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ABSTRACT

Passive hearing protective devices, referred also as ear defenders, work by obstructing noise propagation
through the ear canal of the receiver. These gadgets are a popular choice as they offer high attenuation over a broad
frequency range, though at times inadequately, especially in the low frequency region, as per International Standards
of occupational exposure to noise. Upward masking of speech signal by low frequency noise also degrades the
intelligibility of speech in noise that may lead to decrement in performance and hamper the safety of individuals
working in noisy occupational environments. Active noise reducing hearing protective devices lend the possibility
of avoiding these problems particularly where the major acoustic energy is centered at low frequencies, rendering
these active contraptions a powerful tool in preventing noise induced hearing loss without hampering speech/oral
communication. Accordingly, the present study was undertaken to investigate the potential of Telex Stratus 30
Headset in providing protection against noise induced hearing loss and to evaluate its efficacy in improving the
speech intelligibility of our Armed forces personnel working in different noise spectral environments.
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1. INTRODUCTION

Noise is one of the most common cause of hearing loss'=,
and one of the most common occupational hazards in the
military environment worldwide. The effects of noise are often
underestimated because there are no externally-visible physical
changes. Noise induced hearing loss (NIHL) is characterised by
a gradual, progressive loss of high frequency hearing sensitivity
over time, as a result of exposure to excessive noise levels*>. In
later stages, the hearing loss may spread to frequencies that are
more critical to understanding human speech (500 Hz - 3000
Hz). The impact of noise-related hearing loss is not appreciated
until one is frustrated by a permanent communication problem.
Once hearing sensitivity has been lost, it is impossible to
reclaim. A sorry situation that is entirely preventable.

Loss of hearing and decline in frequency selectivity hinder
the detection, localisation and identification of acoustic sources
in the military environment, hampering the efficiency, security
and well-being of the soldier. Moreover, the impairment of
speech intelligibility in noisy environments can drastically
reduce the performance of complex and expensive weapon
systems®’. There is a growing concern regarding the effects of
noise and the necessity to control it.

The available techniques to control noise and protect
the hearing fall into three categories; noise can be reduced
at the source, in the propagation path or on the personnel
working in noisy occupational environment. The source of the
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acoustic energy emitted by mechanical devices may be single
or multiple. Due consideration on acoustic aspects during the
design stage of the mechanical equipment is the most effective
way to reduce noise, as engineering modifications at later
stages will not yield cost effective solutions. The next line of
defense is to modify the transmission path to block or reduce
the flow of sound energy before it reaches the receiver. This can
be achieved by reflection, diffraction, insulation or dissipation
of noise. These techniques are best suited for high frequency
component of noise but may become bulky, expensive, and
unfeasible solutions for low frequencies. Reduction of noise
at the receiver’s auditory system has proven to be the most
effective and least costly of the options.

Passive hearing protective devices®® such as earplugs or
earmuffs, reduce noise at the entry point of the ear canal of the
receiver. These passive ear defenders are very effective because
of their high attenuation over a broad frequency range; however,
they provide little attenuation in the low frequency region.
Since low frequency noise causes upward masking of speech
signal'®!use of passive ear defender in noisy environment
is detrimental to speech/oral communication. Due to the poor
efficiency of passive hearing protectors in the low frequency
region, the exposure level even when “protected’ with a standard
circumaural protector is still very high, which will seriously
limit the training period of the soldiers in noisy environments
as per the international noise exposure standards'>'*.

Exposure time limitation, reduction in speech
intelligibility and increased fatigue are important factors
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that strongly impede the efficiency of the soldiers in noisy
occupational environments. One possibility of avoiding these
problems, where the major acoustic energy is centered at
low frequencies (as experienced during the running of tanks,
helicopters, propeller aircrafts etc.) is the use of active noise
reducing (ANR) hearing protectors'>!®, Properly selected
passive hearing protective devices (HPDs) incorporating active
noise cancellation can be a powerful tool for preventing NIHL
without hampering the speech/oral communication.

2. MATERIALS AND METHODS
2.1 TELEX Stratus 30 Aviation Headset

The TELEX Stratus 30 ANR Headset as shown in Fig.
1 was evaluated for its performance efficacy and user’s
acceptability at Army Base workshop during testing of T-72
tank and testing and repairing of TATRA Engine.

