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MWessage from the President

Hello All,

It gives me great pleasure to addressyou in
my new role as President. Firstly, | would
like to thank our out-going President,
Terry McMinn, for his great effort in
leading the Society over the last two
years. There is a fair bit of background
activity going on all the time to keep the
Society going and we appreciate Terry’s
effort in that regard.

Terry has also been the Society
webmaster and has assisted our migration
to a new web page layout. Hopefully, you
will have visited the new site at http:/
www.acoustics.asn.au/joomla/ If you have
any suggestions, please Email Terry and
these will be considered.

The AAS website was very active
in preparation for the recent Annual
AAS Conference held in Geelong. By
all accounts, the Conference was a
resounding success (even if 1 say so myself
as Conference Chair and Organiser) with

some very interesting papers, a very nice
location just outside Geelong and a full
exhibition. Over 200 people attended
which was a terrific turnout. A highlight
of the Conference was the banquet when
we were addressed by Andrew Bolt, who
generated heated debate about the issue
of Global warming and the awarding of
Fellow status to John Davy, Charles Don,
David Watkins and to Joe Wolfe.

)

Left to right: Charles Don, David Watkins,
Norm Broner, John Davy, Joe Wolfe at the
presentation of the Fellow Certificates during
the Annual AAS Conference Banquet

The Award of Fellow to Dave Watkins
was in recognition of his 13 years of faithful
service to the AAS as General Secretary.
David related some of his experiences and
while we are happy that David can now
take the time to tour Australia, we will
miss his friendship and valuable input.
Byron Martin has stepped up to the plate
as the new General Secretary and we wish
him success in this new endeavour.

Planning is already well underway
for the next Annual AAS conference
in November to be held in Adelaide.
Planning is also well underway for the
ICA conference to be held in Sydney in
2010. Watch out for announcements on
our website and in Acoustics Australia for
more details.

As this year draws to a close, | take
the opportunity to wish everyone a safe
and happy break and best wishes for the
season. We look forward to an exciting
2009. Norm Broner

From the Editorns

What would you like to see in Acoustics
Australia? Several people have given
me feedback lately, at the national
conference and at a technical meeting
in Brisbane. Most of them — like the
editors — are disappointed at the balance
of contributions: The journal currently
has many more Papers than Technical
Notes or Acoustics Forum pieces. These
proportions, and the affiliations of the
authors, do not reflect the make-up of the
Society.

Of course, there are reasons for the
current imbalance: for acousticians in
universities and other research institutions,
papers are very important: researchers
work to create knowledge, but it is of
limited usefulness until it is publicly
available. For these authors, peer review
is important for two reasons: First, the
(free!) advice from two expert readers can
often improve a paper’s comprehensibility
and, sometimes, remove errors. Second,
research managers and government
agencies have a propensity to count peer-
reviewed papers, and to apply what they
consider appropriate feedback.

Consulting engineers, of course, have
a much more direct relationship with
the users of their work. There are fewer
incentives to write a public account of
work done — and even some disincentives.

The journal is our journal, and it should
reflect our broad and different interests.
However, we shall not be able to read
Forum pieces or Technical Notes if no-one
contributes any.

At the national conference, a wide
range of interesting work was presented.
A revised version of the paper judged
best at the conference — the winner of the
President’s Prize — is printed in this issue.
Congratulations Carl Howard! But there
weremany ideas presentedatthe conference
that would make good Technical Notes
or journal papers, and many discussions
that could be presented in the Acoustics
Forum. So, for potential authors, here are
two relevant paragraphs from the journal’s
information for authors.

Papers should generally not exceed
five journal pages in length. This implies
a maximum of about 5000 words, with
each normal single-column diagram

being counted as 300 words, and pro-rata
for diagrams of other shapes and sizes.
Authors submitting longer articles may be
asked to bear the extra publication costs
involved. All papers will be submitted to
independent peer review before being
accepted for publication.

In addition to peer-reviewed articles,
we also publish contributions to Acoustics
Forum and shorter Technical Notes. These
contributions are reviewed by the Editorial
Committee before acceptance. Forum
articles should generally not exceed three
pages (3000 words) in length, but may be
much shorter, and are generally aimed
at generating awareness or discussion
of a particular issue in the acoustics
community. Technical Notes are generally
no longer than one page (1000 words)
and might serve to highlight the solution
of a particular technical problem or to
draw attention to a particular acoustical
achievement.

More information is on the Acoustics
Australia page of the Society’s new web
site at www.acoustics.asn.au/joomla/

Joe Wolfe
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A REVIEW OF BIMODAL BINAURAL
HEARING SYSTEMS AND FITTING

Peter John Blamey . 2and Elaine Saunders!

1 Dynamic Hearing Pty Ltd, 2 Chapel Street, Richmond, Vic 3121, Australia

2 Department of Otolaryngology, The University of Melbourne

* Electronic Mail: pblamey@dynamichearing.com.au

ABSTRACT: Cochlear implants and hearing aids are both suitable for use by people with severe to profound hearing loss
(greater than 70 dB HL), and the “bimodal” combination of one of each device in opposite ears has become a commonly
recommended option. This paper reviews some of the experimental evidence assessing the performance of bimodal hearing.
To obtain the best bimodal performance, it is recommended that both devices are fitted together; that loudness of the two
devices is balanced for a wide range of input levels; that the signal to noise ratio is maximised in each ear separately; that
speech should be presented to both ears; and noise should be presented to one ear only if possible.

1. INTRODUCTION

Over the last 25 years, Australia has been at the forefront of
sound processing research for cochlear implants (CI) and
hearing aids (HA) for people with impaired hearing [1-4].
During this time, speech perception of severely-to-profoundly
deaf people using Cls has improved until it is comparable or
better (at least in some circumstances) than speech perception
of people with severe hearing loss using HAs. It has been
estimated that a cochlear implant user performs equivalently
to a person with 70 to 80 dB HL hearing loss [5-7]. However,
this does not mean that the same types of speech information
are provided by a Cl and a HA. HAs usually provide more
low frequency information than Cls and Cls usually provide
more high frequency information than HAs. Therefore the
combination of a Cl and HA is likely to provide access to
information from a wider frequency range than either device
on its own. The combination is called “bimodal stimulation”
when the CI and HA are in opposite ears [8-10], and “hybrid
stimulation” when the hearing aid acoustically stimulates the
implanted ear [11].

Cls usually stimulate neurons in the basal part of the cochlea
that produce relatively high-pitched sensations, so the addition
of a HA with low-frequency amplification will usually sound
more natural than a Cl onits own [9]. Frequency discrimination
and resolution are usually better for acoustic than for electric
stimulation. This means that the HA can provide more accurate
information about voice pitch and better performance in
background noise [12]. These benefits are available to both
bimodal and hybrid listeners, but bimodal listeners can also
benefit from binaural effects.

It is well-known that two ears are better than one in many
situations, and that the advantages of binaural hearing come
from three main perceptual effects:

» The listener can combine information from the two ears,

e The listener can pay attention to the ear with the greater
signal-to-noise ratio, and

e The listener can use the time and intensity differences
between the two signals.

This paper makes recommendations for the design of a bimodal
binaural sound processor that takes maximum advantage of
these three effects.

2. COMBINING INFORMATION
FROM HAAND CI

A clinical study of Cls for severely hearing-impaired adults
was commenced by Cochlear Corporation in 1988. The first
bimodal prosthesis was reported in 1993 [8]. Over the last
15 years there have been consistent reports that bimodal
stimulation provides significant benefits over and above
a unilateral cochlear implant. These benefits come partly
from the fact that acoustic and electric stimulation provide
complementary information, and partly from binaural
effects.

Binaural information can only be combined if the sound
can be heard in both ears at the same time. Psychoacoustic
studies of loudness in Cls and HAs indicate that the range
of sound input levels where this fundamental requirement
is met can be quite limited because the dynamic range of
acceptable sounds, classified as “soft” to “comfortable” is
narrow with both types of device and varies widely across
frequency and between individuals [13].

The vertically striped regions in Figure 1 show the input
dynamic range that produced very soft to comfortable outputs
with the HA. The loudness classifications were derived from
a psychophysical experiment that used a loudness scale with
seven categories: “too soft”, “very soft”, “soft”, “medium/
comfortable”, “loud”, “very loud”, and “too loud” [13].
The horizontally striped regions show the input dynamic
range that produced very soft to comfortable outputs with
the CI. The grey region shows the input dynamic range that
was comfortable and audible in both ears at once. This is
the “sweet spot” for bimodal listening where information
from both ears can be combined most easily. For these
profoundly-deaf patients, the sweet spot was not very big for
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Figure 1. Acoustic and electric loudness scaling data for the Cl and HA ears of nine patients overlaid on the same diagram. The “sweet spot”
where sounds are audible and comfortable in both ears simultaneously is small and covers a narrow range of input levels.

conventional hearing aid fittings. Despite their limited range
of hearing with conventional devices, most of these patients
went on to become successful bimodal Cl and HA users.
The ideal conditions for bimodal listening occur when
the information presented to each ear is maximised, and
this can be done by using an optimizing amplifier such as
adaptive dynamic range optimization, or ADRO® [14-16].
ADRO keeps sound in both ears within the listener’s optimal
dynamic range in many narrow frequency bands using two
fuzzy logic rules. The comfort rule says if the sound is too
loud, make it softer by slowly decreasing gain. The audibility

Japanese HINT Threshold in Quiet

60

|

40 4

30

20 A

T T
ADRO non-ADRO

Binaural condition

rule says if the sound is too soft, make it louder by slowly
increasing gain.

The effectiveness of ADRO as a bimodal amplifier was
illustrated in a study conducted at the University of Osaka
[17]. The participants were six patients who used a cochlear
implant in one ear and a hearing aid in the other. The
Japanese version of the Hearing in Noise Test (the Japanese
HINT) was used to compare two devices using ADRO
with two conventional devices that did not use ADRO. The
ADRO combination provided a 5.2 dB advantage for speech
reception threshold in quiet and a 3.0 dB advantage for signal-

Japanese HINT Threshold in Noise

ADRO non-ADRO

Binaural condition

Figure 2. The ADRO bimodal combination provided a 5.2 dB advantage for speech reception threshold in quiet and a 3.0 dB advantage
for signal-to-noise-ratio in background noise compared to the non-ADRO bimodal combination..
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Figure 3. The four basic steps for fitting ADRO are the same in a ClI (lower boxes) and HA (upper boxes).

to-noise-ratio in background noise (see Figure 2). The data
were non-normally distributed, and a Wilcoxon signed rank
test indicated that the differences between ADRO and non-
ADRO conditions were statistically significant (p < 0.05).
These advantages are attributed to the combined additional
information delivered by the ADRO devices compared to
the non-ADRO devices.

The effectiveness of bimodal fittings has now been more
widely recognised [10,16] and special fitting methods for
hearing aids have been devised to maximise bimodal benefit
[18]. When ADRO is used, the same fitting method is used
for each ear, and a binaural balance of loudness across
frequencies is automatically achieved. Figure 3 summarises
the four basic fitting steps for Cl and HA [19]. It has also
been shown that ADRO can improve speech perception
scores and sound quality in unilateral Cls [20, 21] and
unilateral and bilateral hearing aids [15, 22].

3. IMPROVING SIGNAL-TO-NOISE RATIO
IN EACH EAR

In binaural listening, SNR at each ear can be improved by
the head shadow effect and by directional microphones.
Figure 4 shows the results of the HINT test for eight listeners
with impaired hearing using ADRO behind-the ear hearing
aids on both ears [23]. Speech was presented from the front
and noise was presented from 3 different positions to the
side and behind the listeners. Three different microphones
were used: omni-directional, fixed directional with a
supercardioid response pattern, and adaptive directional

microphone. The adaptive directional microphone adopted
an omni-directional response pattern for sound levels below
65 dB SPL. Above 65 dB SPL, an omni-directional pattern
and a figure-eight dipole pattern were formed from the
signals from two omni-directional microphones mounted on
the hearing aid with a separation of about 1 cm. The omni-
directional and dipole patterns were combined in a manner
that kept the response gain from the front of the hearing aid
constant, while minimising the total input sound level [24].

4
i Head shadow
I omni effect
[ supercardioid :
2| ADM [ e PR s

ADM Advantage

90° 135° 180°

Noise Source Location

Figure 4. HINT thresholds using omni, fixed directional and
adaptive directional microphones in background noise.
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When noise came directly from behind the listener, the
signal-to-noise ratio was the same at both ears and there
was no head shadow effect. When the noise came from
one side, there was a head shadow advantage of 3 to 4
dB in the omni-directional microphone condition. When
the ADM was turned on, it improved the signal-to-noise
ratio at both ears, giving an additional advantage of about
5 dB when noise was coming from the side, and about 7
dB when noise was coming from behind the listener. The
combination of binaural hearing and adaptive directional
microphones allowed these listeners to understand
speech at -5 dB signal-to-noise ratio in these three noise
conditions, which is similar to the performance of listeners
with normal hearing. Paired t-tests showed that the fixed
directional microphone performed significantly better than
the omni-directional microphone in every noise condition
(t=10.15, p<0.001 at 90°; t=6.48, p<0.001 at 135°; t=8.57,
p<0.001 at 180°), the ADM performed better than the
omni-directional microphone in every noise condition
(t=4.7, p<0.05 at 90°; t=6.09, p<0.001 at 135°; t=8.04,
p<0.001 at 180°), and the ADM performed better than the
fixed directional microphone in noise from 180° (t=2.59,
p<0.05). The head shadow effect (differences between
HINT scores for the 90°, 135° and 180° noise directions
in the omni-directional condition) were statistically
significant: head shadow effect = 3.9 dB, paired-t = 6.27,
p<0.001 for 90°; head shadow effect = 3.1 dB, paired-t =
5.00, p<0.001 for 135°.

