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From the President

Although T only write three of these
messages a year, it seems to be only a few
wecks after the last message is published
that its time to pen a few more paragraphs.
1 think enthusiasm got the better of me for
the first two, so in comparison, this article
will be to the point. Acoustic anccdotes
will have to wait until the next issue.
Just in case you were concemed about
embarrassing yourself, if I don’t receive a
story from each consultant I will resort to
making them up and it is highly likely that
my “stories” will be more embarrassing
than anything you may have done yourself:

Later in the Journal you will read a
note from the Editor encouraging us, as an
industry, to start ranking the acoustic quality
of restaurants we visit. For some time, |
have enjoyed reading this section of the
New Zealand Acoustics Journal and I hope
our members make the effort to submit their
own feedback. You never know, perhaps
one day more restaurants may realise the
importance of good acoustic design. The
prize for the person submitting the most
reviews is the pleasure of taking my wife
and me out to dinner at the restaurant with
the highest ranking.

ore serious note, the annual
conference is almost upon us again and

the date for early registrations is fast
approaching. 1 believe there has been
an excellent response to papers but any
members who wish to present should refer
to the website (www.acoust
immediately to ensure they can s
the program. As a leamed society whose
“articles” rely on sharing knowledge, the
annual conference is one of the few chances
0 tell the acoustics community what you
have been doing and also to find out what's
been keeping everybody else busy.

One issue which has been raised in
recent times has been the overall quality of
technical work and reports by consultants
(irrespective of whether they are members
of the Society or not). Although the debate
has been in NSW, I'm sure ant to
the rest of Australia. Unfortunately it would
appear that a surprisingly high number of
reports from a wide range of consultants are
not consistently of a high enough quality.
I considered this remark related more to
the style of reports and possibly confusing
presentation.  This would make it difficult
for the reader to understand the assessment
process even though the conclusions were
probably accurate. However, it appears that
there are too many reports which contain
technical  inaccuracies or assumptions
which are technically unfounded because

consultants are providing advice in areas
outside their expertise.

In the last year, the Society introduced a
register of “arcas of competence” which was
developed in order to allow organisations
such as Counci find members with
experience suitable for certain types of
work. Because of the size of our Society,
this was designed 10 be self-regulating and
relied on members abiding by our code of
ethics.

Whilst not wanting to generate
unnecessry conflict, | feel all members
are duty bound, when reviewing work by
others, to determine whether they consider
itis of a suitable standard. 1 would like
to suggest members contact their peers to
provide constructive criticism.  If done
in a professional way, this approach will
gradually improve the quality ofall acousties
work, and thereby the overall image of the
acoustics industry. If we can effectively
police ourselves, there should never be a
need for the courts to do the policing.

Before you start digging up old reports
and phoning other members, | would
welcome some  suggestions of how
facilitate this improvement in both the
technical accuracy and style of our reports
(send to: president@acoustics.asn.au)

g
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Atnine pm, the restaurant is busy as the waiter
passes around the dessert menu. “Cheeses,
dessert, coffee, cognac?” You reflect, then
someone says “Let’s go somewhere we can
talk” You emerge onto the footpath and relax:
the busy city street is a more pleasant acoustic:
environment than the one you have just left.
Someone in the party complains of a sore
throat - it's not a cold, it's just vocal strain from
talking loudly enough to be heard.

It seems to me that there is an unmet
demand in Australia for restaurants where
one can converse comfortably. Of course,
conversation is not the primary business of
restaurants: the success of fust food chains
shows that, for many customers, the aim is
get in, get fed and get out rapidly. Austral
Tollows the US in many trends and this is one.

However, the iradition of the leisurely
meal with conversation is  Jong one and it also
has its followers. For the wealth, usual, the
problem can be avoided: quality restaurants
often have good acoustic environments
Customers who are prepared 1o pay for
elaborately prepared food expect comfort and
some restaurateurs are prepared to provide an
environment that is comfortable acoustically,
as well as otherwise.

‘The problem lies between the two extremes
of fast food and haute cuisine. Australia’s cities.
have many restaurants that sell very good,
moderately priced food, a fact that is important

0

to and recognised by the tourist industry.
But notice that I don't call them very good
restaurants. Unfortunately, very many have
high background noise and reverberation.

‘The restaurant trade is highly competitive
and a number of pressures encourage poor
acoustics. Hard surfaces that can be easily
cleaned contribute to long reverberation times.
Perhaps alcoves and sound absorbing surfaces
are thought expensive. Perhaps they follow
the apparent tactic of the fast food chains: an
unpleasant environment (whether acoustics or
decor) encourages people (o eat quickly and to

concerns for workers. (Incidentally, many
waiters dislike the sound levels and the choice
of music, and are more than happy to tum it
Off. It's a satisfying experience: first the bass.
line disappears and then, over a minute or two,
the sound level gradually falls.)

As you are reading Acoustics Australia,
you will know a range of measures that could
be taken to improve the acoustic environment,
either retrospectively or as part of a competent
design. Yet a glance at the interior of most
restaurants suggests that it never occurred to
the o consult

leave early, s0 that one diners
inan evening.

Could this be what induces restaurateurs
10 provide muzak in a crowded restaurant?
Under the din of voices, often one can hear
just the bass line of music, whose higher
frequencies are masked by the raised voices.
Patrons want their companions to hear what
they have t0 say, rather than the music chosen
by the management, so they simply raise their
voices. Few are interested in or even notice
the bass line. Its presence is possibly vestigial:
when the restaurant opened that day it had
h:w patrons and someone put in a CD (on
in the hope of making the ambience
scem busier. Later on, its only effect is to make
everyone talk more loudly. In some restaurants,
this leads to sound levels well over 80 dBA,
with possible occupational health and safety

If newspaper reviews and restaurant
guides carried a separate rating of the
acoustic ambience, perhaps more intending
restauratcurs would think about acoustics as
part of the design. Our sister society across
the Tasman encourages members to rate
restaurants acoustically and to submit CRAIs
(Cafe & Restaurant Acoustic Index). The world
has copied many NZ innovations (universal
sufffage comes to mind) and this seems (o be
 good one. That rating form appears below,
with permission. You can photocopy it and
start rating your favourite restaurants now. We
shall place a version of the form on the AAS
web site soon.

Camp, S. (2005) “Cafe & Restaurant Acoustic
Index”, New Zealand Acoustics, 18, 38-39.

Café & Restaurant Acoustic Index Ra

Name of C: including City:

g Sheet

Date of Visit (Month/Year):

Visit by: (Optional)

How many people at your table?:

Your Age Range: <25 2535 3545 4560 >60
Alot Not at all
1. How much noise do you like in cafés or restaurants? 1 2 3 45
2. How much did the level of noise adversely affect
your enjoyment of the dining experience? 1 2 3 45
3. Did you experience any difficulties conversing with other people as a result of noise? | 2 3 45
How much would your experience of noise in this venue
adversely affect your decision to return? 1 3 4 s
Almost empty Full
5. How busy was the café at the time of your visit? 1 2 3 @
‘Too Loud None
6. Atwhat level was music playing while you were cating? 1 2 3 a5
Optional: add comments, including sound level if measured.
Send your completed form to the Editors, Acoustics Australia,
Physics, UNSW, Sydney 2052 Fax: 0293856060 _ aacds@phys unswedu.au
Acoustics Australia Vol. 33 August (2008) No. 2 - 45
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A SIMPLE FUNCTION FOR MODELLING
THREE-DIMENSIONAL SCATTERING
STRENGTH FROM THE OCEAN SURFACE

Zhi Yong Zhang

Maritime Operations Division,
DSTO, P.O. Box 1500,
Edinburgh SA 5111, Australia.

This paper was awarded the 2004 PRESIDENT'S PRIZE.
This prize established in 1990 by the Australian Acoustical Society, is

Society Conference by a member of the Society.

Both the rough air-sea interface and entrapped air bubbles duc (o wave breaking scatter sound in all dircctions and contribute to so-called
reverberation in active sonar. There are monostatic sonar systems where the source and receiver ar at the same position, bistatic sonar

systems where the source and receiver are separated, and multistatic sonar systems involving multiple sources and receivers at different

positions. In monostatic sitvations, reverberation is mnmly due to backs

tering. In bistatic and multistatic situations, forward and out-of-

v
monostatic sonar. To better predict reverberation from the sea suface in hmnnc or multistatic sonar, a three-

formula s ofien used to predictsurface backscatering strength in
ensional seatiering formula

that includes a forward scattering lobe will be desirable.

ork, in this ps models are

cxtended by including anexpression f forwad scattrng lobe abuined under the KichhofT approximtion, aking il sccount shadowing
e

effects. Comparison with another more sophisti

model shows that shadowing corrections are important at low grazing angles. The

formula obtained here is simple and includes scattering effects from both the roughness of the sea surfaces and the sub-surface bubbles. It

may be useful for modelling multistatic surface reverberations.

INTRODUCTION

Wind generates rough sea surfaces. Wave breaking under
strong winds also produces entrained air-bubbles below
the sea surface. Both roughness of the sea surfaces and the
trapped air bubbles scatter sound from sonar and lead to
surface reverberation.

Scaitering oceurs out-of-plane as well as within the vertical
plane containing the source and receiver. Modelling active
sonar reverberation from the sea surface requires assessment
of the surface scattering strength. For monostatic sonar where
the transmitter and receiver arc co-located, the reverberation
is mainly due to backscattering. For multistatic sonar where
multiple transmitters and receivers are spatially distributed,
there are additional contributions to the received reverberation
from forward and out-of-plane scattering.

The empirical Chapman-Harris formula [1] of surface
scattering strength is often used for modelling monostatic
sonar reverberation. To more accurately predict reverberation
in multistatic active sonar systems, formulas for three-
dimensional scattering are desirable. Gauss et al (2000, 2002)
[2,3] presented a semi-empirical surface scattering strength

ESSS) model that combines incoherent scattering from
the rough air-sea interface with scattering from the bubble
clouds.

This work follows the approach in Ellis and Crowe
(1991) [4] and Caruthers and Novarini (1993) [5] where
backscattering models are extended by using the so-called
separable approximation, and then combined with a term
obtained under the Kirchhoff approximation to obtain a three-
dimensional scattering function. In this paper we use the
empirical Chapman-Harris formula [1] as our backscattering
model. We further modify the expression obtained using the
shadowing factor in Torrance and Sparrow (1967) [6] and

compare the results with those of Gauss et al (2000,2002)

23],

Due to the empirical nature of the Chapman-Harris

backscattering model, the expression obtained here includes

the eects of both the roughness of the sea sufaces and the
bbles. The formula

active sonar performance models.

CHAPMAN-HARRIS BACKSCATTERING
MODEL

In underwater acoustics, the ability to scatter sound from
extended objects such as the sca surface is often characterized
by a scattering strength, which is defined as the ratio in
decibels of the intensity of the sound scattered by a unit
surface area (normally chosen 1 m?), referred to a unit
distance (normally 1 m), to the incident plane wave intensity.
Based on measurements using explosives, Chapman-Harris
(1962)[1] give the following empirical fit to measured surface
backscattering strength in dB for wind speeds up to 15 m/s and
frequencies from 400 to 6400 Hz,

$=33flog (0/30)-424log ,f+26, dB [0}
for  A=107(US7)*,
where 0 is grazing angle in degrees, U is wind speed in ms,
and fis frequency in Hz.
For later use, we re-write the Chapman-Harris formula in
linear units,

B0) =10 597307, )
where b(6) is referred to as the backscattering coefficient and

is related to the surface scattering strength by S = 10log,,
[(6))

Acoustics Australia

Vol. 33 August (2005) No. 2 - 47




THE THREE DIMENSIONAL SURFACE
SCATTERING FUNCTION

The Model

Following Ellis and Crowe (1991) [4] and Caruthers
and Novarini (1993) [5], we extend the Chapman-Harris
backscattering formula b(8) of Eq. (2) to a three-dimensional
scattering function by the following formula,

m(0,,0,,¢) = [b(0)b(O)]" +D(6,,0, F () (€]

and

@

F(Q) = (875°) "' (1+ Q) exp[—%

wherem(®), 0, ¢
and 6,6, are the incident and scattered grazing angles
The parameter & is the root-mean-squared slope of the
rough sea surface, which can be approximated by the empirical
expression of Cox and Munk (1954) (7],
67 =0.003+5.12x107°U +0.004. )
The parameter © is a measure of the deflection of the
scattering angle from the specular angle,
20,
(sing, +sind,)’
where ¢ is the scattered azimuthal angle relative to the incident
plane.
The first term in Eq. (3) represents so-called separable
approximation to the backscattering model b(0), the term F(2)
representsa forward scatrin lobe n the high rquency limit

Q= ©6)

CH,:Backscater(vs. Wind Speed at 1500 Hz)

BACKSCATTERING STRENGTH (dB)

20 40 60
GRAZING ANGLE (deg)
@

CH+Facet:Backscatter(vs. Wind Speed at 1500 Hz)

BACKSCATTERING STRENGTH (dB)

forward scattering lobe and is discussed below.

