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MESSAGE FROM THE PRESIDENT

MESSAGE FROM THE EDITOR

It is that busy time of the year, with 
Christmas fast approaching, work and 
projects to be completed and holidays 
being planned for the Christmas and 
New Year break. This year has certainly 
passed quickly and I wish to refl ect on 
the recent AAS Annual Conference and 
associated events.

The Queensland Division and their 
sponsors are to be congratulated for their 
very successful conference ‘Acoustics 
2011 – Breaking New Ground’ held in 

Surfers Paradise on 2-4 November 2011. The success was due to 
the number of members, non-members and exhibitors attending; 
quality of and variation of papers; plenary presenters, presenters and 
workshops; the venue and catering; and the organizing committee 
(Matthew Terlich, Ian Hillock, Claire Richardson and Michael 
Caley) and their assistants. The interaction between attendees, 
and the exhibitors at morning, afternoon and lunch break sessions 
was commendable. It was pleasing to see so many younger people 
attending the conference.

Prior to and during these annual conferences the Federal 
Councillors attend their face to face meetings to conduct the offi cial 
business of running the society, in accordance with our articles of 
association and registered companies requirements. On behalf of the 
society I thank the councillors for the preparation, time and effort in 
attending to these duties. It is worthy to highlight several outcomes 
from our recent meetings and these are noted below:
• Colin Speakman: Award of Fellow (see page 121)
• Student Members: Waive of annual membership fee 

(application fee still stands and journals provided via the AAS 
website on-line service)

• STA Membership: Resigned
• Website: Upgrade (sub-committee of Terry McMinn our current 

web manager/registrar, Matthew Stead and Peter Heinze)
If anyone has any suggestions, comments or recommendations, 
regarding our website (look, navigation, contents, etc) would you 
kindly email the above sub-committee who would be only too 
pleased to receive these for consideration in the upgrade.

Also due to the short term highly popular access to the 
current digitized journal articles that were placed on our website,             
www.acoustics.asn.au, in June 2011, the councillors have approved 
our webmaster to complete the digitizing of all journal articles and 
include these on our website. 

It was an honour and pleasure to be part of the awards 
presentation during the congress dinner.  These included:
• AAS Annual Conference President’s Prize awarded to paper 

number 102 titled Modelling the vibrational behaviour of 
composite archery bows by Marianne Rieckmann, John 
Codrington and Ben Cazzolato. Accepted by Ben Cazzolato 
on behalf of Marianne Rieckmann. Thanks to the QLD 

division congress organizing committee for review and 
recommendations.

• AAS Education Grant awarded for further research in 
Calculation of the angular and sensitivity response of an 
underwater acoustic beamforming system by Shane Chambers, 
Ralph James and Alec Duncan. Accepted by Alec Duncan on 
behalf of Shane Chambers. Special thanks to our education 
grant subcommittee of Charles Don and John Davy.

PS. Whilst on this grant topic please note that there is a total of 
$15K available each year and we strongly encourage submissions, 
as multiple grants may be provided across several projects, and not 
necessary the full amount. The application form and details can be 
found at http://www.acoustics.asn.au/joomla/notices.html
• Colin Speakman’s posthumous award of Fellow – I read part 

of his citation that Claire Richardson had prepared, and then  
invited Matthew Terlich and Richard Booker, both personal 
friends, to assist in presenting this award to Colin’s wife Kate 
Niland. 

Unfortunately this year there was no CSR award for Excellence in 
Acoustics, due to lack of submissions. We encourage applications 
from members that have demonstrated innovation from within any 
fi eld of acoustics. The application form can be downloaded from the 
above referenced notices site.

My last comment regarding the conference relates to our AGM. 
It is a necessary legal requirement, and usually dispensed with in 
short time frame given all documents are issued prior to the meeting 
and located on our website. However, disparagingly we had initial 
diffi culty reaching our quorum, surprisingly so when there so many 
members present at the conference. In future, if attending the annual 
conference please assist your federal representatives with this task.

I take this opportunity to welcome Barrisol as a new sustaining 
member of the Society.

The 2012 conference of the Australian Acoustical Society – 
ACOUSTICS 2012: Acoustics, Development and the Environment, 
is well into its planning and will be held in Perth, Western Australia 
from 21 to 23 November 2012. Please make a note in your calendars.

A more recent news highlight, on 29 November 2011, the 
I-INCE Congress Selection Committee offi cially approved 
the Inter-Noise 2014 Congress to be held in Melbourne. 
Congratulations to Norm Broner (Congress President) for the 
bid preparation and Charles Don who presented the bid to the 
congress selection committee. Norm will defi nitely require 
assistance and I trust that the acoustic fraternity, and those 
particularly from the VIC division, will assist him to provide a 
successful international congress.

Along with the federal councillors I take this opportunity to 
wish everyone a safe and enjoyable break over Christmas and New 
Year period and best wishes for 2012.

  Peter Heinze

Yet another year has fl own by. I hope you have enjoyed 
Acoustics Australia this year. I’d like to thank all the authors and 
reviewers who have contributed to the success of the journal. 
I would also like to thank the rest of the editorial team, Marion 
Burgess and Tracy Gowen, as well as the business manager, Leigh 
Wallbank, and the creative director, Louise Fraenkel, for their hard 
work this year. I can now relax for a while as the next issue of the 

journal (April 2012) is being organised by Dr Norm Broner and 
will be a special edition on wind turbine noise. If you would like 
to contribute an article to this edition, please send us your paper by 
the end of January 2012. My best wishes to everyone for the festive 
season and I look forward to your readership in 2012.

Nicole Kessissoglou
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SOUND ABSORPTION CHARACTERISTICS OF A 
SINGLE MICROPERFORATED PANEL ABSORBER 
BACKED BY A POROUS ABSORBENT LAYER
Kimihiro Sakagami1*, Seiji Kobatake1, Ken’ichi Kano1, Masayuki Morimoto1 and Motoki Yairi2
1Dept. of Architecture, Graduate School of Engineering, Kobe University Rokko, Nada, Kobe 657-8501, Japan
*saka@kobe-u.ac.jp
2Kajima Technical Research Inst., Chofu, 182-0036 Tokyo

INTRODUCTION
A microperforated panel (MPP) was proposed by Maa 

[1-4] as a ‘next-generation’ alternative for porous sound 
absorbers which has various problems in health, sanitary 
and environmental aspects. Many studies have since been 
performed on MPPs [5-8]. The basic form of an MPP 
absorber is composed of an MPP and a rigid-back wall with 
an air-back cavity in-between. The microperforations and the 
air cavity form Helmholtz-type resonators. Comparing an 
MPP absorber with the traditional Helmholtz resonators and 
perforated panels (with larger perforations), MPP absorbers 
with microperforations in a very thin panel realise the optimal 
acoustic resistance and reactance. This results in a relatively 
wide sound absorption frequency range of around 2 octaves 
[9-11]. However, even though the sound absorption frequency 
range is much wider than usual resonance-type absorber, MPPs 
are still frequency-selective absorbers and no absorption can 
be expected except for the resonance frequency range.

Considering these circumstances, the authors have been 
trying various attempts to make more wideband sound 
absorbers with MPPs [12-16]. These methods, however, have 
shortcomings. For example, using more leaves than single 
absorbers, the system becomes more complex. Therefore, if it 
is possible to obtain a wider absorption frequency range with 
a simple method, it will be more effi cient both in cost and 
practical aspects.

In this study, the effect of a porous material inserted in the 
back cavity of an MPP sound absorber is investigated. In the 
case of a common perforated panel with larger perforations, the 
acoustic resistance of the perforation is very low. Therefore, in 
order to add resistance and to obtain higher sound absorption, it 
is common practice to place a porous layer behind a perforated 
panel [17] (with larger perforation which is commonly used in 

room interior surfaces). On the contrary, in the case of an MPP, 
the acoustic resistance and reactance are in general already 
optimised. Therefore, additional resistance due to the porous 
layer may cause a too large resistance resulting in lower sound 
absorption. Furthermore, the resonance system may be damped 
by the additional resistance due to porous layer, and resonance-
type absorption can be deteriorated. Porous-layer backed 
perforated panels have been investigated by many previous 
authors. Mechel [18, 19] studied porous-backed perforated 
panels in details, however the perforation considered in his 
studies is much larger than that of an MPP (which is typically 
of diameter and thickness less than 1 mm). The acoustic 
properties and behaviour of a typical perforated panel and an 
MPP are substantially different. 

In the case of an MPP, the effect of the acoustic resistance 
on the peak absorption appears rather soft, and the optimal 
value is not very critical [13]. In other words, when the 
parameters are chosen properly, additional acoustic resistance 
by the porous layer can make the absorption frequency range 
broader without deteriorating the peak absorption.

An MPP is originally proposed as a substituting material 
for porous absorbers, it may seem a contradiction to use a 
porous layer in MPP absorption systems. However, new-type 
porous absorbents with sanitary and environmentally superior 
properties have been recently proposed [20]. In addition, 
in many cases using a porous layer behind an MPP does not 
deteriorate the advantageous design of MPPs. Therefore, using 
a porous layer behind an MPP can be considered to be one of 
the possible alternatives for improving the sound absorption 
performance of MPP sound absorption structures.

In this study, the case of the most basic form of an MPP 
absorber corresponding to a single-leaf MPP backed by a cavity 
and a rigid wall, with a porous layer inserted in the cavity, is 
analysed using a electro-acoustical equivalent circuit model. 

A microperforated panel (MPP) is usually used with an air-back cavity backed by a rigid wall to form a Helmholtz-type 
resonance absorber. In the case of a common perforated panel with larger perforations, a porous absorbent is usually located 
behind the panel to add acoustic resistance for efficient sound absorption. In the case of an MPP, if a porous layer is inserted 
in the cavity, the absorption may be deteriorated by the large acoustic resistance due to the porous absorbent. However, if the 
resistance is suitably adjusted, it is expected that a porous layer can widen the absorption frequency range by the additional 
damping by the porous absorbent. In this study, a single-leaf MPP absorber backed by a rigid-back wall with a porous 
absorbent layer in the cavity is analysed using an electro-acoustical equivalent circuit model and its absorption characteristics 
are discussed through the numerical examples.
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As a preliminary study, the effect of an end-correction of the 
open ends of the perforations is initially investigated. Mechel’s 
work gives a physical insight into this problem for a typical 
traditional perforation panel [18, 19]. However, his work is not 
applicable for MPP cases. Therefore, the end-correction for 
an MPP backed by a porous layer is derived using traditional 
theory [21]. The sound absorption characteristics of the porous-
backed MPP and the possibility of wideband sound absorption 
are discussed through numerical examples.

BASIC ELECTRO-ACOUSTICAL EQUIVALENT 
CIRCUIT ANALYSIS: MAA’S THEORY

Figure 1 shows the model of a single-leaf MPP sound 
absorber backed by a rigid wall and a back-cavity fi lled with 
porous absorbent in-between. The fi gure also shows its electro-
acoustical equivalent circuit model. The MPP has the following 
parameters: thickness t, hole diameter d, perforation ratio p. 
The depth of the back-cavity is D. The normal incidence of a 
plane sound wave of unit amplitude is assumed.

Figure 1. Geometry of a porous layer-backed single MPP absorber 
(left) and its electro-acoustical equivalent circuit model (right)

   The specifi c acoustic impedance of the MPP, Zmpp = r - iωm, 
is derived by the following formulae proposed by Maa [2]. These 
impedances are normalised to the air impedance ρ0c0.

r = K1+ +√
32ƞt

32 t32
K2 d√2

pρ0c0d2
 

(1)

ωm = 1+
9+

1 + 0.85ωt
t

2

d
K2ρc0

√  

(2)

where

K = d
ωρ0
4ƞ√  

(3)

ρ0 is the air density, c0 is the sound speed in air, ω is the angular 
frequency, ƞ is the viscosity of the air (1.789×10-5[Pa.s]).

The impedance of the back-cavity with the depth D is given by 
the following formula with the propagation constant γ (Note that, 
in the case of air back-cavity, γ= - ik0 with k0=ω/c0, and Za=ρ0c0):

Zp = Za coth γD (4)

From these impedances, the total acoustic impedance of the 
equivalent circuit Ztotal is derived, from which the absorption 
coeffi cient of the absorption system α is obtained by                      
α = Re[Ztotal] / [{Re[Ztotal]+1}2+ {Im[Ztotal]}

2].

PRELIMINARY STUDY: END-CORRECTION 
FOR AN MPP BACKED BY A POROUS LAYER

The radiation impedance of the open end of a tube, Zr, 
where the open end is regarded as a piston, is presented. The 
radiation impedance of the piston, Zr, is expressed as follows 
[21]. (Note that Zr is not normalised to the air impedance.)

Zr = Zk
– i kd

8 3π
(kd)2 4

 
(5)

k and Zk are the wavenumber in the surrounding media to 
which the sound is radiated, and its characteristic impedance, 
respectively. 