These data clearly illustrate that binaurally aided hard-of-
hearing listeners can benefit by listening to the ear with
the better SNR. A similar head shadow effect was found
in the Japanese bimodal study [17] where behind-the-ear
microphones were used. The Japanese HINT thresholds in
noise were 7.86 dB (SD 3.25 dB) with noise from the front,
5.62 dB (SD 4.26 dB) with noise from the implant side, and
2.37 dB (SD 8.68 dB) with noise from the HA side. These
SNR values correspond to head shadow effects of 2.24 dB
for noise from the CI side, and 5.49 dB for noise from the
HA side. Although they were not statistically significant
in the bimodal study, the observed head shadow effects
were of the same order of magnitude as the statistically
significant effects in the ADM study.

4. SEPARATING SPEECH AND NOISE

Listeners with a cochlear implant and a hearing aid in
opposite ears can also separate speech from noise using
binaural cues. This is illustrated by a study in which speech
and noise were presented in seven different binaural
conditions as shown in Table 1 [25]. The noise was a white
noise presented at a comfortable level. The speech stimuli
were a small closed set of spondee words spoken by a
female speaker and chosen so that every listener could
score 100% recognition of the words with either hearing
aid or cochlear implant when they were presented at the
same comfortable level in quiet.

Condition \Voice Noise
HA-0 HA none
Cl-0 Cl none
HA-HA HA HA
CI-CI Cl Cl
Diotic HA+CI HA+CI
HA-CI HA Cl
CI-HA Cl HA

Table 1. Seven conditions in which speech and noise were
presented to the HA and CI ears of the participants.

Figure 5 shows the results averaged for the three listeners. In
each of the seven conditions, the level of presentation of the
noise was kept constant and the level of the voice was varied
to find the level at which the listener scored 70% correct
word recognition. In this graph 0 dB corresponds to the
comfortable level of the noise for each participant. Negative
levels mean that the speech was softer than the noise at the
70% correct level. ANOVA with subject and condition as
independent variables was followed by post-hoc t-tests using
the Bonferroni method to compare the SNRs in the different
conditions. The mean SNRs for the HA-HA, CI-CI, and
Diotic conditions were not significantly different from one
another (p>0.05). The mean SNRs for CI-HA, HA-CI, HA-0,
and CI-0 conditions were not significantly different from one
another (p>0.05). However, all the SNRs for the first three
conditions were significantly different from all the SNRs in
the second group (p<0.001).

Voice recognition in noise
-5 4
711

-25 4

-30 T T T T T T T
HA-HA  CI-Cl  Diotic CKHA HA-CI HA-0 Cl-0

Condition

Figure 5. SNR for 70% correct recognition of words in seven
monaural and binaural conditions.

The best results were for the four conditions on the right
where there was no noise or the noise and voice were in
opposite ears. There was no significant difference between
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these four conditions, showing that the subjects could easily
separate the speech and the noise in opposite ears even when
the noise was 15 to 20 dB louder than the speech.

The two monaural conditions on the left with speech and
noise in the same ear gave signal-to-noise ratios of about -3
dB. The diotic condition gave a mean signal-to-noise ratio
of -7 dB, indicating that there was a 4 dB advantage from
combining the information from the two ears.

5. RECOMMENDATIONS

These three experiments together suggest that large
improvements in the binaural perception of speech in noise
can be obtained by using a combination of ADRO to provide
ideal conditions for the combination of speech information
from two ears, by using adaptive directional microphones to
maximise the SNR in each ear, and by trying to keep speech
and noise in opposite ears if possible. A 3 dB advantage was
obtained with ADRO in the Japanese bimodal study, with a
further 7 to 8 dB advantage from the head-shadow / ADM
combination depending on the direction of the noise obtained
in the microphone study. If complete separation of speech and
noise into opposite ears is achieved, the total advantage may
increase to 15 dB or above, as in the third experiment. It is
our vision that one day implants and hearing aids will be fitted
at the same time by the same person, with the same fitting
software, and patients will have the freedom to choose two
hearing aids, two implants, one of each, or even two of each.
It is time to recognise that people have two ears and need to
use them both in a coordinated way for maximum benefit.
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ACTIVE NOISE CONTROL AT A MOVING
VIRTUAL SENSOR IN THREE-DIMENSIONS
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ABSTRACT: A common problem in local active noise control is that the zone of quiet generated at the physical error
sensor is limited in size. This requires that the physical error sensor (the microphone) is placed at the desired location of
attenuation (the ear), which is often inconvenient. Virtual acoustic sensors overcome this by estimating the pressure at a
location that is remote from the physical sensor and therefore, when combined with an active noise control system, generate
a zone of quiet at the desired location of attenuation. While virtual acoustic sensors have shown potential to improve
the performance of local active noise control systems, it is, however, likely that the desired location of attenuation is not
spatially fixed. A method for generating a virtual sensor that tracks a three-dimensional trajectory in a three-dimensional sound
field is summarised in this paper. The performance of an active noise control system in generating a zone of quiet at the ear of
a rotating head in a three-dimensional cavity has been experimentally investigated and the results included here demonstrate
that moving virtual sensors provide improved attenuation compared to fixed virtual sensors or fixed physical sensors.

1. INTRODUCTION

Active noise control involves the use of secondary sound
sources to cancel the primary noise disturbance, based on
the principle of superposition, in which antinoise of equal
amplitude but opposite phase is combined with the primary
noise to cancel both disturbances. Active noise control
systems generally consist of three major components; a
sensor component, an actuator component and a controller.
The sensor component is usually a number of microphones
that measure the sound pressure at a number of locations
within the acoustic field and monitor the performance of the
active noise control system. The actuator component is often
a number of loudspeakers that generate the antinoise which
destructively interferes with the primary noise disturbance.
These loudspeakers are referred to as secondary sources and
are driven by a control signal generated by the controller [1].

Local active noise control systems generate a localised
zone of quiet at the physical error sensor using secondary
sources to cancel the acoustic pressure produced by the
primary noise source at the physical sensor location. While
significant attenuation may be achieved at the physical sensor
location, the zone of quiet is generally small and impractically
sized. Also, the sound pressure levels outside the zone of quiet
are likely to be higher than the original disturbance alone with
the active noise control system present.

This is illustrated in Fig. 1 (a), where the zone of quiet
located at the physical error sensor is too small to extend to
the observer’s ear and the observer in fact experiences an
increase in the sound pressure level with the active noise
control system operating. Virtual acoustic sensors overcome
this by shifting the zone of quiet to a desired location that is
remote from the physical sensor. This is shown in Fig. 1 (b)
where the zone of quiet is projected from the physical sensor
to a virtual sensor located at the observer’s ear. Using the

Figure 1: Comparison of local active noise control (a) at a
physical sensor and (b) at a virtual sensor.
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physical error signal, a virtual sensing method is used to
estimate the pressure at the virtual sensor location. Instead
of minimising the physical error signal, the estimated
pressure is minimised to generate a zone of quiet at the
virtual location. A number of virtual sensing methods have
been developed to estimate the pressure at a fixed virtual
location including the virtual microphone arrangement [2],
the remote microphone technique [3], the adaptive LMS
virtual microphone technique [4] and the Kalman filtering
virtual sensing technique [5].

The virtual microphone arrangement [2] projects the
zone of quiet away fromthe physicalmicrophone using the
assumption of equal primary sound pressure at the physical
and virtual locations. A preliminary identification stage is
required in this virtual sensing method in which models of
the transfer functions between the secondary source and
microphones located at the physical and virtual locations are
estimated. These secondary transfer functions, along with
the assumption of equal sound pressure at the physical and
virtual locations, are used to obtain an estimate of the error
signal at the virtual location given the physical error signal.
The remote microphone technique [3] is an extension to
the virtual microphone arrangement that uses an additional
filter to compute an estimate of the primary pressure at the
virtual location using the primary pressure at the physical
microphone location.

The adaptive LMS virtual microphone technique [4]
employs the LMS algorithm to adapt the weights of physical
microphones in an array so that the weighted sum of these
signals minimises the mean square difference between the
predicted pressure and that measured by a microphone placed
at the virtual location. Once the weights have converged
they are fixed and the microphone at the virtual location is
removed.

The Kalman filtering virtual sensing technique [5] uses
Kalman filtering theory to obtain an optimal estimate of the
error signal at the virtual location. In this virtual sensing
method, the active noise control system is modelled as a
state-space system whose outputs are the physical and virtual
error signals. Estimates of the plant states are first calculated
using the physical error signals and then estimates of the
virtual error signals are calculated using the estimated plant
states.

Even though the sound is significantly attenuated at
the virtual location, the spatial extent of the zone of quiet
generated with these virtual sensing algorithms is still
impractically small. Large pressure gradients in the vicinity
of the virtual sensor result in significant changes in the
perceived sound pressure level as the observer moves around
within the zone of quiet and this could be more annoying
than the original disturbance alone. Subsequently, Petersen
etal. [6, 7] developed a number of one-dimensional moving
virtual sensing methods that create a zone of quiet capable of
trackingamoving virtual location inaone-dimensional sound
field. Hence if the observer moves their head, the small zone
of quiet also moves with the observer. The one-dimensional
moving virtual sensing methods developed by Petersen et al.
[6, 7] use the adaptive LMS virtual microphone technique

and the remote microphone technique. The performance
of these one-dimensional moving virtual sensors has been
investigated in an acoustic duct, and experimental results
demonstrated that minimising the moving virtual error signal
achieved greater attenuation at the moving virtual location
than minimising the error signal at either a fixed physical or
virtual microphone.

This paper reports on the development of three-
dimensional moving virtual sensing methods. A method
for generating a moving virtual sensor that tracks a three-
dimensional trajectory in a threedimensional sound field is
summarised here. The performance of an active noise control
system in generating a zone of quiet at a virtual sensor
located at the ear of a rotating head has been experimentally
investigated and experimental results are presented.

2. THEORY

Full details of the method for generating a zone of quiet at
a moving virtual microphone that tracks a three-dimensional
trajectory are given in [8]. A summary of the three-dimensional
moving virtual sensing algorithm is provided as follows.

To create a zone of quiet at a moving virtual location, the
active noise control system must minimise the estimated virtual
error signal, €,(n), at the moving virtual location, x,(n). It
is assumed here that the desired position of the moving virtual
microphone is known at every time step, n. In practice, the
desired location of attenuation could be determined using a
three-dimensional tracking system based on camera vision or
on ultrasonic position sensing [7].

In this moving virtual sensing method, a number, N,, of
spatially fixed measurement locations are first selected. It is
assumed here that the moving virtual location, ., (n), isconfined
to a three-dimensional region and that the N, spatially fixed
measurement locations are therefore located within this region.
The vector of the NV, spatially fixed measurement locations is
given by

Xy = [ Tyl To2 TyN, :| . (1)

Next, the remote microphone technique is used to obtain
estimates of the virtual error signals, &,(n), at the IV, spatially
fixed measurement locations in x,. The remote microphone
technique requires a preliminary identification stage in which
the transfer function between the control source and the
physical microphone, Gpu, and the vector of N, transfer
functions between the control source and the IV, spatially fixed
measurement locations, G.,,, are measured. The vector of N,
primary transfer functions at the spatially fixed measurement
locations from the physical microphone location, M, is also
estimated in this preliminary identification stage.

A block diagram of the moving virtual sensing algorithm
is given in Fig. 2. As shown in Fig. 2, estimates, &,(n), of the
virtual error signals at the NN, spatially fixed measurement
locations in x, are obtained by firstly estimating the primary
disturbance at the physical microphone, d,(n), using

dy(n) = ey(n) — gp(n) = ey(n) — @puu(n), )
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where e,(n) is the total error signal measured at the physical
microphone, g,(n) is an estimate of the secondary disturbance
at the physical microphone and u(n) is the control signal.
Next, estimates of the primary disturbances at the NV, spatially
fixed measurement locations, x,, are obtained using

d,(n) = Md,(n). €)

Estimates, &,(n), of the total virtual error signals at the N,
spatially fixed measurement locations are now calculated as

&(n) = dy(n) + 3,(n) = Md, + Guu(n). (&

As shown in Fig. 2, an estimate, é,(n), of the virtual error
signal at the moving virtual location, z.,(n), is now obtained by
interpolating the virtual error signals, &,(n), at the N, spatially
fixed measurement locations. This estimate, é,(n), of the
virtual error signal at the moving virtual location is minimised
with the active noise control system to generate a zone of quiet
that tracks a desired three-dimensional trajectory.