The Shadowing Factor
Adjacent facets may obstruct sound incident upon a given
facet or the sound reflected by it. This masking and shadowing
effect is especially important at low grazing angles. To account
for this effect, we adopt the approximate shadowing factor in
Torrance and Sparrow (1967) [61,

D@, 0)7mm[ 2c0sasing, 2cos “nHJ ™

cos6], cosf,

where

6, = (1/2)cos™ (sinf) sinf), - cosf,cosf, cosg), ()

and

cosa
7= (sin” (cos 0, sin@/sin26)).

ing, cosd] +cosf),sing] cosy, ®

The shadowing factor in Eq. (7) is derived using the assumption
that each facet is one side of a V-groove cavity, and sound rays
only reflect once (i.c. multiple scattering is ignored).

For backscattering, 0 = 8, ¢ = %, and the shadowing
factor becomes unity.

It is worth pointing out that the empirical nature of the

20 40 60
GRAZING ANGLE (deg)
®

Monostatic (vs. Wind Speed at 1500 Hz)

BACKSCATTERING STRENGTH (dB)

20 40 60
GRAZING ANGLE (deg)
©

Fig. 1. Surface backscattering strength at 1500 Hz for wind
speeds fom 2.8 s 0 20 mis. (s) Chapman-Hars o
(b)Ch Harris model plus Kirchhoff'

SESSS model of Gauss etal [2,]
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Bistatic (vs. Wind Speed at6, 6, = 45 deg)
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Fig. 2. Bistatic surface scattering strength versus scattered
grazing angle. (a) Separable approximations of Chapman-
Harris model (b) Separable approximations of Chapman-
Harris model plus Kirchhoff facet scattering; (c) Separable
approximations of Chapman-Harris model plus Kirchhoff
facet scattering with shadowing effects; (d) SESSS model of
Gauss etal [2,3).

Chapman-Harris backscattering model means that the first
term in Eq.(3) contains scattering contributions from both the
roughness of the sea surface and the sub-surface air bubbles,
with azimuthally independent out-of-plane scatiering. The
second term in Eq.(3) represents scattering contributions from
the roughness of the sea surface near the specular forward
direction with azimuthally dependent out-of-plane scattering.
‘The overall model in Eq.(3) is a simple function for modelling
three-dimensional scattering strength due to roughness of the
sea surface and sub-surface air bubbles.

RESULTS

To assess the accuracy of the present model, we compare its
results with those from the Semi-Empirical Surface Scattering
Strength (SESSS) model [2,3] for two  representative cases.
‘The first case i for backscattering and the sccond case is for a
particular configuration of three-dimensional scattering.

Backscattering strength

Figure | shows results of comparison of the surface
backscattering strength for wind speeds from 2.5 m/s to 20 m/s
at an acoustic frequency of 1500 Hz. Gauss et al [2,3] show
that at low grazing angles, scattering from sub-surface bubble-
clouds dominates when wave breaking is significant. At high
grazing angles, scattering is mainly due to occan surface
roughness.

We can see that the Chapman-Harris model plus the diffuse
scattering lobe is closer to the resuls from the SESSS model.
However, there are appreciable differences between the two.

We note that the parameters in the semi-empirical SESSS
model and the original Chapman-Harris model are fitted
using different data sets. It may be possible to obtain better
agreements between the present model and the SESSS model

Acoustics Australia

Vol. 33 August (2005) No. 2 - 49



if the empirical parameters of the original Chapman-Harris
model were re-fitted using the same data set as that used for
the SESSS model.

Bistatic scattering strength

Figure 2 shows an example of comparison of the bistatic surface
scattering strength for wind speeds from 2.5 m/s to 20 m/s at an
acoustic frequency of 1500 Hz. The particular case shown here
i for an incident grazing angle of 45 degrees and an azimuthal
angle of also 45 degrees. We can see that the shadowing factor
improved the agreement at low grazing angles between the
present model and the SESSS model.

It is of interest to note that, similar to the present model,
the SESSS model is a summation of scattering strengths of
azimuthally independent scattering due to air bubbles and
azimuthally dependent scattering due to roughness of the sea
surface.

SUMMARY

Following earlier work by Ellis and Crowe (1991) [4] and
Caruthers and Novarini (1993) [5], a simple expression for
modelling three dimensional scattering strength from ocean
surfaces was given and compared with another semi-cmpirical
model. The expression combines separable forms of the

in N.G. Pace and F.B. Jensen (eds.). Impact of Littoral
Environmental Variability on Acoustic Predictions and
Sonar Performance, pp. 345-352. (Kluwer Academic
Publishers, 2002).

[4] Dale D. Ellis and D. Vance Crow

‘Bistatic reverberation

1. Acoust. Soc. Am., Vol. 89, 2207--2214 (1991).

[5] J. W. Caruthers and J.C. Novarini. “Modeling bistatic
bottom scatiering strength including a forward scattering
Tobe”, IEEE J. Oceanic Eng, 18, 100-107 (1993).

[6] K. Torrance and E. Sparrow, ** Theory for off-specular
reflection from roughencd surfaces,” J. Opt. Soc. Am.
No.57, pp. 1105-1114, (1967).

[7] C.S. Cox and W.H. Munk, “Statistics of the sea surface
derived from sun glitter,” J. Marine Res., 13, 198-227,
(1954).

(8] L.M. Brekhovskikh and Yu. Lysanov, Fundamentals of
Ocean Acoustics, 3rd ed. (Springer-Verlag, Berlin, 2003).

[9] A. Ishimaru, Wave Propagation and Scattering in Random
Media (Academic, New York, 1978), Vol. 1 &2.

[10]E. 1. Thorsos, “The validity of the Kirchhoffapproximation
for rough surface scatiering using a Gaussian roughness
spectrum,” . Acoust. Soc. Am. 83, 78-92 (1988).

[11]PM. Ogden and ET. Erskinc, “Surface scattering

Chap
lobe given by a high frequency Kirchhoff approximation.
Geometrical shadowing effects of the facets are accounted for
by using a separate loss factor.

Th & " lled

measurements are needed to ascertain the accuracy of the
expression.

The simple expression includes the efficts of both the rough
air-sea interface and sub-surface bubbles. It may be useful as a
sub-model for modelling reverberation in mulfistatic sonar.

Future work may include improving the shadowing factor
[10] and considering other dels such as those
in Ogden and Erskine [11,12,13].
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A VARIATION TO THE SOUND LEVEL
CONVERSION MEASURE OF HEARING
PROTECTOR PERFORMANCE

Warwick Williams
National Acoustic Laboratories, Chatswood, NSW

Abstract This work looks at a variation in the method of calculating the single number rating of hearing protector atienuation
performance, the SLCq. The resulting figure has a slight variation from the current method of calculation but comparison
with 111 devices that had recently been tested shows that in practice this difference is minimal. The advantage of the
variation in the method is that the uncertainty in attenuation performance is reduced to one standard deviation replacing the

conventional seven standard deviations. This maki
performance of different devices.

for easier error analysis and future statistical analysis of the relative

1. INTRODUCTION

For many years in both Australia and New Zealand the Sound
Level Conversion (SLC) method (Botsford: 1973) and in
particular the SLCy, method (Waugh: 1973, 1976) has been
used to estimate the effective at ear noise level of individuals
who are wearing hearing protectors in noisy situations.
Currently the SLCq, figure is also the basis of the simplified
classification system (Williams: 1999) for the specification
of hearing protectors as detailed in combined Australian/New
Zealand Standard AS/NZS 1269.3: 2005 Occupational noise
management Part 3 — Hearing protecior program.

The SLCq, is more closely defined in ASNZS 1270:
2002 and represents the minimum atienuation provided to
approximately 80% (strictly 84%) of the users of a hearing
protector when wearing the protector appropriately. The
intention of the SLCq is to provide a realistic figure for the
attenuation of a hearing protector when used in a real life
situation. It is intended to provide neither an overestimate nor
under estimate of attenuation performance.

The SLCq is one of a number of single number rating
systems currently in use around the world for specifying
the attenuation of a hearing protector. It is very similar in
character to the North American NRR (Berger: 1986, p 329)
and European SNR (EN 458: 1993). Being single number
rating systems based on the work by Botsford (1973) the
discussions that are presented in this paper in relation to the
SLCq can apply to both NRR and SNR.

2.METHOD

The method of caleulating SLCq, is based on the experimental
procedure detailed in AS/NZS 1270: 2002. This involves a
subject-fit test whereby the occluded and un-oceluded hearing
thresholds of the volunteer test subjects are measured. This
is done at seven octave band centre frequencies by exposure
10 one-third octave band width, filtered pink noise. The
attenuation is calculated from the occluded — un-occluded
difference in hearing threshold level. In the case of ear muffs
there are a minimum of 16 test subjects required while for
ear plugs the number is 20. For the SLCy, calculation at

each octave band a mean attenuation and standard deviation
is determined. (Note: For the requirements of AS/NZS 1270:
2002 a caleulation of the SLC of a hearing protector s not
necessary)

From a predefined reference spectrum!, the mean
atienuation of the device at cach actave band is subtracted
in order to get the attenuated spectrum under the device.
The difference between the overall value of the reference
spectrum and the atienuated spectrum provides the single
figure performance or SLC of the device. This is summarised
in the formua:-

SLC =100 - 10 log, (3100181 - M), M
where R = reference octave band spectral levels;
(71,31,59,93,95,93 & 86 dB)
mean attenuated level at f, Hz; and
octave band centre frequencies
(125, 250, 500, Ik, 2% 4k & 3k ).

M,
f,

This value is the SLC of the device experienced by the
average user and exceeded by 50% of the users. This value
could be thought of as the average SLC or the SLCy. In
order ta calculate the SLCy, instead of using the me;
attenuated level the mean minus one standard deviation
attenuated level is employed. So

SLCyy = 100 - 10 log,, (S10%1 RS M), @)

where Mg is now the mean attenuated level minus one
standard deviation at octave band f, Hz. Strictly speaking in
statistical terms we should refer to this as the SLCyy, however,
for simplicity SLCy is used.

This method of caleulating the SLCy, has served well
for many years. However, it does suffer from one serious
drawback in that it contains seven standard deviations from

1. This spectrum i “defined in ASINZS 1270 as being 100 dB overall with
‘components of 71, 81, §9, 93, 95, 93 and 86 dB at Octave Band centre
frequencies of 125, 250, 500, 1k, 2K, 4k and 8k Hz respectively
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Table 1 Attenuation test results for a typical set of ear muffs

Octave Band centre frequency (Hz)
Subject | 125Hz | 250Hz | 500Hz | 1k Hz 2k Hz 4k Hz 8k Hz sLC
s1 15 18 as a7 3s s 0 39
s2 2 10 2 5 35 2 3 207
s " 2 = @ 3 s “ 354
s ) 2 2 2 3 7 3 23
ss s 15 2 B 3s aa » 204
6 " P 27 14 35 3 @ 22
57 4 1 2 2 27 %0 %0 250
6 2 EY 2 2 2 B 270
s 4 3 e 2 2 B B 228
s s 15 = x as 2 205
sn 13 18 2 = 2 2 a7 316
siz 18 2 Bl 3 o B 2 348
si3 s 18 ) B 2 ) B 05
s 2 n e 2 = @ 2 259
sis 0 2 3 By P a3 « 22
st6 2 3 13 P 2 2 2 185
mean | ss 170 263 329 23 341 36 202  mBLC
s | s8 55 62 50 50 53 71 a7 8D
Mean-sD | 38 1na 200 278 | 213 288 275 205 miSLCy
SLIC w2
SLCy. 24,

the seven octave band attenuations and any error analysis of
the result must use the seven standard deviations. The seven
octave band attenuations are required for the Octave Band
method for hearing protector selection.

