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Table 2 — Comparison of corrugation with and withdampers 7 months after grinding

RMS roughness at low rail (um)

Wavelength
Without damper With dampers % reduction*
80mm (250Hz) 6.32 1.76 72.2%
63mm (315Hz) 7.48 4.40 41.2%
50mm (400Hz) 3.44 3.09 10.2%
Overall 10-160mm (125-2000H2) 10.86 6.03 44.5%

* Remark: % reduction is defined as (roughness @dmper — roughness with damper)/roughness w/o dam{60%

6 SUMMARY

Rail dampers were installed on a curved track @n30adius to study the reduction of noise radiatod

investigate the long term effect on corrugationvwglo The saloon noise level was reduced by aro&(A).
Overall vertical and lateral track vibration levelsre reduced by 7dB(A) and 10dB(A) respectively.

Short-pitch corrugation of wavelengths of 50-80maswbserved at the low rail. Overall corrugatioovgh

rate for critical wavelengths (10-160mm) was redubg 45% after installation of rail dampers. Thedings
reveal that the corrugation growth at the testisisgpproximately linear and independent of originaghness.
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FFERARXT 8L AR E R
The effect of floating slab for vibration damping on noises in
metro cars

EHRX. BERK
MAO Dong Xing, SHAO Zhi Yue

(A NRILANE BT DUSFRE [R5 R 2 AT
(Institute of Acoustics, Tongji University, Siping Road, Shanghai, PRC)

Abstract: As metro developing, quantities of noise and vibration pollution problems emerge. Researches showed
track bed with floating slab laid would cause less vibration on the foundation than the traditional one. Although
the effects of floating slab on vibration damping and noise reduction are significant, the influences on noise in
metro cars are still unknown. So the tests of noise in metro cars which traveled on track with and without floating
slab were taken. With statistical analysis, results revealed different noise characteristics in metro cars between the
two train travelling conditions, and especially the noise at low frequencies under the former condition were
obviously louder. Hence the floating slab may amplify the low frequencies noise in metro cars.

Key words: acoustics; floating slab; noise in metro cars
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Public Address System Design in Railway Stations

fEBE. =TH. T4
Wilson HO, Eddy NG, Banting WONG

BME BB IR AT, AFBR AT B VD HIENAREYD T30 A B2 601 %)

(Wilson Acoustics Limited, Unit 601, Block A, Shatin Industrial Centre, Yuen Shun Circuit, Shatin, Hong Kong SAR)

Abstract: Railway station Public Address (PA) system plays a crucial role in the communication between station
control and passengers. Nowadays, most railway station PA systems are designed to provide Voice Alarm (VA)
function in addition to routine operation announcements. VA system aims to alert people to an emergency in a
clear and unambiguous manner with minimum delay. Therefore, it has to provide uniform and intelligible
messages to all passengers in the emergency excavation zone even in a great crowd of rushing people. Many
early designed railway stations possess architectural features promoting adverse reverberance. A proper PA
loudspeaker system design becomes a feasible solution to overcome the detrimental acoustic environment inherent
by the station architectural design, and improve the broadcasting quality to achieve PA and VA functions.
According to the experience obtained from the PA design and commissioning on MTR LAR, WIL, SIL, KTE,
XRL and TAP (total 22 stations), the authors review the PA design common practice and the applicability of
speech intelligibility theories in various architectural acoustic conditions. With this knowledge, specialist
contractors, consultants and end users should be able to assess their acoustic needs and install the proper
loudspeaker systems for PA and VA functions.