In the case of radiation to air
The wavenumber of air is k0 and its characteristic impedance 

is ρ0c0. Therefore, the radiation impedance of the open end (to 
the air), Zr(air), is expressed by Eq. (6), by using the acoustic 
resistance rair and reactance ωmair, in the following equation 
(note that Zr(air) is not normalised to the air impedance):

Zr(air) = rair – iωmair (6)

where

8rair =         (k0d)2ρ0c0

 
(7)

ωmair = ρ0c0          k0d
4
3π  

(8)

In the case of radiation to a porous layer
The wavenumber is k1, propagation constant γ, and 

characteristic impedance is Za. The wavenumber and the 
propagation constant have the following relationship:

γ = –ik1 (9)

For the porous layer, the characteristic impedance and 
propagation constant are given by Miki’s formulae [22] with 
its fl ow resistivity. (Note: Za is not normalised to the air 
impedance):

Za = ρ0c0(E1 + iE2) (10)

γ = k0(E3 – iE4) (11)

where

Porous
Layer

MPP
Rigid
Wall

D

c0

~

MPP

r m

Zp
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E1 = 1+0.07
–0.632

R
f

 
(12)

E2 = 0.107
–0.632

R
f

 
(13)

E3 = 0.16
–0.618

R
f

 
(14)

E4 = 1+0.109
–0.618

R
f

 
(15)

The radiation impedance of the open end of a tube to a 
porous layer Zr(porous) is in general expressed by Eq. (16) using 
the acoustic resistance rporous and reactance ωmporous, which 
are obtained by using Eq. (5) with k and Zk of the medium and 
Eqs. (9) to (15) (Note: Zr(porous) is not normalised to the air 
impedance):

Zr(porous) = rporous – iωmporous (16)

where

rporous = ρ0c0 (E1F1 – E2F2) (17)

ωmporous = – ρ0c0 (E1F2 + E2F1) (18)

F1 =        k0d +     (k0d)2(E4
2 – E3

2)4E3 1
3π 8  

(19)

F2 =     (k0d)2 E3E4
 –         k0d

4E41
3π4  

(20)

MPP impedance using the end-correction derived from the 
radiation impedance from the open end

In the case of an MPP backed by air, the MPP impedance Z1 
is expressed using the acoustic resistance r1 and reactance ωm1. 
Replacing the second term in brackets of Eq. (1) and the third 
term in brackets of Eq. (2), which express the end-correction, 
with Eqs. (7) and (8), respectively, results in the following 
equation for the radiation impedance of the open end:

Z1 = r1 - iωm1 (21)

where

r1 =                 1+       +       (k0d)232ƞt K2 1
pρ0c0d2 32 4p√  

(22)

ωm1 = 1+
9+

1 + k0dωt
p 3π

2

1 8
K2ρc0

√  

(23)

For an MPP backed by a porous layer, the MPP impedance 
Z2, with acoustic resistance r2 and reactance ωm2, the end-
correction terms in Eqs. (1) and (2), that is, the second term 
in brackets of Eq. (1) and the third term in brackets of Eq. (2), 
are now replaced by Eqs. (7), (8), (17) and (18), resulting in 
the following equation for the radiation from the open end of 
the tube:

Z2 = r2 – iωm2 (24)

where

r2 =                 1+       +       (k0d)2 +     (E1F1 – E2F2)
32ƞt K2 11

pρ0c0d2 32 p8p√  
(25)

ωm2 = 1+
9+

1 + k0d –     (E1F2 + E2F1)ωt
p p3π

2

1 14
K2ρc0

√  

(26)

COMPARISON BETWEEN MAA’S THEORY 
AND THE PRESENT THEORY

  From the above discussion, two different theories for the end-
correction have been given (for the air-backed case given by Eqs. 
(1) and (2), and for the porous-backed case given by Eqs. (24) to 
(26)). The fi rst theory is the end correction included in the Maa’s 
formulae, and the second theory is the present theory obtained 
from the radiation impedance from the open end of a tube. The 
results from both theories for the case of an MPP backed by the air 
and a porous layer are compared in what follows.

  The aim of the comparisons is twofold: One is to confi rm 
that the two theories give almost the same results in absorption 
coeffi cients for the air-backed case. The other is to observe 
how much difference is caused in the results of the absorption 
coeffi cients for the porous-backed case. For the second 
purpose, fi rst it is needed to confi rm that the results using the 
two theories are in agreement for a certain MPP parameter in 
the air-back case. Then, the results using the two theories are 
compared for the same parameter in the porous-backed case.

The results of the comparison of the two theories in the air-backed 
case are presented in Fig. 2. Typical values are given for the MPP 
parameters. There is a small discrepancy at around the resonance 
peak. However, they show very good agreement in general. 

  As the theory with the radiation impedance is dependent 
on the MPP parameters d and t, it is found that differences may 
occur according to the change in these parameters. However, 
as long as d/t < 1, Maa’s theory and the present theory are in 
fairly good agreement. Therefore, the comparison of the two 
theories in porous- backed case will have to be made within 
this range of the MPP parameters.
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Figure 2. Comparison of the absorption coefficient using the 
impedance derived from the present theory and Maa’s theory in the 
air-backed case: d=t=0.3 mm, p=0.8%, D=50 mm. Thick line: derived 
by the present theory, Eqs. (21) to (23); Thin line: Maa’s theory, Eqs. 
(1) and (2)

Figure 3. Comparison of the absorption coefficient using the 
impedance derived from the present theory and Maa’s theory in 
the porous layer-backed case. d=t=0.3 mm, p=0.8%, D=50 mm,          
R=10 kPa.s.m-1. Thick line: the present theory, Eqs. (24) to (26); Thin 
line: Maa’s theory, Eqs. (1) and (2)

Figure 3 shows the comparison of the two theories in 
the porous-backed case for the same MPP parameters as 
in Fig. 2. In this case, the discrepancies between the two 
theories are slightly larger than those in the air-backed case. 
However, it can be observed that Maa’s theory also offers a 
good approximation for the porous-backed case of an MPP. 
Therefore, in the following section, Mas’s theory is used for 
calculation, through which the absorption characteristics of a 
single-leaf rigid wall-backed MPP with porous absorbent in 
the cavity will be discussed.

NUMERICAL EXAMPLES AND DISCUSSION
In this section, numerical examples of the calculated results 

for the absorption characteristics of single-leaf MPP absorbers 
backed by rigid back-wall and porous layer in-between. In 
the preceding section it was confi rmed that Maa’s theory can 
give reasonable approximation even in the porous-backed 

case, therefore in this section, the calculated results by Maa’s 
theory are presented, and the absorption characteristics of the 
porous-layer backed MPP absorber are discussed through the 
numerical examples.

First, the basic feature of the porous layer-backed MPP is 
shown in comparison with the results for that backed by air-
cavity. Figure 4 compares the typical numerical results for the 
single-leaf MPP absorber with an air-cavity and that with an 
absorbent-cavity.

Figure 4. Comparison of the absorption characteristics of an MPP 
absorber backed by an air cavity (thin line) and that backed by 
a porous absorbent layer (thick line). Hole diameter d=0.3 mm, 
thickness t=0.3mm, perforation ratio p=0.8%, flow resistance of the 
absorbent R=10 kPa.s.m-1 and cavity depth D=50 mm

The results for the case of an MPP backed by an absorbent 
cavity show that, although the peak absorption coeffi cient is 
slightly lower than that for an MPP backed by an air cavity, 
the peak becomes broader and covers a wider frequency 
range. The peaks due to the higher resonance modes at around              
4 kHz and 8 kHz observed in the air-cavity case disappear in 
the absorbent-cavity case. This is because the resonance in 
the cavity is damped by the porous absorbent. Thus, inserting 
a porous absorbent layer in the back cavity makes an MPP 
absorber more wideband.

The above effect of the porous absorbent can be varied with its 
acoustical parameters. In this study, the characteristic impedance 
and propagation constant are given by Miki’s formulae, hence 
the only affecting parameter of the porous absorbent is its 
fl ow resistivity. The effect of the fl ow resistivity of the porous 
absorbent in the cavity of a single MPP absorber is discussed. 
As observed in Fig. 5, the peak becomes broader with increasing 
fl ow resistivity. However, whilst the peak is from 0.9 to 1.0 when 
the fl ow resistivity is from 5 to 20 kPa.s.m-1, the peak value 
gradually decreases if the fl ow resistivity becomes higher, and 
the value becomes as low as around 0.7 when the fl ow resistivity 
is 80 kPa.s.m-1. Therefore, in order to keep the high absorption 
as well as wideband absorption, the fl ow resistivity of the porous 
absorbent should not be too large. In this example, it should be 
lower than 20 kPa.s.m-1. It should be noted that this tendency 
depends on the total acoustic resistance. Therefore, when the 
acoustic resistance of the MPP itself is already optimised, the 
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additional resistance makes the total resistance too large. This 
results in deteriorated absorption performance. Therefore, the 
suitable range of the fl ow resistivity of the porous absorbent, 
which affects the total resistance, should be considered in each 
case of MPP parameter.

Figure 5. Effect of the flow resistance of the porous absorbent layer in the 
back cavity. Flow resistance of the absorbent R= 5 to 80 kPa.s.m-1. Hole 
diameter d=0.3 mm, thickness t=0.3mm, perforation ratio p=0.8% and 
cavity depth D=50 mm.

Figure 6. Effect of the hole diameter of the MPP of a porous layer-
backed single MPP absorber. Thick line: porous layer-backed MPP; 
Thin line: air layer-backed MPP. Hole diameter d=0.1 mm (a), 0.2 mm 
(b), 0.5 mm (c) and 1.0 mm (d). Thickness t=0.3 mm, perforation ratio 
p=0.8%, flow resistance of the absorbent R=10 kPa.s.m-1 and cavity 
depth D=50 mm.

A numerical calculation is now performed to investigate 
how the effect of the porous layer changes with changing MPP 
parameters. Figure 6 shows the effect of the hole diameter 
when the fl ow resistivity of the porous layer is 10 kPa.s.m-1.

When the hole diameter is 0.1 mm, the acoustic resistance 
of the MPP itself is too large which results in low absorption. 
Therefore, the porous layer does not have a signifi cant effect. 
When the hole diameter is 0.2 mm, the absorption coeffi cient 
becomes lower when a porous layer is inserted. This is because 
the total acoustic resistance becomes too large due to the 
additional resistance of the porous layer. On the other hand, 

when the hole diameter is 0.5 and 1.0 mm, the peak becomes 
higher than that with air cavity. The peak also becomes 
wider. Thus, when the acoustic resistance of the MPP itself 
is unsatisfactorily low, the effect of the porous layer becomes 
signifi cant and the absorption performance can be improved.

A similar tendency is observed when the thickness of the 
MPP is varied, that is, the effect of the porous layer becomes 
signifi cant when the thickness is small (with low acoustic 
resistance), as shown in Fig. 7.

Figure 7. Effect of the thickness of the MPP of a porous layer backed 
single MPP absorber. Thick line: porous layer backed MPP; Thin line: 
air layer backed MPP. Thickness t=0.1mm (a), and 1.0 mm (b). Hole 
diameter d=0.3 mm, perforation ratio p=0.8%, flow resistance of the 
absorbent R=10 kPa.s.m-1 and cavity depth D=50 mm.

  A different behaviour is observed when the perforation 
ratio of the MPP is changed. When the perforation ratio is low, 
the typical resonance-type absorption characteristics of an MPP 
can be observed. However, if the perforation ratio exceeds 
1.0%, the acoustic properties of the porous layer inside the 
cavity become dominant to show totally different absorption 
characteristics and which are similar to those of a porous sound 
absorber. As an example for an extreme case, the results for the 
perforation ratio of 5.0% are shown in Fig. 8.
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Figure 8. An example of the absorption characteristics of a porous 
layer backed single MPP absorber with a large perforation ratio. Thick 
line: porous layer backed MPP; Thin line: air layer backed MPP. Hole 
diameter d=0.3 mm, thickness t=0.3 mm, perforation ratio p=5.0%, 
flow resistance of the absorbent R=10 kPa.s.m-1, and cavity depth 
D=50 mm.

CONCLUDING REMARKS
In this study, the effect of the porous absorbent layer in 

the cavity of a single-leaf MPP sound absorber backed by a 
rigid wall is analysed using an electro-acoustical equivalent 
circuit model. The end-correction for an MPP backed by a 
porous layer was derived and compared with Maa’s theory, 
which assumes the end-correction for air-backed case. It was 
observed that Maa’s theory offers a fairly good approximation 
even in porous backed cases. Therefore, in the numerical study, 
Maa’s conventional theory was used for the end correction 
for an MPP backed by a porous layer, through which the 
effect of the porous layer in the cavity was discussed. The 
results showed that inserting a porous absorbent layer in the 
back cavity, the peak value becomes slightly lower, but the 
absorption frequency range can be made wider. However, the 
effect is dependent on the fl ow resistivity of the porous layer. 
Hence it is necessary to choose a suitable value of the fl ow 
resistivity. Also the effect depends on the MPPs parameters 
such as hole diameter, thickness and perforation ratio.
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INTRODUCTION
The size of a room is one of its most basic attributes, and this 

preliminary study examines the perception of room size using 
sound alone. Although it can be argued that the most reliable 
judgement of room size can be arrived at from visual inspection, 
it is also possible to judge the size of a room using auditory 
stimuli, without accompanying visual stimulus [1-5]. This 
involves exciting the room with an appropriate sound source and 
hearing the characteristics of the acoustic refl ections from the 
walls, furnishings etc. Experimental studies eliciting auditory 
room size judgements can provide insight to space perception 
processes of people with a signifi cant visual impairment [1]; 
contribute to the understanding of reverberance in concert halls 
[6]; and extend the understanding of psychoacoustics relating 
to autophonic output [7] (one’s own voice) in rooms [8, 9].

In listening to the sound of a room, the sound source can be 
the listener him/her-self (egocentric stimulus) or there can be 
a sound source physically distinct from the listener (exocentric 
stimulus). The scenarios arising from these exocentric and 
egocentric stimuli constitute exocentric and egocentric tasks, 
respectively. Previously, in mostly exocentric tasks, auditory 
room size perception has been shown to be more strongly 
affected by acoustical parameters (specifi cally the room’s 
reverberation time, source-receiver distance, interaural cross-
correlation and clarity index) than the room’s physical volume 
[10]. 

This paper investigates auditory room size perception in 
an egocentric task, based on an auditory mixed-reality (MR) 
environment, a term consistent with the framework suggested 
by Milgram and Colquhoun [11] for visual MR, as explained 
in the following section.

MIXED-REALITY EXPERIMENTAL 
PROCEDURE

To avoid the complications implicit in conducting in situ 
experiments using different rooms with human participants, 
the experiment described by this paper employed real-time 
virtual room acoustic simulations applied to autophonic 
output, in order to render a MR auditory environment for each 
of the rooms tested, which has been described elsewhere by the 
authors [12]. The stages involved in stimulus preparation are 
briefl y described in the following two sections. The subjective 
test is also described in what follows.