An alternative procedure is to calculate an individual SLC

(SLC) for each test subject using cquation (1) by substituting
the individual attenuated level at each octave band. An
average of the iSLCs then produces a mean iSLC (miSLC). By
subtraction of the standard deviation we have an miSLCy,. The
total error for miSLCy, is calculated using the single standard
deviation.
Since the introduction of the current method of atienuation
testing in AS/NZS 1270:2002 in 2002 there has been a total of
111 devices (98 car muffs and 13 ear plugs) tested at NAL that
were suitable for inclusion in this analysis. Two methods of
analysis were applied to these 111 devices for comparison.

3. RESULTS

Table 1 shows the atienuation results and calculations for
SLCy, and miSLCy, as an example for one particular set of
car muffs.

For the standard SLCy process the results arc calculated
vertically for mean attenuations and standard deviations
followed by a horizontal calculation for the final SLCyg, while

Table 2 Example of the calcu

an initial horizontal caleulation of an individual SLC (iSLC) is
carried out followed by a vertical calculation of the miSLCy,,

By way of example the calculation for the SLCq, and
miSLCy can be followed from Table 2.

Using equation (2) we get,

SLCyo= 100~ 10 log, [mmm;mmunm g
. ,oamxzxm 100186275

SLCgy = 10010 log,, (10972 + 1099 + 10990 + 10651 +
1007

+ 10642+ 10585),
thus  SLCy= 246 dB.

Note: SLCy i normaly rounded to the nearest inteser However: i this case
it has been left unrounded for anclysis and demonstvation purposes

For the iSLC value equation (1) is used by substituting the
atienuated spectrum level at cach octave band for each test
subject. For example, for the first subject the iSLC calculation
woul
ISLC =100~ 10 log;y (10217119 4 1QRIGL19) 1 0016939 1
+ 10010345)1. 100-1(86-46))

tion of SLCy, from data supplied from Table 1

Octave band centre

frequency (Hz)

Reference band level
(dB) (equivalent to 100 dB)

125

7

1k 4k

9

Mean - SD attenuation of
protector (d8)
Attenuated spectrum

38

67.2

level (dB)

288

642 | 585
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ISLC =100 ~ 10 log, (1036 + 1063 + 1054 + ..
+10% 4 10%0),

or iSLC =33.9 dB

The mean of the iSLCs are calculated (miSLC = 29.2 dB)
and the standard deviation (4.7 dB) subtracted to result in an
miSLCy, of 24.5 dB.

As demonstrated in Table I the SLCq, and the miSLCy, are
very close in value and, in general, this does seem to be the
case. Mathematically the two processes are not the same and
should not necessarily conclude with the same result. When
the results of the SLCg, and the miSLCq, for a mixture of
the 111 devices (plugs and muffs) tested are compared there
is high correlation (1> = .99) as shown in Figure . The two
points {(13.8, 16.1) & (144, 166)} that appear to be well above
the possible line of best fit are corded and un-corded versions
of a new design of ear plug. This poor performance could be
explained through the relatively large standard deviation for
both devices of 7.7 and 7.3 dB respectively compared to their
miSLCy, values of 17 and 16 dB.

*

»

miSLCw (08)
3

SLCs (d8)

Figure 1: The mean individual SLCg, (miSLCy,) versus standard
SLC4, demonstrating the close relationship between the two figures

As a further comparison of results Figure 2 shows the
relation between SLC and the miSLC. The correlation shows
that the SLC tends 1o be, on average, about | dB greater than
the miSLC.

The summary of results of the overall statistical analysis
is presented in Table 3. This gives, for the indicated group of
devices, the average SLCg, as calculated by the Australian/
New Zealand Standard method; the average miSLC followed
by the average standard deviation of the miSLC for the group;
the average miSLCy, calculated by subtracting the standard
deviation from the miSLC.

4. DISCUSSION

The original impetus in the method of calculating the SLCqy,
utilising the mean attenuations arose during a time when

carry out complex processes. It was an historical process. With
the use of contemporary computing capabilities, calculation

L

15 B = » F ©

Figure 2: The relationship between miSLC and SCL.
On average SLC is 1 dB greater than miSLC

Table 3
Summary of test results for ear plugs, car muffs and all devices for
main parameters discussed

Average | Average | Average | Average
. SLCy, | miSLC D w0
e (dB) (B) (B) (@B)
car plugs ,
as 189 252 62 190
ear muts
e 259 292 33 259
al devices
plugs & mufls | 250 287 36 251
-1

using the traditional method or the suggested variation is
easily achieved. The advantage of the new variation comes
with the production of a single standard deviation. For an error
analysis and a simple relationship between the miSLC and
the miSLCy the advantage of the existence of one standard
deviation is obvious.

Figure I shows a comparison between SLCy and miSLCy,
and presents an argument that the two values are comparable
on a practical basis. Figure 2 shows the consistent relationship
between miSLC and SLC with the latter usually being a little
larger than the former, in the order of one decibel.

Itis now time to look at reasons why it may be of advantage
0 use this method of miSLCq, calculation in preference to the
traditional method. Using the same 111 hearing protectors
from above that demonstrated the correlation between old and
new methods of calculation of the performance parameter, it
is constructive to plot the standard deviation of the hearing
protector against the attenuation performance. This is displayed
in Figure 3.

From Figure 3 we can see that there is a strong negative
correlation displayed between hearing protector performance
and standard deviation, something that with the current method
of calculation would be difficult to display quite so clearly.
‘The relation between the two values can be expressed as,

miSLC = 33.30 - 1.26 SD, (2

136).
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is a much broader spread in performance compared to users
of high attenuation devices. Hence those individuals who use
hearing protectors in low noise areas, where less atienuation is

g required, will experience a wider range of attenuation. Users
3 who experience too much attenuation may find this ove
£w protection annoying and decrease their hearing protector use.
@ This is an undesirable outcome.
£
E ) °
s
[ mSLo= 135D+ 223 .
. 2
o B p 0 0 o P
Staretac doiation (8)
Figure 3: A plot of hearing protector performance calculated by the 2y, miSLC =047 F + 242
sugaesed variion inthe method. the mean individual SLC (miSLO).
versus forall ested 5
a strong negative correlation . . » " »

‘This indicates that there is a close correlation between
the attenuation performance of the device and the standard
deviation. Ideally deviation should be it

Glamping force ()

Figure >: Ihe relationship between clamping force and atienuation

of the device attenuation and vice-versa.

Previously the presentation of such data would have been
difficult as in the case of SLCy, for example there would be
seven standard deviations involved from each of the seven
octave bands. One way could be to use an average of the
individual octave band standard deviations but the relation
between this average and the standard deviation of the
overall attenuation performance parameter is not as regular
as would be desired. The relation between the average octave
band standard deviation and the single standard deviation is
illustrated in Figure 4.

10

o 2 4 5 ° )
Noan octevs bare standard Gewanin (48)

Figure 4: The relationship between the mean of the individual octave

band standard deviations and the standard deviation of the overall

attenuation performance.

‘The presentation of test results as per Figure 3 can allow
us to look at hearing protectors and hearing protector use
in a different light. For example, it is clear that as the value
of the rating of the hearing protector decreases there is a
corresponding increase in its standard deviation. This means
that for users of hearing protectors with low attenuation there

A further that can be displayed is that between
the clamping force and attenuation (excludes ear plug data).
These results (Figure 5) show a general tendency toward
an increase in attenuation with increasing clamping force.
Intuitively this would seem to be a reasonable result. However,
there s a large cluster of devices that have a clamping force
in the range of 10 to 13 Newtons with a spread of attenuation
values from 22 to 31 dB, indicating an influence of factors
other than clamping force alone.

o
Compng force ()

Figure 6: The relation between clamping force and the overall
standard deviation of the attenuation of the device

Another relationship is that between clamping force and the
standard deviation for the overall attenuation figure (Figure
6). This shows that there is an overall trend for the standard
deviation to decrease as the clamping force increases, again
4 reasonably intuitive result, but the wide scatter of results
shows that there is obviously a dependency on other factors.
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5. CONCLUSION

The suggested variation in the analysis of hearing protector
test data provides a significant advantage when examining
the gencral performance of hearing protectors and when
comparing individual performance. The use of a single
standard deviation also simplifies any error calculation process
that may be required for the presentation of the reliability and
validity of attenuation test data

Some examples of the advantage of using the suggested
variation in analysis have been illustrated with brief
discussions. Detailed discussion of these points is a topic for
further rescarch.
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ABSTRACT The performance of a prototype digital high-power hearing instrument was evaluated using tests of speech understanding
in qu t and a questionnaire. The subjects were 26 adults with moderate-to-profound sensorineural hearing loss, most of whom were
ced hearing aid users. There was no significant difference between the group mean scores on monosyllabic word tests conducted
in q\ncl Lor the prototype device versus the subjects” own hearing aids. Howeser, responses to the questionnaire showed that 85% of the
subjects preferred the prototype device 1o their own hearing aid(s). Although there was a positive correlation between the questionnaire

results and the speech recognition score dif
could be explained by their speech test results alone.

ences, averall there was a stronger tendency for subjects to prefer the prototype device than

L. INTRODUCTION

Within the last decade, a range of fully digital hearing aids has
become available on the commercial marketplace for clinical
use. Digital technology has the advantage over its analog
counterpart by being able to perform complex operations while
consuming little power [4]. These instruments arc capable
of implementing a range of signal processing algorithms
designed to improve speech intelligibility, listening comfort,
and sound quality for people with a hearing impairment.

There are a wide variety of digital hearing aid products for
the clinician to choose from. There is some evidence to suggest
that despite \mplemcnlmg different processing techniques.
digital For
example, a sudy carried out by Hamack Knebel and Bentler
(6] compared real and perceived benefit for two commercial
digital hearing-aids. In that study, no significant differences
were found between the hearing aids with objective testing of
speech recognition.

In addition, clinicians should be aware of a general
tendency for new devices to be preferred over existing
technology for reasons other than objectively measurable
performance improvements. Bentler et al. [1] compared
users’ preferences for identical hearing-aids afler they had
been labelled ‘analog’ or ‘digital’ at random, and described
accordingly to the subjects. Strong preferences were observed

for the devices labelled “digital, even when they were, i fact,
analog hearing-aids

The aim of the experiments reporicd below was to examine
the relationship befween objective measures of speech
intelligibility in quict listening conditions, and subjective
measures obtained by means of a questionnaire when
evaluating a prototype digital hearing-aid that was designed
specifically for use by people with a moderately severe-to-
profound hearing loss.

II. METHODS

A. The Prototype BTE Device

The test instrument evaluated in the trial was a prototype
behind-the-ear (BTE) digital power instrument claimed to
be suitable for people with hearing threshold levels that
exceed 50dB HL at all frequencies. It was omnidirectional
and specified to have a maximum output and a maximum
gain of approximately 140 dB SPL and 80 dB, respectively
(measured in an ear simulator). The gain could be adjusted
separately in five partially-overlapping frequency bands
and covered a frequency range of 100-4800 Hz. Three
main signal processing schemes could be selected during
programming 1o suit the hearing characteristics of the user.

These included a programmable amplitude compression
scheme and two alternative schemes that provided essentially
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linear amplification but had slightly different output limiting
techniques. The prototype aid did not have any unique signal
processing features when compared to other digital aids. In
appearance the test hearing aid resembled the patients’ own
aids. Subjects were provided with some information about the
prototype aid as well as being told it was a test instrument.

It was possible to program several different sets of signal
processing parameters into the test instrument when it was fitted
to each user. These programs could be selected manually by the
user to suit the ambient listening conditions. In the experiments
described below, the impact on the users” perceptual performance
ofusing only one of these programs was evaluated. Program I was
selected as it was intended to provide appropriate amplification
for most listening situations based on measurements of the
hearing characteristics of the aid user.