As the virtual error signal at the moving virtual
location, é,(n), is estimated by interpolating the virtual error
signals, €,(n), atthe IV, spatially fixed measurement locations,
X, the accuracy of the estimate of the moving virtual error
signal is dependent on the number and position of the spatially
fixed measurement locations within the sound field. If the
sound field varies significantly in magnitude and phase over a
certain region then the spatially fixed measurement locations
must be closely spaced within this region to ensure an accurate
estimate of the moving virtual error signal is obtained.

dv{n2+® ¢,(n) |;r;tlz; e,(n)
+A

u(n)

E—;m y,(n)

Figure 2: Block diagram of the moving virtual sensing algorithm
using the remote microphone technique.

3. EXPERIMENTAL METHOD

The performance of an active noise control system in
generating a zone of quiet at a moving virtual sensor located
at the ear of a rotating artificial head was investigated in real-
time experiments. The experiments were conducted in a three-
dimensional cavity with dimensions of 1m x 0.8m x 0.89m.
A HEAD acoustics HMS 111.0 Artificial Head mounted on a
turntable to simulate head rotation was located in the centre
of the cavity, as shown in Fig. 3. The turntable was position
controlled to generate triangular head rotations from —45° to
+45° which is typical of the complete head rotations capable
of a seated observer.

The physical arrangement of the artificial head and the
physical and virtual microphones is shown in Fig. 4. As shown

: & NN A
Figure 3: The HEAD acoustics HMS 111.0 Artificial Head
mounted on a turntable and located in them centre of the cavity.
The fixed frame supports the physical microphone.

Artificial
head

Virtual
microphone

Physical—@ 18cm

microphone |

(c)
Figure 4: The physical arrangement of the artificial head and
the physical and virtual microphones at (a) 8, =-45° ; (b)
0, = 0°;, and (c) 6, = 45°. The physical microphone is
indicated by a solid circle marker and the virtual microphone is
indicated by an open circle marker.

in Fig. 4, a physical microphone was located 4cm from the
virtual microphone when the artificial head position was
0, = 0°. An electret microphone was located at the ear of
the artificial head to measure the performance at the virtual
microphone position.

Two loudspeakers were located in the corners of the cavity,
one to generate the tonal primary sound field and the other to
act as the control source. The performance of the active noise
control system at the moving virtual location was investigated
at the excitation frequency of 525Hz which corresponds to
the 33rd acoustic resonance of the cavity. For the excitation
frequency of 525Hz, the performance at the moving virtual
location was measured for two different periods of 90° head
rotation; ¢, = 5s and ¢, = 10s.
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In the preliminary identification stage, the microphone at
the ear of the artificial head was placed at N, = 31 s spatially
fixed measurement locations, x,, equally spaced along the
90° arc of head motion. The required primary and secondary
transfer functions were modelled as 2 coefficient FIR filters
during this preliminary identification stage because the primary
disturbance is tonal.

4. EXPERIMENTAL RESULTS

Fig. 5 shows the attenuation achieved at the moving virtual
location for active noise control at the moving virtual
microphone, a fixed virtual microphone located at the ear of the
artificial head when 6;, = 0° and the fixed physical microphone.
The control performance at the ear of the artificial head is shown
for the period of head rotation being ¢, = 10s in Fig. 5 (a) and
t, = 5s in Fig. 5 (b). Fig. 5 (c) shows the desired trajectory
of the artificial head compared to the actual controlled head
position.

The control profiles in Fig. 5 demonstrate that for both
periods of head rotation, minimising the moving virtual error
signal achieves the best control performance at the moving
virtual location. For ¢, = 10s, attenuation between 30dB and
40dB is achieved at the ear of the artificial head for active noise
control at the moving virtual microphone, as shown in Fig. 5
(). Minimising the fixed virtual microphone signal achieves a
maximum attenuation of 30dB at the ear of the artificial head
when 6, = 0° and a minimum attenuation of 10dB when
0y, = 45°. Similarly, active noise control at the physical
microphone achieves 22dB of attenuation at the ear of the
artificial head when 6, = 0° and only 6dB of attenuation
when 6, = 45°. The transient behaviour seen at time /¢, = 0
is caused by the controller initialising.

When the period of head rotation is reduced to ¢, = 5s
, Fig. 5 (b) shows that minimising the moving virtual error
signal results in attenuation of between 20dB and 35dB being
achieved at the ear of the artificial head. This is a significant
improvement in control performance compared to active noise
control at either the fixed virtual or physical microphones where
attenuation levels again fall to 10dB and 6dB respectively when
0, = 45°. As expected, when the period of rotation is reduced,
the control performance reduces. This is because it takes a
finite time for the controlled sound field to stabilise, so once the
period of rotation nears the reverberation time of the cavity the
control performance is compromised.

5. CONCLUSION

In this paper, a method for generating a moving virtual sensor
that tracks a three-dimensional trajectory has been presented.
The performance of an active noise control system in generating
a zone of quiet at a single ear of a rotating artificial head has
been experimentally investigated and real-time experimental
results demonstrated that greater attenuation can be achieved
at a single ear of the artificial head when a three-dimensional
moving virtual sensing algorithm is employed.
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Figure 5: Tonal attenuation achieved at the moving virtual
location for active noise control at the moving virtual microphone,
the virtual microphone spatially fixed at the ear of the artificial
head when 6;, = 0° and the physical microphone, for period of
rotation (a) t, = 10s,; (b) t, = 5S; and (c) head position. The
fixed virtual microphone position at ), = 0° is indicated by a
solid round marker.
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with experimental measurements.

ABSTRACT: This paper presents a numerical model for the calculation of the transmission loss of a panel with an array of
tuned vibration absorbers attached. The transmission loss of the panel is calculated for the case of the bare panel, with tuned
vibration absorbers attached, and equivalent blocking masses. The theoretical predictions of transmission loss are compared

1. INTRODUCTION

Many noise control applications require panel partitions with
high transmission loss and low weight. Partitions with high
transmission loss are characterised by a high surface density,
which can result in excessive weight. For weight-critical
aerospace applications, the judicious use of stiffening ribs is
often employed. The optimisation goal for these applications is
to obtain a configuration that achieves the highest transmission
loss for an acceptable weight penalty.

It was shown in previous conference papers by the author
[1,2] that the attachment of discrete masses to a panel can result
in transmission loss results greater than merely increasing
the thickness, and hence the surface density, of the panel by
an amount that would result in the same total weight. The
work presented here is an extension of the previous work, by
including comparisons of theoretical and experimental results
of the transmission loss of a panel with an array of cantilever
beams attached that act as vibration absorbers. A Polytec
Scanning Laser Vibrometer was used to measure the vibration
of the cantilever absorbers during transmission loss tests.

The first part of this paper describes a mathematical model
to predict the transmission loss of a panel with discrete masses
and/or single degree of freedom oscillators. This model is used
to predict the transmission loss for three cases namely a bare
panel, a panel with an array of 49 discrete ‘blocking” masses,
and a panel with 49 single degree of freedom oscillators.
In the second part of this paper, numerical predictions of
transmission loss are compared with experimental results for
these three cases.

2. PREVIOUS WORK

The use of secondary oscillators attached to a primary
structure to reduce vibration or improve transmission loss
was investigated in 1928 [3]. More recently researchers have
described methods for the optimisation of their parameters
[4] and methods for designing an absorber with multiple
resonances to reduce the vibration of a beam [5]. Relevant
to the work presented here, researchers have used dynamic
absorbers to reduce interior noise within a cylindrical
shell [6]. The results showed that the addition of dynamic
absorbers if correctly positioned can successfully reduce the
vibration of the shell and the interior acoustic pressure of the

sound field enclosed by the shell. This technique has been
used in real aircraft [7,8]. Su et.al [9] used statistical energy
analysis to examine the attachment of six dynamic vibration
absorbers to a stiffened aircraft panel, all tuned to 101Hz, and
found improvement in the transmission loss. However the
work here involves the investigation of vibration absorbers
to improve the transmission loss due to broadband acoustic
excitation, of which there has been little work.

The following section describes the development of
a mathematical model to enable the prediction of the
transmission loss of a panel with tuned vibration absorbers.

3. MATHEMATICAL MODEL

The mathematical model for the prediction of the transmission
loss of a panel incorporating the effects of the addition of an
array of lumped masses or oscillators is similar to previous
work [2] and involves calculating the:
» modal forcing vector due to pressure loading on a panel
from an incident plane wave;
« vibration response of the panel, including the effects of the
attached devices;
« sound pressure radiated from the panel and integrating the
results to determine the radiated sound power; and
« transmission loss of the panel as the ratio of the incident to
radiated sound power.

Incident Plane Wave

Consider an acoustic plane wave of pressure amplitude P,
incident at angles 6 and ¢ on a simply supported panel with
edge lengths L, and L,, as shown in Figure 1. The pressure that
is incident on the panel P(xy) is given by

P(xy) =F’i expl j (wt - kxsin@i cos¢; - kysin49i sin¢i ) ()

This can be written as a modal pressure that acts on the panel
and is calculated by multiplying the pressure distribution by
the mode shape matrix of the structure ¥, and dividing by
the modal mass matrix of the structure A (for consistency
with later equations) as WP(x, y)/A , and can be written as
pm n= LXLyY mY n Where
= 1-(-)med®
Ym=(Mr)———— 2
m= ()= @
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= 1-(-nneIP
Yn=(m T ©
(nm)= - B
a =kL, sinf cos¢ , /;’:kLysinHSinqb, k=wlc is the

wavenumber, w is the frequency, c is the speed of sound in
air. This modal force (pressure) can be applied to the
dynamics of the panel to calculate the structural modal
participation factors w,. T P

Figure 1. Coordinates for an incoming acoustic plane wave
striking a simply support rectangular panel.

Vibration of a Simply Supported Panel

The displacement w of a simply-supported panel at position
(x,») can be written as an infinite sum of its vibration modes
as

w(xy) = E E wmnsm(mnx/L )sm(nny/L ) 4)
m=1n=1
where w,,, are the modal participation factors. The equations
of motion for the panel can be Written as [10]

W #2550 Wy +‘“pr o (5)

where w, is the p" modal participation factor, a is the viscous
damping coefficient of the shell at the p‘h mode, w, is the
resonance frequency of the p™ mode, and T, is the " modal
force which is applied to the panel for and is defined as

f f qZU +T U +TU dydx (6)
p pthp 00 X“Zp oy p

where ¢; and T, represent the point forces and point moments

applied along each axis, which could be due to point forces,

point impedance due a lumped mass, or point impedance due

to an attached absorber, and is defined as

Gy =Foy 0=y ply -, )l g
T =Moo po)t

where F,; and M,, are the forces and moments applied to the
panel at locations (x,, y,) in the directions i = x,y,z , d is the
Dirac delta function, U, is the modal response in the i"
direction, and for the vibrations of the panel considered here
where only the out-of-plane transverse vibration is

considered, the expressions can be written as

UXp =0 pr =0 Uzp :[w]wp 9)
and
L L
x Y
- 2 -
_{) (f)UZS dydx=L,Ly /4 (10)

The force and moment loads on the panel are assumed to be
point loads, which can be described with Dirac delta
functions. Making use of the relationship

*
fF(a)i[a(a -a*)]da -_Fl) (11)
a Ja Ja
the integral in Eq. (6) can be evaluated as
T T
1 T a[1/"]] 6[1,UJ]
= Fq- M, + M., | (12)
A, Wyl Fy - Mo My
The rotations of the panel are given by [10]
v 1 w
=—-— 13
STR RO (13)
1 ow
0, =-—— 14
9 Ros (14)

The partial differentials of the mode shapes [y] with respect
to the spatial co-ordinates in Eq. (12) are the mode shapes in
the rotational directions. Hence Eq. (12) can be written as

_ 1 T T T
To= | W)l Fy ~Wapd " My +wind " My | s)
p
where [y and [1py,] are the rotational mode shapes about
the 0, and 0, axes, respectively and are

YJje, = ﬂ = sin (mx/L X ) (th/L y) cos (nny/L y) (16)

YJjg, =———= (mfr/Lx )cos(mmc/Lx)sin(nny/Ly) 17)

Yy
The impedance of the J" mass attached to the panel is
included as point translational and rotational inertias by using
Egs. (7) and (8) where

Fy =w’m, (18)
2

M =0 19

30, 36, (19)
2

M =w*<J 20

JGy Jey (20)

where my is the mass of the block, JJGX, JJQ are the

rotational inertias of the blocks along the 6,, 6, axes,
respectively. The attachment of an array of cantilever
absorbers is modelled here as multiple single degree of
freedom resonators or Tuned Vibration Absorbers (TVAS)

(J=1... Ntva), that have massm :]I'VA stiffness kIVA, and

are driven by a harmonic force at the attachment point of the
spring to the structure. This framework can be used
accommodate multiple modes of vibration along translational
and rotational axes. However, it will be shown by comparison
with the experimental results that for the system examined
here it is sufficient to only consider vibration of a single
translational mode normal to the panel. The equations for the
vibration of the structure and the TVAs can be written in
matrix form as
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KFIVA L2, TVA [ TVAL, ]
A ((u2 w2)+ x}VA 0
_ y _
~fws Ti3VA g pTVA wp Fp
[y e A v ]
(21)

where [ws] is the structural mode shape vector evaluated at
the J™ connection point of the TVA to the structure, T is the
matrix transpose operator, and F, is the vector of modal
forces from T, The equations derived thus far have not
included damping terms. Damping can be included by using a
hysteretic structural loss factor, so that the stiffness value for
the TMD becomes a complex number. Hence the complex

stiffness can be written as k}-VA = kIVA (1+ jn), where n
is the structural loss factor.