Key words: Public Address System; Speech Intelligibility; Railway Station; Design
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1 INTRODUCTION

The PA system is commonly found in railway stations, which act as a commination system in which
pre-recorded or live messages are conveyed to passengers for routine operation announcements and emergency
broadcast for giving instructions to direct them to emergency excavation zones. For a PA system to be effective in
transportation amenities, the deliverable must be clear, uniform and intelligible. Generally, in order to achieve
sufficiently high degree of speech intelligibility, increasing the direct-to-reverberant ratio by adding acoustic
absorption in the architectural surface finishes is a common practice. However, this approach is quite costly and
sometimes impractical for space where architectural alternation is technically difficult. In this situation, proper PA
system design is of particular essential for achieving good speech intelligibility in areas with challenging
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acoustics ™. To achieve high speech intelligibility in railway stations, it can be stated that the radiation
characteristic is one of the most important features of a PA system. The rule of thumb of PA system design is
simply to direct the sound to where it is needed and avoid radiation onto unoccupied areas causing reflections.
Furthermore, the sound pressure level (SPL) at the listener positions has to be high enough to ensure a sufficient
signal-to-noise (S/N) ratio. This paper describes some basic knowledge about room acoustics, the requirement for
speech intelligibility in railway station and shows the common practice on laying out the PA loudspeaker system.

2 PASYSTEM PERFORMANCE REQUIREMENTS

Speech Intelligibility is the degree to which human listeners comprehensible to the voice messages. It is
becoming an increasing concern in PA systems. Several quantitative based speech intelligibility assessment
methods have been used nowadays. Perhaps most recognized one is the calculation of speech transmission index
(STI) based on IEC 60268-16 “Sound system equipment - Part 16: Objective rating of speech intelligibility by
speech transmission index” . This method rates intelligibility on characterization of reduction in original speech
modulation at a receiver position and give a non-linear scale from 0 to 1, O indicates completely unintelligible
while 1 represents perfectly intelligible. Table 1 summarizes the STI values and the corresponding ratings.
According to BS7443 B! and BS5839 Part8 [ which declared that any public area of a railway stations have to
achieve a minimum of 0.5 RaSTI values, based on a minimum S/N ratio of 15dB. The RaSTI index is the
simplification of STI, which is sufficient for characterizing speech intelligibility for PA systems. At a RaSTI of 0.5,
97% of sentences known to listeners would be correctly understood, while 94% of sentences presented to listeners
for the first time would be correctly understood as shown in Table 2. In general practice, uniform SPL distribution
should also be achieved within each active zone such that the variation of SPL shall be maintained within a range
of +3dB of the mean level with the ambient noise sensing devices disable.

Table 1 — Sound transmission index (STI) scale and corresponding ratings

STI Rating
0.75-1.0 Excellent
0.60-0.75 Good
0.45-0.60 Fair
0.30-0.45 Poor
0.00-0.30 Bad

Table 2 — Relationship between ST and speech intelligibility
Test Percentage understood correctly Subjective rating scale

RaSTI = 0.50 RaSTI = 0.60 RaSTI = 0.50 RaSTI = 0.60

Is.e”tences (known 10 | g9, 98% Good Very Good
isteners) .
Seqtences (1™ presentation 95% 98% Fair to Good Good to \Very
to listeners) Good
PB words* 74% 87% Fair Good
Nonsense Syllables 69% 84% Fair Good

*Phonetically balanced words consisting of a consonant, vowel, and consonant, which are typically
difficult to distinguish from other words.

3 FACTORS AFFECTING PA SYSTEM PERFORMANCE

Speech is not just necessarily to be audible. Having enough speech level is a must, but not enough for good
speech intelligibility. A loud, but reverberant speech signal can be completely unintelligible. The performance of a
PA system relating to its intelligibility is quite complicated and depends on multiple factors. Some of these factors
are related to the acoustic environment of the space and others are inherent within the electronics of the system. In
general, speech intelligibility is mostly affected by both background noise level and the acoustic of the space
concerned. Below illustrates the major parameters that affect speech intelligibility along the source to listener
transmission path.
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3.1 Reverberation and echo

Reverberation and echo from acoustically hard surfaces are the primary causes for low speech intelligibility
in railway stations. In general, if echoes arrive 80ms later than the first arrival sound, they can harm speech
intelligibility 1 In continuous speech, the echo from a previously uttered syllable masks or obscures the sound of
subsequent syllables, making speech more difficult to understand. Reverberation is made of multiple sound
reflections that have the effect of smearing, or blurring speech, making it less clear and non-distinguishable. It is
widely accepted that a reverberation time of 1.5s at mid-frequency is the maximum time that allow for achieving
intelligible speech.