B. Subjects

Twenty-six adults, comprising 11 women and 15 men,
volunteered to participate in the trial. Relevant information
aboutthemis provided in Table 1. Their hearing threshold levels,
measured conventionally under headphones, are listed in Table
2. The majority of subjects had moderate to severc hearing
losses suitable for aiding by the test instrument. However,
some subjects who had relatively good low-frequency hearing
thresholds were included in the study because their losses were
severe or profound from 1 kHz upwards.

For all subjects, hearing losses were assumed to have
primarily a sensorineural origin, based on the results of hearing
thresholds measured by bone conduction. In one subject (S9),
an earlier assessment had indicated a retrocochlear lesion.
Seven of the subjects had one unaidable car where hearing

‘Table 1. Relevant information about the subjects who participated in the study, and their hearing-aids
Processing
I —— oo gy SRS
hearing loss hearing-ads aids own hearingaids tes
ety instruments
TS F Commta Digtaly programmab Braural Unear _Binavral
2 n F Sasion 5515 st Lot Unear Lot
N — Phonak PPCLC Bina Lneawr Bl
S5 77 M Congortal Bnaural Lnear  Binaural
Fuly aulomalcdal 5
s 2 oM Binaal  Compression  Binaural
s w W oacg o Tzt o
s 7w 5 Dgtay grograrmabls Binaural Cnear vl
s 6 F Aoalog Lot Liear Lot
Canal Ad
s o F Unioonn 2 RADIRTC Fulyavomalcdalad Bl Unear  Braunl
SisF Phonak PCS Bl lrew  Boaua
s 5 F Otosceosis Stakey A13 Aosiog Rt Lonear R
Sis 6 W i Phonsk PCS_ Difaly programmable _Binaual " Linear ___ Binaurl
Incustilnose exposure, .
s 71w st oo Semafon 815 Dghalyprogrammable e Conpressen  Lef
Fuly afomtc igial 3%
with adepive diectional
S5 oM Urkrown WaexsenoOxs "1 e e Brawal  Compression  Binaual
compression
Fuly atamatic 6
st s F o QOUIIONY ponconar ANt gy lnear  Binaunal
compression
Fly automatcdgla 50
S ® N s Wosmsock SIS Ly e e
compresson
1674 W indusial e exposire_Bermalon AAGID Soaa__ Conpression __Binaural
Fuly aomatcdgtal 50
. withadaptve irectonal
S0 B F Vieckn  ProrakCaozica "SRl dred Rt Linear Rt
compression
@ F Uniocun Gicon 36 Aoy Saual Trear Binanal
S 76 M Industialnoseexposuie  Bemalonspra  D9tal programmable Rgh Compresson  Right
- - Dot ogamrate.
S2 78 F  Miewsssewe  Bemaonsay D92 e Boaual Unear  Braal
5w W Starkey Sequel Analog Brousl __Compression __Binaural
B Bermalon AKS10__ il prgrammable ___Binaural __Compression _ Binaural
Digtlhesriograid it
adaptv drectonal
o5 U om Unknown semaonistoD 2 Ao Binaual Unear  Braal
comprssi
] Phonsk PPCLC sodog Braual Trear Bl
EAC] Unknown Phonak PPSC Analoo Bl Unear  Binaural
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thresholds at all frequencies where measured at 90 dB HL o
greater, or were wearing only one hearing aid at the time of
assessment. In these cases the fitting and evaluation of the
hearing aids was carried out on only the single aided ear, One
subject (S17) had aidable thresholds in both cars, but had been
wearing a hearing aid in the left car only. This subject was
fitted binaurally for this trial. All subjects were experienced
hearing aid users. Subjects were not paid for their participation
in the experiments, although expenses such as travel costs
were reimbursed.

C. Speech test materials
Consonant-vowel Nucleus-Consonant (CNC) word lists were
presented from audio recordings (7). There were 50 words per

list, spoken by a female with an average Australian acc

ofthree phonemes, making a total of 150 phonemes per list. No
lists of words (other than practice lists) were repeated for any
subject during the trial. The order in which lists were presented
to subjects across sessions was randomized. The average level
of the words, when measured at the subject’s listening position
(about 1 m from the loudspeaker), was 55 — 60 dBA. These
levels, which are similar to the levels of speech in normal
conversation, were generally perceived to be comfortably loud
when heard by the subjects through their hearing-aids.
D. Procedure
Aid fitting
‘The hearing aid usage and medical history of cach subject
was documented during the first test session. A pure-tone
audiogram, including both air and bone conduction, was
obtained, and the electro-acoustic characteristics of cach
subject’s own_ hearing aid(s) were measured and recorded.
Most of the subjects’ own hearing aid(s) had been fitted using
NAL-RP fitting guidelines (2]. The NAL-RP formula aims
to maximize speech intelligibility for the listener in both
quiet and noise using linear amplification. Table 1 includes
relevant details of each subject’s own aids. Gain and output
measurements with signal levels of 60 and 90 dB SPL were
carried out using a standard 2-cm® coupler (Madsen Aurical)
with both hearing instruments
The test instruments were fitted to each subject using
appropriate fitting software, with which user-selectable normal
and noise-reduction programs were created. The software
programmed the test instruments to provide target gains at
cach frequency as well as other signal processing parameters.
In general, linear amplification was selected when the average
hearing loss at 0.5, 1, 2, and 3 kHz was equal to or greater
than 70 dB HL, whercas amplitude compression was selected
s where the average hearing thresholds were lower
(better). Table 1 provides relevant details of the final programs
selected for each subject. The subjects’ pure-tone thresholds
were entered into the fitting software to derive an initial fitting
suggestion. These settings were altered at the first follow-up
session based on subject feedback. No changes were made to
the fitting if the subject was happy with the sound quality of
the device. If required, the programming of the test instruments
was adjusted to approximate the amplification characteristics

of the subject’s own hearing aids, based on 2-cm® coupler
measurements. Such an adjustment was performed for 14 of
the subjects (S1, 52,53, S5, 56,57, 58,59, 811,514, 516,517,
520, and 522), and resulted in only small differences between
the gain these subjects received with the test instruments and
with their own aids.

Word recognition in quiet

For all evaluations of speech intelligibility, each subject
was tested individually in a medium sized sound-attenuating
booth. Initially, the volume controls on each subject’s own
hearing aids were set for comfortable listening of speech at
a conversational level in quiet conditions. For most subjects,
this was the default volume control setting. This sciting was
noted and fixed for all following test sessions involving
those aids. A practice CNC word list was then presented to
familiarize subjects with the testing procedure and materials.
Subjects were instructed to repeat each word immediately after
hearing it, and to guess if unsurc. Afier the practice list, two
lists were used to test subjects in each of two conditions: (1)
using their own hearing aids, and (2) using the test instruments
with Program 1 enabled. Subjects’ responses were analyzed to
determine the number of phonemes correctly recognized out of
a total of 150 phonemes per list. Responses from the practice
list were excluded from the data analysis.

A counterbalanced sequence of testing was applied in an
attempt the effects of:
over time (Gatehouse, 1992). Initially, subjects were tested
with one list using their own hearing-aids. They were then
asked to take the test instruments home, and use them in place
of their own hearing-aids as much as possible. Each subject
‘wore the test instruments for a total period of 10 - 14 weeks.
The CNC word tests were carried out during the final two
sessions of this period with the test instrument on Program 1.
At the end of the trial period, subjects reverted to wearing their
own hearing-aids. After a further two weeks,  final test was
carried out to obtain a score for a second CNC word list using
the subjects’ own aids

Self-assessment

At the conclusion of the trial, each subject was asked
to complete a questionnaire which was designed toelicit
responses comparing the test instruments with their own
hearing-aids. The questionnaire, which was adapted from the
Shortened Hearing Aid Performance Inventory for the Elderly,
or SHAPIE (Dillon, 1994), comprised 23 questions. Subjects
completed the questionnaire in the laboratory. Responscs were
indicated by marking a_ horizontal line printed immediately
after each question. Half of the line was marked “Own
hearing-aid.” and the other half “Experimental hearing-aid.”
‘The position of the label “Own hearing-aid” on cither the right
or left half of each line varied randomly. Each half of the line
carried marks labelled with the words “slightly beter,” “better,”
and “much better,” spaced regularly and symmetrically about
the midpoint. Thus, the midpoint of the line corresponded to
a response indicating that the subject judged the two types
of hearing-aid to be indistinguishable. Subjects were able to
respond “Not applicable” o any question. In the analysis of
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Table 2. Hearing mmnam levels (dB HL) for the subjects who
cipated in the study
Note: Avirisks ndicate vt were e by the s possic
output of the audiometer.

Frequency (Hz
Sibject | Ear 025 05 075 1
M Lo 70 80 8 &
R 85 6 75 85 9
s2 L% s 7 8 85
& L9095 115 120 120 1200 10 120° 140°
R 80 95 105 15 120' 120 120° 110°
= L6 65 85 85 80 80 8 %
R 40 65 65 85 8 70 70 %
" Lo 5 7 7565 75 9
R 35 45 65 65 75 80 &
s7 L5570 80 % 7590 110t
. L 65 80 85 120 120' 120° 120" 110°
R 45 65 80 9 115 120 115 115 110*
s9 L 65 65 70 9 95 100 120 105 110°
s L4565 80 % 9 100 120 110"
R4 6 80 95 % 95 100 110"
st L 5 60 8 % 9% % & 9% 75
R 50 5 70 75 80 105 95 110"
stz R 70 6 55 70 8 95 95 110
. L5 % 60 80 % N 10 %
R 3% 6 65 70 8 9 75
st Lo 4 4535 50 105 100 110"
st5 L 50 75 75 8 95 8 9 110 110"
R 4 5 6 75 75 70 6 75 7
st L6 75 90 105 115 120 120° 120° 110°
R 70 95 95 105 115 120 f20' 120° 110*
o L5 8 55 65 70 80 85 110"
R 5 80 60 70 75 8 110 110"
st L4 s 65 8 8 70 8 70
R 3 45 55 65 9 8 & 70
st9 R 55 6 6 70 60 80 8 110
520 L 60 60 70 8 9% 100 95 110 110°
s2t R 50 8 50 60 70 80 9 110
a2 Lo o 8 8 60 80 8 100
R 35 45 60 70 100 110 95 95 110°
- L4 80 5 60 70 8 105 110"
R 3 45 55 55 65 80 100 110"
- L2035 45 60 60 65 80 75 100
R 30 45 5 60 75 80 105 8 100
o L5 o6 0075 % 120 120 110°
R 55 6 65 75 70 9 110"
. L 55 70 65 65 75 75 100 120 110°
R 8 70 70 70 70 75 9 110 110"
- L 10 50 60 70 115 115 120 115 110"
R__10 35 60 70 115 115 115 115 110"

each subject’s data, questions answered with such a response
were omitted. Otherwise, each subject’s response to cach
question was assigned an integer value ranging from 5 (for
the response “Own hearing-aid much better”) to +5 (for the
response “Experimental hearing-aid much better”).

IV.RESULTS
A

rd recognition in quiet

For the CNC word test in quict, mean phoneme scores for
each subject with their own hearing-aids and with the test
instruments on Program 1 are shown in Fig. 1. Although there
was some variability among subjects, the group mean scores
(rightmost columns) showed almost no difference in phoneme
scores between these two conditions. A paired t-test on these
data confirmed that the scores were not significantly different

3 Owa Hearg Ad
£ ° Test instrument
-
i 1
§w ]!
Zw
§w I
g |
£
g 20
w
°

Subjects

Figure 1. Mean phoneme scores recorded for the 26 hearing-
impaired subjects when fistening to monosyllabic words in
quiet. Filled columns show scores obtained using the test
instruments (with Program 1), and unfilled columns show
scores obtained using the subjects’ own hearing-aids. Scores
averaged across mhju.) wre shown in the pair of rightmost
columns, with e indicating one standard deviation,
‘Asersh symbols e s significance (p < 0.05).