The resonance frequencies of a simply-supported panel w

mn
are given by
4 2 2
w2 —wz _Dbx m] +| D (22)
n= = || = _
m P ph Ly Ly
3
Eh
12(1-v©)

where D is the bending stiffness of the panel, E is the Young's
modulus, % is the thickness, v is the density of the panel, v is
the Poisson's ratio.

Sound Power Radiated from the Panel

Once the modal participation factors w, are calculated, the
transmitted pressure at a point remote from the panel due to
the vibration of the panel is calculated using the Rayleigh

integral and can be written as [11,12]

jkr
o e
prtn n =i wap)kpcg Lty YmYn (24)
1-(-)Me~ e
Y =(mr)——————— (25)
m (m)Z_aZ
_(-)Ne~ 1B
Yn:(nn)% (26)
(n7)= - B
and the transmitted intensity is calculated as

It :lzmznp;[nnlz /(20c) . The total power ! that is

radiated by the panel is calculated as the integral of the
intensity over an imaginary far-field hemisphere as

t_r2n wl2 1.2
I _f¢t:0f9t:0| rsing, dodg¢ (27)

Transmission Loss of the Panel

The transmission loss (TL) of a panel is the ratio of the
incident to transmitted sound power and for an incident plane
wave is given by

TL =10log1(r (6;.,¢; )) =10logyo(IT' /M) (28)
where the sound power incident on the panel is given by [13]
m =R 2 LyiLy cos6;)/(200) (29)

A diffuse field is characterised by an infinite number of
uncorrelated plane-waves [14]. The sound field inside the
reverberation chamber used in the experimental part of the
work conducted here is assumed to be a diffuse field. The
transmission loss for a diffuse field is calculated as [12,15-17]

_ S22 1(65,¢7)sin 6 cos B dO;dgj

Tdiffuse 27 (72 sin 0 cos 0 dOjdgj
_ ST " ©(6i,¢i)sin 26; d6;dg
- 2w (30)
Width Ly 1.0 m
Height Ly 15 m
Thickness t 0.0015 m
Density p 2700 kg/m3
Young’s Modulus E 70 GPa
Poisson’s ratio v 0.33 No units
Loss factor # 0.01 No units

Table 1. Geometry of the panel

4. EXPERIMENT SETUP

A panel with the properties listed in Table 1 was tested in The
University of Adelaide’s transmission-loss test facilities. The
panel was also tested with an array of cantilever absorbers,
and with rigid ‘blocking” masses of the same weights as the
cantilever absorbers that had a total mass of 1.18kg, 19% of
the mass of the panel. High amplitude pink noise was played
in the source reverberation chamber of the test facility which
excited the test panels. The radiated sound power from the
panels was measured in the receiving reverberation chamber
by a traversing microphone.

The rigid masses or absorbers were attached to the panel in
a regular pattern, as shown in Figure 2, with no regard given
to optimising their locations for this initial study. The lightest
blocking mass (also highest resonance-frequency oscillator)
was placed in the top left corner, and the heaviest blocking
mass (also the lowest resonance-frequency oscillator) was
placed in the lower right corner of the panel. The weight of
the rigid blocks and cantilever absorbers had an almost linear
distribution. Each absorber had an equivalent rigid block of the
same mass, as shown in Figure 3. The resonance frequencies
of the absorbers had a distribution as shown in Figure 4. By
restraining the beams at their midpoints creates two symmetric
cantilever absorbers. Hence each device has two first bending
mode resonance frequencies that are similar, as shown in Figure
4. The resonance frequencies of the absorbers are between
270-430Hz. It can be seen that the theoretically predicted
resonance frequencies used in the design of the beams is higher
than experimentally measured. This is to be expected as the
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beams were modelled as cantilevers having fully clamped
ends, whereas in reality the beams were held at their midpoint
with a nut and bolt resulting in non-ideal clamping conditions
and hence lower resonance frequencies.
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Figure 2. Location of the devices on the panel.
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Figure 3. Mass of rigid blocks and cantilever absorbers.
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Figure 4. Resonance frequencies of the cantilever absorbers.

5. RESULTS

Figure 5 shows the experimentally measured transmission
loss of the bare panel and theoretical predictions using the
modal model described here, and the solid curve shows the
predicted transmission loss for a finite panel based on the work
by Sewell [8], and discussed in Ref [12]. These results are from
[2] and are included here for completeness. It can be seen that
the measured TL above 10kHz does not follow the theoretical
predictions as the measured T60 reverberation times were
erroneous due to insufficient sound level in the receiver room
above the background level. The low-frequency accuracy
of the measurements is limited by the largest dimension of
the chambers and is valid above 125Hz, hence comparisons
between experimental results and theoretical predictions can
be made at and above 125Hz. The predictions using the modal
model are accurate from about 50-1000Hz. Above 1kHz it can
be seen that the results diverge and the inaccuracy is caused
by using an insufficient number of modes in the analyses;
2000 structural modes for these analyses. As the purpose of
the work here is to investigate the improvement of TL at low-
frequencies, the frequency range between 125-1000Hz will be
considered.

Figure 6 shows the transmission loss results for experimental
measurements and theoretical predictions with and without
blocking masses [2]. The theoretical predictions show that
the addition of the rigid blocking masses, which had a total
mass of 1.18kg, increases the transmission loss of the panel
between 100-315Hz, which was confirmed by experimental
measurements. It was shown that if this added mass had been
smeared over the panel, achieved by increasing the panel
thickness, the TL would be 1.2dB greater than the bare panel
[2]. However the improvement in TL for the rigid blocking
masses exceeds 1.2dB.

Figure 6 also shows the transmission loss of the panel
with and without the addition of the cantilever absorbers. The
results show that the addition of the cantilevers improves the
transmission loss in the frequency range between 125-200Hz
and compares favourably with the theoretical predictions. It
can be seen that the transmission loss between 250-400Hz is
less than the case of the bare panel. In this frequency range it
can be seen that the theoretical predictions under-predict the
effect of the oscillators. The effect of the oscillators is modelled
as single-degree-of-freedom resonators acting normal to the
panel. However the absorbers have translational and rotational
modes and the effects of the rotational modes were not included
in the theoretical analysis.

A Polytec 3D Scanning Laser Vibrometer was used to
measure the motion of the beams during the transmission
loss testing. Figure 7 shows an image from the Scanning
Laser Vibrometer system where the panel under test is in the
background and the motion of the 49 absorbers were measured
at 5 points along each absorber. The image shows the operating
deflected shape of the absorbers at 220Hz and the rectangular
box highlights two adjacent absorbers undergoing significant
rotational motion. If the effects of the rotational motion of the
absorbers were included in the theoretical analysis, one would
expect that the absorbers would impart rotational impedance
to the structure limiting bending vibrations, and hence the
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transmission loss of the panel would be greater, closer to the
experimentally measured transmission loss results.

Figure 6 shows the surprising result that the greatest
improvement in transmission loss occurred for the panel
configuration with the rigid blocking masses and not for the case
where the TVAs were attached to the panel. It was hypothesised
that the use of the TVVAs would provide significant benefits in
transmission loss, and that by using 49 absorbers with closely
spaced resonance frequencies would be sufficient to achieve
a ‘“fuzzy’ structure configuration, where the master structure,
the panel, would have significant vibration reduction by the
attachment of a large number of oscillators. Howard et.al [19]
showed that the attachment of a large number of oscillators to a
master structure could result in significant vibration reductions
and improvement in transmission loss due to broadband acoustic
excitation, and that the accurate placement of the oscillators
on the master structure was not important, suggesting a robust
noise control technique. However this was not the outcome for
this project and further investigation of the laser vibrometer
data is warranted.

The resonance frequencies of the cantilever absorbers,
shown in Figure 4 corresponds to the frequency range where
the transmission loss is no greater than the bare panel. This
result suggests that the effect of the discrete masses acted to
restrain the local motion of the panel, whereas the attachment
of the cantilever beams did not. These results are similar to
previous work [20] where the addition of tuned vibration
absorbers reduced the vibration of a cantilever beam.

The mechanical impedance of an absorber at resonance is
approximately given by m™Ao» Q, where m™A is the mass of the
absorber, o, is its resonance frequency, Q is the quality factor
[21]. At resonance, greater mechanical impedance is achieved
by increasing Q, the sharpness of the resonance peak. However
at frequencies off-resonance, the impedance of the absorber is
proportional to the mass, and thus a higher mass will therefore
be more effective.

6. CONCLUSIONS

A mathematical model was presented to enable the calculation
of the transmission loss of a simply-supported panel with an
array of discrete blocking masses attached or an array of single-
degree-of-freedom oscillators attached, and is an extension of
previous work [2].

The calculation of the transmission loss described in this
paper involved the analysis 370 plane waves, which was
achieved using a distributed computing network. Hence this
calculation method is limited to investigators with extensive
computational resources. An alternative calculation method
using blocked patch pressures could be used [22], which avoids
the double integration calculation over all incident angles for
the calculation of the transmission loss. Work will be conducted
in the future to incorporate this calculation technique, which
will reduce the calculation time and enable the optimisation
of the locations of the rigid-masses and absorbers by using a
genetic algorithm [19].

It was shown previously [2] that the attachment of blocking-
masses improved the transmission loss of the panel, greater

TL of Bare Panel
40
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Figure 5. Transmission loss of the bare panel [2].
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Figure 6. Transmission loss of the bare panel, with rigid blocks,

and with cantilever absorbers attached.

A \ :
Figure 7. Vibration of cantilever absorbers attached to panel
at 220Hz.
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Duterlude

Is there really no sound in space?

Maintaining web sites about acoustics guarantees this editor
a regular supply of emailed questions. “Space isn’t quite
empty” wrote one correspondent, “so can it transmit sound?”
Obviously not audible sound, | thought, but can we put a
lower bound on the wavelength?

The first problem is having enough atoms or molecules:
pressure is a macroscopic concept, and its usual use presumes
a scale large compared with the mean free path (m.f.p.)
between molecular collisions. In air, the m.f.p. is rather less
than a micron, but in space? Just from dimensions, we can
write m.f.p. ~ [(scattering cross section)(number density)].
(There is also a numerical factor, of order one, which
depends on the velocity distribution.)

Taking the atomic scattering section as ~ 107 m?, and
number density as ~ 10° molecules.m=3, we get a m.f.p.
of about 10 m or 0.01 light years. Collisions are rare.
So, to talk of cosmic sound waves, we’d need to consider
wavelengths much longer than this. The frequency would be
expressed in femtohertz.

But that’s now. When the universe was younger, hotter
and denser, the mean free path was shorter and the speed
of sound higher. Younger than about 400,000 years, the
temperature was above 3000 K and the medium was a
plasma. Much earlier than that and the universe would have
been a very noisy place, although the section on relativistic
acoustics seems to be a lacuna in acoustics texts.

As the universe expanded, the scale of the local variations
in average density expanded. Some of the variations in
density were exaggerated by effects that are usually ignored
by acousticians: gravity and star formation. Measuring the
remaining ultralong wavelength acoustic waves directly is
difficult.

We can, however, infer the acoustics of the young
universe. When the universe was a plasma, matter and
radiation were strongly coupled, so the cosmic microwave
background (CMB) reports the spatial variations in
temperature and therefore density of the hot, pre-stellar,
pre-galactic universe.

2009 Bradford CSR Insulation

Excellence in Acoustics Award
Entries close 30 July 2008

www.acoustics.asn.au/joomla/notices.html

Q band map of the CMB and our galaxy, courtesy of NASA.
The grayscale shows + 0.2 mK

The CMB is of course of interest to astrophysicists and
cosmologists. Mark Whittle of the University of Virginia
came to our lab to talk about it and Alex Tarnopolsky, then
a postdoc in our lab, converted some of his density files,
transposing them up 50 octaves (yes, 50) to put them into
the audible range. Mark now uses it in his seminars and
calls it the “primal scream of the infant universe”. Mark
has a good, popular account of these density variations,
including that sound file, on his web page at www.astro.
virginia.edu/~dmw8f/. And our FAQ is at www.phys.unsw.
edu.au/jw/musFAQ.html

Joe Wolfe

Acoustical Interludes were an innovation of a previous
editor, Neville Fletcher. They appeared when the contents of
an issue was a little less than 4n pages, where n is a positive
integer.

2009 AAS Education Grant

Nominations close 31 July 2008

www.acoustics.asn.au/joomla/notices.html
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. Responsibility

The welfare, health and safety of the community shall at all times take precedence over sectional, professional and

private interests.
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acoustics.asn.au/sqgl/sustaining.php

3M AUSTRALIA
WWW.3m.com

ACOUSTIC RESEARCH
LABORATORIES
www.acousticresearch.com.au

ACRAN
www.acran.com.au

ACU-VIB ELECTRONICS
www.acu-vib.com.au

ADAMSSON ENGINEERING
www.adamsson.com.au

ASSOCIATION OF AUSTRALIAN
ACOUSTICAL CONSULTANTS
Www.aaac.org.au

BORAL PLASTERBOARD
www.boral.com.au

BRUEL & KJAER AUSTRALIA
www.bksv.com.au

CSR BRADFORD INSULATION
www.csr.com.au/bradford

EMBELTON
www.embelton.com.au

ENERFLEX ENVIRONMENTAL
www.enerflexglobal.com

GEBERIT
www.geberit.com.au

NSW DEPT OF ENVIRONMENT &
CLIMATE CHANGE
Www.environment.nsw.gov.au

PEACE ENGINEERING
WWW.peaceengineering.com

PYROTEK SOUNDGARD
www.soundguard.com.au

SINCLAIR KNIGHT MERZ
www.skm.com.au

SOUND CONTROL
www.soundcontrol.com.au

SOUND SCIENCE
www.soundscience.com.au

VIPAC ENGINEERS AND SCIENTISTS
Www.yipac.com.au

News

New Office Bearers for
AAS Council

At the time of the 2008 Council meetings,
Terry McMinn’s two-year term as president
came to an end. The excellent work Terry
has done for the society during that time
was acknowledged at the 2008 conference
dinner. Norm Broner is now the president
and is supported by Terry McMinn as vice
president and registrar and Geoff Barnes as
the treasurer. The other councillors are Neil
Gross, Stephen Pugh, Colin Speakman, Peter
Heinze, Matthew Stead and Alec Duncan.