The device is working on the principle of destructive
interference. It has microcontroller based active noise
cancellation circuitry. The device has the noise reduction of <
30 dB and weight is 403 gm, as per datasheet of the product.

|

Figure 1. Telex Active Headset.

2.2 Selection of Subjects

The study was carried out on 19 audiometrically normal
healthy volunteers belonging to the age group 19 — 30 years.
Subjects were further divided into two groups, I and II, based
on their routine exposure conditions namely, exposed to T-72
tank noise (Group I) and exposed to Tatra engine in B-Engine
test house (Group II). The subjects were familiarised with
experimental design, aims, objective and methodology and
informed written consent taken, which was duly approved by
the Institute’s Ethics Committee.

2.3 Audiometry

The same subjects were exposed to noise in two different
conditions namely, (i) ON Mode, while wearing Active Headset
in ON condition (active mode) and (ii)) OFF Mode, while
wearing Active headset in OFF condition (passive mode). The
baseline audiometry of the subjects was carried out in a quiet
room after overnight rest and the post exposure audiometry
in the two different conditions was carried out soon after the
exposure to noise on successive days. Difference between pre
and post audiogram indicated the temporary threshold Shift
(TTS) developed at each frequency. The audiometry of the
subjects was carried out with Maico, MA 53 that meets the
specification IEC 645-1/EN 60 645-1 Type 2, IEC 645-2 Type

A. The instrument has 1 dB resolution and provides the facility
for precise assessment of hearing acuity of individuals. The
instrument was calibrated prior to use. The audiometric test
was carried out for both the ears in air conduction mode in
frequency range of 0.125 kHz to 8 kHz.

2.4 Measurement of Noise Levels and Frequency

Spectrum

The attenuation characteristics of the device were
evaluated using microphone in real ear (MIRE) technique.
1/3 octave frequency spectrum at both ears was recorded
with the help of B&K data acquisition system with PULSE v
6.0 software in combination with Binaural Microphone. The
frequency spectrum was recorded in three conditions:

(a) Open ear spectrum (OE): during noise exposure without
any ear defender,

(b) Passive-protected-ear spectrum (PP): during active
headset donned in ‘OFF’ mode, and

(c) Total protected spectrum (TP): during active headset in

‘ON’ mode.

From the 1/3 octave frequency spectrum obtained, the
following insertion losses' (IL) were calculated. ‘A’ weighted
equivalent continuous sound pressure level (LAeq), ‘A’
Weighted instantaneous peak sound pressure level (LA ) and
frequency spectrum of T-72 tank noise and TATRA Engine
at 505 Army Base Workshop were recorded with the help of
B & K Type 2260 Type 1 Modular Precision Sound Level
Analyser. The function of B & K Type 2260 conformed to IEC
specifications and recommendations.

The noise dose received by the personnel during their
exposure to noise was recorded while wearing the device in
‘OFF’ and ‘ON’ mode using Noise Dose Meters B & K Type
4442 and Type 4443.

2.5 Speech Intelligibility

Speech intelligibility performance was carried out in field
conditions. 50 commonly used hindi words were presented
with noise to speech ratio 1:1 at background noise of 90 dBA!"
2021 The participants wrote down the words presented to them
through speaker under two conditions namely, (i) noise and
speech words with active headset in ‘OFF’ mode and (ii) noise
and speech words with active headset in ‘ON’ mode.

2.6 Statistical Analysis
The data obtained for TTS evaluation and speech
intelligibility was statistically analysed using paired t-test.

2.7 Subjective Impression

A questionnaire was given to each subject at the end
of the experimental procedure for obtaining the subjective
impression regarding the operation, comfort and effectiveness
of the device.

3. RESULTS
3.1 Physical Characteristics of the Subjects

The physical characteristics of the human participants
selected for the study at 505 Army Base Workshop is presented
in Table 1. Both groups were homogenous with respect to age
and physical status.
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Table 1. Physical characteristics of human volunteers

. Body
Age Height . BMI
Groups (Years) (cms) Weight (kg/m?)
(kg)
Exposure to
T-72 Tank 234+35 1732+80 63.8+95 21.2+24
Noise (n=9)

Exposure to
Tatra
Engine
(n=10)

23.1+3.8 172.0+82 654+132 223+44

3.2 Noise Levels and Frequency Spectrum

Table 2 gives LAeq and LApk of T-72 tank and TATRA
Engine running in idling condition.