(t=-0.506, df = 25, p = 0.62). Further analysis was carricd
out on subjects’ individual scores using a Chi-squared fest.
As shown, 6 of the subjects (S7, S19, S21. $23, $24, 526)
obtained significantly higher scores (p < 0.05), and 4 subjects
(86, S10, S15, $22) obtained significantly lower scores (p <
0.05) with the test instruments than with their own aids on
this test. The remaining subjects” scores were not significantly
different between the two test conditions.

B. Sel

sessment

To analyse the results from the comparative questionnaire, the
numbers assigned by each subject as responses were averaged
across the 23 questions. The mean response values are shown
for each subject in Fig. 2. Positive values, plotted on the right of
the graph, indicate preference for the test instruments, whercas
negative values, plotted on the left, indicate preference for
the subject’s own aids. Although preference ratings varied
considerably, all but 4 of the subjects indicated that they
preferred the test instrument to their own hearing-aids. The
exceptions, subjects S6, S11, SIS, and S16, indicated that
they had only a relatively small preference for their own
g-aids. It is noteworthy that three of these subjects (S6,
S15, and S16) owned hearing-aids that employed relatively
sophisticated signal processing schemes (see Table 1).

V. DISCUSSION

Forthe subject
provided perceptual performance approximately equal, on
average, to the performance of the subjects’ own hearing aids
when listening to words presented at a moderate level in quiet
conditions. This outcome was not unexpected, particularly
because the test instruments were specifically adjusted for
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=000

Mean Questionnaire Score:

5 a0 5 o 5 10 15 0»

Difference in phoneme recognition scores.
. Test id)

Average question

re 2. Mean scores from the questionnaire provided to
the subjects. Each horizontal bar shows, for cach subject, the
average across all questions of numerical values essigned to
that subject’s responses. As shown on the horizontal axis, the
possible values range from 5 (own hearing-aid preferred) to
+5 (test instrument hearing-aid preferred).

about half the subjccts at the first follow-up session after initial
fitting to provide a gain and frequency response similar to that
of their own hearing aids. Interestingly, the large majority
of subjects who showed no significant differences in scores
between the two devices had this adjustment made to the test
device. For many of the remaining subjects, it is probable that
the initial programming of the test instruments also provided
electro-acoustic parameters similar o those of their own aids.
‘These specch perception results arc consistent with the findings
reported by Harnack Knebel and Bentler [6],

However, the results of the questionnaire administered in
the present study showed that 22 of the subjects preferred using
the test instrument rather than their own aids in many everyday
situations. During the trial, each subject was aware of which
aid they were using, and therefore it is possible that the positive
results from the questionnaires reflect a gencral tendency for
the new devices to be preferred over their existing hearing aids.
Could this bias have affected the results (shown in Fig. 2) from
the questionnaire used in the present study?

To investigate this issue, the questionnaire results were
plotted as a function of the difference in phoneme recognition
scores (in quiet) for each subject when using the test instruments
compared with their own ing-aids. These data, and a fitted
straight line, are shown in Fig. 3. A statistical analysis revealed
that the questionnaire scores were moderately correlated with
the difference in phoneme scores (r = 0.5). The fitted line has
a positive slope that was confirmed to be significantly different
from zero (p = 0.009). The straight line shown fitted to the data
indicates that about 25% of the variance in the questionnaire
scores is accounted for by the variance in the phoneme score
differences. Tl 75%of
for by a variety of factors, including test-retest variance.

Figure 3. The relationship between the mean questionnaire
score for cach subject (vertical axis) and the difference in
b for

i
ypes of hearing study (

axis). The score difference was calculated by subtracting the
phoneme recognition scare for the monosyllabic words test
in quict using the subject’s own aids from the corresponding
score obtained with the test instruments (on Program 1). The
straight line shown fitted to the data indicates that about 25%
of the variance in the questionnaire scores is accounted for by
the variance in the phoneme score differences.

As shown in Fig. 3, subjects who obiained a larger
improvement in speech understanding when using the test
instruments compared with their own aids were more likely
to have provided positive responses to the questionnaire.
Consequently, it seems likely that the preferences for the test
instruments were related to the subjects’ personal judgments
of its perceptual performance (relative to that of their own
hearing-aids), rather than reflecting only a bias associated
with their involvement in the trial. However, the observation
that the phoneme scor differences are approximately cvenly
distributed a d zero, whereas the scores
arc mostly positive, suggests that, on average, subjects had a
stronger tendency o prefer the test instruments overall than
can be explained by differences in their objectively-measurcd
ability to understand speech. In general, this outcome is
consistent with that reported by Bentler et al. [1] where subjects
showed a preference for new technology.

aid can provide benefit for the listener. There are many additional
listening cavironmeas which would affect how a listener would

lity. These other lude listening in
noise, music, and environmental sounds. It is possible that the test
instrument may have provided perceptual benefits for the subjects
in ways that were not measured in the current study. This may
also account for the majority of subjects’ preference for the test
instrument rather than their own hearing aids.

VI. CONCLUSIONS

The results of these evaluations of a prototype digital high-
powered hearing instrument can be summarized as follows.

1. Recognition of words presented in quiet did not differ
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significantly, on average, between the test instruments and
the subjects” own hearing-aids.

Based on responses (o the questionnaire, 22 of the 26
subjects preferred the test instruments to their own hearing-
aids overall.

Across subjects, a moderate positive correlation was found
between the questionnaire responses and the difference
in objectively measured specch intelligibility for the test
instruments in comparison with the subjects’ own hearing-
aids.

>

It is important to examine speech intelligibility as well as
subjective measures when assessing the performance of
hearing instruments.
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DETERMINATION OF DYNAMIC PROPERTIES
OF RAIL PADS USING AN INSTRUMENTED
HAMMER IMPACT TECHNIQUE

Alex Remennikov and Sakdirat Kaewunruen

School of Civil, Mining, and Faculty of
‘The University of Wollongong, Wollongong, NSW, Australia

Abstract. The repeated impact of train wheels over sicepers can reduce the lifetime of a sleeper and degrade ballast. In more exireme cases it can lead
0 the breakdown of the concrete sleeper. Concrete slecpers are rigid compared 10 steel and wooden skeepers aad therclore it s necessary to provide
impact attenuation to prevent premature breakdown of the concrete. One of the measures cmplayed 10 atienuate the effct of the impact oads 01 conerete

sleepers has been the use of the resilient rail seat pads. Numerous analytical and numerical models have been formulaied 1o investigat
behaviour of railway track substructuses. All models require careful selection of the rs

rack componct propertics to satisfactorily represent track vibra

responc. Howeve, thee i euenly o sandand method vl that <a b i o v h i e of el pa. ALt Universiy

of Wollongong. an instrumented hammer was used 0 excite an equivalen single degree-

element,
wodal

500 Hz. The

The analyii

freedom system (SDOF), incorporating a rail resilient
DOF duunm mode wasaplcd o be it the experimentl

curve fiting.

et i coean o i v e ot g 1 o k.

INTRODUCTION

over large areas of Australia. The traditional ballasted track
system, consisting of rail tracks, pads, and sleepers laid on
ballast and subgrade, is used throughout this country. In this
system, rail pads, usually made from polymeric compound
materials, are mounted on rail seats and tend to attenuate
the dynamic stress from axle loads and wheel impact from
both regular and irregular train movements. These pads are
crucial as they act as a softening medium between rail track
and sleepers. Previous problems arising from improper or
inadequate utilization of pads include cracking of sleepers
at rail seats, high setilements of global and local tracks,

was developed to help railway track engineers to evaluate the
realistic values of the dynamic properties of rail pads required
for the design and maintenance of railway tracks. Figure
2 displays typical ballasted track construction and a typical
railway track model used for numerical simulations. Figure
3 demonstrates a test setup of a SDOF system. An analytical
solution was used to best fit the vibration responses. Vibration
response recordings were obtained by impacting the rail
with an instrumented hammer. Bovey [5] was one of the first
tesearchers (o use an impact method to determine the dynamic
characteristics of railway installations. In this paper, the curve
fitting method was applied to the frequency response functions
(FRES) obtained from modal testing measurements o extract

and ballast/subgrade breakage from heavy tamping. These mass, of resilient-
problems result in lower load capacity and deficient structural type rail pads.

o ~
and rehabilitation budget. Thus, in addition o minimizing 1 HEORETICAL REVIEW
unpredictable maintenance and repairs, rail pads have been of ~ Rail pads can be arranged as the elastic and dashpot
interest (o rail engineers as they reduce the dynamic stresses of a simple D D system

and impact loads on sleepers.

To gain a better insight into the dynamic characteristics
of rail pads, it is important to carry out laboratory t
their dynamic properties. These are also used in the numerical

by placing the pads between a steel rail and a rigid block, as
shown in Figure 3. The dynamic characteristics of rail pads
in the vertical direction can be described by the well-known
equation of motion:

simulation of track dynamics. The numerical solution confirms mithe,k+kx= (1) 0}

the reliability and integrity of the railway substructures. It

comes after the determination of dynamic properties of Qab,0)
i rail pad 2 km

support. At present, there are many types of rail pads, such as
high density polyethylene (HDPE) pads, resilient rubber pads,
and resilient elastomer pads, all of which have different surface
profiles. Examples of plain and studded profiles arc illustrated
in Figure 1. Until recently, the investigation of the dynamic
characteristics of resilient pads had been limited, even though
resilient rail pads are used extensively on all major Australian
railway networks. The dynamics of the resilient type have
been studied mostly based on a two-degree-of-freedom
(2DOF) model [1-4]. In this paper, a SDOF-based method

where m, ¢, and k generally represent the effective rail mass,
damping and stiffness of a rail pad, respectively. Taking the
Fourier transformation of (1), the frequency response function
can be determined. The magnitude of FRF s given by
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Substituting equations (2) into equation (3) and using w=27/,
the magnitude of the frequency response function H(f) can be
represented as follows:

()
e )]

‘This expression contains the system parameters m, k and ¢ that
will later be used as the curve-fitting parameters.

@

(@ Plane surfsce (b) Studded surface
Figure | Examples of rail pad profiles

rﬂ

rwipad

VIBRATION RESPONSE MEASUREMENTS

To measure the vibration response of the rail pads, an
accelerometer was attached to the top surface of the railhead,
as illustrated in Figure 3. The mass of the rail segment was
21.25kg, and the mass of the ¢-Clip fastening system was
0.75kg. It should be noted that a test rig was rigidly mounted
ona “strong” floor (1.5m deep of heavily reinforced concrete),
the fundamental frequency of which was significantly higher
than the frequency range of interest for the rail pads. The
railhead was impacted vertically with an instrumented hammer
and the measurements were taken within a frequency range of
0-500 Hz. The FRF was then measured by the Brucl&Kjaer
PULSE modal testing system, which was connected to a
computer. Measurement records also included the impact
forcing function and the coherence function. It is known that
the FRFs describe the modal parameters of the vibrating rail
system. The coherence function represents the quality of FRF
measurements and should be close to unity. As an example,
the properties of the PANDROL resilient rubber pad (studded
type, 6.5 mm thick) were determined using the test rig and the
results are presented in Figure 4. They included: the transient
impact forcing function (Figure 4a); the vibration responses to
the impact (Figure 4b); the magnitude FRF (Figure 4c) derived

a) Typical ballasted track system

>
L

hd hd

[ { i [N
S R G o ol o
R S S PSP S I

b) Numerical model of track system and dynamic properties of rack components

Figure 2 Track Simulation
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b) Analytical Model
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Figure 3 Experimental ri for testing rail pads
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Figure 4 Vibration response measurements using impact instrumented hammer

from the vibration responses and the forcing functions logged;
and the coherence function (Figure 4d) that confirmed a high
degree of lincarity between input and output signals.

BEST FITTING FRF

Parts of FRFs, in particular in the vicinity of the resonant
frequencies, supplicd detailed information on the properties
of the tested component. The extraction of these dynamic

properties was achieved using a curve-fitting approach. In
this approach, the FRF of the model (4) was tuned to be as
close as possible to the recorded FRF in a frequency band
around the resonant frequency. Curve-fitting routines can be
found in many general mathematical computer packages (¢.g.
MATLAB, Mathematica, Maple), or using specialized curve-
fitting computer codes (c.g. DataFit). Figure 5 demonstrates
the curve fitting performed by DataFit and gives the system
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PANDROL STUDS 5mm.