After 13 years in the position, David Watkins
has retired from the role of general secretary
and is replaced by Byron Martin. Byron’s
contact details are:

General Secretary, AAS

PO Box 2183

MAGILL NORTH S.A. 5072

Phone/Fax 08 7225 0112

Email: GeneralSecretary@acoustics.asn.au

New Look Web Page for AAS

The AAS webpage has been redesigned
thanks to the outstanding efforts of webmaster
Terry McMinn. The new look page includes
many new features and offers the opportunity
for much expansion. As well as familiar
pages from the old site, there is now much
greater scope for inclusion of elements that
will allow better communication with and
between members. It will also present an
improved face for the society to ‘site visitors’,
including a search function, newsflash etc.
As with any new site, it may take a little
time for all the headings and page layouts
to become familiar. So please go to the site,
www.acoustics.asn.au/joomla/ and pass any
suggestions, comments, corrections, etc onto
the webmaster WebMaster@acoustics.asn.au

AAS 2008 Annual Conference

This was held in Geelong from 24-26 November
and was an outstanding success with an
attendance around 200. The technical program
had two plenary sessions, then two full streams
of high quality papers. The technical exhibition
was extensive and well frequented. The venue
and the catering were excellent and all went
together for a most enjoyable and convivial

conference. Congratulations to the Conference
Organising Committee led by Norm Broner.

The President’s Prize for the best paper at the
conference was awarded to Dr Carl Howard
from University of Adelaide for his paper on
“Transmission loss of a panel with an array of
tuned vibration absorbers”. An abridged version
is published in this edition — see page 98.

We look forward to another high standard
conference in Adelaide from 23-25 November
2009. Photos from the 2008 conference can be
found from the photo gallery menu item on the
AAS site. www.acoustics.asn.au

Four new AAS Fellows

Four Members of the AAS were elevated to
the grade of fellow during the 2008 AAS
annual conference dinner. David Watkins has
served the AAS for many years. First in the
Victorian Division, then for 13 years as the
general secretary for the AAS. This has been
a time for much change and growth of the
Society and David has always more than met
the needs. Charles Don has served the Society
in council and as president and Vice-President.
He has also organised both international and
national conferences. For over 30 years he has
lectured and carried out research in acoustics
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firstly at the Chisholm Institute of Technology
and then Monash University. Joe Wolfe leads
one of the most prominent research groups
concerned with musical acoustics and he has
done much to promote the discipline, both
in Australia and overseas. He contributes to
the Society through as an editor of Acoustics
Australia. John Davey has contributed to the
Society as acommittee member and councilllor.
He has worked in acoustics for over 30 years
both as a researcher at CSIRO and as a lecturer
at RMIT. A photo of the new fellows, with the
new president, appears on page 85.

Excellence in Acoustics
Award 2008

The AAS CSR Bradford Insulation Excellence
in Acoustics Award for 2008 was presented to
Matthew Stead and colleagues Simon Moore,
Jon Cooper and Andrew Mitchell from Bassett
Acoustics for their work on the Monash Centre
of Electron Microscopy (MCEM) Noise
and Vibration Design. This research facility
conducts world-leading research, and provides
expertise and training in electron microscopy.
The laboratory is purpose built with rooms for
nine highly sensitive electron microscopes. The
building was commissioned with noise levels
lower than those in a concert hall 20 dB(A)
and vibration levels approximately 1000 times
less than can be felt. There were significant
unknowns in the noise and vibration criteria
for the electron microscope at the time of
the building design. Consequently the design
needed to acknowledge these uncertainties
and allow for flexibility in the equipment to
be installed.

Information about the Excellence in Acoustics
Award for 2009 will be posted on the AAS
website (www.acoustics.asn.au) early in 2009.

Ray Thompson from CSR Bradford Insulation
presenting the 2008 Excellence in Acoustics Award
to Matthew Stead on behalf of the application from
Bassett Acoustics

AAS Travel Scholarship
Announced

At the 2008 Council meeting it was agreed
that an AAS travel scholarship of $2500 be
made available annually to members of the
Society to attend a conference to present
a paper. This travel scholarship will not
be available to Sustaining and Subscriber
members, or members of the conference
organising committee. The details on this
scholarship will be available from the
AAS website (www.acoustics.asn.au) early
in 2009.

Education Grants

The president announced the recipients of
the education grants:

e Agrant of $3,250 to Renzo Tonin and Dr
Kanapathipillai (UNSW) for the project:
“Air-conditioner Noise Attenuation
Provided by Residential Balconies.”

¢ A grant of $8,440 to S. Chambers,
R. James and A. Duncan (UWA) for
the project: “Physically Verifying
Acoustical and Topographical factors
as a plausible role in the cause of Mass
Cetacean Stranding”.

e A grant of $3,310 to M. Schier
(Swinburne Uni.) for the project “Real-
time feature extraction method from
Auditory Brainstem Response”.

Ron Rumble & Renzo Tonin
Merger in Qld

As of 1st September 2008, Renzo Tonin &
Associates (QId) Pty Ltd and Ron Rumble
Pty Ltd have expanded their operations in
Queensland by means of a successful merger.
The merged companies now operate under
the name Ron Rumble Renzo Tonin as a
division of Renzo Tonin & Associates (QId)
Pty Ltd. The new company operates with the
same directors and key personnel, and will
continue to operate from the Ron Rumble
Pty Ltd premises at 96 Petrie Terrace,
Brisbane, with the same contact details.
Ron Rumble Pty Ltd is a well-established
firm of acoustical engineers with 25 years
experience operating in Brisbane. Renzo
Tonin & Associates is an consulting firm
with over 25 years experience in acoustics,
vibrationandstructural dynamicswith offices
in Sydney, Melbourne, Brisbane, Gold Coast
and Kuwait. The merger of these two firms
involves a gathering of strengths, technical

capabilities and increased resources in order
to provide increased benefits to their existing
and new clients.

Health risks of personal

music players

Pam Gunn draws readers attention to a thorough
report that has been published by the European
Commission Scientific Committee on Emerging
and Newly ldentified Health Risks.

It can be found at: http://ec.europa.eu/health/
opinions/en/hearing-loss-personal-music-
player-mp3/about-hearing-loss-personal-music-
player-mp3.htm#content

Getting heard: effective
prevention of hazardous
occupational noise

A two-year occupational noise research and
prevention project is being undertaken by the
Standards and Research Branch of the Federal
Office of SafeWork Australia (formerly the
OASCC). AIOH members Beno Groothoff
(Qld) and Joe Crea (SA), along with Pam
Gunn (WA) have been appointed to an expert
panel that will help guide the project.

Hearing loss associated with occupational
exposures is a significant cause of health
and economic burden in Australia. In 2004—
05 there were more than 4,000 claims for
deafness (about 3 % of all claims), with a
median direct cost of about $10,000. The
major cause of this burden is exposure to
excessive noise in the workplace. Excessive
occupational noise has also been linked to
annoyance, fatigue, accidents and to serious
health conditions such as hypertension and
cardiovascular disease.

In general, we know about the harmful effects
of excessive occupational noise, and that
with proper design, equipment and training,
hazardous exposure can be controlled. Why,
then, should the incidence of deafness
compensation claims remain stable over the
last five years?

The ‘Getting Heard’ project (funded by the
Australian Government Department of Health
and Ageing under the Hearing Loss Prevention
Program, 2008-10) aims to determine the
key factors (barriers and enablers) in the
effective control of hazardous occupational
noise. Outcomes from this multi-stage project
will provide the Office of Hearing Services
and other key occupational health and safety
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stakeholders with a greater understanding
of why occupational noise-induced hearing
loss (ONIHL) still occurs among Australian
workers. The findings will also assist key
stakeholders in the design, implementation
and evaluation of strategic initiatives for
overcoming barriers and strengthening
enablers for better control of hazardous
occupational noise.

The project will involve a range of activities,
including a review of the evidence for the
key barriers and enablers in the control of
hazardous occupational noise, collection and
analysis of qualitative and quantitative data to
demonstrate plausible causal relationships, a
cost-benefit analysis of the impact of ONIHL
on performance and productivity, and a model
of the impact of selected nationally-strategic
ONIHL interventions. These activities will
be wholly or partly transferable to other
preventable occupational health conditions.

Duringthe course of the project, collaborations
with key stakeholders will be built, which will
ensure that the outcomes of the research
continue to be implemented beyond the life
of the Hearing Loss Prevention Program
in Australia. The project will provide an
opportunity for those with an interest in the
control of occupational noise to participate
in one or more of the research/prevention
activities. For further information please
contact the project’s principal researcher,
Dr Perri Timmins
(Tel: 02 61213437,
Email: perri.timmins@deewr.gov.au).

Pam Gunn

Railcorp seeks acoustics
services.

The Environment Division of Rail
Corporation NSW is about to issue a general
request for information (RFI) for noise &
vibration professional services. A register of
professional service providers (PSPs) will be
then established to allow RailCorp to seek
professional acoustic services for future
projects.

Interested parties should check eTendering
- RailCorp NSW - https://tenders.nsw.gov.
au/railcorp/Home over the period of December
2008 to February 2009. The organisation
welcomes responses from any firms that can
demonstrate expertise and experience in the
area of noise & vibration management and
investigation.

Vacancies on SA Committees

New Society representatives are required for
EV10 and AV3/3.

Please apply to the General Secretary -
GeneralSecretary@acoustics.asn.au.

Award for research in
reducing traffic noise

Society member Stephen Samuels was recently
awarded a Doctor of Engineering (DEng) by
the University of Newcastle in recognition
of his sustained research contributions. They
involved some 39 publications describing
investigations of the influences of tyres and
road pavements on vehicle traffic and road
noise.

In addition to being a Visiting Fellow at the
University of New South Wales, Stephen
is currently a director of TEF Consulting, a
Sydney based firm of Traffic, Environmental
and Forensic Engineers.

Wew Products

Ngara sound acquisition system

Acoustic Research Laboratories Pty Ltd (ARL)
is pleased to announce the release of Ngara,
real time sound acquisition system. Ngara
offers class 1 specifications allowing the user
to post-process statistical noise measurements
from 1/10th of a second stored data files.
Ngara provides the option to store calibrated
(continual or triggered) 48 kHz raw audio data.
Measurements and data are stored to a USB
storage device (HDD or memory stick). The
unitis powered by 12V DC, using an optional
external mains power adaptor or sealed lead
acid battery. Two weeks of continual 1/10th of
a second data can be achieved under certain
configurations whilst using battery power.
Ngara is housed within a single durable case
for trouble free transportation and equipment
security.

Information from Ph: 02 9484 0800 or
www.acousticresearch.com.au . ARL - Noise
and Vibration Monitoring Equipment for
Industry and the Environment.

Sensear Ear Muff

Australian company Sensear used Safe Work
Australia Week to launch the newest product
in their range of smart hearing devices that

suppress dangerous noise whilstsimultaneously
elevating speech. Sensear devices allow
speech to be heard while protecting users
from the dangerous background noise found
in industrial environments, noisy restaurants,
or the pounding vibes of a nightclub.

The new Sensear Ear Muff uses the patent
pending revolutionary SENS(R) (Speech
Enhancing Noise Suppression) technology,
a world first technology that minimises
dangerous industrial noise while allowing
face to face, mobile phone and two-way radio
communication.

An encouraging response is that after the trials
most companies are coming back to place
bigger orders as users experience the benefit
of clear, safe communications in high noise
environments. Sensear has won a number of

national and international industry awards.
Information from info@sensear.com,

http://www.sensear.com

Divisisual news

NSW Division Students Awards

As part of its support and encouragement for
those studying acoustics. the NSW Division
awarded five students a travel scholarship of
$1,000 each to participate in the AAS Annual
Conference in Geelong. The response from the
students to their attendance at the Conference
was very enthusiastic — one commented that
he found this conference far more interesting
and valuable than a recent overseas conference
he had attended. The five students supported
were:

Mauro Caresta from the School of Mechanical
and Manufacturing Engineering UNSW.
Mauro’s PhD research is in the development
of analytical and computational models to
predict the structural and acoustic responses
of a submerged vessel. This project investigates
the vibration and structure-borne sound
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radiation of a submarine. Mauro presented a
paper jointly with Nicole Kessissoglou on “Low
frequency structural and acoustics responses
of a submarine hull under eccentric axial
excitation from the propulsion system”.