Measurement and processing of room impulse responses 
Binaural impulse responses from the mouth to two ears of 

a head and torso simulator (HATS, Brüel & Kjær Type 4128C) 
were acquired at positions in six real rooms. In each room, 
successive measurements were made over a rotational range of 
-60° to +60° in yaw (by rotating the HATS at 2° increments), 
in a process described in detail by Cabrera et al. [13]. The 
measured oral-binaural room impulse responses (OBRIRs) 
were truncated by removing the fi rst 7.6 ms (comprising the 
direct sound and fi rst-order fl oor refl ection), for the reasons 
identifi ed in the next section. The truncated OBRIRs were then 
subjected to a MATLAB routine to suppress any noise in their 
tail, by multiplying the noise fl oor by an exponential decay 
function that matched the initial noise-free decay rate within 
each octave band.

As a reliability check, one of the rooms was measured in 
two conditions, differing only by the presence of a small curtain 
near the measurement position, leading to a slight change in the 

By listening to the sound of their own voice in a room, a talking-listener receives useful information about the acoustical 
characteristics of the enclosed environment. The information they receive about a specific acoustical characteristic is 
generally supplemented by other sensory, especially visual, stimuli that can influence one’s perception of (and in) these 
environments. One such characteristic is the size of the room perceived through the human auditory apparatus, which can 
be different from the room’s physical size, as well as the visually perceived room size. This paper examines the relationship 
between judgements of the size of a room environment that is based on auditory stimuli, and relevant room acoustic 
parameters; where these judgements may contrast with the objective size as indicated by room acoustic theory. The room size 
judgements were collected from a study conducted in an auditory mixed-reality environment, in which a talking-listener can 
perceive the sound of his/her own voice in the simulated reverberant conditions of real rooms, while physically being in an 
anechoic room. In this study, human participants performed talking tasks, and rated the aurally perceived size of each room. 
The results indicate that the level of the acoustical support provided by the room’s environment (quantified here as room 
gain) accounts for more of the variance in the associated room size judgements than any other predictor.
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acoustical parameters. These two conditions of the same room 
were included in the current experiment to test the variation in 
the room size judgements of essentially the same room, leading 
to a total of seven simulated room conditions. 

Real-time room acoustic simulation system
The measured OBRIRs (as described in the previous 

section) were accessed by a real-time convolver (SIR2 VST 
plugin), hosted in a Max/MSP patch running on a Windows 
platform. The Max/MSP patch allowed rooms to be switched 
in real-time from a selection menu, which would load the 
corresponding OBRIRs for convolution (with no apparent 
delay). The AD/DA converter used was a RME ADI-8 QS 
unit with 48 kHz sampling rate and 32-bit quantization in a 
1-in/2-out confi guration. The electroacoustic latency of this 
system was 7.6 ms, which effectively becomes 0 ms as a result 
of the OBRIR truncation described in the previous section. 
Essentially, as the truncated OBRIRs contain no samples 
corresponding to the direct sound and fi rst fl oor refl ection, 
the system’s output smoothly follows the direct sound and the 
fl oor refl ection; neither of which is simulated because the direct 
sound is already present with the talking-listener’s voice and 
the fl oor refl ections are provided by adding a carpeted wooden 
fl oor to the anechoic room used in the experiment. 

The headset microphone used for vocal input was a DPA 
4066 and the ear-loudspeakers used for playing back the 
convolved output (the room refl ections corresponding to the 
current OBRIR) to a talking-listener were a pair of AKG K1000 
(loudspeakers near the ears, without any circumaural cushion 
or contact with the ears). The receiver unit of the headtracker 
was attached onto the strap of the ear-loudspeakers.

The headset microphone was positioned at a distance of 
7 cm from the centre of lips on the right side of the face. 
This was done to eliminate the detrimental effects associated 
with plosives and fricatives when the microphone is placed 
in the direct air-stream from the mouth opening. A similar 
microphone position has been used in a recent study for 
egocentric sound in rooms [9]. The simulation system gain 
was calibrated by measuring its response (with a loaded 
OBRIR) using a HATS, and gain-adjusting the system 
response so that it matched the original OBRIR.

The presence or absence of the ear-loudspeakers had a 
negligible effect on the octave-band oral-binaural gains for 
microphones (Brüel & Kjær 4101 Binaural Microphone) 
placed at the entrance of each ear canal for fi ve participants 
talking (measured separately), and a HATS (Brüel & Kjær 
4128C) emitting pink noise [12]. The feedback from the 
loudspeakers to the headset microphone was also negligible 
(loop gain < -16 dB) [14]. 

The simulation system’s headtracking (implemented in 
the Max/MSP patch), follows the yaw angle of the talking-
listener’s head, ranging from -40° to +40° (i.e., much, but not 
all, of the measured OBRIR yaw range), and continually selects 
the OBRIR to be convolved with the current vocal input; while 
the real-time convolution system outputs two channels of 
convolved audio that includes the output from the current head 
position combined with the residual audio generated for any 

other previous head positions (which may still be following 
a reverberant decay). This provides an auditory scene that is 
almost the same as the one that would be produced by vocal 
transduction in the measured real room for similar head 
movements.   

Subjective room size judgements
Room size judgements were made by 8 participants (ages 

23-45; 7 male, 1 female; 4 acoustically knowledgeable and 4 
acoustically naïve university students), who were seated on a 
wooden chair placed on a carpeted fl oor in an anechoic chamber 
(with a large wooden board underneath the carpet, as described 
in the previous section). They were given a few sheets of 
printed text with the choice that they were free to either read 
from the text or to use any other speech or vocalisation that 
would enable them to judge the size of the simulated room, with 
typical or more exploratory head movements. The participants 
were tested in the seven room simulations according to a 
random order, with two trials per room: one with headtracking 
turned on and the other with headtracking turned off. They 
gave a room size rating for each trial using a numerical scale 
ranging from 1 (the size of the anechoic room in which the 
talking-listeners were physically present) to 10. This scale was 
merely conceived of as a simple vernacular scale, rather than a 
precise ratio scale.

DATA PROCESSING
The room size judgements of each participant were 

centred (by dividing each rating by their mean rating) so that 
the participants would have equal weight in the analysis of 
combined results. Following centring, the full set of results has 
a mean value of 1, and a standard deviation of 0.33. As the 
room size judgements did not differ signifi cantly between the 
headtracked and non-headtracked trials, the mean value of these 
two trails per participant was used in the following analysis. 
Room size judgements were examined in relation to measures 
of physical room size (volume, V) and to acoustical parameters 
derived from the OBRIRs. The acoustic parameters include the 
following: mid-frequency (500 Hz) reverberation time (RT) 
with an evaluation range from -10 dB to -30 dB (amended from 
the more commonly used -5 dB to -25 dB range, to account for 
the higher gain of the direct sound); room gain (GRG) derived 
from the amended procedure outlined by Pelegrín-Garcia [15], 
which was fi rst proposed by Brunskog et al. [16] as a measure 
of the energy of the room-refl ected sound that the talking-
listener hears (power average of the two ears, expressed in dB); 
clarity index (C50) [1,8,10]; and interaural cross-correlation 
(IACCearly) [10], using 80 ms as the boundary between early 
and late. One distinction in the calculation of the room gain 
values here from the procedure described by Pelegrín-Garcia 
[15] was the duration of direct sound, which in the current 
paper was taken as 7.6 ms and corresponded to the duration of 
the direct sound and fi rst fl oor refl ection of the OBRIR. In the 
case of the room gain, the values presented here corresponded 
to the energy summed over the entire duration of the 0° OBRIR 
starting from 8 ms. The RT, C50 and IACC values were the 
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octave band mean values over the entire headtracking range 
of -40° to +40° yaw as described in Cabrera et al. [17]. Early 
decay time was not calculated because it is not well-defi ned 
for a source very close to a receiver Vest is a quasi-acoustical 
parameter calculated from an empirical function relating room 
volume to reverberation time (RT ≈ 0.26 ln(V) – 0.75) that was 
derived by Shabtai et al. [18]. The subjective room size ratings 
and physical parameters are shown in Table 1.

ANALYSIS AND DISCUSSION
To determine whether there was a variation in the rated 

values of room size with different room conditions, a one-way 
ANOVA was conducted, and the result indicates a signifi cant 
effect (F(6, 49) = 24.63, p < 0.01). As the near-identical stimuli 
(rooms 4 and 5) received very similar size ratings (Table 1), 
this suggests that the participants were consistent in judging 
the size of the same room in two slightly different conditions. 
Condition 5 was excluded from further statistical analysis, 
as its subjective ratings and objective parameters were so 
similar to condition 4. Also, condition 7, which represented the 
autophonic perception in a large reverberant room environment 
(a recital hall) was identifi ed as an outlier and consequently 
not included in further statistical analysis. In the following 
analysis, room number 6 in Table 1 will be referred to as room 
number 5. 

Following these changes in the data, correlation analysis 
showed that none of the parameters are signifi cantly correlated 
with the physical room volume (p < 0.05). However, considering 
these non-signifi cant correlations for their polarity, a negative 
sign of the correlation coeffi cient (r) indicates that as the room 
volume increases, GRG decreases (R = -0.31, p = 0.30), and 
vice-versa; whereas a positive sign indicates that as the room 
volume increases, C50  (R = 0.49, p = 0.20) and IACC increase  
(R = 0.59, p = 0.14), and vice-versa. These signs are at least 
partly consistent with expectations from room acoustics theory 
in that a greater diffuse fi eld strength is expected in smaller 
rooms (leading to increased GRG, and reduced IACC); and the 

expected relationship between C50 and room size is more subtle 
(see [19]). As an important design feature in this study, it is 
noteworthy that there is no correlation between reverberation 
time and room volume for the selection of rooms (R = 0.01), 
although a positive correlation might be expected for a wider 
selection of rooms (as represented by Vest, following [18]).

On the other hand, the room size judgements are signifi cantly 
correlated with all the parameters that are listed in Table 1, except 
the room’s physical volume and IACCearly. Figure 1 shows the 
linear regression model (R2=0.99, F=220.6, p<0.001) that was 
yielded by room gain as the independent (predictor) variable, 
which can be expressed as

Predicted room size = 0.17 + 0.68  GRG (1)

Compared to GRG, the linear regression models using RT 
(R2=0.76, F=13.73, p<0.05), C50 (R2=0.68, F=9.51, p=0.05), 
and Vest (R

2=0.84, F=22.68, p<0.05) as the predictors accounted 
for lesser variance in the room size judgement values and 
lower F values.   

In recent research, higher room gain values have been shown 
to be important in providing greater vocal comfort and lesser vocal 
effort for talking-listeners, and vice-versa [16, 20]. The results of 
the present research are consistent with these fi ndings, with respect 
to a negative correlation of physical room volume with room 
gain, as the strength of the reverberant fi eld in a smaller room 
is generally higher than bigger rooms. Hence, from an objective 
perspective, room gain values could serve as an important 
component in the prediction of the room’s size. However, the 
positive correlation of the subjective room size responses with 
the room gain values, modelled in equation (1) is interesting, as 
it points towards a conjecture that the strength of the reverberant 
fi eld in the current experiments was used as an indicator of its 
reverberance (and that greater reverberance was interpreted as an 
indicator of greater room size). This conjecture is partly based on 
the post-experiment interview with the participants, who reported 
using the reverberation of the rooms as an indicator of their size. 
Note that the effectiveness of room gain as a predictor in the 

Room Rated Size V(m3) RT(s) GRG(dB) C50(dB) IACCearly Vest(m3) 

1 (3) 0.91 125 0.60 1.05 11.8 0.25 179 

2 (6) 0.76 152 0.35 0.81 18.3 0.26 68 

3 (7) 0.70 170 0.40 0.83 20.7 0.21 83 

4 (8) 1.25 188 0.90 1.59 11.6 0.21 570 

5 1.27 188 0.90 1.54 12.5 0.23 570 

6 (10) 0.63 310 0.50 0.68 20.5 0.54 122 

7 (11) 1.48 7650 1.70 0.29 31.6 0.54 12370 

Table 1. The data used for the statistical analysis. The rooms are numbered from 1-7 with a bracketed number showing their index in the paper by 
Cabrera et al. [17], which characterised the rooms used in this paper in detail. The next columns consecutively show the mean rated room sizes; 
volumes; mid-frequency reverberation times; early room gains; clarity index; early IACC values; estimated volumes from the linear regression 
model described by Shabtai et al. [18] Rooms 4 and 5 were the same room measured in two slightly different conditions, but only room 4 is 
characterized in Cabrera et al. [17]
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present study might be infl uenced by the zero correlation between 
reverberation time and room volume.

Future research should focus on studying the interaction between 
the strength and temporal aspects of reverberant sound fi elds 
with respect to auditory room size judgements, where these two 
parameters are manipulated within rooms of fi xed volumes. Similar 
to the present study, where the reverberation times of the rooms were 
uncorrelated with their volumes, various levels of correlation between 
these parameters may be included as a design feature. 

As the room size judgements from the headtracked and 
non-headtracked trials were not signifi cantly different, it 
poses a question regarding the usefulness of headtracking in a 
simulation based room size perception tasks. In a recent study 
using the same room acoustical simulation system, it was shown 
that headtracking was detectable by fi ve participants in an ABX 
task, where the threshold for correct detection was set to be just 
above chance (0.6) [21]. A study with more participants would 
be required to address the issue of incorporating headtracking 
in the present simulation for room size perception task (and 
perhaps similar tasks).

Figure 1. (a) The room size judgements by the participants, as a 
function of room gains Table 1, where the rooms are numbered 1-5 
in an ascending order of their physical volume. Room number 5 
corresponds to room number 6 in Table 1, due to the changes explained 
in the beginning of the current section. (b) The regression model for 
predicting perceived room size from room gain (GRG). B and SE B 
represent the unstandardised coefficients and their standard error, 
respectively. β represents the standardized coefficient which gives the 
number of standard deviations the outcome (predicted room size) will 
change as a result of one standard deviation in the predictor (GRG).

There is also scope for improving the experimental design 
of the current study, by including simulated room conditions 
with a more uniform scale in terms of their physical size and 
variety in terms of their purpose (e.g., residential rooms). A 
method more robust than magnitude estimation (e.g., paired-
comparison, or photograph-matching [22]) could be employed 
to validate the fi ndings of this study. 