Figure 5 FRF Best Curve Fitting

‘Table 1 Dynamic properties of new rail pads tested at UoW

Dynamic | Damping
Testplace | Material | Shape | Area o) | Tpet | Fead | T Nr stiffness | constant
) (Cesiuy MINm) | (kNsm)
HOPE Full 208 75 20 20 3 470 6
material * 2
Full
wope | Pl 216 100 20 2 3 a8 4
vow Studded,
Rubber | Swaded, | 55 65 20 2 3 5 s
Studded,
Rubber | Sudded. oy 100 2 2 3 3 s

parameters that are comparable o the parameters found in the
open literature [6, 7] using impact-load testing. The results in
Figure 5 show an excellent agreement between the analytical
solution and the experimental data, since the correlation
coefficient r2 is equal to 0.9988, or less than 0.12% error. The
i ics of HDPE and rubber bulated
in Table 1. The results in Table 1 are in close agreement with
the previous research results [6] given in Table 2. These data
were developed by the Track Testing Center (TTC) of Spoomet,
South Africa, and by TU Delft (DUT) of the Netherlands.

CONCLUSIONS

An altenative strategy based on the SDOF vibration response
measurement for determining the dynamic properties of rail
pads was proposed. The strategy was demonstrated to be
simple and reliable, and was shown to be a fast and non-
destructive test method o assess the dynamic stiffness and
damping constant of all kinds of rail pad types available in
Australia. The approach enables testing of new types of rail
pads as well as evaluation of the influence of age of pads on
their dynamic characteristics. The proposed impact method

can be generalized to include the modal analysis of more

track Recently, field i
were undertaken using the proposed technique on a heavy
haul coal line in Central Queensland with the cooperation of
Queensland Rail. It was found that the proposed technique
yielded reliable and repeatable results in field tests as well as
in laboratory conditions. These new results will be presented in
fiture publications by the authors.
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“Table 2 Dynamic properties of new il pads tested at TTC and DUT [6)

w ||| [T || T | |
RSAEPZEPY | Base plate + nsert 20085 |28 3 % "
RSAEP2SISS | Pad + inser ssess | s 3 1o 2

HDPE (ab) | Full matrial 120 2 375 7
HDPE (field) | Full mateial 120 1200 50
Rubber Sudded 100 2 7
Conkalas soty | MUTbond | g 52 2 2 s 970 »
Corkalas rorm) | RePPErbonded |90 47 2 2 s 1420 3
Rubber (hard) | Full mateial 3 | a9 2 2 s 2090 2
b‘;’;"l';'k‘ Full material 197 50 20 18 5 3030 9
Amilial EMA00 | Full material 197 50 2 s s 1840 14
Amilial EMA00 | Full mateial ws | o4 2 2 3 1210 2
REFERENCES [4] Thomson, D.J., van Vliet, W.J., and Verheij, J.W.,

[1] Grassie, S.L., “Resilient railpads: their dynamic behavior
in the laboratory and on track” Proc. of IMech. Eng. Part
F: J. of Rail and Rapid Transit. 203, 25-32 (1989)

[2] Fenander, A., “Frequency dependent stiffiess and damping
of railpads” Proc. of IMech. Eng. Part F: J. of Rail and
Rapid Transit. 211, 51-62 (1997)

[3] Fenander, A., “A fractional derivative railpad model
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Award for Sonomax
Sonomax™ Solution was named the overall
winner of the 2003 British Safety Industry
Federation (BSIF) Product Innovation Award.
BSIF Product Innovation Awards are the
only awards to promote and recognise the
importance of innovation and to underline
the highest standards of excllence within
occupational safety and health.  For all
entries, the panel of eight judges took into
account the following eriteria: Is the product
unique in concept, design or performance;
has the product contributed to improvements
in occupational safety and health; has the
product assisted reduction of occupational
injuries; does it use technology new 1o the
health and safety industry?
Sonomax information states that it *has
invented 2 unique earpiece that is the
gatekeeper between sounds and eardrums
‘With its multi-purpose capabilities, it can shut
the gate on harmful sounds like workplace
noise with unparalleled efliciency, and can
also welcome sounds like music and voices
with perfect fidelity’ . More information from
www.sonomax.com  and Australian Agent
anzinfo@sonomax.com
Company Merger
Heggics Australia Pty Lid (Heggies) has
announced a merger with the NSW-based
New  Environment Management  and
Technology Pty Ltd. New Environment is
now a wholly owned subsidiary of Heggies
but will continue to operate under the present
name at its North Ryde and lllawarra Offices.
‘The New Environment management team and
all staff members retain their present roles,
however opportunities for closer integration
of the two firms will be sought over time.
New Environment is a leading provider
of environmental and occupational health
and safety consulting and testing services,
including environmental and OHS audits and
urveys, environmental and OHS management
ystems and plans and associated training,
Valley Music Harmony Plan
After more than two years of debate and
discussion, Brisbane City Council has
formally adopted its Valley Music Harmony
Plan (VMHP) in a bid o help ensure the
Fortitude Valley live music scene remains
“loud and proud”. In announcing the move,
Brisbane Deputy Mayor David Hinchliffe
said the plan represented two years” hard work
by resdens,the music industry (including Q
Music), business people, Council officers and
the Liquor Lxccnsmg division.
The Valley is a popular and vibrant area,

s
B

including nightclubs, live music venues,
restaurants, cafes, shops and residents. These
different land uses have caused conflict
between  residential and entertainment
users. To balance the area’s value as an
entertainment precinct with the needs of
Valley residents and other commercial
erests, the Council prepared the Falley
Music Harmony Plan. Key recommendations.
in the plan include recognising the Valley
as a special entertainment area, requiring all
new deselopments to attenuate noise, and
standardising noise limits for music venues.

The key actions to come out of the plan are:
+ A special entertainment area will be
designated in the Valley and as music
noise does not stop at a boundary, a
special entertainment area buffer also be
designated

New developments will be  required
10 incorporate a high level of noise
insulation

New Liquor Licensing laws will allow
different noise limits to be set within the
Valley special entertainment area.

A project team will assist Valley music
vemues, businenses 133 residents by
providing advice and information for
m|pr\)vmg noise management
Communication will be improved between
govemnment, industry and the community
regarding noise issues in the Valley and
avoid conflict before it occurs.

However, the designation of an entertainment
precinct in the Valley does not provide a
“blank cheque” for venues o emit unlimited
noise levels. The Valley will remain a mixed
use community and therefore a degree of
compromise will be required on all sides

For more information hitpz/wwiw.brisbane.
qld.govau and do a search on Valley Music
Harmony

Changes in the Land & Envi

for a pending Appeal. The Commissioners do
not take notes. They provide a verbal opinion
based on the information presented to them.
If the matter does proceed to a hearing, this
Commissioner has no further involvement.
There have only been a handful of such
evaluations to date, but results are promising.
For more information on the operation of the
Court plus details of the judgements handed
down, see wwwlawlink.nsw.gov.aulec.

The Court has successfully introduced the
practice of appointing Court Experts in Class 1
and 3 Appeals. The Court Expert is briefed by
both parties, and both parties are responsible
for their fees. This framework allows an
expert 1o bring detailed design deficiencies to
the attention of the applicant, to allow their
consultants to consider the issues prior to the
Appeal being heard, making the process more
efficient in resolving the resolvable, and at
the same time reduce the costs.

‘The appointment of a Court Expert does not
prevent the parties from having their own
independent expert, if they do not agree
with the Court Expert’s assessment. These
experts then will typically confer, produce
a joint report on the matters they agree
and disagree on, and if appropriate, appear
in the witness box together and present
concurrent evidence. Concurrent evidence is
an innovative approach where experts can
often ask each other questions, or at least
provide immediate responses to the views
expressed by the other(s).

AAS members are welcome to attend
an address by Chief Judge to Engincers
Australia, on 29th September in Sydney
— more information from www.acoustics.
asn.au and follow the links from Notices to
Divisional notices to NSW.

Extracted from Engineers Australia notice
Aireraft Noise Reduction Award
The American Institate of Acronautics &

Court
The Chief Judge of the NSW Land &
Environment, the Hon. Justice Peter McClellan
QC, has been making substantial changes to
the way his Court is run and the way expert
evidence is given. At the Engineers Australia
on the Court Users Group meeting held in
June, the Chie Judge adisd tha hee s
13% reduction in Class 1 appeals
in lh= year to date (end of May) compared
with the same period in 2004, These are the
“merit” appeals in which most eny
evidence is given. Representatives on the
Court Users Group felt that this was parlly
due to the economy and partly due to the new
Court procedures. The Court s also offering
what calls “a neutral evaluation”. This process
provides the opportunity 1o consult with a
Commissioner on the prospects of success

‘Award for an outstanding technical or scientific:
ement resulting from an_individual's
contribution to the field of aircraft community
noise reduction. The deadline is Ist October,
2005 but if its oo late for this year look out
for it next year  hutp://www.aiaa.org/content.
cfm?pageid =290 or carols

#h))
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Hew Products

Onset Computer Corporation
Equipment usage logger

Two new low-cost data loggers have been
introduced for monitoring runtimes of a broad
range of equipment, such as HVAC/R systems,
pumps, and industrial process tools. The new
HOBO U9 Motor OnOfT and HOBO U9
State loggers provide a simple and convenicnt
way to record up 10 43,000 equipment on/oft
cycle or state changes, and use Windows-
based software 10 convert the recorded data
into time- and date- stamped graphs.
Information:  OneTemp Pty. Ltd. 136
Richmond Road, Marleston, S.A. 5033, Ph:
1300 768 887 www.onetemp.com.au

Wavecom Instruments

Sound to light unit.

Wavecom Instruments have been appointed
as the Australian distributors for the Velleman
Group from Belgium. OF particular interest
to acousticians will be the Velleman MK103
sound to light unit. In its standard form four
high intensity LEDs light up in response to
sound. In this form, the unit is useful for the
hearing impaired to let them know visually

that their telephone s ringing or that a visitor
has rung their door bell. The sensitivity is
adjustable via a potentiometer.
Acousticians will also be interested in what
n be done with the trip current which
Stivates the LEDs. As an example, in an
industrial application, the irip current can be
used to activate strobe lights — or some other
waming device — when the sound level in
the workplace exceeds a preset level. There
are many other circumstances where a visual
waming of sound exceeding a preset level
be useful
Information: - www.wavecom.com.au and
follow promps to the Velleman site.

Kingdom
SignalCalc Analysers.

Data Physics have increased the compliance of
their Real Time Octave analysis application.
Previously the difference between the centre
frequency band and the adjacent band was
about 15 dB down which whilst complying
with the I1SO (or ANSI) filter standard was
on the lower end of the range of compliance.
Their recent modifications have  now
increased that difference to 18.5 dB down
which is on the higher end of the range of
compliance. The modification will apply to
all Data Physics Real Time Octave Analysis
applications running on SignalCalc analysers

including ACE-1 PCMCIA, ACE-QUATTRO
USB-2, Mobilyzer-| ethernet, Mobilyzer-Il
ABACUS ethenet and Savant ABACUS
cthernet analysers,

Signalcale analysers provide Synthetic Octave
analysis as standard and this analysis method
generally satisfies most practical engineering
work. Real Time Octave analysis s provided
as an option where there is a need to relate
the measurements to the intemational or USA
standard for example in some litigation work.