Jer-Ming Chen from the School of Physics
UNSW. Jer-Ming’s PhD research investigates
the role of the vocal tract in saxophone and
clarinet playing by measuring the vocal tract’s
acoustic impedance during performance. He is
currently further investigating the involvement
of the vocal tract in other advanced musical
effects for the saxophone, clarinet, and
subsequently other woodwind instruments.
He presented a paper jointly with John Smith
and Joe Wolfe on “How to play the first bar of
Rhapsody in Blue”.

Angus Leslie from the School of Aerospace,
Mechanical and Mechatronic Engineering,
University of Sydney. Angus is examining
a noise control technique for a small UAV
(Unmanned Aerial Vehicle) propeller for
his Master of Engineering (Research). The
technique he is researching focuses on reducing
the radiated broadband noise from a small size
propeller (10 inch diameter) operating with a
small chord length (15~30mm) at low Reynolds
numbers. He presented a paper jointly with
KC Wong and D Auld on “Broadband noise
reduction from a mini-UAV propeller through
boundary layer tripping”.

Sascha Merz from the School of Mechanical
and Manufacturing Engineering UNSW. In his
PhD project, Sascha investigates the harmonic
excitation of a submarine hull in the frequency
range up to 100 Hz due to interaction of the
propeller with the wake. Numerical methods
such as the finite element method (FEM) and
the boundary element method (BEM) are used
for modelling the propeller-shafting system,
submarine hull and surrounding fluid medium.
He presented a paper jointly with R Kinns and
N Kessissoglou on “Structural and acoustic
responses of a submarine due to propeller
forces transmitted to the hull via the shaft
and fluid”.

Sebastian Oberst from the School of Aerospace,
Civil and Mechanical Engineering, UNSW
at the Australian Defence Force Academy.
Sebastian’s PhD research is in the thorough
analysis of car brake squeal noise. Analytical
models and more complex structural finite
element (FE) models are developed. Nonlinear
analysis techniques are used in order to shed
light on unknown mechanism in the time
domain and to study the chaotic behaviour
of a brake system. Further, Sebastian is

making use of the boundary element method
(BEM) to investigate the radiation efficiency
of unstable vibration modes. He presented a
paper jointly with J Lai on “New approaches for
understanding the mechanisms of brake squeal”.

QLD Division Awards

The Queensland Division conducts an
educational awards program to encourage and
to support education and research in acoustics
in  Queensland institutions of learning.
Awards are granted on an annual basis in two
divisions, a schools division (Division I) and
a tertiary division (Division II).

The Division 1 Bursary is awarded as part of
the Queensland Science Contest. The 2008
Bursary of $460 was split between two entries.
The 1% prize, of $360, was awarded to Seong
Mook Choi, a Year 12 student at Southport
School for a study entitled “Rubens’ Tube”.
This was an investigation of the standing
wave flame tube, including construction of a
working device for demonstration purposes.
The 2" prize, of $100, was awarded to Andrew
Hastie, a Year 1 student at Albany Creek State
School for his project, “Experimenting with
sound”.

Division I
category 2.

comprises category 1 and

The Category | bursaries are intended to
encourage final year undergraduate or
first year postgraduate research projects in
acoustics or vibration. Two $1500 bursaries
are available, the Acoustic Bursary and
the RJ Hooker Bursary, with the latter
intended to encourage projects conducted
in the context of a professional placement.
The 2008 Acoustic Bursary was awarded
to Sam Hames (University of Queensland,
Mechanical Engineering) at the Queensland
Division Christmas Party on 10 December
2009 for the project “Imaging Laminar Bond
Failures in Aircraft Composite Structures
using Ultrasonic Guided Waves”. The RJ
Hooker Bursary was not awarded in 2008.

The Category Il bursaries (of $150) are
awarded to the most outstanding student in
a four undergraduate acoustics course at a
Queensland university. The 2008 winners
were Justin Thomas (ME3511 Dynamics
and Acoustics at James Cook University),
Michael Warren (MECH3250 Engineering
Acoustics at University of Queensland) and
Michelle Nicolls (AUDL 7800 Acoustics and
Psychoacoustics in Audiology at University
of Queensland). The Category Il bursary for

MMB413 Industrial Noise and Vibrations at
University of Queensland was not awarded
in 2008.

Submissions for the 2009 Division 1 Bursaries
close: 30 March 2009 and application setails
are on the AAS web page www.acoustics.
asn.au

Mecting Reports

Pub Noise

On Tuesday 19th August at NAL, Ray Tumney
and Peter Knowland gave a talk about their
views of how to deal with low frequency
music noise from pubs and clubs and the
current suitability of the LAB criteria.

As most of us know this requires an octave
band assessment outside a premises of 5dB
above background before midnight and 0dB
above background after midnight, with the
additional requirement for inaudibility inside
residences after midnight.

We are all aware of the difficulties of applying
the inaudibility criterion due to the subjective
nature of the test and impracticalities of
obtaining access at inconvenient times, so
the intent of the presentation was to promote
debate about this aspect.

Ray had the opportunity to obtain internal
background noise measurements in “urban”
and “suburban” environments and also
the transmission loss of typical facades. A
common approach to inaudibility is to assume
a 10dB below background as a design intent,
however in areas of low background this noise
level is found to be less than inaudibility
curves presented in ISO documents, hence
the approach tendered by the presenters was
to consider the higher of the ISO curve of
background -10 as the design goal.

My judgement of the audience response was
that the current ISO curves may represent the
inaudibility of the average respondent, but
would not account for the proportion of the
population who are more sensitive to noise.
In addition there were questions raised about
hearing relating to maximum or peak levels
and not L10 or Leq even over short time
periods.

In principle the dual curve approach seems
sensible, however the inaudibility curve needs
to be the right curve which, in line with other
approaches to noise, protects 90% of the
population 90% of the time. Neil Gross
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The acoustics of musical wind
instruments - and of musicians

The Queensland Division Christmas Party
and Technical Meeting was held at The
Wisden Room, Queensland Cricketers Club
Woolloongabba on Wednesday 10 December
2008. The venue overlooks the “Gabba”
(Brisbane Cricket Ground).

The event was attended by 32 members and
guests who were entertained by our guest
speaker for the evening, Prof. Joe Wolfe from
the School of Physics, The University of New
South Wales.

Joe’s presentation “The acoustics of musical
wind instruments - and of musicians™ was very
well received. Joe enthusiastically presented
an interesting and informative technical
presentation, interspersed with practical
demonstrations. The presentation gave some
insight into the influence of the vocal tract in
clarinet or saxophone playing and how it could
be measured experimentally.

Guests were entertained by the recent winner
of the Artemis orchestra competition, Robot
Clarinet, a clarinet playing robot built by a
team from NICTA (National Information and
Communications Technology Australia) and
UNSW Music Acoustics Group. A video of
the robot playing a duet with eminent clarinet
soloist Deborah de Graaff was a highlight
of the presentation. The duet is available at
www.phys.unsw.edu.au/jw/clarinetrobot.html

Following Joe’s presentation, the 2008 Acoustic
Bursary was awarded to Sam Hames (University
of Queensland, Mechanical Engineering) for
the project “Imaging Laminar Bond Failures in
Aircraft Composite Structures using Ultrasonic
Guided Waves”. Michael Warren (MECH3250
Engineering Acoustics), one the recipients of
the Category Il bursaries for 2008 was also
presented with his award.

The event, a great opportunity to socialise and
connect with fellow members, was enjoyed by
all. Colin Speakman

Directivity of Panels
and Openings

The Victoria Division’s third technical meeting
for 2008 was held on April 22 in the RMIT
University City Campus Building # 12 (Physics)
with 22 present. After light refreshments, those
present were taken on a tour of the acoustical
laboratories and the adjacent three reverberation
rooms. This was followed by a technical talk by
John Davy on the subject of “The Directivity of

Panels and Openings”, ending with questions
and discussion.

Of the three reverberation rooms, the largest
(200 m3) is a single room mounted on five
neoprene blocks, each providing a deflection
of around 75 mm. This room needs several
diffusion panels to randomise sound diffusion
at frequencies above 630 Hz. Its maximum
reverberation time, when empty, is 9 seconds.
The other rooms form a pair connected by
an opening for placing specimen partitions
whose transmission loss is to be determined.
The volumes of the transmitting and receiving
rooms are, respectively, 115 and 114 m?.
Flanking transmission around the test specimen
limited the attenuation available to 70 dB until
the cork insulation between these rooms was
removed.

Following this inspection, John Davy spoke
on “The Directivity of Panels and Openings”.
His research into developing a method for
calculating the forced radiation of sound from
panels and panel openings (such as occurs from
the external wall of a room or at the end of a
duct) was prompted by the original question of
how to predict the directivity of sound radiated
from a large flat factory roof, due to machine
noise inside the factory.

The theoretical derivation of the equations
for predicting the directivity and levels of
the radiated sound, and the comparisons of
predicted and measured directivity and levels
were described in detail in 32 PowerPoint
slides shown at the meeting. They have
since been described in papers to the 2008
international acoustics conference, Paris (The
directivity of the forced radiation of sound from
panels and openings including the shadow
zone), and the 2008 AAS national conference,
Geelong, Vic (Comparison of theoretical and
experimental results for the directivity of panels
and openings).

The main equations derived in the theoretical
approach (described in detail in the two papers
cited above) were the total mean square sound
pressure,
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and the predicted observed relative sound
pressure level (in dB),

Lo(6) = 10 log,f 10210 4 10Cmax - L/10}

w(g) {sin[ka(sin 6—sin ¢)]}2d¢

where

¢ = the angle of the incident sound
from the normal to a panel or
opening (of specific value for
direct incident sound or from /2
to -w/2 for reverberant incident
sound),

6 = the angle of the transmitted
sound from the normal, of values
from 7t/2 to -nt/2,

p = the rms sound pressure,

a = the half length of the panel or
opening,

k = the wave number of the sound,

w(¢) = a weighting function
depending on the  sound
absorption coefficient of the
walls of the room containing the
sound source,

p = the density of the fluid,

¢ = the speed of sound in the fluid,

o(¢) = the radiation efficiency into
the fluid of one side of the finite
panel in an infinite baffle, whose

vibration is due to a plane sound
wave incident at an angle ¢ to the

normal of the panel,
Z,,(¢) = the wave impedance of the
finite panel in an infinite baffle to
a plane sound wave incident at an
angle ¢ to the normal of the
panel, ignoring fluid loading,
L, 1S the maximum value of L(6)(in
dB), and
L, = the level of the scattered sound
(in dB), less than L,

max-

When measured directivity and levels of
the sound radiated from a panel or opening
were compared with corresponding values
derived from this theoretical procedure, it was
concluded that

a) the directivity of panels and openings
excited by sound incident from the other
side can be predicted by the theoretical
simulation procedure described,

b) this two dimensional theoretical procedure
agreeswellwithexperimental measurements
with both panels and openings, and

c) the simple diffraction, and angular
weighting procedures work well.

At the close of the meeting, Charles Don
(acting chairman) thanked John for opening
the RMIT acoustics laboratories for this AAS
visit, and for his exposition of the complexities
of the directivity of the sound radiated from
panels and openings, the thanks being carried
by applause from all present. Louis Fouvy
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Risk of Vibration Damage

AAS members of the NSW Division were
treated to a talk by Ray Tumney (Hunter
Acoustics) regarding the risk of damage to
buildings from vibration levels/strain from
construction and blasting activities. The
talk was held at NAL and there was good
attendance from members, but always plenty
of room for more.

The talk presented two case studies (one on
a pipe line and the other a building) where
vibration levels, strain and temperature were
measured by Hunter Acoustics. There were
plenty of graphs and photos to talk about. It
would be fair to say that the presentation quite
convincingly showed that vibration levels
significantly higher than stipulated in any
of the usual referenced Standards resulted
in low levels of strain. Furthermore, the
measured strain due to temperature changes
were significantly higher than those caused
by ground vibration from construction and
blasting activities. This translates to negligible
risks of building damage from typical
construction and blasting activities. Also the
measurement of strain is a better indicate of
the risk of building damage.

It is important to note that the Standards are
extremely conservative. Comments from the
floor revealed that some of our members that
worked in England recall that the Authorities
in England at the time of writing BS7385
asked Consultants “at what measured vibration
levels did they witness damage to buildings?”.
There were no responses, hence the extremely
conservative levels.

Finally, congratulations to the caterers
- | wonder what will be served next time?
Sam Demasi

Acoustical aspects of current
building regulations

The Victoria division’s fourth technical
meeting for 2008, which 18 attended, was held
on Oct-07 in the SKM theatrette, Armadale.
The subject for discussion was “Acoustical
aspects of current building regulations”, led by
Michael Madeira, a building surveyor of the
GC Performance Based Group Four building
consultants. Registered Building surveyors
may now be employed by consulting firms as
well as by municipalities.

Atthis meeting the discussions were concerned
primarily with the occasions on which building
surveyors are required to grant approval for

works to proceed, or for occupancy of the
finished building. Inspections are required of

1. the soil, as suitable for the building
foundations,

2. the base for any in situ pouring of
concrete,

3. the completed building framework, whether
of timber or steel, and

4. the building, upon completion of all
works.