3.2 Background noise

The noise levels at different locations are different ranging from quiet to noisy in a railway station. Noise
from passenger conversation, train running and mechanical equipment has the effect of masking the
announcements and cause serious reduction in speech intelligibility. It is understood that ideally a S/N ratio of
15dB above is conductive to good speech intelligibility.

3.3 Sound system distortion

The distortion of electrical or electro-acoustical components in the PA system can result in the generation of
noise that masks the original speech signal. Severe amplifier clipping, for example, can make a perfect speech
signal at the input to the amplifier more difficult to understand at the output.

4 BASIC PASYSTEM DESIGN PRINCIPLES

Generally, sound-absorbing treatment would be incorporated in the architectural design of a railway station
to control excessive reverberant sound. However, in some early designed railway stations, acoustical problems of
uncomfortable and difficulties in hearing public address announcement are often occurred due to poor acoustical
treatment such as hard and reflective floors, tall and non-sound absorptive ceilings which comes along with long
reverberation time. The aesthetics of the station usually not allowed to be materially altered. For this kind of
spaces, a proper PA system loudspeaker selection and layout is of particular essential for achieving sufficient
speech intelligibility in areas with challenging acoustics.

4.1 Loudspeaker type and properties

It is essential for a successful PA system design that the correct type of loudspeaker is chosen. PA system
loudspeakers used in typical railway stations usually consists of 4 major types, namely ceiling loudspeaker,
wall-mounted loudspeaker, column loudspeaker and horn loudspeaker. The type of loudspeaker to be used
depends on many factors including the room dimension, architectural structure features of the application space
concerned as well as the loudspeaker properties. There are two main parameters that are commonly used to
preliminary characterize loudspeaker properties, i.e. sensitively and directivity. The sensitivity of a loudspeaker is
the SPL expressed in decibel (dB) at 1kHz and at a distance, on axis, of 1m with an input power of 1W. The
greater the sensitivity, the higher will be the output SPL at a given position. The directivity of a loudspeaker is
usually defined in an opening angle and describe in a form of frequency dependent polar diagram, which is the
dispersion of a sound that radiates from the front of the loudspeaker. The opening angles are the angles at which
the output from the loudspeaker is 6dB less than that produced on the main axis of the loudspeaker. Dependent
upon the environment and the particular application needs, it may be necessary to use loudspeakers with a wide
opening angle, which spread their sound over a wide area. Alternatively it may be necessary to concentrate a beam
of sound in a particular direction. Table 3 summarizes the sensitivity and directivity of the typically used
loudspeakers and their corresponding application areas.

Table 3 — Comparison of different typically used PA system loudspeakers

Loudspeaker L s Opening Angle
Type Loudspeaker Features and Application Area Sensitivity (Horizontal)
Ceiling = Easily recess into ceiling void or hollow wall. 88dB(A) — [ 150°-210°

= Used in areas of ceiling height up to 6m. 95dB(A) (at 1kHz)

= Easily spaced at a regular intervals to give
fairly uniform sound coverage.

= Difficult to achieve good intelligibility for
RT > 2.0s.
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Wall-mounted = Convenient for mounting on walls or pillars. 90dB(A) - [ 120° - 180°
= Greater throw distance than ceiling | 96dB(A) (at 1kHz)
loudspeaker.
= Suitable for floor to ceiling height less than
4m.
Column = Broad horizontal sound coverage similar to | 88dB(A) - | 180° - 220°
ceiling speaker. 96dB(A) (at 1kHz)
= Directional and narrow vertical sound beam
(10°-15°).

= Desirable in reverberant environment where
sound direct to listener only without reflecting
off hard wall and ceiling.

Horn = High sensitivity and high sound pressure level. | 96dB(A) - | 70°- 160°

= Narrow and directional coverage pattern. 130dB(A (at 1kHz)

= Produce a powerful, concentrated, beam of
sound enabling them to reach listeners at a
great distance.