CONCLUSIONS
The work described in this paper shows something of the 

potential of a real-time simulation system for autophonic room 
acoustics studies involving human participants. The fi ndings 
of the experiment point to a possible difference between the 
perception of room size and physical acoustic correlates of 
room volume, which raises questions for future study.
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THE EFFECT OF SEABED PROPERTIES ON THE 
RECEIVE BEAM PATTERN OF A HYDROPHONE 
LOCATED ON THE SEAFLOOR
Miles J.G. Parsons and Alec J. Duncan
Centre for Marine Science and Technology, Curtin University, GPO Box U1987, Perth, WA 6845, Australia

INTRODUCTION
Underwater noise levels have increased signifi cantly over 

the last few decades and the implications for marine fauna are 
far reaching [1-3]. Measurement and modelling of ambient noise 
and the source levels of biological and anthropogenic sounds are 
now conducted on a regular basis to evaluate impacts of sound 
on behaviour and hearing of animals, monitor movements of 
vocalising species and observe any reactions to environmental 
infl uences such as temperature and salinity [4-7].  

The propagation of underwater sound is complex and 
dependent on numerous variables, such as source and receiver 
position, water depth, temperature and salinity profi les, multi-
path interference and seabed acoustic properties [8]. 

For ease of long-term recording, and to reduce fl ow noise, 
hydrophones are often positioned on, or near, the seabed [9]. 
However, the combination of direct, refl ected and head waves 
(waves that travel through the seabed and re-radiate into the 
water column) affect the receive beam pattern of the hydrophone. 
It is therefore not possible to assume that, in this position, a 
hydrophone is omni-directional and it is necessary to model 
the receive beam pattern to accurately understand the recorded 
sound pressure levels. Numerical acoustic propagation models 
automatically incorporate this effect, so it is of little consequence 
in situations where the positions of the source and receiver are 
known, information about the acoustic properties of the seabed 
is available, and it is practical to numerically calculate the 
transmission loss between source and receiver [10].  However, 
in bioacoustic experiments it is often the case that the source 
position, and particularly its height above the seabed, is unknown, 
and the seabed properties are only known approximately [11]. It 
is therefore important that this phenomenon be understood so 
that appropriate bounds can be put on source levels estimated 
from these experiments.

There has been little work done to estimate the effects of 
differing seabeds on the effective receive beam pattern of a 
hydrophone in close-proximity to the seafl oor. The aim of this 
study was therefore to model the likely vertical plane receive 
pattern of a hydrophone on four typical seabeds found in waters 
around Australia. The impacts these receive patterns would have 
on estimates of range and source level were also investigated

METHODS
If the incident sound is a plane wave of amplitude  p0, then 

it is straightforward to show that the received pressure at a 
hydrophone a height h above the seabed is given by:

p = p0(1 + ℜ(Ɵ)exp(2ikh sin Ɵ)) (1)

where ℜ(Ɵ) is the complex plane-wave pressure refl ection 
coeffi cient, k is the acoustic wavenumber, and Ɵ is the grazing 
angle (the angle between the wave vector and the plane of the 
seabed).  (A time dependence of exp(‒iωt) has been assumed.)

A number of computer programs exist that are capable 
of calculating the pressure refl ection coeffi cient of a seabed 
consisting of an arbitrary number of fl uid and elastic layers, 
so this leads to a simple method of calculating an equivalent 
vertical plane beam pattern, which is given by:

b(Ɵ) = — = 1 + ℜ(Ɵ)exp(2ikh sin Ɵ)p0
p  (2)

In the limiting case of a hydrophone much closer to the seabed 
than the acoustic wavelength, kh << 1 and

b(Ɵ) ≈ 1 + ℜ(Ɵ) (3)

The results of plane wave refl ection coeffi cient and phase for 

Multi-path interference is often considered when modelling propagation of underwater sounds from source to receiver. 
When close to, or on the seabed, a hydrophone receives the direct and bottom reflected signals at nearly identical times. 
The resulting interference leads to an effective receive beam pattern that depends not only on source and receiver position 
and water depth, but also on the seabed characteristics, which affect the phase and magnitude of the reflection coefficient. 
Numerical acoustic propagation models account for this phenomenon automatically, however; it is important that it be taken 
into account when received signals are used to carry out simple calculations of source levels of nearby sources based on 
spherical spreading. Australian waters lie above seabeds of greatly differing acoustic properties. Compressional and shear 
sound speeds and absorption properties for four bottom types (basalt, calcarenite, sand and silt) were used to model the 
effective receive beam pattern of a hydrophone located on the seafloor. Modelling was carried out for all four seabeds as well 
as a seabed comprising differing thicknesses of sand over a calcarenite half space. The effects of the resulting receive beam 
pattern on estimations of source levels and locations are discussed.
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each seabed presented in this paper were calculated using 
the plane wave refl ection coeffi cient calculation program 
BOUNCE [12] via the AcTUP user interface [13].

Brekovskikh and Lysanov [14] deal in detail with seabed 
refl ections of sound from point sources and show that in many 
practical cases the plane wave assumption is invalid as it 
ignores important transmission paths, particularly the head or 
lateral wave that enters the seabed at some distance from the 
receiver and propagates along the interface while re-radiating 
into the water column, and the Scholte wave, which is a low-
speed wave that propagates along the interface between a 
fl uid and an elastic medium. To account for these effects a 
numerical modelling approach was used to calculate the beam 
pattern as a function of both grazing angle and slant range for a 
hydrophone positioned 1 cm above the seabed. This was done 
by using the fast-fi eld program, SCOOTER [12] to calculate the 
transmission losses between a source on the seabed and a grid 
of receiver locations spanning the desired horizontal ranges 
and grazing angles. This is a very effi cient calculation and 
the principle of acoustic reciprocity ensures that transmission 
losses calculated in this way are the same as those between a 
grid of sources and a single receiver on the seabed [15]. Sea 
surface refl ections were reduced to negligible levels by making 
the water depth 1000m. Once the transmission loss grid was 
calculated it was converted to an equivalent beam pattern by 
expressing each value as a pressure ratio and multiplying by 

the corresponding slant range between the source and receiver. 
Finally, these values were binned onto a uniform grazing angle.  

A limitation of this method is that SCOOTER uses an 
exponential approximation to the Hankel function that is invalid 
at horizontal separations between the source and receiver that 
are less than a wavelength. This placed an upper limit on the 
maximum grazing angle at which beam pattern values for a 
given range could be calculated. Another assumption is that 
the direct, refl ected and head waves all arrive within a time 
difference much less than the source signal duration, so that 
that the signals travelling via these different paths overlap. 

Results obtained using SCOOTER were verifi ed for both 
fl uid and elastic half space seabeds by comparison to beam 
patterns obtained using the numerical integration approach 
outlined in Appendix A. The two approaches were found to 
agree to better than 0.5 dB.

The plane wave refl ection coeffi cient method (Equation 
(3)), and the method based on SCOOTER were implemented 
for a number of seabed types, the acoustic properties of which 
are shown in Table 1. A comparison between the magnitudes 
and phases of their refl ection coeffi cients is given in Figure 1. 
This fi gure illustrates the refl ection coeffi cients for the seabeds 
with frequency independent refl ection coeffi cients (left plots) 
and the refl ection coeffi cients at three different frequencies for 
a 1 m layer of sand over a calcarenite substrate (right plots). 
The four chosen seabeds offer an example of a solid with shear 

Table 1: Seabed acoustic data used in propagation modelling. Acoustic characteristics are taken from Hamilton [16] and Jensen et al. [17].

Seabed Density (kgm-3)
Compressional 

wave speed (ms-1)

Compressional wave 
attenuation (dB per 

wavelength)
Shear wave 
speed (ms-1)

Shear wave 
attenuation (dB 
per wavelength)

Basalt 2700 5250 0.1 2500 0.2
Calcerenite 2400 2800 0.1 1400 0.2

Sand 2034 1836 0.7 n/a n/a
Silt 1740 1575 1 n/a n/a

Figure 1: Reflection coefficient (top) and phase (bottom) with grazing angle for basalt, calcarenite, sand and silt half space seabeds (continuous thin, 
dashed thin, continuous thick and dashed thick lines, respectively in the left plot). Reflection coefficient and phase for a seabed comprising 1 m of 
sand over calcarenite at 100, 350 and 500 Hz (continuous, dashed and dotted lines, respectively, in the right hand plot). All values determined using 
the plane wave reflection coefficient calculation program, BOUNCE.
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speed faster than the water column sound speed (basalt), a 
solid with shear speed slower than that of the water column 
sound speed (calcarenite) and two seabeds for which the shear 
effects are small and considered negligible for the purposes of 
this paper (sand and silt).

The analysis in Appendix B shows that for a hydrophone 
on the seabed, a frequency independent refl ection coeffi cient 
leads to an effective beam pattern that is a function of range 
normalised by wavelength, rather than depending independently 
on these two parameters. The basalt, calcarenite, sand and silt 
half space seabeds have this property.

RESULTS
The results calculated using these models broadly illustrate 

the differences in receive beam pattern of bottom located 
hydrophones due to the acoustic properties of varying seabeds. 
In most cases the magnitude of the beam pattern varies between 
-5 and +5 dB. However, under certain conditions of grazing 

angle, range and seabed characteristics, the received level can 
be up to 10 dB greater than that expected if there was no seabed 
refl ection.

Figure 2 illustrates the variation in receive beam pattern 
for a hydrophone sitting on the four different seabeds, each 
modelled as a homogeneous half space. The far-fi eld result 
was calculated using the plane wave refl ection coeffi cient 
and Equation (3), whereas the other results were calculated 
using the numerical modelling method based on SCOOTER 
described above. The response for each half space was 
frequency independent, but range dependent, with more 
variation with range shown by the basalt and calcarenite 
seabeds than the sand and silt seabeds, which do not support 
shear waves (Figure 2, thick lines compared with thin lines). 
There was signifi cant change in both the magnitude and angle 
of sidelobes in the basalt beam pattern with increased range 
(Figure 2, thin continuous lines). By comparison, the silt and 
sand receive patterns varied very little with range.

Figure 2: Hyrophone receive beam pattern for basalt (thin continuous line), calcarenite (thin dashed line), sand (thick continuous line) and silt 
(thick dashed line), for 3, 4, 8 and 12 wavelengths range (top left, top right, middle left and middle right, respectively) and the far field (bottom) as 
determined by the method using SCOOTER.
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Figure 3: Hydrophone receive beam pattern for 1 wavelength of sand 
over calcerenite at ranges of 1 wavelength (thick continuous line), 
10 wavelengths (thick dashed line), 100 wavelengths (thick grey 
dashed line) and the far field (thick black dotted line) as determined 
by method using SCOOTER.

Figure 4: Hydrophone receive beam pattern for bare calcarenite (thick 
continuous line), then a layer of 0.5 m (thin dashed), 1 m (thick grey 
continuous line) and 2 m (thick grey dashed line) of sand above calcarenite 
for 100, 350 and 500 Hz (top, middle and bottom, respectively) at 3 
wavelengths range, as determined by the method using SCOOTER.

Figure 3 illustrates the beam pattern for a hydrophone on a 
1 wavelength thick layer of sand over a calcarenite substrate at 
500 Hz, for different ranges (also normalised by wavelength). 
This shows how the pattern changes from the response at 1 
wavelength range (Figure 3, thick continuous line) until by 100 
wavelengths range (thin dashed line) it is very similar to the 
far-fi eld,  plane wave response (thin continuous line).

As the thickness of a layer of sand above a calcarenite half 
space is increased the beam pattern varies signifi cantly (Figure 
4, compare the different lines on each plot). At high grazing 
angles, near the normal to the seabed, the hydrophone response 
decreases with increasing thickness of sand layer, however, at 
lower grazing angles the response increases (Figure 4). The 
increased sand thickness has greater effect on the changes in 
beam pattern at the higher frequencies (Figure 4, compare the 
top plot for 100 Hz, with the bottom plot for 500 Hz). 

The variation of response with range and angle from the 
hydrophone can be seen in Figure 5. This comparison between 
the responses for basalt (top image) and sand (bottom image) 
highlights not only the differences in complexity of beam 
patterns which can occur, but also the considerable variation 
in magnitude of response. At small grazing angles and ranges 
of 15-20 wavelengths a basalt seabed may display a relative 
response of 15 dB, while at the same angle the hydrophone 
located on sand would exhibit a response nearly 25 dB lower 
at -10 dB.

Figure 5: Relative hydrophone response as a function of source 
location at 500 Hz for basalt (top) and sand (bottom), as determined 
by the method using SCOOTER.
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DISCUSSION
This study has shown that the receive beam pattern of a bottom 

located hydrophone can vary signifi cantly with range, angle and 
frequency, with some seabeds displaying a maximum variation 
of over 10 dB. The variation in response for a given angle, range 
and frequency for two different seabed types can be as high as 
25 dB. The implications for ground truthing modelled received 
levels and estimating the source level of underwater sounds 
are signifi cant. For example, one method of localising marine 
animals is to use the relative received energy from multiple 
hydrophones [11]. If the estimated received levels do not account 
for variation in the received beam pattern, the uncertainty in the 
location of the animal can increase dramatically.

Figure 6: Relative intensity of receive beam pattern of a hydrophone 
located on silt seabed with range (inset, top left) with a magnification 
ranging between 0 and 5 wavelengths range. Black crosses mark the 
range of a call by a mulloway (Argyrosomus japonicus), as reported 
by Parsons et al. [19, 21].

A simple application of the effects of variations in the receive 
pattern can be seen in Figure 6. Mulloway (Argyrosomus 
japonicus) are a vocal species of fi sh and frequently found 
producing sounds in the Swan River, Western Australia while 
spawning [5, 18].  Parsons et al. [19] ranged calls of mulloway 
from a single hydrophone. Over 24 calls the fi sh was positioned 
at various ranges, between 1.6 and 18 m from the hydrophone. 
As calls of an individual fi sh are often considered to be 
comparatively constant [5, 20], the sound pressure levels of 
each ranged call could be considered to be a relative estimate of 
range. However, as the fi sh moved towards and away from the 
hydrophone it passed through different areas of the receive beam 
pattern. The inset in Figure 6 shows the response with range for 
a hydrophone located on a silt seabed similar to that of Mosman 
Bay, in the Swan River Western Australia, where the recordings 
of A. japonicus took place. The larger image magnifi es a small 
section of this beam pattern for up to 5 and 3 wavelengths range 
on the x and y axes respectively. Parsons et al. [21] ranged 
the fi sh between approximately 0.3 and 4 wavelengths range 
in the x-direction and it was estimated to maintain an altitude 
of approximately 0.3 wavelengths or less above the riverbed, 
during the recording (shown by the Xs in Figure 6). These 
positions occurred across regions of the receive pattern which 
varied in response between 1.5 and 2.5 dB.  