Upon completion of the building works a
‘Certificate of Final Inspection’ is issued,
signifying that the building is now ‘fit for
habitation’. This allows occupancy of the
building, and determines liability periods
concerning the works. This Certificate is
issued after the Building Surveyor is satisfied
that

a) all accounts have been paid,

b) the application for occupancy has been
completed,

c) the registered builder’s statement of
completion has been received,

d) the registered plumber has completed
the Plumbing Compliance Certificate
covering roof, sanitary, and cold and hot
water plumbing, the below ground sewer
and storm water drainage, gas fitting,
mechanical services, and approved solar
hot water and rain water tank systems,

e) the House Energy Rating compliance
report has been prepared, and

f) the registered electrician has prepared
an Electrical Compliance Certificate
(including smoke alarms hard wired in
accordance with AS3786).

That is, building quality can be policed.

Itis at this final inspection that, when noise and
vibration issues have been raised (eg, through
residential or industrial Noise Regulations),
approval of the adequacy of noise and vibration
reduction measures may be granted upon
production of a certificate stating the expected
degree of noise or vibration reduction, or upon
evidence that standard reduction procedures
have been followed. This points to the need
for noise and vibration reduction treatments
to be deliberately taken into account at the
original design stage, and incorporated in the
plans for the new building, not adopted at a
later stage when problems are encountered
after the building work has been completed
and the building occupied. Noise or vibration
reduction treatments are invariably more

costly if adopted at the ‘add-on” or ‘retrofit’
stage instead of in the original design.

At present, there is in Victoria no organized
regulatory acoustical certification process,
and no mandatory requirement that acoustical
performance of a building be checked.
However, compliance checks are possible,
and are done, at the architectural stage of
a building design. Acoustical problems and
questions are normally determined at the
‘Permit to build’ stage, not later.

The acoustical properties of ceilings,
floors and partitions are represented by a
corresponding number, which describes the
attenuation or absorption of an acoustical
treatment.  Such treatments are deemed to
comply with the Building Code of Australia
(BCA) if supported by test results (preferably
from a NATA registered laboratory). Expert
opinions are not necessarily accepted. That
is, treatments are accepted according to their
performance. Builders are responsible when
they have used a recognised acoustical or anti-
vibration treatment.

Several problems were highlighted. Residential
apartments near car-parks are a regular source
of noise complaint. Buildings in aircraft noise
zones cause considerable difficulty. Problems
with noisy garage roller doors are alleviated
when the door mechanism is isolated from the
rest of the building structure. The BCA also
contains anomalies. Why, for example, with
a car-park directly below a dwelling, need
that apartment floor have to comply with an
impact code?

Ultimate liability lies with the Building
Appeals Board, which is authorised to make
determinations in cases of dispute.  The
Board’s current response time is of the order
of one month.

At the conclusion of the discussions, the
Victoria Division chairman, Norm Broner,
moved a vote of thanks to Michael Madeira
for sharing his experiences in this field, a vote
carried with applause. The Division AGM
followed. Louis Fouvy

New Draft Construction
Noise Guidelines

Roger Treagus, Manager of the Noise Strategy
Unit of the DECC gave a presentation on
the Department of Environment and Climate
Change’s (DECC) ‘Draft Construction
Noise Guideline’ to the NSW Division at
a Technical Meeting on 10th September.
The aim of the presentation was to inform
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acoustic consultants about the guideline and
it’s applications. Roger went through the
two main types of assessment methods —
qualitative and quantitative — that would be
used and examples of situations where they
would be applied. Major changes compared
to the existing criteria from Chapter 171 of
the old DECC ‘Environmental Noise Control
Manual’ (ENCM) include the change in the
noise descriptor used. The criteria from the
ENCM referred to the LA10 descriptor, while
the new guideline refers to the LAeq descriptor,
which is in line with those used internationally
and for other assessments such as traffic noise
and industrial noise.  Another significant
change was the assessment of other noise
sensitive receivers, instead of just residential
type receivers as was the case for the previous
assessment method.

One question asked for examples to be
included in the guideline illustrating where
each assessment method would be applicable.

Overall, | consider the guideline to be a big step
in providing a more comprehensive approach
to assessing construction noise compared to the
ENCM criteria. Thisisevidentinthe difference
in size of the two documents — Chapter 171 of
the ENCM was only one page, while the Draft
Construction Noise Guideline is 59 pages.

Michael Chung

Futwne Weetinge

AAS Annual Conference 2009

The 2009 Annual Conference will be held
at the University of Adelaide, which is a
central city location, 23-25 November 2009.
It will be organised by the SA Division
under the Conference Chair Byron Martin.
The theme for the conference is “Research
to Consulting” and papers on the wide range
of topic of acoustics are welcomed and go
through a peer review process. Throughout
the conference there will be a technical
exhibition and also a comprehensive social
program. Deadlines are abstract submission
24 April 2009, paper submission 29 May
and early bird registration fee closes 23 June.
For more information on the conference
follow the links from AAS webpage www.
acoustics.asn.au.For more information see
http://www.aipc2008.com/

EURONOISE 2009

The international city of Edinburgh in
Scotland is the setting, 26-28 October, for the
8th European Conference on Noise Control
organised by the UK Institute of Acoustics on
behalf of the European Acoustics Association.
Edinburgh is an intriguing host city, rich
in history and culture. The conference
will be held at the Edinburgh International
Conference Centre (EICC), which is in the
heart of this dynamic city. With world class
facilities, this is the perfect environment for a
successful event.

The Conference programme will consist of key-
note lectures, invited and contributed papers
in structured parallel sessions, workshops,
and poster presentations. The deadlines are:
abstract submissionby 16 February 2009;
paper submission by 30 June 2009. Further
information on topics and registration from
www.euronoise2009.0rg.uk

ICSV16

The Sixteenth International Congress on
Sound and Vibration (ICSV16), will be held in
Krakow, Poland, 5-9 July, 2009, in cooperation
with the International Union of Theoretical and
Applied Mechanics (IUTAM), the American
Society of Mechanical Engineers International
(ASME International), and the Institution of
Mechanical Engineers (IMechE). The ICSV
series of conferences is a major forum for
presentation of papers in all branches of
acoustics. Abstract submission is available
via the ICSV16 website now with the deadline
31 January 2009 and full papers due 31 March
2009 -

There will be
presented:

seven keynote papers

“Ultrasonic Imaging Using Multitone
Nonlinear Coding”, Andrzej Nowicki, Janusz
Wojcik, Warsaw, Poland

“Transmission and Gearbox Noise and
Vibration Prediction and Control”, Jiri Tuma,
Ostrava, Czech Republic

“State of the Art Beam-forming Software and
Hardware for Applications”, Samir Gerges,
Florianopolis, Brazil, Robert P. Dougherty,
Bellevue, USA

“Approaches for Structure-borne Sound
Source Characterisation”, Bjorn Petersson,
Berlin, Germany

“Acousticand Vibration Exposure and Comfort
inside Urban and Extra-urban Transportation
Systems”, Luigi Maffei, Naples, Italy

“Active Sound Control in Vehicles and in the
Inner Ear”, Steve Elliott, Southampton, UK

“Machinery Diagnostics and Machinery
Health Monitoring”, Bob Randall, Sydney,
Australia

For more information see www.icsv16.org/

INTER-NOISE 2009 and
ACTIVE 2009

The INTER-NOISE 2009 Congress, sponsored
by the International Institute of Noise Control
Engineering (I-INCE) and co-organised by the
Canadian Acoustical Association (CAA) and
the Institute of Noise Control Engineering-
USA, will be held in Ottawa Canada, from
23-26 August 2009. The Congress will feature
a broad range of high-level research papers
from around the world, as well as an extensive
exhibition of noise and vibration control
and measurement equipment and systems.
Distinguished speakers will provide additional
stimulation for our technical sessions and
discussions with a focus on our theme of
“Innovations in Practical Noise Control.”

The 2009 International Symposium on
Active Control of Sound and Vibration
(ACTIVE2009) will be held 20-22 August,
immediately before the INTER-NOISE 2009
congress. The ACTIVE symposia gather
together international experts in active control
of sound and vibration and are held every 2
or 3 years. ACTIVE 2009 will feature five
plenary speakers and three parallel technical
sessions following the plenaries.

INTER-NOISE 2009, and ACTIVE2009,
will be held at the Westin Ottawa Hotel,
which is located in the heart of Canada’s
Nation’s capital close to all major attractions,
Parliament Buildings, National Gallery,
Royal Mint, and more than 12 national
museums, etc.

For both Internoise 2009 and Active 2009,
abstracts are due 23 January 2009, full papers
22 May 2009 and early bird registration
closes 1 June 2009. For information on both
conferences see www.internoise2009.com

WESPAC X

WESPAC X, the 10th Western Pacific
Acoustics Conference, will be held in Beijing,
Chinaon 23-25 September 2009. The Congress
is co-organised by the Acoustical Society
of China (ASC), the Institute of Acoustics,
Chinese Academy of Sciences (IACAS), and
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This is the eleventh in a series of regular items in the lead up to ICA in Sydney in August 2010.

The planning for ICA 2010 is progressing well. The committee welcomes Michael Holmes who has taken up the role
of web and email publicity. This complements the role of promotion and presentations at conferences and events and
will become increasingly important in the coming year to ensure that the information gets the widest distribution. In
parallel with the electronic distribution of information, presentations at related events are important. At the recent In-
ternoise in Shanghai the ICA 2010 was given a booth and the scenes of Australian landscapes and animals were a
draw as usual. This, coupled with the opportunity to make a short presentation in the closing ceremony, meant that
the information about ICA2010 received a good coverage. If anyone knows of an opportunity for promotion of ICA
2010 either using electronic distribution or for posters and flyers etc at a conference or meeting please let me know
(m.burgess@adfa,edu.au) and we will follow it up.

While we are concerned about the effect of the international crises will have on travel to conferences in 2010 we are
buoyed by the good attendance and the high standard of papers at the 2008 AAS conference. The ICA 2010 will incor-
porate the AAS 2010 annual conference and provides the opportunity to showcase the work that is being undertaken in
Australia on such a wide range of acoustics and vibration topics. We encourage all AAS members to put ICA 2010 in their
calendar for 23-27 August as well as recommending attendance to national and international colleagues.

More information on the conference will soon be added to the web page: www.ica2010sydney.org

Marion Burgess, Chair ICA 2010

AAS2009

Australian Acoustics Society National Conference
‘Research to Consulting’ to be held at The University of Adelaide.

23 - 25 November 2009

Abstracts (approx 150 words) are due by 24 April, 2009; See http://www.Acoustics2009.com
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the National Laboratory of Acoustics Chinese
Academy of Sciences.

The Congress will feature a broad range
of high-level technical papers from around
the world. The distinguished lecturers
will present brilliant stimulations for our
technical sessions and some discussions with
a focus on the Congress theme. Meanwhile,
extensive exhibitions of acoustics technology,
measurement instrumentation and equipments,
various social activities will be provided.

Beijing is a world-renowned cultural city
with a long history of over 3000 years as
well as China’s most important center for
international trade and communications. The
Congress will give a unique opportunity to
visit and appreciate the historical relics and
scenic spots within and outside the city.

Information www.wespacx.or

F4575

FASTS AGM and Workshop

On behalf of the AAS, Neville Fletcher
attended the FASTS Workshop, AGM and
Board Meetings held 24-25 November 2008.
and the following is extracted from his report

Workshop The Workshop was nominally on
the Governance of Science but also included
discussions on the future role of FASTS.
The workshop was run by a “facilitator” who
will now prepare a report on proceedings
and conclusions. Matters raised included
the increasing demands of bureaucracy on
the time of senior researchers and the time
wasted on unsuccessful ARC applications.
FASTS was seen as having a continuing
important role, but it was suggested the it
might concentrate a little more on the relation
of FASTS to individual scientific societies and
to individual researchers. It was also noted
with concern that the membership of many
Australian scientific societies was declining,
and there was discussion on their long-term
future.

Elections As a result of a series of secret
ballots, the following people were elected as
FASTS office bearers: president-elect, Cathy
Foley (to take over from Ken Baldwin after
the 2009 AGM); Secretary, Peter Adams;
policy Co-ordinator, Ruth Foxwell; and Early-
career scientist representative, Ben McNeil

FASTS Performance Indicators The
AGM papers contained a summary of the

performance of FASTS during the year as
measured by “indicators” such as attendance
at the Science-Meets-Parliament occasion,
media exposure through press releases,
submissions to Parliamentary inquiries, and
so on. The performance during the year on
all these measures was very impressive. The
AGM made some small alterations to the
wording of the “indicators”.

Science Education There were two special
presentations at the AGM. The first was by the
CEO of the NHMRC. This was informative
but did not provoke much discussion.

The second presentation was by Prof Denis
Goodrum and concerned the just-released
National Science Curriculum: Framing
Paper. This document may be downloaded
from the web site www.ncb.org.au/default.
asp and contains an Appendix with Feedback
Questions. Public consultation is open from
now until 28 February 2009. Members at the
AGM had many criticisms of the paper, such
as the fact that the Board Committee dealing
with it contains only one scientist, all other
members being “educators”. The draft was
also criticised as concentrating too much on
social issues and failing to include adequate
science.

Board Meeting The Board meeting was held
on Monday afternoon and consisted of Cluster
Representatives and Officers of FASTS.
Matters raised in the Workshop and at the
AGM were considered and certain actions
indicated for the Executive. FASTS will
negotiate with Societies to include a FASTS
Newspage in each issue of the Society’s
journal, a payment to be made for this.