LAeq at a distance of 1 m ranged from 93.2 dBA to 95.7
dBA and 94.4 dBA to 98.0 dBA for T-72 tank and TATRA
Engine respectively. LA at a distance of 1 m ranged from
107.9 dBAto 111.4 dBAand 109.2 dBA to 112.8 dBA for T-72
tank and TATRA Engine respectively. These LAeq values are
almost same and well within the acceptable limit of exposure
standards for exposure duration of 45 min.

Table 2. Noise parameters of T-72 Tank and TATRA Engine

at a distance of 1 m

Source of Noise LAeq (dBA) LA (dBA)  LAE (dBA)
T-72 Tank 932-957 107.9-111.4 111.1-113.6
944-98.0 1092-112.8 1122-116.1

Tatra Engine

A-weighted constant sound exposure level integrated over
1 s duration (LAE) at a distance of 1 m ranged from 111.1 dBA
to 113.6 dBA and 112.2 dBA to 116.1 dBA for T-72 tank and
TATRA Engine respectively. The values are well within the
limits of exposure standards of 135 dBA for 1s duration.

1/3 octave frequency spectrum of noise taken at a distance
of 1 m from T-72 tank and TATRA Engine is presented in Figs.
2(a) and 2(b), respectively. Frequency spectrum of T-72 Tank
noise (Fig. 2(a)) clearly indicates the presence of high level of
low frequency component in the frequency range of 50 Hz to
250 Hz, as compared to TATRA engine (Fig. 2(b)). At all other
frequencies the frequency spectrum for T-72 tank and TATRA
engine is almost the same.

3.3 Temporary Threshold Shift Evaluation

The mean hearing threshold levels (dB) of both groups of
subjects before and after the exposure to noise for 45 minutes
were recorded in air conduction mode just after the exposure to
noise in two different conditions on successive days.

The mean temporary threshold shift (TTS) in right and
left ears of the subjects after 45 minutes exposure to T-72 tank
noise (Group I) in idling condition and TATRA engine running
at 1100 rpm (Group II) in two conditions is presented in Figs.
3(a)-3(b) and Figs. 4(a)-4(b) respectively.

In passive (OFF) mode, exposure to T-72 tank noise
resulted in the development of TTS ranging from 2.4 dB to 8.4
dB and 2.0 dB to 9.6 dB in the right and left ears respectively
(Figs. 3 (a) and 3(b)). With exposure to TATRA engine noise
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Figure 2. 1/3 Octave Frequency Spectrum of (a) T-72 Tank noise
(b) TATRA Engine noise.

the TTS ranged from 1.4 dB to 6.8 dB and 1.6 dB to 6.2 dB in
the right and left ears respectively as shown in Fig. 4(a) and
4(b).

In active (ON) condition, the TTS was significantly
reduced in both groups of subjects. The mean TTS in group
I ranged from 0.4 dB to 4.2 dB and 0.7 dB to 3.8 dB in the
right and left ears respectively as shown in Fig. 3 (a) and 3(b).
Whereas in group-II it ranged from 0.6 dB to 3.6 dB and 1.0
dB to 3.8 dB in the right and left ears respectively as shown in
Fig. 4(a) -4(b).

The development of TTS was significantly less when the
subjects were wearing active headset in ON mode as compared
to OFF mode due to attenuation of lower frequency component
of noise in addition to the higher frequencies.

Further, as seen from Figs. 3(a)-3(b) vis-a-vis Figs. 4(a)-
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Figure 3. Mean temporary threshold shift of (a) Right ear and (b) Left ear on exposure to T-72 Tank noise.
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Figure 4. Mean temporary threshold shift of (a) Right ear and (b) Left ear on exposure of TATRA engine noise.

4(b) development of TTS in OFF mode is more when the
subjects were exposed to T-72 tank noise as compared to when
the subjects were exposed to TATRA engine noise due to poor
performance of the active headset in OFF mode against low
frequency component of noise.

3.4 Attenuation Characteristics

Figures 5 and 6 give the Passive insertion loss (IL,),
active insertion loss (IL,) and total insertion loss (IL,) in one-
third octave spectrum against background noise of T-72 tank
running in idle condition and TATRA engine running at 1100
rpm in the field conditions.