In the described case the receive pattern would have a 
comparatively minor effect on the received levels, producing 
an over estimate in source level of only 1-2 dB. However, 
with more refl ective seabeds which support shear waves it 
is easy to see how a lack of understanding of the effective 
hydrophone receive pattern could lead to signifi cant under-, or 
overestimates of the source level. This variation is an important 
factor, especially when assessing the environmental impacts of 
anthropogenic noise.
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APPENDIX A

Numerical integration computation of the effective beam 
pattern of a hydrophone located on a half space seabed

To verify the results obtained using the method detailed in 
the body of this paper, an alternative numerical approach was 
developed, based on the integral transform methods described 
in Jensen et al. [17], chapters 2 and 4.  This approach is outlined 
here.

The acoustic fi eld due to a source in a horizontally stratifi ed 
fl uid medium can be represented by

ψ(r , z) = ∫
−∞ 
∞  SωGω(kr,z,zs)H0

(1)(krr)krdkr  (A1)

where z and zs are respectively the vertical positions of the 
receiver and source, r is horizontal range, kr is the horizontal 
wavenumber, Sω is the wavenumber spectrum of the source, 
and ψ is the displacement potential. Gω is the solution of the 
corresponding depth equation which, for a fl uid medium of 
constant density, is

+ (k2 − kr
2) Gω(kr,z,zs) =

d2 δ(z − zs)
2πdz2  (A2)

Here k is the acoustic wavenumber and a time dependence 
of exp(−iωt) has been assumed.  For an elastic medium the 
result involves the sum of compressional wave and shear wave 
potentials, each of which satisfi es equations analogous to (A1) 
and (A2).

The case of interest here is for a uniform fl uid water column 
of infi nite depth, sound speed c1 and density ρ1 over an infi nite 
elastic seabed with compressional wave speed cp2, shear 

speed cs2 and density ρ2.  The z coordinate is taken as positive 
downwards, with z = 0 at the seabed.  For this case the Greens 
function in the water column, Gω1, is given by:

Gω1(kr,z,zs) = A1 exp(− ikz1z) −
exp(− ikz1|z − zs|)

4πikz1

 (A3)

where kz1 = √k1
2 – kr

2 and k1 = ω/c1 is the acoustic wavenumber.  
The second term in Equation (A3) represents the signal coming 
directly from the source whereas the fi rst term is the signal 
refl ected from the seabed.

The compressional wave and shear wave Greens functions 
in the seabed are given respectively by:

Gωp2 (kr,z,zs) = A2 exp(ikz2 z) (A4)

Gωs2 (kr,z,zs) = B2 exp(iкz2 z) (A5)

with kz2 = √k2
2 – kr

2, кz2 = √к2
2 – кr

2, k2 = ω/cp2 and к2 = ω/cs2.
The constants A1, A2 and B2 are determined from the 

boundary conditions at the seabed interface which require 
continuity of vertical stress and vertical displacement, and 
vanishing horizontal stress.

An expression for the displacement potential can then be 
obtained by solving for A1, substituting the result back into 
Equation (A3), Sω =

− 4π
ρω2 , which corresponds to a point source 

with unit pressure amplitude at 1 m, and evaluating Equation 
(A1).  Making use of the relationship between pressure and 
displacement potential, p = ρω2ψ, then leads to the following 
expression for the received pressure at the seabed (z = 0):

p(r,0) =       ∫
−∞ 
∞  (1+ℜ(kr))                   H0

(1)(krr)krdkr
i
2

exp(ikz1zs)
kz1

 (A6)

Here ℜ(kr) is the plane wave refl ection coeffi cient, which is 
given by

ℜ(kr) =
T1 – T2
T1 + T2 

(A7)

where T1 = ρ2kz1 {(2kr
2 – k2

2)2 + 4kr
2kz2кz2}, T2 = ρ1kz2к2

4.

The effective beam pattern is obtained by referring the 
received pressure back to a distance of 1m from the source 
assuming spherical spreading, giving 

b(r,zs) = R|p(r,0)| 

           
= R|      ∫

−∞ 
∞ (1+ℜ(kr))                   H0

(1)(krr)krdkr
i
2

exp(ikz1zs)
kz1

| (A8)

where R = √r2 + zs
2 is the slant range between source and 

receiver. Note that the integration range in Equation (A8) 
includes the evanescent region where |kr|>|k1| and kz1 is 
imaginary. It is important that this region is included when 
numerically evaluating Equation (A8) because Scholte 
interface waves, which decay exponentially either side of the 



112 - Vol. 39 December (2011) No. 3                                                                                                        Acoustics Australia

interface, occur in the evanescent region and are an important 
contributor to the received fi eld when the source and receiver 
are both close to the seabed.

Brekhovskikh and Lysanov [14] (p. 88) give an exact integral 
formula for the refl ected wave from a point source over a fl uid 
seabed. For the limiting case of a receiver on the seabed, their 
result is identical to Equation (A6), but with 1+ℜ(kr) replaced by 
ℜ(kr) (because only the refl ected wave is considered, whereas 
Equation (A6) gives the total fi eld) and Equation (A7) replaced by 
an appropriate expression for the plane wave refl ection coeffi cient 
of a fl uid-fl uid interface. They go on to derive analytic formulae 
for the received signal in terms of geometrically refl ected and 
lateral waves, however their derivation requires assumptions that 
are invalid for a receiver located on the seabed, so for the case of 
interest here it is necessary to proceed by numerical integration of 
Equation (A8). This was achieved using the extended midpoint 
rule (Press et. al. [22]), with the integration step being progressively 
reduced until convergence was obtained.

APPENDIX B 

Invariance of the effective beampattern for constant range/
wavelength ratios

The frequency dependence of Equation (A8) can be made 
explicit by changing the integration variable to u = kr / ω, and 
making use of the relation k1=ω/c1, leading to:

b(r,zs) = R|p(r,0)| 

           
= ω R|      ∫

−∞ 
∞ (1+ℜ(ωu))                   H0

(1)(uωr)udu|i
2

exp(ivωzs)
v

 (B1)

where v = √      – u21
c1

2 .

With these defi nitions u and v are independent of range 
and frequency. Using Equation (A7) it is straightforward to 
show that ℜ(ωu) is independent of ω for an elastic half space 
seabed. This is true for a seabed without attenuation, but also 
for a seabed with attenuation that is proportional to frequency. 
The effects of attenuation can be included in the usual way by 
making the compressional and shear wave speeds, and hence   
k2 and к2 complex (Jensen et. al. [17], pp 33-34).  

If ωR is held constant, then for the same beam angle, ωr and 
ωzs will also be constant, and the effective beam pattern computed 
by (B1) is invariant. The acoustic wavelength in the water column 
is given by λ = 2πc1 / ω, so the effective beam pattern will be 
unchanged with changes in frequency if r / λ is held constant.

Note that this invariance requires the hydrophone to be 
on the seabed, and the seabed refl ection coeffi cient to be 
independent of frequency. It is not generally the case for a 
hydrophone located above the seabed or for a more complicated 
seabed with a frequency dependent refl ection coeffi cient.

The level of background noise affects both the intensity of 
fl avour and the perceived crunchiness of foods, researchers have 
found. Blindfolded diners assessed the sweetness, saltiness, and 
crunchiness, as well as the overall fl avour, of foods as they were 
played white noise. Louder noise reduced the reported sweetness 
or saltiness, and increased the impression of crunchiness. The 
research is reported in the industry journal Food Quality and 
Preference.

It may go some way to explaining why airline food is 
notoriously bland, a phenomenon that drives airline catering 
companies to season their foods heavily. Researchers from 
the Unilever Research and Development laboratories in the 
Netherlands and the University of Manchester, UK, say that 
there is a general opinion that airline foods are less than fantastic. 
Airlines do their best, but the researchers wondered if there were 
other reasons why the food would not be so good. One thought 
was that perhaps the background noise had some impact. NASA 
gave their space explorers very strong-tasting foods, because for 
some reason they could not food very strongly. Again, perhaps 
the background noise was affecting their perception. There was 
no previous research on this, so the team started to investigate 
whether the hunch was correct.

In a comparatively small study, 48 participants were fed 
sweet foods such as biscuits, or salty ones such as crisps, while 
listening to silence or noise through headphones. They then rated 
the intensity of the fl avours, and rated their liking of the foods 
presented. In noisier settings, foods were rated less salty or sweet 
than they were in the absence of background noise, but were rated 
to be more crunchy. The evidence points to the effect being down 

to where the person’s attention was focused. If the background 
noise was loud it might draw your attention, and thus away from 
the food.

Also in the group’s fi ndings there is the suggestion that the 
overall satisfaction with the food was correlated with the degree 
to which diners liked what they were hearing, and this is a fi nding 
the researchers are pursuing in further experiments.

In the words of the experimenters (from the School of 
Psychological Sciences, University of Manchester, UK, and 
Unilever Research and Development, Vlaardingen, Netherlands), 
they investigated the effects of auditory background noise on the 
perception of gustatory food properties (sugar level, salt level), 
food crunchiness and food liking. Participants blindly consumed 
different foods whilst passively listening to either no sound, or 
quiet or loud background white noise. The foods were then rated 
in terms of sweetness, saltiness and liking (experiment 1) or in 
terms of overall fl avour, crunchiness and liking (experiment 2). 
Reported sweetness and saltiness was signifi cantly lower in the 
loud compared with the quiet sound conditions, but crunchiness 
was reported to be more intense. This suggests that food properties 
unrelated to sound (sweetness, saltiness) and those conveyed via 
auditory channels (crunchiness) are differentially affected by 
background noise. A relationship between ratings of the liking of 
background noise and ratings of the liking of the food was also 
found in experiment 2. It was concluded that background sound 
unrelated to food diminishes gustatory food properties (saltiness, 
sweetness) which is suggestive of a cross-modal contrasting or 
attentional effect, whilst enhancing food crunchiness.

BACKGROUND NOISE AFFECTS THE TASTE OF FOODS
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INTRODUCTION
Electronic, level-dependent hearing protectors designed 

for use in areas with occasional high level impulsive noise, 
have been recommended and readily available on the 
market for many years (Berger: 2000). With the inclusion of 
‘environmental’ microphones that allow the immediate work 
environment of the wearer to be clearly monitored (‘sound-
restoration ear-muffs’ (ISO/TR 4869-4)) and the inclusion of 
radio communication connectivity in many devices through 
the development of improved technology, there should be an 
increasing use of these devices seen at workplaces. However 
from anecdotal evidence this does not seem to be the case.

Having previously seen the successful use of this type of 
hearing protectors in a diffi cult work environment, such as 
fi ring ranges (Williams 2011), the authors decided to see if uses 
could be extended to similar workplaces. That is workplaces 
where intermittent loud noise, continuous and/or impulsive, is 
interspersed with periods of lower noise and where for safety 
purposes good communication must be maintained. One area 
where these characteristics are common is with traffi c control 
personnel who are responsible for maintaining smooth and safe 
traffi c fl ow in and around large civil construction sites. 

METHOD
Participants were recruited from amongst individuals 

who work for a company which contracts to supply trained, 
experienced operators responsible for traffi c fl ow and control 
on or around various active, large construction or work sites. In 
total there were 12 full participants, ten males, one female and 
one undeclared, the average age of the ten who supplied their 
age was 48 years with an age range of 21 to 63 years. Ethical 
approval was provided by the Australian Hearing Human 
Research Ethics Committee.

Participants were asked to wear a 350 dBadge Personal 
Sound Exposure Meter (a dosimeter) manufactured by Casella, 
UK, for at least one typical work shift during participation in 
order to ascertain what could be considered a typical day’s 

noise exposure level (LAeq,8h) for the traffi c control tasks 
carried out. All measurements were carried out in accordance 
with the relevant sections of AS/NZS 1269.1 (2005).

The work group from which the participants were drawn 
undergo regular workplace health and safety training and tool-
box talks including the use and application of hearing protectors. 
Participants were supplied with a well-known brand of 
electronic, level dependent, sound-restoration, communication 
earmuffs. The sound level from the internal earphones in these 
ear muffs was variable, according to the desires of the user, but 
capped to an upper limit of 82 dB, A-weighted, sound pressure 
level, for both audio input from a radio or environmental 
sound from external microphones mounted on the ear-cups. 
The passive attenuation of the devices was appropriate for the 
situation meeting the requirements of international standards 
(ISO 4869) with an SNR of 31 dB.

Participants were rostered for working in and around large 
civil construction sites where there was an intermingling of 
construction activity such as: road construction machinery; 
excavation equipment; and pavement breaking and cutting 
operations; together with traffi c movement from heavy 
vehicles, cars, trucks and buses.

Individuals were encouraged to use the hearing protectors as 
often as possible during the trial between March and July 2011 
particularly while wearing the dosimeter. At the conclusion 
participants were requested to fi ll out a questionnaire (see the 
Appendix) that had been developed during previous such trials 
(Williams 2011). 

Data and statistical analyses were carried out using the 
commercial statistical package Statistica® by StatSoft Pacifi c.

