loss using the

sense microphone). Mean 'A'-weighted sound pressure level in the ear canal was 85 dB(A), measured
in the noise facility with the sound field described above: in the corresponding noise of the real vehicle
at maximum speed on roads, it was 86 68M).

This ear-plug also incorporates an external microphone on the body of the plug: this transmits low»

level sounds so that the ear can easily hear speech under quiet conditions without needing to remove the
plug. The gain in the microphone amplifier is reduced as external noise increases. so that protection
against noise is retained.

4. DISCUSSION

Under ideal conditions. with a carefully defined fitting procedure. ANR can give very substantial

attenuation. In practice. the quality of fit will vary between different users. with their different head

shapes. different degrees of care in fitting. etc. ANR which has been optimised to an ideal fit may very
well oscillate and increase the noise at the ear when filling is less good. Making the ANR uncondi-

tionally stable will result in some loss of performance compared to the laboratory optimum. out will
give more dependable results in practical use.

There is no single design change which will solve the problem of hearing protection and communication
in very noisy environments, Rather. progress can be achieved through a number of small improve-

ments. Passive protection, microphone performance and ergonomic factors. together with the user's
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training and appreciation oi the necessity lcr protection. remain dominant: recent advances such as

ANR can supplement but do not replace these. The most important improvement. however,can be made

by the reduction at ambient noise levels.
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Figure 3 Ear Insert — Passive Attenuation
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