As seen from the Figs. 5 and 6, the high frequency
component of the noise is attenuated by the passive insertion
loss of the headsets. Active insertion loss (IL , ) is more dominant

in the lower frequency range below 250 Hz, as compared to
passive insertion loss (IL,). Passive protection provides more
than 20 dB reduction in the frequency range of 1250 Hz- 6300
Hz, whereas active noise cancellation provides maximum
attenuation in the range of 80 Hz to 160 Hz. Thus broadband
noise attenuation (IL,) both in low and high frequency band is
obtained.

The broadband sound pressure level of T-72 tank noise at
the right ear was reduced by 6.6 dB and 12.0 dB with active
headset in OFF and ON mode respectively, and at the left ear
the reduction in the level was 8.9 dB and 14.3 dB with active
headset in OFF and ON mode respectively as shown in Fig.7(a).
In similar mode of operation of the headset, TATRA engine
noise at the right ear was decreased by 10.4 dB and 11.5 dB
respectively, while at the left ear the noise level was reduced by
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Figure 6. Insertion loss of TATRA engine noise at (a) Left ear and (b) Right ear.

10.0 dB and 12.0 dB respectively as shown in Fig. 7(b).

Further, as can be seen from the Fig. 7(a) vis-a-vis
Fig. 7(b), the headset in active (ON) mode provided better
attenuation against T-72 tank noise in comparison to TATRA
engine noise on account of the presence of high level of low
frequency component in T-72 tank noise.

3.5 Speech Intelligibility Performance of Active
Headset
Speech Intelligibility performance of active headset was
evaluated in OFF and ON mode in background noise of TATRA
engine. Figure 8 represents the speech intelligibility score in
OFF and ON mode. In the OFF mode the score obtained was
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36.9 per cent + 3.1 per cent, which significantly improved in
the ON mode with the score of 51.1 per cent £ 2.7 per cent.

3.6 Measurement of Noise Dose

Table 3 gives the noise dose received by the personnel
while wearing active headset in OFF and ON mode during 45
minute exposure to noise of T-72 tank. As can be seen from the
table, the noise dose received by the personnel during exposure
to T-72 tank noise in OFF mode was 4.7 per cent, which reduced
to 0.7 per cent in ON mode. However, 8 h projected noise dose
was reduced to 7.4 per cent in ON mode as compared to 51.3
per cent in OFF mode.
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Figure 7. Mean Sound Pressure Level (a) T-72 Tank noise (b)
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Figure 8. Speech Intelligibility Score.

Table 3. Noise dose received by personnel at 505 Army Base

‘Workshop
Duration of  Actual 8 h projected
exposure measured dose (%)
(min.) dose (%) °
Without headset  45.0 69.5 758.6
OFF mode 45.0 4.7 51.3
ON mode 45.0 0.7 7.4

Criterion level = 90 dBA: Exchange rate Q = 3

3.7 Subjective Evaluation on the Useability and

Effectiveness of Active Headset

The following Table 4 and Table 5 give the subjective
impression of the individuals on the comfort and operation of
the active headset.

As indicated in the Tables 4 and 5 the majority of the
subjects found the device comfortable and well fitting. None of
the subjects experienced any difficulty on wearing the device.

Table 4. Subjective Impression of Personnel exposed to T-72

Tank noise
Parameters Excellent Very Good Good g:;’t
%) (%) COTS
Comfort 66.7 333 0.0 0.0
Fitness 66.7 333 0.0 0.0
Noise Attenuation 333 44.4 223 0.0
Oral Communication 0.0 88.9 1.1 0.0
Overall 333 66.7 0.0 0.0

Values are in %, n=9

Table 5. Subjective Impression of Personnel exposed to TATRA
Engine noise

Parameters l?)xcellent \zery Good (::00d g:;’t
(%) (%) (%) (%)
Comfort 40.0 50.0 10.0 0.0
Fitness 40.0 50.0 10.0 0.0
Noise Attenuation 0.0 50.0 50.0 0.0
Oral Communication 0.0 70.0 30.0 0.0
Overall 0.0 80.0 20.0 0.0

Values are in %, n=10

Further, the individuals expressed their satisfaction on the
effectiveness of the headset in reducing the noise levels and in
understanding of speech/oral communication.