RESULTS AND DISCUSSION

Dosimetry results
Satisfactory noise exposure readings were only available 

from three dosimeters for the duration of the day’s ‘noisy’ 
work. The mean LAeq,8h was 81 dB with exposures ranging 
from 78 dB to 84 dB. These are below the LAeq,8h exposure 

Constant, clear radio and voice communication is of crucial importance in safe working conditions for traffic controllers. 
The provision of electronic, level dependent, sound-restoration ear muffs would seem to offer an ideal solution to a working 
environment where the daily noise exposure is below the regulated level but frequently experiences periods of high 
continuous and impulsive noise. This report shows that careful thought and good consultation with the intended users must 
occur before these devices are introduced and accepted into the workplace
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standard for noise of 85 dB for any Australian jurisdiction. 
Within the working day noise levels for individual events (LAeq) 
varied between lows of around 65 dB to highs of around 95 dB 
– the dosimeters recorded one minute LAeqs for a minimum of 
seven hours. The maximum LCpeaks recorded were around the 
135 dB, just below the peak exposure standard for noise of 
140 dB. While these levels do not exceed the regulated levels 
they do not represent ‘safe’ levels under the recommendations 
of the WHO (1980) (LAeq,8h less than 75 dB) but rather a level 
of acceptable risk.

Periodic exposures to such high noise at levels less than 
the exposure standard are capable of producing auditory 
fatigue and/or temporary threshold shift (TTS) (Sataloff and 
Sataloff 1987). For workers responsible for the safe movement 
of traffi c in and around large work areas communication is 
very important whether by radio or face-to-face (Robinson 
and Casali 2000). For this reason the use of a level-dependent, 
sound-restoration, communication noise-excluding headset, 
such as those supplied during this project, would seem to 
offer an advantage over uncovered ears. The results from the 
applied questionnaire (see Appendix) indicate that this was 
not necessarily the case for both groups who self-reported a 
hearing loss and those who did not.

Questionnaire results
Twelve completed questionnaires were received from the 

participants. Analysis of the four hearing health and hearing 
protector use questions were:

QUESTION YES NO
Do you think you have a hearing loss? 6 6
Do family/close friends ever say 
they think you have a hearing loss? 3 9

Do you have trouble hearing 
conversation in background noise? 6 6

Do you ever experience tinnitus 
(ringing/buzzing in ears)? 6 6

Do you like wearing hearing 
Protectors? 5 7

What is your preferred style of 
hearing protector?

Plugs 
(4)

Muffs 
(8)

Except for the specifi c points discussed below there 
were no statistically signifi cant differences with respect to 
questionnaire responses at the p = 0.05 level, between those 
who self-reported a hearing loss and those who did not.

Analysis showed that there were statistically signifi cant 
positive correlations (p < 0.05) between increasing age and: 
self-reported hearing loss; self-reported tinnitus; family and 
close friends reporting that they thought that the individual 
may have a hearing loss; and the dislike of wearing hearing 
protectors. There was also a signifi cant difference with feelings 
of stress. In general most people felt stressed when wearing 
hearing protectors however, those who self-reported a hearing 
loss felt more stressed when wearing hearing protectors than 

those with no self-reported loss (p = 0.016). Those who self-
reported no hearing loss felt less stressed when wearing the 
earmuffs under trial than those who self-reported a loss - 
indicated by a lower ordinate value in Figure 1. Self-reported 
hearing loss has been shown to be a reliable indicator of a 
measurable loss (Williams and Purdy 2008) with individuals 
who self-report showing an average measured loss of 26 dB.

Figure 1. This graph shows a statistically significant difference 
(p = 0.016) between the self-reported stress of those individuals 
who self-reported a hearing loss (y) and no hearing loss (n). A 
lower score implies higher stress.

In general, on the negative side, the results from the 
questionnaire survey showed that the traffi c controllers do not 
like wearing hearing protectors and fi nd them uncomfortable 
to wear even for short periods. They also fi nd that hearing 
protectors put excess pressure on their ears; increase feelings 
of isolation; interfere with some work tasks; and are a bit of a 
hassle to carry and wear. Those with a self-reported hearing 
loss felt more isolated while wearing the issued protectors 
than those without a self-reported loss and they also found it 
harder to converse with others. On the positive side the issued 
protectors: were easy to fi t and use; facilitated talking to others 
while eliminating unwanted noise; made it a bit easier to hear 
wanted sounds; and facilitated talking to others.

The response to the question on the percentage of wear time 
while what the user thought was ‘loud noise’ varied widely 
with a mean of 33% and a standard deviation of 18%. The wear 
time on a typical work day was estimated to average around 55 
minutes with a standard deviation of 74 minutes.  

GENERAL
The main outcome of the project was that the traffi c 

controllers did not like using the communication, level-
dependent sound-restoration ear muffs supplied. It was 
expected, as has been observed in other workplaces (Williams 
et al. 2002; Rabinowitz et al. 2007), that individuals may 
not necessarily be favourably disposed to wearing hearing 
protectors in workplaces where the noise levels are considered 
by workers to be relatively ‘low’, 80 dB for example, when 
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compared to areas where noise levels would be considered 
high, such as 95 to 100 dB. However it was anticipated that 
the issued hearing protectors would be more acceptable given 
that they had external microphones to enhance situational 
awareness. They also had inbuilt radio communication and 
some included Bluetooth® connectivity. These apparent 
advantages were not of suffi cient advantage to encourage users 
to substantially increase their wear time.

Hearing protector use has also been observed to be 
underutilised in ‘low noise’ work environments, as in the 
case of the current trial, where exposure levels are at or 
below the regulated level of 85 dB (Rabinowitz et al. 2007). 
Rabinowitz reported that in areas of low or intermittent loud 
noise where the use of hearing protectors can interfere with 
communication users are more likely to remove or be reluctant 
to use hearing protectors in preference for what they perceive 
as better communication. Users in high noise areas where 
noise exposure is perceived as a greater hazard tend to be more 
conscientious with the use of hearing protectors.

Previous experience with workplaces involving high level 
impulse noise exposure from fi rearm training, showed that 
similar electronic, level dependent, sound restoration hearing 
protectors were well accepted (Williams 2011). The advantages 
of level dependent, environmental microphones and radio and 
Bluetooth® communication apparently did not outweigh the 
perceived disadvantages of wearing the headset in the ‘noise’ 
environment of the traffi c controllers. The implication here, 
being that from the perspective of the wearer the advantages 
offered through the use of the hearing protector need to be 
greater than the disadvantages for the devices to be willingly 
worn. 

The limitations of the outcomes of this study arise mainly 
from the diffi culty of recruiting and maintaining active 
participants. Thus the relatively small number of participants 
does restrict the wider interpretation of the results.

CONCLUSION
This trial revealed that electronic, level-dependent sound-

restoration hearing protectors that have application and 
acceptance in particular workplaces may not necessarily be 
useful in all workplaces even if conditions may appear similar. 
It would seem that the advantages from using such devices 
must outweigh the disadvantages and that careful thought and 
consultation with the users must occur before their introduction 
to the workplace.
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APPENDIX

Electronic hearing protector questionnaire
Date:    Age:   
Gender:   Job:   
Typical duties:

1) Do you think you have a hearing loss? Y/N

2) Do family/close friends ever say they think you have a 
hearing loss? Y/N

3) Do you have trouble hearing conversation in background 
noise? Y/N

4) Do you ever experience tinnitus (ringing/buzzing in ears)?  Y/N

5) Do you like using Hearing Protectors? Y/N

6) If  NO why?

7) What is your preferred style of hearing protectors? 
Plugs or Muffs?
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8) What percentage of the time you are exposed to loud noise 
would you wear hearing protectors?  0______________100%

9) About how long you generally wear hearing protectors 
each day when you work?      0- ½ hour         ½-1hr
1-2hrs         2-3hrs         3-4 hours         4+ hours

10) Do you have any comments or suggestions about hearing 
protectors?  (e.g if you could design the “perfect” HP, what 
would it be like?)

11) What is your opinion of the ‘electronic’ hearing protectors 
you used?

� Tick the box representing your thoughts about your protectors

No
Don’t 
know Yes

a) They are comfortable to wear for up to 1 hour �� � � � �

b) They cut out unwanted noise � � � � �

c) They are easy to put on/fit properly � � � � �

d) It is a hassle to carry/wear them � � � � �

e) I am less stressed at work when I wear them � � � � �

f) I need to make lots of adjustments while I am 
wearing them � � � � �

g) They allow me to concentrate better at work � � � � �

h) They are time consuming to fit/adjust � � � � �

i) They put a lot of pressure on my ears � � � � �

j) They interfere with face-to-face communication � � � � �

k) They help me to hear the sounds I want to hear � � � � �

l) I feel isolated from co-workers when  I wear them � � � � �

m) They interfere with my work tasks � � � � �

n) It is easier to talk with others when I wear them � � � � �

p) They are easy to use � � � � �

q) They are comfortable to wear all day � � � � �
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GROWING ROLE OF PLANNING PANELS
In NSW and other states there is increasing use of specialist 

panels to determine applications for larger scale development 
proposals. Primary examples in NSW are the Planning 
Assessment Commission (PAC) and Joint Regional Planning 
Panels (JRPPs). These are technical bodies designed to make 
merit based decisions on the facts, including consideration 
of community views. Such panels are typically composed of 
experienced professionals, often town planners and public 
administrators, sometimes assisted by specialist advisors such 
as acousticians.

This paper provides guidance on preparing reports for and 
making presentations to such planning panels.

OUTLINE OF ASSESSMENT PROCESS
Applications for large development proposals are made 

to either local councils or state planning agencies. These 
organisations arrange for the exhibition of the application 
and receipt of submissions from interested parties. They are 
then assessed by the council or departmental planners with 
advice from internal and external technical bodies such as 
those dealing with pollution, traffi c or ecology. The planners 
interact with panels at various points commencing with a pre-
assessment briefi ng where issues requiring particular attention 
in the assessment are identifi ed.

Following exhibition and receipt of submissions from the public 
and advice from specialist agencies, the planners prepare their 
assessment reports with a recommendation on how the application 
should be determined - approval with conditions, deferral or refusal.

There are a number of points in the application preparation 
and assessment process where technical specialists, like 
acousticians, should be involved. The fi rst is a pre-application 
meeting where the proposal is explained in conceptual terms to 
the assessing planners. Here it is important to explain whether 
or not noise is likely to be a signifi cant issue. If noise is likely to 
be a signifi cant issue, then the major noise sources, potentially 
affected receptors and planned background monitoring locations 
should all be explained. The aim is to get at least in principle 
agreement on the methodology. Once the application is 
suffi ciently advanced to determine the likely noise levels that 
receptors will experience, a further meeting with the assessing 
planners is desirable to explain potential impacts and how 
they will be controlled. Again, an in-principle response on the 
acceptability of these controls and impacts should be sought.

The overall goal during the preparation and assessment 
process should be to establish open communication with the 
assessors so that a clear understanding of requirements and likely 
responses can be obtained. Too often, the fi rst time acousticians 
interact with assessors directly is after the latter’s report and 
recommendation has been prepared. If the recommendation is 
for refusal it is diffi cult to change this as the application may 
require amendments which would need further assessment as 
they are unlikely to be accepted at face value.

PREPARING CLEAR NOISE REPORTS
Acousticians often seem to assume that their primary 

audiences - planners and affected persons - have a technical 
understanding of noise issues. In my experience this is unwise; 
town planners are must consider and evaluate a very wide range 
of policy and technical matters and it is unrealistic to expect 
them to be expert in them all. A related point is that assessment 
reports are often voluminous describing the application, 
regulatory context, submissions received and conclusions on 
all relevant matters. Thus, to be effective, noise reports must 
be clear and concise.

Given the above what does a good noise report look like? It 
would have two main sections. The fi rst provides an overview 
of the development proposal, its setting, mitigation measures 
and residual noise impacts to provide readers with a general 
understanding without getting lost in technical detail. The 
specifi c things covered are:

• the setting - what the area is like now prior to the 
development occurring;

• the proposed development and its noise emissions;
• the receivers: where they are and what they do;
• factors affecting transmission of noise between source 

and receivers;
• noise levels received and their acceptability;
• the need for, type and likely effectiveness of mitigation 

measures; and
• a conclusion – how the noise climate will change as a 

result of the development.

The second section provides technical details. Descriptions 
and tables of background noise measurements, and the 
conditions under which they were recorded. The same for noise 
emissions or, if they were not measured, how they were derived, 
how accurate they are and can they be independently verifi ed. 
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assessment and prediction of noise 
exposure and air pollutant impact. 
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A S S O C I A T E S&

Details of the modelling used to simulate noise transmission 
to receivers - what assumptions were used about key variables 
and how accurate are the estimates likely to be at receiver 
locations?  The mitigation measures proposed – are they well 
proven or novel? Is there a need for post-commissioning 
verifi cation. And, fi nally, what is the predicted impact - will 
the mitigated noise be noticeable or imperceptible?

The key point is to keep these two parts of the report separate. 
The fi rst outlines the overall picture while the second gives all 
the technical detail. Two often these aspects are combined and 
readers soon become lost in pages of table about background 
noise, noise emissions, meteorology and the like. Acousticians 
might like to remember that most readers are unlikely to warm 
to pages of numbers dealing with unfamiliar terms such as dBs, 
sound power levels, logarithmic scales, temperature inversions 
and atmospheric stability classes.

APPEARING AT PANEL HEARINGS
To be effective in making your case two things are essential:
• being concise and sticking to the issues- your time 

will normally be limited (and if its not chances are the 
panel members have stopped listening!); and

• being reasonable and balanced by acknowledging the 
concerns of objectors even if you feel their technical 
basis is weak and never personalise responses - ‘he 
clearly doesn’t understand’ or ‘he is being unrealistic’.

A good approach is to identify the issues, run through them 
identifying points of difference between you and other experts 
and conclude with your fi ndings are technically more robust. 
A fi nal point is to talk to the panel and use graphic aids if they 
assist. For any communication to be effective any speaker must 
know who their audience is and address their interests.

CONCLUSIONS
All specialists, not only acousticians, should be mindful 

that panels deal with a wide range of issues in virtually every 
application. As such, if the fi ndings of your noise report are 
buried within a mass of technical information there is a real 
risk that they will be lost. Ensuring you provide an overview 
of the whole story; what a noise environment is like now, what 
change a development will bring, how it will be mitigated and 
the acceptability of the result is essential. In presentations, 
defi ne the issues, explain your points of difference and give a 
professional opinion on the acceptability of the outcome. Keep 
the sharing of complex tables of numbers to your acoustical 
colleagues!