= Usually high frequency response is limited.

4.2 Loudspeaker arrangement and setting

In order to provide maximum flexibility in directing announcements to individual areas, railway station
should normally be divided into different PA zones. Each zone would have its own amplifier, ambient noise
sensing, an automatic level control, and spectrum equalization. After selection of appropriate type of loudspeakers,
the sensitivity and opening angle should be used initially to predict the coverage and plan an installation. When
laying out and positioning loudspeakers, primary consideration should be given to the difference in SPL between
the position on the main axis of the loudspeaker and at the same distance at an off-axis position. A 6dB difference
would be quite noticeable and is sufficient to affect speech intelligibility in a noisy and reverberant environment.
It is essential that the announcement sound level is loud enough at noisy locations, but not too loud at quiet
locations.

In a traditional layout approach to overhead-distributed ceiling loudspeakers, loudspeakers are located in a
grid arrangement whose positions are dictated by the ceiling height, the sensitivity and the directivity of
loudspeakers. Two basic placement patterns prevail: square spacing and hexagonal spacing. A square pattern lines
up the row and column of speakers in a square pattern. On the contrary, row of speakers are offset from each other
in hexagonal pattern (Figure 1a). The choice of a square or hexagonal layout is usually a function of room
dimensions and shape. Square spacing pattern gives higher evenness of sound coverage with fewer loudspeakers
in general. In addition to the placement pattern, loudspeaker density is also an important factor that affects sound
uniformity and speech intelligibility. Generally, three density patterns are usually applied namely edge-to-edge,
minimum overlap and full overlap (Figure 1b). The greater the overlap, the more uniform the sound coverage and
higher SPL level would be. Equation 1 shows the calculation method for determining maximum spacing between
ceiling loudspeakers that variation of SPL less than 6dB could be obtained.

Square Pattern Hexagonal Pattern

Figure 1 — (a) Ceiling loudspeaker placement pattern (b) Ceiling loudspeaker density pattern
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A common used calculation method leads to the maximum spacing between ceiling loudspeakers:
D =2 H tan (0/2) (1)
where:

H = (h-1) = Ceiling height to Ear height
o = opening angle at particular frequency concerned

Speaker
Ceiling N
Coverage
angle
o
Ceiling
height (h)|

Ear
height (1)

Floor
Figure 2 — Ceiling loudspeaker coverage

For column loudspeaker distribution system, the loudspeaker spacing should be less than 15m apart when
facing in the same direction in order to avoid signal delay arising from neighbor loudspeakers. Since the throw
distance of wall-mounted projector is limited, the loudspeaker spacing should not be greater than 6m for uniform
sound coverage. The loudspeaker should be angled downwards to cover the appropriate area and to limit the
overspill to adjacent areas. The typical mounting height for wall-mounted projectors and column loudspeaker are
around 2.5-4m. Figure 3 illustrates the typical loudspeaker distribution pattern for wall-mounted or column
loudspeakers.

. 6 ] _ ]
4
] 2] 8 8
Approx.

2.5m- 4m

& : Max. 6m for Projection Speaker
Max. 15m for Column Speaker

woor /7/777777777777777777777777777777777777777

Figure 3 — Typical wall-mounted or column loudspeaker distribution pattern

After the distribution pattern of loudspeakers is selected, it is necessary to calculate the SPL at the positions
where sound coverage is required. To disseminate messages with good speech intelligibility, the level at any area
should be 15 dB above the ambient noise. The sensitivity may be used to calculate the SPL at any distances away
from the loudspeaker center. The inverse square law defines the relationship between input power and SPL as well
as between distance and SPL, which states that each time the input power of a loudspeaker is doubled, the SPL
rises by 3 dB, while the SPL drops by 6 dB each time the distance is doubled. Mathematically, these relationships
are described as below.