Bradley Review of Higher
Education

This important review of Higher Education
has been released and the Government has
indicated that it will respond to the Review
and its recommendations in February 2009.
The review makes 46 recommendations —
some of which will make a real impact on
higher education if implemented (and will
also require significant injections of new
money from the Commonwealth). At its core
is an intent to expand the sector significantly.
This is driven by the already existing COAG
target to halve the proportion of Australians
aged 20- to 64-years without a certificate
level Il and ensure 40 per cent of 25- to
34-year-olds will have attained at least a
bachelor-level qualification by 2020. The
current attainment is 29 per cent.

The Bradley review argues “Australia faces
a critical moment in the history of higher
education. There is an international consensus
that the reach, quality and performance of
a nation’s higher education system will be
key determinants of its economic and social
progress.” Yet Australia is falling behind, it
argues. For example, Australia is 9th out of 30
OECD nations with the proportion of 25 — 34
year olds with higher education qualifications
down from 7th a decade ago. It identifies
many problems within the current system
ranging from declining participation of equity
groups, inefficiencies from micromanagement;
problems of cross subsidisation of research
from teaching particularly international
students, and inadequate student income
support.

The key elements of their recommendations
are:

e Set targets for attainment of higher
education degrees

e Set targets of 20% for low SES
participation (it is currently around 15.5%
and has been since 1991), with significant
funding attached

e Introduction of vouchers to enable an
expanded, demand driven sector (funding
follows students)

e Institutions to enrol as many students as
they wish

e Increase funding for teaching by 10%
(and note that the word is explicitly for
teaching not a general increase for unis to
divert to other functions)

e Better indexation of grants to universities

e Increase funding for regional and rural
institutions

e Some funds to unis to be allocated on
performance

e Tighten the criteria for title of university
and right to offer research degrees

e Increase research funds for research to
better reflect costs and thus halt cross
subsidies from teaching and learning

e States to hand over authority for regulation
to the commonwealth

e Government to establish an independent
national tertiary education regulatory body
to mediate between Govt and institutions

The report is 300 pages long and there is a lot of
detail to assimilate. It can be downloaded from
http://www.deewr.gov.au/highereducation/

Pages/default.aspx
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Infrastructure Grants

The government has announced 11 Research
infrastructure projects totalling $600m over
4 years which will be bought forward (the
funding for this coming from the Education
Innovation Fund — EIF) and includes an
investment of $1.6 billion in University and
TAFE infrastructure. Included in the list of 11
projects is the Macquarie Uni hearing hub to
be awarded $40m over 3 years.

Business expenditure on R&D

Business expenditure on R&D increased for
the eighth consecutive year in 2006/07, to a
total of $12,036 million, according to figures
released by the Australian Bureau of Statistics
(ABS). R&D expenditure in 2006/07 was up
16% in current prices and 11% in real terms
on 2005/6. As a % of GDP, this expenditure
on R&D increased to 1.15% - a record high
although it remains below the OECD average
of 1.56%.

The largest contributors to business R&D by
Industry sector were Manufacturing ($3,780
million or 31% of BERD), Mining ($2,541
million or 21%) and Professional, scientific
and technical services ($2,012 million or
17%).

Further details from www.abs.gov.au/

Boot Review

Springer Handbook
of Acoustics

T.D. Rossing, editor
Springer, 2007, 1182 pp
Includes a CD-ROM
ISBN: 978-0-387-30446-5
elSBN: 0-387-30425
€200 ~ A$380

Acoustics is a broad field: the combined
meeting of the American and European
acoustical societies this year ran for five days,
often with 24 parallel sessions. This handbook
is necessarily broad. The editor, Tom Rossing,
and many of the authors of its 28 chapters will
be known by reputation to many professionals
throughout acoustics.

It is well planned and logically organised: the
fine introduction is followed by 4 chapters
on history, linear acoustics and propagation
in air and water. Then follow three chapters
on physical and nonlinear acoustics, three
on architectural, three on hearing and signal
processing, five on music, speech and
electroacoustics, three on biological and
medical, two on structural and voice and five
grouped as engineering acoustics.

The editing has been good: | noticed no
inconsistencies in notation (though an index
of symbols would have been helpful), the
chapter styles and the figures are surprisingly
consistent. Overall, the figures are excellent
and | congratulate the authors, the editor and
those whose job it was to obtain permissions
from other authors and publishers.

In the chapters where | claim a familiarity, this
book is a good introduction. In the regrettably
many areas of acoustics of which | have only
very limited knowledge, it also appears to be a
good introduction. The word ‘introduction’ is
not to be taken as a criticism: for the subjects
of nearly every chapter, one can find several
specialist books for the expert. One criticism
is that some of the chapters have relatively
few references from the last decade. Against
this, one could say that acoustics overall is a
mature field and that this is an introduction to
the entire field, not a specialist guide to each.

| expect that most readers would, like me,
find this to be a good reference book. It would
make a very comprehensive and approachable
text book at undergraduate or postgraduate
level, if cost were no problem.

Twelve hundred 240 x 190 mm pages make
this a big book, so a prospective buyer
might consider its value on a price per word.
Further, the price includes a CD-ROM of all
chapters, plus some sound files. So, if you
already have a laptop in your bag, you can
avoid the weight of this volume and gain the
advantage of electronic searches. Joe Wolfe

Joe Wolfe is a professor of physics at the
University of New South Wales, where
his research interests are music acoustics
and biophysics. He is one of the editors of
Acoustics Australia.
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2009

4 — 6 January, Cairo
Advanced Materials for Application in
Acoustics and Vibration (AMAAV)

WWW.amaav.org

5 -8 April, Oxford

NOVEM 2009, Noise and Vibration:
Emerging Methods
http://www.isvr.soton.ac.uk/novem2009/
index.htm.

18 — 22 May, Portland

157th Meeting of the Acoustical Society
of America
http://asa.aip.org/meetings.html

24 — 27 May, Zakopane Portland
MARDiH 2009: 9th International
Conference on Active Noise and
Vibration Control Methods,
www.vibrationcontrol.pl

17 — 19 June, Aalborg

3rd International Conference on Wind
Turbine Noise
http://www.windturbinenoise2009.org

21 - 25 June, St. Petersburg
13th International Conference
“Speech and Computer.”
WWW.SPECOM.NW.IU

22 — 26 June, Nafplion

3rd International Conference on
Underwater Acoustic Measurements:
Technologies and Results

www.uam2009.gr

5 -9 July, Krakow

ICSV16: 16th International Congress on
Sound and Vibration.
http://www.icsv16.org

20 — 22 August, Ottawa
ACTIVE2009: The 2009 International
Symposium on Active Control of Sound
and Vibration
http://www.internoise2009.com

23 — 28 August, Ottawa
INTER-NOISE 2009
http://www.internoise2009.com

6 — 10 September, Brighton
Interspeech 2009
http://www.interspeech2009.0rg

23 — 25 September, Beijing
WESPAC X: 10th Western Pacific
Acoustics Conference
WWW.Wespacx.org

23 — 25 September, Xi’an

Pacific Rim Underwater Acoustics
Conference (PRUAC)
Ifh@mail.ioa.ac.cn

26 — 28 October, Edinburgh
EURONOISE 2009

“Action on Noise in Europe”
www.euronoise2009.org.uk

23 — 25 November, Adelaide
AAS Annual Conference
‘Research to Consulting’
WWW.acoustics.as.au

2010

15 - 19 March, Dallas

International Conference on Acoustics,
Speech, and Signal Processing.
http://icassp2010.0rg

27 June — 1 July, Aalborg
14th Conference on Low Frequency
Noise and Vibration.

http://1f2010.0rg/

13 - 16 June, Lisbon
INTER-NOISE 2010
http://www.internoise2010.0rg

23 - 27 August, Sydney
ICA2010
http://www.ica2010sydney.org

26 — 30 September, Makuhari
Interspeech 2010 - ICSLP.
http://www.interspeech2010.0rg

11 — 14 October, San Diego
IEEE 2010 Ultrasonics Symposium.
bpotter@vectron.com

2011

27 June — 1 July, Aalborg
Forum Acusticum 2011
http://www.fa2011.0org

Meeting dates can change so please
ensure you check the www pages.
Meeting Calendars are available on
http://www.icacommission.org/
calendar.html

WNew Wembers

Student
Alireza Moazen Ahmadi (SA)
Angus Leslie (NSW)

Graduate
Kult Heaton (QLD)
Craig O’Sullivan (QLD)

Member

Benjamin Brooks (QLD)
Charles Conrad-Wilson (VIC)
Sinisa Djordjevic (WA)
Emma Plint (QLD)

Subscriber
Simon Law (VIC)

116 - Vol. 36 December (2008) No. 3

Acoustics Australia



Acoustic indoor Monitoring

SV 215 Acoustic Indoor Monitoring
With Unique Remote Control Trigger

SV 215 is a complete system for identifying and measuring nuisance noise with the
unique capability of performing Audio Events Recording (AER). AER is essential for
identification of the related noise source & is accomplished via audio playback.

Features:

¢ Audio Event Recording function with remote manual trigger

¢ Noise source identification

¢ Dynamic range 110 dB Audio-events playback
3HITT s reatiga s e ¢ USB Memory Stick logging capability T H
— — . ¢ Typel CARCHER  AR=E,
I | | eaeenan | | ¢ 3 parallel independent profiles ) ) ) <

¢ 1/1 and 1/3 octave real-time analysis s ' .
| ¢ Time-domain signal recording S 0.0d8
Ll ¢ Advanced automatic trigger function I Avomptie Gaf Contrel
] o X . ™ Synchrenize &ll views

i | Call or visit our website for more details

A Calibrations, Sales, Hire & Service
Ve ACU-VIB Electronics ™ '2%02’3680“.30f!@(0595%%33

Acoustic and Vibration Electronics Website: wiw.acu-vib.com.au

WORALD RECOGRISED
ACCREDITATION

The best acoustic material choices are the best
enviro-friendly choices

NI PGs ST

SOUNDGUARD

he Soundguard flagship range of soundproof-
ing products involves no ozone depleting sub-
stances (ODS) or volatile organic compounds (VOC)
in its composition or manufacture.
So when you choose Wavebar, Quadzero,
& Soundlag, Sorberfoam, Sorberflex,
Sorbertex and their laminates, you
know you are meeting relevant ABGR
and GBCA “green”expectations.
, At the same time, you're getting
the best noise control materials
from a company who knows noise
control.

Asksdforfull technical data. Call 1300 136 662 or visit www.soundguard.com.au
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Data Acquisition systems from
ETMC Technologies

HEIM DATaRec 4

Multichannel, modular data acquisition system.
Allows a multitude of measurement applications,
with low channel count or several thousand inputs.
Interfaces for Voltage, ICP®, Charge, RPM,
Microphone, CAN-bus...others on request.

PROSIG P8004

Small, light, ultra portable,

high quality 24-bit data acquisition system.

Up to 400kS/s per channel sampling;

102 dB dynamic range.

P8012/P8020 are 12 resp. 20 channel versions
with 2 dedicated Tacho inputs.

ETMC Technologies

1/597 Darling Street ROZELLE NSW 2039
Tel: (02) 9555 1225 Fax: (02) 9810 4022 Web: www.etmc.com.au




Less is More

One System Does All - From 2
to 1000+ Channels

Fewer cables, less hardware but more flex-
ibility, that's what you'll experience with
LAN-XI Data Acquisition Hardware.

Make multichannel measurements using
several large rack systems or remove indi-
vidual modules from the rack and get
closer to your test object, replacing long
transducer cables with LAN cables. Simply
put, less up-front investment, faster setup
and better measurement quality.

LAN-XI's “less is more” industrial design
skilfully combines minimalism and style
with practical, down-to-earth, and potent
capabilities:

e Unlimited performance — from 2 to
more than 1000 channels

¢ One system, many solutions — each
module can be used in a rack, as
stand alone or in a distributed system

* One-cable operation — Gigabit LAN,
Power (PoE) and synchronisation
(PTP) through standard LAN cables

e Less downtime — rugged modules cast
in magnesium built for field and lab
use

¢ No overloads — Dyn-X technology
eliminates overloads and under
ranges

e Don't get left behind — PULSE™ and
|-deas compatible

e Less noise —silent, fan-less operation

¢ Intelligent User Feedback — each
input module has a front-panel
display and light indicators

e Less hardware — interchangeable
front panels; choose your own cables

See more benefits on
www. bksv.com/lan-xi

HEADQUARTERS: DK-2850 Naerum - Denmark - Telephone: +45 45 80 05 00
Fax: +45458014 05 - www.bksv.com - info@bksv.com

Briiel & Kjeer Australia:
Suite 2, 6- 10 Talavera Road P.O. Box 349, North Ryde NSW, 2113 Sydney
Tel:+ 61 2 9889 8888 ¢ Fax:+ 61 2 9889 8866 ¢ www.bksv.com.au ¢ auinfo@bksv.com

MELBOURNE: Suite 2, 2 Compark Circuit, Mulgrave, Victoria, 3170 Melbourne
Tel:+ 61 3 9560 7555 Fax:+ 613 9561 6700 ® www.bksv.com.au ¢ auinfo@bksv.com
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