Ease Training in Australia
27 February 2012

Empire Theatre, Toowoomba
Wesleyan Church Venue

Outline:
Starts with basic model construction of the Wesleyan Church itself and 
possibly one other, advanced features and techniques added, closing 
holes, short cuts, scattering coeffi cients etc. Progress through modelling in 
Sketchup and Autocad. Loudspeaker selection, placement and mapping.

Advanced analysis techniques - Auralisation, Aura Response derivation of 
Impulse Responses - export to Easera.

Final day fi nishes with measurement and analysis module using Easera & SysTune.

Registration & other details at www.scientifi c-acoustics.com.au



Acoustics Australia                                                                                                      Vol. 39  December (2011) No. 3  - 119

PHYSCLIPS: A MULTIMEDIA, MULTI-LEVEL 
INTRODUCTION TO MECHANICS, WAVES AND 
SOUND
Joe Wolfe, George Hatsidimitris and John Smith
School of Physics, The University of New South Wales, Sydney NSW 2052, J.Wolfe@unsw.edu.au

Technical Note
Note: Technical notes are aimed at promoting discussion. The views expressed are not 
necessarily those of the editors or the Australian Acoustical Society. Contributions are not 
formally peer-reviewed.

Physclips is a web-based learning, teaching and reference 
resource in introductory physics. It is aimed at levels from 
senior high school to early university. The volume Waves and 
Sound has recently been completed and added to the volume 
Mechanics. Together, these present an introduction to acoustics 
and vibration, with resources for students and teachers.

The volume on Waves and Sound contains chapters on 
oscillation, travelling waves, sound, the Doppler effect, 
quantifying sound, interference and standing waves. The last 
chapter, called Human Sound, introduces speech and hearing.

While the content is fairly standard for introductory physics, 
the platform is not. We have constructed it using multimedia 

Figure 1. This screen grab from section 5.1 is from a clip demonstrating the Doppler effect using a piezo buzzer mounted on either a bicycle or a 
fixed stand. Three sections of the sound track are expanded to show the period for stationary, approaching and receding source. Below the main 
screen is a list of the html support pages and, below that, the top of the directory of downloads.
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and hyperlinks, aiming to make it highly fl exible and easily 
navigable, so that each learner can construct a learning path 
that suits his/her needs and abilities, so that teachers can 
readily fi nd and download fi lm clips and animations for use in 
lessons and so that elements can be readily found for revision 
or reference.

Each chapter in Physclips covers much the same material as 
does a chapter in a traditional text book. Each Physclips chapter 
has a rich multimedia tutorial, which gives an overview and a 
logical development of the material, and which includes fi lm 
clips of key experiments and demonstrations. The fi lm clips are 
central to our philosophy: physics is an experimental science 
and a fi lm clip shows the real situation, not an idealisation. Film 
clips are, however, often combined with or complemented by 
animations. 

The tutorials are brief—typically ten minutes in length—
but information-rich. For this reason, pauses with 'click to 
continue' buttons are included, and each screen has a scroll bar 
to allow repeats. Navigation is facilitated by icons below the 
scroll bar (see Fig 1).

Rigour and breadth are maintained, without interrupting 
the fl ow of the tutorials, by including hyperlinks that branch 
to a series of html pages that give deeper and broader material 
as well as sections that introduce calculus, vectors and other 
needed materials.

Figure 2. This home experiment, from the chapter Oscillations, uses a 
cable tie to investigate cantilever resonance. Scissors vary its length. 
It is driven by a downloadable signal generator, an audio amplifier, a 
loudspeaker and a disposable cup.

Other pages present simple experiments that may 
be performed using only readily available and/or cheap 
components, plus a computer and in some cases software 
developed for the project (see Fig 2).

The fi lm clips and animations from each chapter are 
available for download, either separately or compressed into 
one folder, for teachers to use directly in lessons.

For many students, what is diffi cult about physics is 
also what makes it such a powerful discipline: the process 
of seeing, in a real world problem, the relevant principles 
and variables, then quantifying and analysing them. For 
this reason, the combination of fi lm clip and animation is a 
powerful pedagogical tool: animations superimposed on fi lm 
clips can show abstractions such as force, phasors, energy, etc; 
quantities that the expert 'sees' with the mind's eye. These then 
allow the beginner to experience an expert view of a physical 
situation. 

The layout and presentation of Physclips is consistent 
with and guided by evidence-based guidelines in the fi eld 
of multimedia learning with respect to principles known 
in that fi eld as modality, segmentation, spatial contiguity, 
personalisation and signalling [1]. The collaborative design 
process between educator and designer is further moderated 
by user-feedback [2]. We describe its construction elsewhere 
in more detail [3].

Physclips and its components have won several international 
awards. Elements of it are used in lessons at Harvard and MIT, 
but also in outback Australia and Africa. It is also proving 
popular: typically a few thousand different users access 
Physclips every day. Because each user usually downloads a 
few dozen fi les, the hit rate is in the tens of thousands per day. 
Physclips is at www.animations.physics.unsw.edu.au.

REFERENCES
[1] Mayer, R. 2008 Research-Based Principles for Learning with 

Animation, In R.K. Lowe & W. Schnotz (Eds.), Learning with 
animation. Research implications for design (pp. 30-48). New 
York: Cambridge University Press.

[2] Hatsidimitris, G. and Wolfe, J. (2009) "Intuition, evidence-
based guidelines and user feedback in multimedia teaching: 
The Physclips project" In Same places, different spaces. 
Proceedings ascilite Auckland 2009 (pp. 447-451). 

[3] G. Hatsidimitris and J. Wolfe. (2011) "Building an on-line 
learning resource, from inception to dissemination" Proc. 
World Conference on E-Learning in Corporate, Government, 
Healthcare, and Higher Education 2011 (pp. 185-187). 
Chesapeake, VA: AACE.
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NEWS

Inter-Noise 2014 in Melbourne 
It’s now official! The Victoria Division will 
be hosting Inter-Noise 2014 from 17-19 
November 2014. So get your thinking caps 
on and start planning to be there and present 
a paper. Contact the Congress President, 
Norm Broner, if you would like to help on the 
Technical Committee. The location will be the 
Melbourne Convention and Exhibition Centre 
near the scenic Southbank. 

Special issue of Acoustics Australia 
on wind turbine noise
As a result of a very successful session 
on wind turbine noise and a well attended 
workshop on wind turbine and low frequency 
noise at the recent AAS Annual Conference 
on the Gold Coast, Norm Broner is organising 
a special edition of the Acoustics Australia 
journal on wind turbine noise. The topics to 
be covered include: criteria for low frequency 
noise and wind turbines; annoyance and 
health effects due to low frequency noise and 
wind turbines; Australian Standard, SA and 
NZ guidelines; wind turbine and farm sound 
power measurement. 
If you would like to contribute either a paper or a 
technical note to this special issue, please contact 
Norm at nbroner@globalskm.com. Articles are 
required by the end of January 2012. 

Posthumous Fellowship 
for Colin Speakman
Colin Speakman has been posthumously 
awarded the Grade of Fellow of the Australian 
Acoustical Society. Colin was a diligent 
and ethical practitioner of acoustics and 
mechanical engineering. He worked tirelessly 
for his employers and gave significant service 
to the AAS over a period of 13 years. His 
elevation to the Grade of Fellow has been 
granted on the basis of his conspicuous service 
to the Society.

Concrete road pavement noise workshop
On 19 September 2011, a joint workshop on 
concrete road pavement noise between the 
AAS and the Australian Society for Concrete 
Pavements (ASCP) was held in Ryde, NSW. 
This one-day workshop included topics on 
concrete road surfacing, pavement noise, 
diamond grinding and next generation 
concrete surfaces.  Speakers included John 
Roberts (International Grooving & Grinding 
Association and American Concrete Pavement 
Association), Dr Gayle Greer (AECOM), 
Ben Lawrence (Wilkinson Murray) and 
Geoff Ayton (RTA). The workshop was well 
attended by representatives from the acoustic 
and pavement industries and from both the 
private and public sector. The event was 

fully sponsored by the NSW Division, an 
opportunity made available to us as a result 
of the profit made from the ICA conference in 
Sydney last year.

Safe Work Australia
Safe Work Australia intends to develop new 
model Codes of Practice to provide advice 
on minimising the hazards of vibration in the 
workplace by the end of 2012. In September 
2011, people from all industries were invited 
to attend public consultation workshops, 
so that a broad range of ideas on the scope, 
application and approach for these codes could 
be obtained. The co-ordinator for the project is 
Dr Paul Taylor.

Workplace Health and Safety Act and 
Regulations 
At the time of going to press it is unclear how 
many jurisdictions will be implementing the 
harmonised Workplace Health and Safety 
Act and Regulations on 1 January 2012 as 
originally intended. However, the section 
dealing with noise in the model WHS 
Regulations has been amended as a result of 
comments received during public consultation 
and now contains requirements for 2-yearly 
audiometric testing and duties on designers, 
manufacturers, importers and suppliers of 
plant. 
See:http://www.safeworkaustralia.gov.au/
AboutSafeWorkAustral ia /WhatWeDo/
Publications/Pages/Model-WHS-Regulations.aspx

New approach sure to resonate
Resonate Acoustics has just opened its first 
office in Adelaide. Headed by Matthew Stead, 
formerly AECOM Global Practice Leader for 
Acoustics, this dynamic consultancy brings a 
three-tiered approach to acoustic engineering 
by providing client value, insight from 
experience and engaging in collaboration. 
Stead, who has worked on major projects 
both in Australia and internationally for 
over 19 years, believes the role of acoustics, 
particularly in building, transport and 
planning, has become vital given the blurring 
of demarcation lines between residential and 
non-residential land use. 
Stead says noise challenges typically include 
sites constrained by roads and other buildings; 
transportation as a major noise source; and a 
requirement for sealed windows to mitigating the 
impact exterior noise, resulting in a requirement 
for air conditioning and the associated energy 
penalties. Solutions to these problems naturally 
vary according to the circumstance, but may 
include improved building facade construction; 
traffic noise attenuation via low noise road 
surfaces, noise barriers, cuttings and earth 
mounds; and the important consideration of 
orientation and location of sensitive spaces 
within a development. 
“We want to demystify acoustics for our 
clients. Through the use of auralisation, we are 
able to illustrate the impact acoustic decisions 

play on both project costs and outcomes. This 
ultimately empowers clients to make informed 
choices.” Auralisation, Stead explains, is 
to acoustic consultants what a sketch is to 
designers. 
Resonate Acoustics services an Australia-
wide client base. The firm offers a full suite 
of acoustic consulting services for a range of 
sectors and stages of project delivery, among 
them buildings, transport and environment 
– from policy and planning to design, 
documentation and construction. It combines 
the skill and experience of a team of in-
house staff with consultants and international 
partners – many of whom offer niche skills 
such as underwater acoustics, wind farms, 
vibration, studios and auralisation. 
For more information visit:
www.resonateacoustics.com

Pyrotek’s research commitment
Pyrotek Noise Control has become part of 
the NZi3 Innovation Institute, a partnership 
between the New Zealand government and 
the University of Canterbury. In collaboration 
with NZi3, the Technical Manager of Pyrotek 
Noise Control, Michael Latimer, is running 
the following acoustic research projects: 
• Development of vibration damping compounds
• New lightweight sandwich panels
• Sound transmission loss of composite panels.

I-INCE 2011 General Assembly
On behalf of the AAS, I attended the General 
Assembly Meeting of I-INCE on 4 September 
2011, in Osaka, Japan. In his report, the 
President, Gilles Daigle, placed emphasis on 
new initiatives of the Institute which include 
increasing the number of Young Scientist 
Awards and the commencement of the I-INCE 
Symposium Series. The first of these was in 
Paris in July 2010 on “Buy Quiet” and one on 
health problems from vehicle noise is planned 
for 2012.
The Secretary-General commented on the 
Institute making more use of Corresponding 
Members, who act as the primary contact 
of the Member Society with the I-INCE 
Secretariat on matters involving the control of 
Noise. As a Member Society, the AAS has one 
nominated member.
As her term 2009-2011 had expired, Marion 
Burgess retired from the Congress Selection 
Committee as a Vice-President for the Asian 
Pacific Region. It is anticipated that Marion 
will join the Board in a different capacity 
during 2012.
Reports on the status of the technical activities 
of the Institute and of its journal Noise News 
International indicated that the Institute 
was thriving. The journal is now available 
in electronic form and past papers can be 
accessed on-line.
A preview was given of the next Inter-Noise 
Congress, which will be in New York from 
19-22 August 2012. The following year it 
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will be held in Innsbruck, Austria from 15-
18 September 2013. Inter-Noise 2014 will 
be held in Melbourne, Australia, from 17-19 
November 2014. 

Charles Don

NEW PRODUCTS

Portable noise dose meter 
Brüel & Kjær has launched a wireless, 
lightweight, personal noise dose meter. The 
Noise Dose Meter Type 4448 is a shoulder-
mounted, cable-free noise dose meter and 
has been designed to accompany employees 
throughout their working day, in order to 
measure and register all relevant data about 
their noise exposure. Type 4448 can be used to 
assess the risk of hearing damage to workers 
in noise environments such as machinery 
workshops, forestry sites and music venues. 
Special versions are also available for use 
in hazardous areas where only certified 
equipment can be legally used, such as mining 
and petrochemical facilities. 
For more information visit: 
www.bksv.com.au/Type4448

MEETING REPORTS

NSW Division
On 27 October, Joon-Pil Hwang, a senior 
project consultant with SLR Consulting, 
gave a technical talk on the topic Bridge 
maintenance and repair – can you see the 
light? His presentation described a method of 
quantifying physical damage to a pin mounting 
plate critical to a lifting span of a bridge.

The 41st AGM of the NSW Division was held 
on 8 November at AECOM. 

The NSW Division Christmas Breakfast was 
held on 1 December at AECOM. During the 
breakfast, a presentation was given by Dr 
Roger Kinns on Meeting noise and vibration 
requirements for cruise ship propellers – From 
predictions to full-scale trials. Roger Kinns is a 
Senior Visiting Research Fellow in the School 
of Mechanical and Manufacturing Engineering 
at the University of New South Wales. He 
joined YARD Ltd in Glasgow during 1975, to 
develop and apply techniques for the acoustic 
design of ships and submarines. He lives in 
Scotland and has worked as an independent 
consultant since 1999, with principal research 
interests in underwater noise due to marine 
propulsion systems.