Side band cursors is a new tool to allow users
to position a cursor on a carrier frequency and
search for amplitude modulation side bands
on either side of the carrier. The side band
feature lists the frequency and amplitude of
the centre and all selected side bands. Also you
can now read the power in a frequency band
using dual cursors. Another new feature is a
Single Degree of Freedom curve fit to quickly
identify natural frequency and damping of
modes of vibration. Just place the cursor at
the magnitude peak and ask for the curve
fit. Cepstrum analysis is now included as a
global function in all appropriate modules.
Cepstrum can be used for the identification of
any periodic structure in a power spectrum.
For more information contact Kingdom Pty
L1d 029975 3272, wwiw kingdom. com.au

Rintoul Acoustic Doors/Operable Walls

Associats company of

AW EDWARDS

Rintoul has recently designed, developed and laboratory-tested commercial and
studio acoustic doors havmg STC ratings ranging from 35 STC through to 51 STC.
i fanew drop hinge and sealing configuration,
we have created an acoustic door and frame package which provides:
« Improved acoustic performance
+ lighter/easier operation
« floor sealing which will accommodate variation in existing floor levels, thus
outperforming conventional drop seals.
Performance data sheets and shop drawings can be provided on request.
We also manufacture acoustic operable walls and wall panels and have an acoustic
testing facility for hire.
For further details please do not hesitate to contat
Mr. Ben Naylor
Rintoul Pty. Ltd
Ph: 9624 5333 or 0403 256 908
email: benn@rintoul.com.au
Internet: www.rintoul.com.au
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Acoustics 2005 -

9-11 November

Acoustics 2005, the Annual Conference
of the Australian Acoustical Society, will be
held in Busselion, WA, 9-11 November. The
Conference will commence with registration and
a social function on Wednesday 9th November.
Parallel paper sessions will run on Thursday 10th
Novnbe Th Confegens Dier wil e ek
on the Thursday e Further papers session
and Workshop wlll be held on the Friday, and
there will be trade displ;

See the website for all the information on the
conference including the Registration Form
(early bird rates apply till 30 September) and

FH457S

Abbey Beach Resort rates.
wwwacoustics.asnau and follow the link to
Conference

WESPAC IX 2006

‘The 9th Westem Pacific Acoustics Conference
will be held June 26-28, 2006 in Seoul, Korea,
the Land of Morning Calm. If life s all about
keeping a balance between two extremes,
Scoul is certainly the a place to discuss “Better
Life through Acoustics™ the proposed theme.
The program will include papers on a wide

Report on Ist year student
experience.

A DEST report by Craig Melnnis et al at
Unimelb’s Centre for the Study of Higher
Education was released yesterday. The
report is the third in a series looking at lst
year student experiences at universities and
follows rey in 1994 and 1999. The report,
“The First Year Experience In Australian
Universities: Findings From A Decade OFf
National Studies™ is available at hupi//

d&

range of

There will be two excellent plenary speakers
- Joe Rice (USA) on underwater acoustic
communications and Neville Fletcher
(Australia) on acoustic systems in biology.
There is also a possible third plenary speaker
from the UK. The response to the Call for
Abstracts was outstanding, with some 90
abstracts being submitted, covering a wide
range of topics in various areas of acoustics,
vibration and underwater acoustics. Most of
these have now been reccived as final papers,
50 the program is looking great.

There will be a pre-Conference workshops/
short course on Active Noise Control and
another on Transport Noise, plus other
workshops held during the conference.
Busselton is located in the scenic southwest
of Western Australia close to the region’s
famous wineries, beautiful coastal scenery,
and magnificent forests. 1t is a great place
for a holiday if you can spare a little extra
time. Transport by coach between Perth and
Busselton will be arranged and can be booked
at the time of registration.

full social program Abmm
are due 16 December 2005 sonow is the time to
plan for your participation in this conference.
Information from hitp://www.wespac9.org
ICSV13

Thel3th International Congress on Sound
and Vibration will be held July 2-6, 2006 at
the Vienna University of Technology which
is located in the centre of the city. ICSV13
pamc.pa.m will be able to take part in a
s witha first rate scientific programme
nnd exhibition and to get acquainted with the
history and beauty of Vienna, its magnificent
and romantic buildings and its parks and
culture. Deadlines

October 1, 2005 - Proposals for Structured
Sessions (200 words)

December 1, 2005 - Submission of Abstracts
(300 words)

Further Information hup://icsv13.tuwien,
acat

Note that the next in this series of conferences,
ICSV 14, will be held in Cairns Australia in
July 2007

L education/
ublication: ces/profile I

Some science specific findings are:
Enrolments in science declined by 20% -
note there has been a 36% increase in st
year enrolments over the same period
and a 70% increase in Management and
Commerce enrollments.

Students in Science feel most strongly
that parents have litlle understanding of
what they do at university.

Science and Engineering students most
agree that university subjects build on
their school study, while the opposite
is true for students in Society/Culture,
Creative Arts and Architecture.

«  Science students typically use e-mail
resources less than other broad fields of
study for contacting lecturers and peers
but use online resources more than any
other broad field of study (§2%).

ENVIRO-ACOUSTICS Pty Ltd
800569 / 46129605 1333

1/16 Shaw Road INGLEBURN NSW 2565

www. spray300.com.au

* 100% Waterproof

* Dimensionally Stable

* UV & Rot Resistant

* Durable

* Vermin Proof

Virtually Indestructable
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Acoustics 2004
As | write this, over seven months have
clapsed since ACOUSTICS 2004;  the
Western Australian Division is now on the
home stretch to ACOUSTICS 2005, an
exciting prospect. As one who knows the
wibulations of ensuring the technical content
is in, I wish Alec Duncan and his committee
members the very best. How to report on a
conference?  Given the amount of writing
that goes into putting one on this may seem
an odd question; however as Congress Chair
one is perhaps not as objective as an outside
reporter. Nevertheless the Editor of these
pages has given the command, so here goes.
ACOUSTICS 2004 was a successful
gathering, with 211 delegates and 245 persons.
at the Dinner; it was by far the largest annual
conference of the Australian Society to date.
‘We were blessed with a good venue (the Gold
Coast International Hotel), a great location
and good subject matter. The subject matter
was important; the conference theme was
Transportation Noise and Vibration, with
Underwater Acoustics as _another major
Together these subjects provided
three parallel streams.  We also had good
representation in the architectural acoustics
and noise control categorics, with the new
BCA generating strong interest. The local
auractions; in particular the dolphins at Sea
World, also helped to get the show up and
running and off on the right track.
The technical program comprised 106
presentations, five workshops and the pre-
conference technical tour of Seaworld. The
technical presentations and workshops were
organised in five parallel sessions over the
W0 days of the conference. A short course
on aspects of environmental and transportation
noise control was conducted on the day prior
to the conference. Altogether there were 41
papers on transportation noise and vibration,
26 papers in underwater acoustics (marine
‘platform noise control included) and 12 papers
on architectural acoustics. A further 27 papers
ranged across a broad field, which for summary
purposes. can be called noise and vibration
assessment and control. Table 1 provides a
summary of the topics represent
Some highlights:
+ The dolphins at Seaworld; Do
(Cato on marine mammal acoustics,
+ George Wilson, on transit noise and
vibration; how it used to be and how
it got a whole lot better.
. Martin Lawrence, on listening to
icebergs calve in Antarctica (from
Vienna).

. Dave Anderson on wheel-rail noise
practicalities and definitions.

+ Anhur Hall, on why the “Pacific
nghwuy" is such a good name for
aro

© Michael Noad on urdnous field
acoustics at Perigian Beac

On the social side, 57 lucky pmple attended
the Technical Tour of Seaworld. The dolphins.
always put on a good show, this time they
had something to celebrate; it's not always.
that they get to sample the eating qualitics
of hydrophones. The Welcoming Function
was to be a barbeque by the pool, but
due to Queensland weather having other
ideas was held indoors with 150 persons in
One item for future conference
organisers; we had 75 people confirmed in
advance for the Welcoming Function. For
this years delegates: if you intend coming to
the Welcome Function, please tick the box!
Thanks go to Ken Mikl, who in retiring as
President opened ACOUSTICS 2004.

245 persons attended Congress Dinner and not
another seatin the house! Mel Western and the
Big Jazz Band really kept the place jumping
~ anyone needing musical accompaniment
need only ask Steve Pugh (yep that’s Askee
Impressariol).  As has been the case for
some years now the presentation of the CSR
Bradford’s Excellence in Acoustics Award
was a highlight.

‘The Congress Exhibition was a great success
and a great meeting place - thanks to all our
Sponsors and Exhibitors and to the “booth
personnel” for making happen. Thanks also
10 the UQ Racing Team for coming down and
exhibiting their car: 114 dBA @ 1 m (ic. at
the driver’s ear) s really something.

Lastly the conference luncheons were attended
by over 200 persons - believe me I know, we
had to collect tickets and count people in

~ once again please tick the box!

The Editor of these pages has asked me to
explain how we got the consultants interested.
Actually asa consultant myself: we are always.
interested. It is just that those pressing
reports one needs to write keep getting in the
way! More seriously, transportation noise
and vibration is bread and butter acoustics
for_consultants and also incrcasingly the

that in mind, it will hopefully not be long
before another major transportation noise
and vibration conference is held in Australia.
If you missed the first one: a new print run
of the book and CDROM versions of the

Proceedings has been organised, copies of
these can be purchased from the Queensland
Division

No conference can be successful without
strong support from sponsors and exhibitors.
and 1 thank all sponsors and exhibitor
organisations for their contribution. Particular
thanks go to our major sponsors  Queensland
Transport and Main Roads. CSR (Gyprock,
Bradford and Hebel). Bruel and Kiacr,
Heggies Australia, RTA NSW, Davidson
Measurements, Embelton and GJames.

In closing this report, T once again, thank our

Brown, Steve Brown and Rob MeCauley, our
invited speakers and all those who contributed
technical papers 1o the conference or who
contributed with short presentations at the
workshops.

1 also thank my fellow members of the
Organising Committee and all those who
contributed to bringing it together (including
the many on in the technical review panel).
Particular thanks must go to our interstate
committee members; Alec Duncan and Dave
Anderson, for their efforts in helping the

Table 1 Technical Presentations: by topic
Theme Subject Cssication e ——
Railvay noise and vibraton 5
Aircaft nose 7
papers)
Road traffc nose and vbration "
Veicular noise sources and control 5
Underviater acoustes "
Underviater acoustcs
25 presntatons Marine mammal boacoustics ]
‘Marine platorm noise control .
echitectural acousics and the BCA 9
Sound absarption 3
Environmental noise modeling 5
Noise and vibrabon ssessment g contrl (77 | "NOUSTR! and communty nase ang vibration "
popers) Noise a3 veaton control eements and analysis 4
Speech commarication mnd hearng protecton 4
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Queenst:

acoustics and rail noise fratemities to attend.
I'd also like to make special mention of the
s of Bob Hooker, David Mee and
in Speakman, without whose unslinting.
contributions as Technical Committee Chair,
Congress Secretary and Congress Treasurer,
respectively, the conference would not have
been possible.

Lastly, for those persons still recovering from
ACOUSTICS 2004, what better place to do it
than Busselton WA See you in November at
ACOUSTICS 2005

lan Hillock

Low noise road surface workshop

The workshop on low-noise road surfaces
was well-attended, with about 20 participants.
Graham Hennessey of Boral Asphalt
Technology led off with a brief description
of the various road surface types. For each
surface type, Graham was able to tell us not
only about the typical acoustic performance,
but also about the various non-noise-related
characteristics of the various types, including
costand durability.

Steven Samuels of TEF Consulting and
University of NSW followed with a discussion
of work that he has done in Queensland
and NSW over the last few years looking
at the variation over time of the acoustic
performance of some road surface  types.
With regard 1o the “low-noise” open-graded
asphalt (OGA) surface type, it appeared that
the acoustic performance was quite stable and
even improved during the first year or so after
being laid.

‘This was consistent with some of the evidence
from local and overseas studies presented by
Neil Hubregts which showed that, in some
cases, the acoustic performance of OGA can
improve slightly in the first year. However,
these studics also provided evidence that the
acoustic performance of open-graded asphalt
may disappear (ie be no better than standard
dense-graded asphalt) within as lttle as S
years. Neil's conclusion, that there was little
point in using OGA as a long-term noise
control method, was controversial and not
well-accepted.

Neil briefly presented an outline of the
‘mechanisms suspected to
degradation of the acousti
OGA, including the best-known mechanism,
clogging of the pores. However, according to
work presented by Steven, a study undertaken
in Queensland and NSW showed very little, if
any, improvement in the acoustic performance
of OGA after cleaning with special-purpose
(OGA cleaning equipment.

