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In this paper a new method of assessing noise-induced harmfulseiethe human hear-
ing system is described. The method proposed determines the cumirtgtaet on hearing
system produced by the excessive noise taking into considerationrfespef the human
hearing system. Based on the predicted effects of the noise exptiirew types of noise
indicators are engineered. The evaluation of these indicators emplagiedvtypes of noise.
The indicators proposed can improve assessment of the harmdat efiused by the noise
exposure. An influence of the type of the critical band representatidimedfiearing system
(Bark or ERB scales) on the noise indicator effectivhess is also dsduss
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1. Introduction

This paper presents a new method of assessing noise-induced riskarfiraghloss.
It seems important to recall first current definitions of the noise expdsnits. U.S. Na-
tional Institute for Occupational Safety and Health (NIOSH), the cude$t Occupa-
tional Safety and Health Administration (OSHA) Hearing Conservation Amentase
well as European regulations assess risk of hearing loss by determigimgntbunt of
noise received by a person during the workday expressed asentsge of a certain
reference level for a given duration. Occupational safety orgdaimrecommend that
the maximum exposure to noise is 40 hours per week at 85 to 90 dB(A)vEnr addi-
tional 3 dB(A), the maximum exposure time is reduced by a factor of 2, e lgpo@& per
week at 88 dB(A). Sometimes, a factor of 2 per additional 5 dB(A) is udedever,
these occupational regulations are recognized by the health literaturadesjirate to
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protect against hearing loss and other health effects, especiallynftige individuals.
The usual allowable noise dose is typically set at 100% dose equival@meguivalent
continuous noise level of 90 A weighted dB over a standard 8-houringpday. Other
noise levels exist that are considered to represent the 100% noisbutdbke time in-
terval is almost always the 8 hour day. Daily 8-hour (or longer) time-vtejhverage
(TWA) personal noise exposures or Daily Personal Noise Expdsuet, which ex-
press the maximum duration of exposure permitted for various noise leedieguent
definitions for noise-induced adverse effects on health.

As mentioned already currently a noise dose is determined based on tegatggr
acoustic energy that a person experiences in a certain acoustic emgitbrsSuch ap-
proach focuses mainly on the assessment of the amount of energy halimegt impact
on the human hearing system [4]. The time characteristics of noise areigndrile
the main emphasis is put on the equivalent noise level. Based on the availablelde
sources [1, 3, 14], it is important to emphasize that, both time and the speciiarm
acteristics may significantly contribute to hearing loss [7, 14]. Having this in ihied
authors proposed a new method of the hearing impairment risk estimation Takéjg
features of the hearing system into account [8, 10], it concentratdsegorediction of
the noise dose that a person is subjected due to the specific noise exposur

2. Psychoacoustical noise dosimeter

Figure 1 depicts a general block diagram of the psychoacoustical dosseeter.
In the first step, a spectrum of the signal power is determined using thd-&aser
Transform (FFT) (block 2). Then (in block 3), the spectrum is condébhy the outer
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Fig. 1. Block diagram of the psychophysiological noise dosimeter (PND)
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to the inner ear transfer function [10]. In step 4, spectral factorg@maeped into crit-
ical bands using Bark scale [8]. Next, signal levels in different bawdsdetermined,
and the result reflects the excitation of the basilar membrane. The averaged are
used to estimate the Asymptotic Threshold Shift (ATS) level [11]. The AT Seinogl
block consists of three parts (blocks 5, 6, 7). In the following step, thtanteneous
ATS values are fed to the block 5 which simulates the acoustic reflex mecharism.
algorithm used in this block averages the ATS level locally, operating dictgly to the
acoustic reflex duration. Such situations happen when a sudden atfengrgnal level
occurs in a sound. In this way, the processed ATS values are exjailyeaveraged
(block 6), which reflects the process of Temporary Threshold ShifS{Tof hearing
(global averaging) during the noise exposure. Block 7 is activated aitgr the expo-
sure is finished, when the level of noise does not cause TTS effechare. The block
task is to reflect changes in the TTS process fading out phase in sesfipbmechanic
strain put on delicate cochlea structures. The block is activated by tHeofelVéS ex-
isting at the moment the exposure is stopped. Block 8 produces final resaliy to be
stored in a file or presented on a display.