Victoria Division
The VIC Division had a very interesting 
technical talk by Dr Christian Nocke 
of Akustikbüro Oldenburg, Oldenburg, 
Germany on 7 November 2011, in SKM’s 
office. Christian was in Australia on behalf 
of Barrisol and spoke on the topic Properties 
and applications of micro-perforated 
materials. Christian described that the 
theoretical background of micro-perforated 
sound-absorbing panels was first described 
by D.-Y. Maa in 1975. Since Maa’s seminal 
contribution, many variations of micro-
perforated sound absorbing materials have 
been introduced. Micro-perforations have 
been applied to metal, wood, plastics and 
many other materials. In 2001, a nearly 
invisible micro-perforation was applied to 
stretched membrane material, yielding high 
sound absorption performance, while not 
being an overtly obvious sound absorbing 
material. Stretch membranes are custom 
manufactured to any panel size, offering an 
acoustic solution for rooms not restricted by 
fixed prefabricated panel sizes. Christian 
also detailed the sound absorption coefficient 
results of various laboratory based tests with 
micro-perforated stretch membranes that he 
has conducted (with and without additional 
acoustic materials) and finally presented 
some examples of room acoustics before 
and after the installation of micro-perforated 
ceiling and wall membranes. One example 
of an installation is in Melbourne’s very own 
Federation Square.

South Australia Division 
On 13 September, the South Australian 
Division of the AAS and the Audio Engineering 
Society took the exciting opportunity to tour 
the new facilities at the Glenside SA Film 
Corp under the guidance of Michael Rowan 
and Adrian Medhurst (SA Film Corp). Peter 
Swift (AECOM - Acoustic Consultants) spoke 
about the acoustic design of the building 
fabric and internal spaces. David Murphy of 
Krix Loud Speakers spoke about the speaker 
systems installed in the facility, which is 
aiming to achieve Dolby Premier certification.

The SA Division held their 35th AGM on 
Tuesday 27 October 2011 at the University 
of Adelaide. The AGM was followed by a 
technical talk by Stewart Page of Resonance 
Technology, entitled Big-time Acoustics 
or Vibration with a Purpose. Stewart is the 
Chief Technology Officer and principal 
engineer of Resonance Technology Pty and 
has over 30 years experience in product 
development and manufacturing. In his talk 
he discussed the development of the resonant 
pile driving and drilling system, and the 
Acoustic Mine-sweeping system.

On 22 November a technical presentation 
entitled Insights to Ministers Specification: 
SA8 construction requirements for the control 
of external sound was presented by Darren 
Jurevicius. Darren is the Associate Director 

at AECOM and leads both the environment 
and acoustic teams in South Australia. He 
has 16 years consulting experience. Darren’s 
talk provided insights to the creation of the 
new SA8 specification and also gave an 
overview of how it will work in practice.

The SA Division will be holding its Christmas 
Dinner on Friday 9th December at the Red 
Ochre restaurant.

FUTURE CONFERENCES

NOVEM 2012 
Noise and Vibration: Emerging Methods 
(NOVEM) 2012 will be held in Sorrento, Italy, 
from 1-4 April 2012. NOVEM 2012 is the 
4th in the conference series. The goal of the 
conference is to promote significant discussion 
and exchange of scientific information. The 
conference is targeted specifically at persons 
from research establishments and from industry 
who are responsible for developments in 
the field of noise and vibration control. The 
emphasis of the conference is on new and 
emerging methods, techniques and technologies 
in acoustics and vibration, focusing on specially 
selected thematic areas which represent today’s 
major scientific challenges.
More information from:
http://www.novem2012.unina.it

Railway Technology
The First International Conference on Railway 
Technology: Research, Development and 
Maintenance (Railways 2012), will be held in 
Las Palmas de Gran Canaria, Spain, from 18-
20 April 2012. The purpose of this conference 
is to provide opportunities for scientists and 
engineers to meet and to discuss current 
research, new concepts and ideas and to 
establish opportunities for future collaborations 
in all aspects of Railway Technology.
More information from: http://www.civil-
comp.com/conf/railways2012.htm

Acoustics 2012 - Nantes
Acoustics 2012 - Nantes joining the 11th 
Congrès Français d'Acoustique and the 
2012 Annual IOA Meeting will be held in 
Nantes, France, from 23 to 27 April 2012. 
The congress is co-organised by the French 
Acoustical Society (SFA) and the Institute of 
Acoustics (IOA) from the UK. This congress 
is also supported by the European Acoustics 
Association (EAA).

Acoustics 2012 will be held at the Cité 
Internationale des Congrès de Nantes (La 
Cité – Nantes Events Center). This congress 
centre is located in the heart of the city, 
located at walking distance from the TGV 
Railway station and a large number of hotels 
and easily accessible from the Nantes - 
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Atlantique International Airport connected 
to the main French and European cities by 
direct or connecting flights. We are sure you 
will enjoy all aspects of the Congress and 
Nantes is the 6th largest town in France and 
is considered to be a town of art and history. 
Nantes is conveniently located for other 
tourist destinations such as the Atlantic coast, 
Brittany, the River Loire Castles and Vendée.
More information from: 
www.acoustics2012-nantes.org 

Euronoise 2012
The Ninth European Conference on Noise 
Control, Euronoise 2012, is to be held in Prague, 
Czech Republic, from 10-13 June 2012. 
More information from:
http://www.euronoise2012.cz

ICSV19
Abstracts can now be submitted for the 19th 
International Congress on Sound and Vibration 
(ICSV19), sponsored by the International 
Institute of Acoustics and Vibration (IIAV) 
and Vilnius University, which will be held 
from 8-12 July 2012 at Vilnius University in 
Vilnius, Lithuania. Vilnius is the historical 
capital of Lithuania and dates back to the 14th 
century. Vilnius has since been awarded the 
status of World Cultural Heritage by UNESCO 
and Vilnius University, the congress venue, is 
one of the oldest universities in Eastern Europe.

Theoretical and experimental research papers 
in the fields of acoustics, noise, and vibration 
are invited for presentation. Participants are 
welcome to submit abstracts and companies 
are invited to take part in the ICSV19 
exhibition and sponsorship. 
More information from http://www.icsv19.org

Inter-Noise 2012
Inter-Noise 2012 will be held at the Marriott 
Marquis Hotel in New York City, USA, 19-
22 August 2012. It is expected to be a large 
congress of over 1000 delegates, including:
• Three days of technical papers spanning 

many areas of noise and vibration, including 
the congress theme: Quieting the world’s 
cities.

• Around 60+ exhibitors of noise and vibration 
control materials, analysis software, and 
measurement systems and instrumentation.

• Three plenary sessions on (1) city noise 
codes, (2) the effects of noise on children, 
and (3) airport noise.

• A series of short courses on noise and 
vibration control.

Abstracts are due on 15 February 2012
More information from: 
http://www.internoise2012.com 

ISMA 2012
The 25th edition of the international ISMA 
Noise and Vibration Engineering Conference 
(ISMA2012) will be held in Leuven, 
Belgium, from 17-19 September 2012. It 
will be organised in conjunction with the 4th 
International Conference on Uncertainty in 
Structural Dynamics (USD2012). 
Abstract submission 15 January 2012
More information from: 
http://www.isma-isaac.be/conf/

ACOUSTICS 2012
The annual conference of the Australian 
Acoustical Society will be held at the Esplanade 
Hotel in Fremantle, Western Australia, from 
21-23 November 2012. The theme for this 
conference is “Acoustics, Development, and the 
Environment” and the conference will include 
plenary sessions addressing acoustical and 
vibration aspects of major infrastructure projects 
from transportation and construction in the urban 
context through to mining. In addition to papers 
on this theme, papers on all aspects of acoustics 
are welcome including Transportation noise and 
vibration, Noise and Health and Underwater 
Acoustics. Acoustics 2012 will cover in-depth 
many topics of interest to professionals including 
architects, developers, consultants, researchers, 
town planners, government authorities, noise 
officers and contractors.
More information from: http://www.acoustics.
asn.au/joomla/acoustics-2012.html
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DIARY

2012

20 – 25 March, Kyoto, Japan
IEEE International Conference on Acoustics, 
Speech, and Signal Processing (ICASSP 2012)
http://www.icassp2012.com

1 – 4 April, Sorrento, Italy
Noise and Vibration: Emerging Methods 
(NOVEM) 2012 
http://www.novem2012.unina.it 

18 – 20 April, Las Palmas de Gran 
Canaria, Spain
Railways 2012 
http://www.civil-comp.com/conf/
railways2012.htm

13 – 18 May, Hong Kong, China
Acoustics 2012 Hong Kong
http:// acoustics2012hk.org

2 – 6 July, Edinburgh, UK
11th European Conference on Underwater 
Acoustics (ECUA 2012)
http://www.ecua2012.com

8 – 12 July, Vilnius, Lithuania
19th International Congress on Sound and 
Vibration (ICSV19)
http://www.icsv19.org

22 – 27 July, Porto, Portugal
15th International Conference on 
Experimental Mechanics (ICEM15)
http://paginas.fe.up.pt/clme/icem15

12 – 15 August, New York, USA
Inter-Noise 2012
http://www.internoise2012.com

9 – 13 September, Portland, USA
nternational Conference on Noise and 
Vibration Engineering (ISMA 2012)
http://www.isma-isaac.be/conf/

17 – 19 September, Leuven, Belgium
ISMA Noise and Vibration Engineering 
Conference (ISMA2012)
http://www.isma-isaac.be/conf/

21 – 23 November, Perth, Australia
ACOUSTICS 2012
http://www.acoustics.asn.au/joomla/
acoustics-2012.html

2013

26 – 31 March, Vancouver, Canada
IEEE International Conference on 
Acoustics, Speech, and Signal Processing 
(ICASSP)
http://www.icassp2013.com
 
2 – 7 June, Montréal, Canada
21st International Congress on Acoustics 
(ICA 2013)
 http://www.ica2013montreal.org

7 – 11 July, Bangkok, Thailand
20th International Congress on Sound 
and Vibration (ICSV20)

5 – 18 September, Innsbruck, Austria
Inter-Noise 2013
http://www.internoise2013.com

2014

25 – 30 May, Florence, Italy
IEEE International Conference on 
Acoustics, Speech, and Signal Processing 
(ICASSP)
http://www.icassp2014.org

Meeting dates can change so please 
ensure you check the conference 
website: http://www.icacommission.
org/calendar.html 

6 – 10 July, Beijing, China
21st International Congress on Sound 
and Vibration (ICSV21)

17 – 19 November, Melbourne, 
Australia
Inter-Noise 2014
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SOUNDPROOFING 

SO GOOD
we don’t 
need to 
shout

Noise - unwanted sound. 
As the world gets busier, people 
are demanding quieter places 
to work rest and play. With our 
products covering transmission 
loss, noise absorption, isolation 
and vibration damping we can 
help you with a speci  cation to 
solve a range of noise problems.

As a sustaining member of the 
Australian Acoustical Society, we 
have a time tested relationship 
with the society and its members.  
Since 1972, our engineers 
and product specialists have 
created and re  ned a full suite of 
soundproo  ng materials to meet 
complex and changing needs. 

Call us direct on 1300 WAVEBAR 
or visit our website www.pyroteknc.com 
to see how we can help

WAVEBAR  SOUNDLAG  SILENTSTEP  ECHOHUSH  REAPOR  SYLOMER
SOUNDPAINT  VIBRADAMP  SUBDUE  SORBERFOAM  SORBERBARRIER
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The following are Sustaining Members of the Australian Acoustical Society. 
Full contact details are available from http://www.acoustics.asn.au/sql/sustaining.php

SUSTAINING MEMBERS

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

AERISON PTY LTD

www.aerison.com

ASSOCIATION OF AUSTRALIAN 

ACOUSTICAL CONSULTANTS

www.aaac.org.au

BARRISOL AUSTRALIA
www.barrisol.com.au

BORAL PLASTERBOARD

www.boral.com.au/plasterboard

BRUEL & KJAER AUSTRALIA

www.bksv.com.au

CSR BRADFORD INSULATION

www.bradfordinsulation.com.au

EMBELTON

www.vibrationisolation.com.au

HOWDEN AUSTRALIA

www.howden.com.au

IAC COLPRO

industrialacoustics.com/australia

NSW DEPT OF ENVIRONMENT & 

CLIMATE CHANGE

www.environment.nsw.gov.au

PEACE ENGINEERING

www.peaceengineering.com

PYROTEK NOISE CONTROL

www.pyroteknc.com

SINCLAIR KNIGHT MERZ

www.skm.com.au

SOUND CONTROL

www.soundcontrol.com.au

SOUND SCIENCE

www.soundscience.com.au

VIPAC ENGINEERS AND SCIENTISTS

www.vipac.com.au
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� Calculate Reverberation Time to
ISO 3382-2 and ASTM E2235 Standards

� Supports Interrupted Noise and Integrated
Impulse Response Methods

� ISO-3382-2 Measurement Uncertainty

� Built-in Pink and White Noise Generator

� Complete Quality Indicators for
background noise, non-linearity, curvature,
and standard deviation.

� Field upgradeable – start testing the
same day

� Complete line of Noise Sources available

RT60 Measurements in a Snap
THE Fast and Easy-to-use Solution

for Reverberation Time
Measurements

©2011 Thermo Fisher Scientific Inc. All rights reserved. A.B.N. 52 058 390 917

For customer service, call 1300-735-295
Email: InfoIndustrialAU@thermofisher.com
Visit us online: www.thermofisher.com.au
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NEW  TYPE 4448 PERSONAL NOISE DOSE METER

Damaged hearing 
costs you dearly
Preventing it doesn’t

Type 4448 – Helping to improve  
workplace noise assessment

Simple reliability
 No cables, no connectors

Forget it is there
 Secure shoulder mount with pin or clip attachment

Ready when you are
 Long 28 hour battery-life

Verify your Standards compliance
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