4. DISCUSSIONS

Noise is an integral part of the life of a soldier as he is
exposed to it repeatedly during routine exercise and training.
Noise encountered by the soldiers may be impulsive, continuous
or combination of both. The auditory system is most vulnerable
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to noise and impairment in its functioning may affect the
efficiency and well-being of the soldiers. Therefore, every
effort should be made to protect the hearing to enhance the
performance and efficiency of our armed forces personnel. The
most commonly used hearing protective devices include the
earplugs and earmuffs that are passive methods of protection.
However due to their limitations in attenuating noise in the
lower frequencies, active noise cancellation technique is being
incorporated in these passive devices to enhance their range
of attenuation and enable good oral communication. The two
techniques passive and active are complimentary to each
other.

Currently, there are several manufacturers of ANR
headsets. Most of the circumaural type headsets, where the
pinna is completely covered by the muff, are primarily used
in the aviation sector. One such device (TELEX Stratus 30
Active Headset) available in market has been evaluated
in the occupational environment of our armed forces. The
performance of active headset was evaluated in field conditions
of the three wings of the armed forces for its noise attenuation,
protection against NIHL, speech intelligibility and noise dose
characteristics, to enable us to determine the efficacy of the
device and to develop active noise cancellation device suitable
to our environment.

Testing of the TELEX Stratus 30 Active headset by
Microphone In Real Ear (MIRE) method, which gives the
performance of the device at each 1/3 octave frequency band.
Passive protection alone attenuates the noise above 1250 Hz
by > 17 dB. In the active mode, additional attenuation in the
lower frequencies of approximately 10 dB from 80 Hz to 250
Hz was obtained. Hence the device offered total protection
by attenuating noise in the entire frequency range. A properly
fitting earmuff offers least leakage of sound thereby enhancing
its efficacy in attenuating noise. The headset exhibited nominal
negative attenuation between 800 Hz - 2000 Hz due to the
sound leakage and resonance as shown in Figs. 5 and 6.
The results are in close agreement with studies on different
headsets conducted in controlled laboratory conditions by
other researchers??.

Evaluation of the active headset by Temporary Threshold
Shift Reduction (TTSR) method gives the extent of protection
offered by the device in preventing development of TTS, which
is an indicator of the extent of noise induced hearing loss'® 2+
21, Exposure to noise induces a temporary shift in the hearing
threshold referred as TTS*%.

The results revealed significantly lower development of
TTS at all frequencies in active mode as compared to passive
defense against noise as shown in Figs. 3 and 4. This may be
due to the broadband attenuation offered by the device at all
frequencies in active mode thus reducing the overall noise
levels at the entrance of ear canal.

Further, TTS development was less in the lower frequencies
between 125 Hz -750 Hz as shown in Figs. 3 and 4 since the
human ear at low frequencies is least affected by noise due to
the auditory system being less sensitive in this region.

In military operations intelligibility of speech is of
paramount importance for successful completion of the
mission. HPD’s not only protect the ear against the ill effects
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of noise, but they may also help in improving the intelligibility
of speech when the background noise level is high (90 dBA).
Hence the speech intelligibility performance of the device was
evaluated in field conditions with speech to noise ratio of 1:1.
The speech intelligibility score is significantly improved in ON
mode as compared to OFF mode as shown in Fig. 8. The poor
attenuation of noise at lower frequencies causes a masking
effect on the speech signal, which significantly reduces the
speech intelligibility in passive mode. Several researchers
have reported similar findings in which the sound level of
the communication signal had to be increased to hazardous
levels by the user to overcome this low frequency masking
effect’®3! while using the passive communication headset.
Similar findings were reported earlier using different methods
for evaluating the speech intelligibility performance of active
headset®>.

The performance of the headset was further ascertained
by the protection it offered against noise dose, indicative of
whether the exposure to noise is hazardous to our auditory
system or within the acceptable limits. The device in passive
mode was able to bring the noise dose to within acceptable
limits of exposures, which was further significantly reduced
in active mode with highly desirable noise dose as shown in
Table 3.

5. CONCLUSIONS

Higher protection was attained with the device in active as
compared to passive mode on the basis of the performance of
the device against development of TTS in noisy environment.
Thus the device is found to be useful to in providing protection
from NIHL.

The device led to significant improvement in speech
intelligibility in ON mode as compared to OFF mode in
industrial environment of army. Improvement in speech
intelligibility permits effective oral communication, enhancing
the success rate of mission or task.

The noise dose received by the personnel during their
exposure to noise was significantly reduced in ON mode,
enabling the personnel to work in the noisy occupational
environment without affecting their hearing and in consonance
with International Standards of occupational noise exposure.
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