Neil Huybregts

smEhos

New Logo

On Tuesday 28 June 2005 CEO John Tucker
introduced the “new” Standards Australia.
Their new website, logo and marketing
collateral were revealed, each reflecting the
fresh new and unique image and presence.
Standards Australia July 2005 News states
that

“Organizational change has _enhanced
Standards Australia’s capacity to focus on its
core business - to facilitate consensus-based
solutions that result in the development of
Australian and international standards, and
related guidance materials; and to promote
uccuum in Australian design and innovation
through the Australian Design Awards. These
capabilities are very much in the national
interest”.

“The background to the new logo s explained as:
 ...created around what could be expressed
as nature’s perfect standard - a unique number
that goes by the names of golden mean, divine
proportion or golden ratio. The golden mean
is a mathematical expression of proportion
that ancient Greek philosophers observed
throughout the natural world. They considered
the golden mean to be the middle between
two extremes, one of excess and the other
of deficiency. To the early Greeks it was an
attribute of beauty. It has been claimed, though
not substantiated, that if you draw a rectangle:
around the face of Leonardo da Vinci's Mona
Lisa, the ratio of the height to width of that
rectangle is equal to the golden ratio. This
“divine proportion” can be found throughout
the universe; from the spirals of galaxies to
the spiral of a seashell; from the harmonics
of music to the beauty and esthetics in art. It
has been attributed to the growth patterns of
flowers and plants, observed in the behaviour
of light and atoms, used in architecture and
in the construction of human anatomy. Some
would say it is nature’s perfect standard.....
a synergy that could not be missed when
creating our branding and logo. We wanted
10 breathe meaning and life into our new
image through our branding and logo. There

could be no better way than with nature’s own
perfect standard - the golden mean. Standards
Australia’s new logo was born.”

Review of Operations

Tn a letter from John Tucker, Chief Exccutive
Officer, all the stakeholder organizations
are invited to comment on the report from
‘govemance specialist Cameron Ralph. His
72 page report s a “top-to-toe” review of the
comprehensive mechanisms in place to ensure
balance, rigour and credibility of the consensus
driven, authoritative Australian Standards
development process. This report is available
or comment at _http://www.standards.
org.au/downloads/CameronRalphReport.
pdf. Although the deadline is August, late
submissions may be accepted before the
board meeting in November.

Sl e
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International Commission
for Acoustics

This is the second in a series of regular items
in the lead up 10 ICA in Sydney in 2010.
The first item in this series [Acoustics
Australia, 33(1), 2005) owlined the actions
by the AAS 1o win the bid to host the
International Congress in Acoustics  in
Sydney in 2010. This item provides some
background information on the International
Commission for Acoustics, for which the
congress is an important activity.

The International  Commission  for
Acoustics (ICA) was instituted in 1951 as
a subcommittee (o the International Union
of Pure and Applied Physics (IUPAP). By
the 19905 it was clear that the ICA had
achieved sufficient international support
that it should obtain its mandate from the
international acoustics community  rather
than the intemational physics community.
In 1996 the ICA became an IUPAP affiliated
commission with new statutes. The new
ICA held its first General Assembly 1998
where the statutes and by-laws of the new
organization were adopted by the Member
Societies.

The purpose of the Commission is to promote
international development and collaboration
i all fields of acoustics including rescarch,
development, education, and standardisation
The means for the Commission to fulfill its
mission are:

a)

to maintain close contacts with
national and regional acoustical
societies and associations as well
as other relevant  professional
organisations and seek consensus in
matters of mutual interest;

o provide an information service on
societies, congresses., symposia, etc
 and i

ICA 2010

iii 10 take a pro- active role in co-
ordinating the main_international
meetings within acoustics.

b

10 convene the International Congresses
on Acoustics in accordance with the
Commission’s guidelines and 10 act
the Intemational Advisory Committee
for these congresses.
©) to sponsor or co-sponsor other topical
and special intemational conferences
normally in close cooperation with
national and/or regional organisations
and to give financial support (grants
or guarantees), as a grant o organising
committees for such meetings or as a
travel grant to participants.
The Commission is affiliated to the
International Union for Pure and Applied
Physics (IUPAP) and through TUPAP to the
International Council of Scientific Unions
(ICSU), and hence to engineering bodies.
Currently there are 44 na
socicties (or comresponding organisations)
as members of the commission. The
‘managementof the Commission is by a board
comprising fifteen members: President, Pas
President,  Secretary-General, Treasurer,
and cleven other members. The election
of the Board is undertaken at the General
Assembly, held every three years at the time
of the Congress. Currently the President
is Philip Nelson (UK), Vice President Suk
Wang Yoon (Korea), —Secretary-general
Sonoko Kuano (Japan), Treasurer Hugo Fastl
(Germany) and Past President Gilles Daigle
(Canada). In the last decade Australia has
been successful in having representation
on the board. with Charles Don and. since
2004, with Doug Cato. I addition from
2005 Marion Burgess has been invited as an
Associate Member on the board to provide
ongoing updates for ICA 2010.
the C

in the field of acoustics;

the years has been to convene the triennial

icAa

International congresses on acoustics. This
has the generic title International Conference
on Acoustics. Hence the same acronym,
ICA, applies to the Commission and to the
Congress. The first congress was held in
Delft in 1953. In 1980, Australia was the
first country in our region of the world to be
given the opportunity to host the Congress
and, 30 years on, we again have the honour.
The Commission also considers requests
for sponsorship of Specialty Conferences in
Acoustics. These are normally limited 10 a
specialized topic with an expected attendance
of about 100. Support for regional or national
conferences, especially indeveloping regions,
are considered as long as the conference has
an interational character.

The Commission is particularly keen to foster
excellence in acoustics and has instituted an
Early Career Award. This is presented at
the Triennial Congress to an
is relatively early in hismer professional
career (about 10-15 years of active carcer),
and who has been active in the affairs of
Acoustics through hisfher National Society,
other  National ~ Society(ies),  Regional
or International organisations and has
contributed substantially, through published
papers, 1o the advancement of theoretical
o applied acoustics or both. In addition,
the Commission provides between fifteen
and twenty-five grants for young scientists
to attend Congresses. The commission
also mainains a listing of international

dividual who

conferences and meetings.

Information on all these activities is available
from wwiw.icacommission.org rom: which
imuch of the content of this item has been
extracted ]

Marion Burgess

b

ACOUSTICS 2005
Acoustics in a Changing Environment

9-11 November
Bussleton, WA
www.acoustics.asn.au
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2005

4.8 September, Lishon
Interspeech 2005 - ICSLP.
wwwinterspeech200.org

05.- 09 September, Bath
Boundary Influences in High Frequency,
Shallow Water Acoustics.
hitp://acoustics200 bath.ac.uk

11 - 15 September, Beijing
6th World Cong Ultrasonics (WCU 2005).
ww.joa.ac.cn/weu2005

19-22 September Charleston
6th Int Symposium on Cable Dynamics
wwwconf-aim.skynet be/cable

20 - 22 September, Okayama
Int Symp on Environmental Vibrations.
hitp://isev2005 civil.okayana-u.ac jp

9. 11 November, Busselton

Acoustics 2005

Acoustics in Changng Environent
w acoustics.sn.au

10 - 11 November, Stockhol
Active Control of Aircraft Noise Concept to
R

eality
hitp://www.ave kih se/CEAS-ASC

15 - 19 May, Toulouse
IEEE International Conference on Acnmnu,
Speech, and Signal Processing (IEI
ICASSP 2006).
huup:/ficassp2006.org

5:7June, Morgantown, WV
an Conference on Human

RKD6@cde.gov

26-28 June, Seoul
WESPACO
wwwavespacd.org

03-07 July, Vienna
13th International Congress on Sound and
Vibration (ICSV13)

hitpi/icsvi3.tuwien ac.at

1719 July, Southampton.

9th Int Conf on Recent Advances in
Structural Dynamics
wwiwisvr.soton.ac uk/sd2006/index htm

n; z»Szpu-mrm Adelaide
2006

hu - w\\waﬂlvtlﬂﬂé.com

18 - 21 September, Pittsburgh
INTERSPEECH 2006 - ICSLP.
www interspeech2006.0rg

20 - 22 November Christchurch

Ist Joint Australian/New Zealand Acoustical
Societies Conference

“Noise of Progress”
www.acousties.org.nz

28 November - 02 December, Honolulu
Acoustical Soc of America & Acoustical Soc
of Japan Fourth Joint Meeting.
hupi//asa.aip.org

3-6 December, Honolulu

Inter-Noise 2
-ince.org

foo7

9-12 July, Cairns
IcsVi4

nkessissoglou@unsweeduau

27- 31 August, Antwerp
INTERSPEECH 2007.
conf@isca-speech org

27 September, Madrid
1CA2007
www.ca2007madrid.org

9 - 12 September, Barcelona.
Symposium on Musical Acoustics
(ISMA2007)
www.ica2007madrid.org

[2008 -

28 July - 1 August, Mashantucket

ICBEN 9 Int Cong Noise as a Public Health
Problem.

wwwichen.org

MAURICE ALBERT JEFFERIES

Morry Jefferics, a pioneer of the Australian
Acoustics Industry, died recently in Sanctuary
Cove, Queensland, after suffering motor
neurone discase (MND) for some years.
Morry was bom in Hounslow, near Heathrow
Airport, London in 1932 attended local public
schools and trained as a fitter and turner. The
main incentive for him to come to Australia
was to avoid call-up as a national serviceman
10 serve for the British Forces in Malaysia
in the early *505. Morry was supremely
interested in self preservation. Morry did
not like working the tools and subsequently
became an_ architectural drafisman, which
is ironic, given Morry's written scrawl; an
nlmau childlike print and his undecipherable
wre, rejected countless times  after
pusu\lmg his credit card at restaurants and
hotels around the world.

Working as a draftsman at AGL (Australian
Gypsum), Morry founded the original
Australian acousties company, Nonoys, with
Gracme Harding in 1963, but running a
small_engineering business in the 1960’
was difficult, particularly after the credit
squeeze of 1969. The business they founded
was purchased by D Richardson & Sons in
1974 and was reformed as Sound Attenuators
Australia (SAA), the Australian licensee of
SAL of the United Kingdom.

Following his arrival in Ausirlia, he met
his future atricia (Pat), and they
subsequently had two children, Suzanne and
Kent. To those who knew him well, Morry was
a larrikin, a practical joker with a great sense
of fun, a fine dancer and very musical, playing
the piano competently. There are many Morry
stories - some of which cannot be told.

Morry pioneered an Australian  business
because he had experienced the absurdly
optimistic and unsustainable American based
s on the market at that time. ~His

[0 5
23-27 August, Sydney

ICA2010
Www.acoustics asn.au

Mecting dates can change so please
ensure you check the www pages. Meeting
Calendars are available on hitp:lfwww.
icacommission.org/ICA-menuhiml

g

s “Dingo" red) Devi" and “Dynadoor, ll
created as jokes to highlight their Australian
character, became trade names respected in
Australia and overseas.

Since 1992, after moving from Langwarrin
Victoria, he led an active life at Sanctuary
Cove, until being struck with MND in 2000.
‘Those who knew Morry will never forget him
and the indelible impression he made. His
booming laugh, easy manner, unique character
and style (unconventional to some), won him
2 wide circle of friends and admirers.

Timm Marks

Acoustics Australia
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GRAS SPECIAL MICROPHONES

WINDCW MICROPHONE TYPE 41AW:

A window will often be the weakest point in evaluating
external-sound insulation when measuring community
noise striking facades of buildings.

Microphone: %" Free Field 50mV/Pa Type 40AF
Preamplifier Type 26AC

Mounted on 160mm disc

Detachable hemispherical foam screen included

Measures noise levels below the threshold of human hearing.
e.g. from disk drives, other inaudible devices.

Microphone: 1" Type 40HF

Sensitivity System 1.1V/Pa

Sensitivity Microphone ~ 110mV/Pa

Freq response 10Hz-10kHz +2dB
Dynamic Range -2dbA to 110dB re 20pPa

ETMC Technologies

619 Darling Street ROZELLE NSW 2039
Tel: (02) 9555 1225 Fax: (02) 9810 4022  Web: www.etmc.com.au
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