3. Noise indicators related to hearing loss

The new concept of noise dosimetry utilizes a simple psychoacoustic moaséte d
mine the effects of exposure to excessive noise levels [10]. Such-besed approach
to dosimetry leads to the assumption that the occurrence of the TTS effeciriexa
pedient reaction. This assumption was the basis for the definition of two ieators
of noise-induced hearing damages. Indicdigf (Eq. (1)) is constructed through sum-
ming up the values of the TTS for particular frequencies at time intervalseofronute.
The proposed indicator needs summing the TTS values over all criticat b&nbtract-
ing 1 from the result of TTS level change assures that O TTS value oear lgtale is
equal to 0 TTS on the decibel scale [2]. This is due to the very importarsigddynter-
pretation. If the values were added without the subtraction, then 0 dB ToL&ivioe 1
on a linear scale. Adding the value of 1, when TTS does not occur leddiseoval-
ues of the indicator that mistakenly suggests great threat to hearing.stinisacting 1
from TTS solves the problem. TH¢ N factor was introduced to make the results inde-
pendent from the number of considered bands. Using the indiéatgr it is possible
to determine the absolute aggregate value of the hearing threshold skétdayia de-
fined exposure to noise, and it is done in conjunction with the time of the shétido.
The absolute value does not provide any direct information about thefllaess of the
particular exposure neither does it show the degree of exceeding theflithé noise
dose. For the clarity of interpretation, a paraméddgi, was introduced that reflects the
amount of hearing threshold shift (Eq. (2)).

T+Tr N
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where N — the number of analyzed critical bands (24 critical ban@s); exposure
time (expressed in minutes)z — resting time (time required for hearing recovery),
L+ts(i,t) — instantaneous value of the TTS level feth critical band and for time.

Dy = Lwexp 100%, )
L k100
whereL jxexp — absolute value of thé ;i indicator for given noise exposure, k1o
— value of theL s indicator for the reference exposure.

The experimental verification of the proposed indicators was done loassiinu-
lations using three types of noise: white, pink and brown [9]. It is assuimegdeach
signal carries the same amount of energy, which is referenced to thar8sork day
and is expressed by the,., indicator. The obtained simulation results for proposed
D ;i indicator, which specifies the degree of noise harmfulness with respeefete
ence level (brown noise, 85 dBA, 8 h), were presented in Table 1.detay that noise
having spectra with high levels of high frequencies are greater threae toler ear
than those of the low-frequency character is clearly visible. It is comsigtith the lit-
erature sources related to noise exposure [12]. The tendency dbdspend on the
noise level.

Table 1. The relative values, expressed by meansithye: indicator (expressed in [%0]).

. The noise level expressed in dBA, time in minutes
Type of noise

85/480 | 88/240 | 91/120 | 94/60 | 97/30 | 100/15
White noise 498 632 770 707 362 119
Pink noise 309 376 448 429 250 98
Brown noise 100 110 122 121 91 51

4. Critical band scale representation

The application of the critical band scale determined in the Bark takes theétoppo
nity of the detailed calculations of the Temporary Threshold Shift levels inualilcde
frequency range. That is why the Zwicker’s Bark scale was suitableg¢druthe PND
algorithm engineered especially because the ranges of the critical Bengsecisely
determined and covered whole audible range [8]. However, it is impddamphasize
that the application of the different scale of the critical bands range inN\ti rRodel,
for example expressed in ERB (Equivalent Rectangle Bandwidth) fk8hosed by
Glasberg and Moore, is also possible. In Fig. 2 the critical band bandeadftiparison
for ERB and Bark scale was presented. As presented in Fig. 2, BdrEBB scales
are quite compatible, especially for middle and high frequencies [13]. 3$enéal dif-
ferences between these scales are observed mainly for the lowastrfoges. If the
ERB scale had been used in the PND algorithm, the new distribution of the chi#inel
for the whole audible range would be required. Larger number of critiaatls should
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also be required. It is important to notice that in the construction of the indicator
the normalized factor was introduced. It means that the value obtainedthsihg
indicator is independent of the number of bands applied. It takes alsodcooiat a dif-
ferent number of bands in computation of these indicators (and the tdastics of the
TTS effect). Moreover, bands could be also determined for diffdrequency ranges
(eg. for 1/3 octave bands or determined by the ERB scale). It means ¢hapftied
scale of the critical bands bandwidth does not constitute a significant fadtee main
idea of the indicators considered and for computations of the harmfulfiess@used
by the noise exposure. Moreover, the Bark scale used in the PND algdndk a big
advantage due to its easy practical implementation and a good correspendtnthe
psychoacoustical model of the hearing system.
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Fig. 2. The critical band bandwidth comparison of the Bark and ERB scale

5. Conclusion

Itis worth emphasizing, that the indicators proposed by the authors illuatreteel
approach to the noise threat assessment. Although psychoacousticallgtetbiound
analysis systems have already been proposed in the literature (e.g.tRastpurpose
being to simulate hearing sensations in sound measurement systems, the |paftentia
such systems has not yet been transferred to the domain of assessiexgndaced
harmful effects.

The construction of the indicators proposed in this paper is based on dhgsian
(namely the TTS effect occurrence) of noise influence on an avédistgeer’s hearing.
Although, the TTS effect depends on the level of noise, the way it formdsfades
out is related to the manner the acoustic energy is distributed over heanyg aad it
depends on a particular listener’s vulnerability to acoustic harm. The apptica the
presented Psychoacoustic Noise Dosimeter and new indicators may sigtyferaich
the knowledge on noise-induced effects. This was the main reason to impléreen
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algorithm engineered in a monitoring station of the Noise Monitoring Systemrtksig
at the Multimedia Systems Department.
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