SPLA= SPL,; + 10 Log P/Pq - 20 Log /1y 2)
where:
SPL A= SPL for input power at measured distance =~ SPL, ; = sensitivity of loudspeaker in dB for 1W/m
P =input power (W) Py =reference power (1W)
r = measured distance (m) 1, = reference distance (1m)
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To achieve reasonable speech intelligibility in a harsh acoustic environment, it is usually preferable to use a
large number of uniformly spaced loudspeakers at relatively low tap settings, instead of a small number of
speakers at high levels. This increases the direct sound energy reaching the listener’s ears and reduces the harmful
reverberant energy. Best results are obtained when the ceiling loudspeakers are mounted with their axes vertical
and are spaced close enough together so that the coverage patterns overlap.

4.3 Automatic volume control

In a railway station, the ambient noise is rather time-independent, non-uniform and significantly affected by
other noise sources. Consider a train station platform as an example, the noise level is particular low without train
services, however, the noise level increase significant when the train approaches and decreases as the train stops.
The announcement can be quite easily heard when train has not yet arrived, but the message becomes less
comprehensible while the train is arriving. Therefore, the temporal PA system performance can differ significantly.
The fluctuated ambient noise level could be overcome using automatic volume control in each PA zone, so as to
maintain a consistent S/N ratio for announcement broadcast.

5 SUMMARY

In a railway station, sufficient speech intelligibility is required for passengers to comprehend announcements
from the PA system. Understanding speech intelligibility and its associated influencing factors is of particular
importance for proper design of PA systems. This paper reviews the basic of speech intelligibility and PA system
design principle. With this knowledge, PA system designer would be able to assess their acoustic needs and install
the proper loudspeaker systems for PA and VA functions.
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The Influence for Cortical brainwaves in relation to word
Intelligibility and ASW in Room

PR A 52

CHEN Chiung Yao

CHEE st (IRl 5 o

(Architecture Department, Chaoyang University of Technology, 168, Gifeng E. Rd., Wufeng, Taichung, ROC)

Abstract: To study the effects of word intelligibility and apparent sound width (ASW) by changing the initial
delay gap between direct and first reflection, (At;) and inter-aural cross-correlation function (ICF) in room, the
features of the reactions on cortical continuous brainwave’s ACF and auditory evoked potential (AEP) were
analyzed. The qualities of brainwave’s ACF and AEP were obtained by the stimuli of mono-syllables and pure
tone pulse (2 kHz). The results show: 1. The effective duration of ACF (t,) of B—waves (13 ~ 30 Hz) on left
hemisphere correlated well (p<0.001) with word-intelligibility; 2. The volt level differences (VLD) of slow vertex
responses (SVR) on A(P2-N2) decreased with the ASW (p<0.05), and the latencies at N2 (reference to P1 position)
prolonged with ASW on lateral lemniscus of auditory path; 3. Due to hemispheric specialization in brain, the
temporal effect of word intelligibility dominates over left hemispheres, but the effect of ASW incoherently
responds by spatial consciousness on right.

Key words: brainwaves; ACF; word difficulty; apparent sound width; subjective diffuseness; hemispheric
specialization
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Architecture Acoustics Design & Research for Shanghai
Mercedes-Benz Arena

7K B% X
ZHANG Xiaolan

(EEAFERIHT D

(Zhang Kuisheng Acoustic Design & Research Studio, Shanghai, PRC)

Abstract: This paper introduces the Shanghai Mercedes-Benz Arena, especially the architecture acoustics design.
Key words: Shanghai Mercedes-Benz Arena; Architecture acoustics design; Multi-purpose hall design
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Research on the influence of bodily form design of side wall of
a hall to its reverberation time

W /NE

YANG Xiaojun

(LIRS BT GRBD AR AR WA AR F AT 200041)
(Shanghai Xian Dai Architectural Design (group) Co. Ltd Zhang Kuisheng Acoustic Design Institute 200041)

Abstract: Reverberation time is a very important parameter of architectural acoustics design. In the classical
theory of architectural acoustics, reverberation time of a hall relates to its cubage, total inner surface area and
average absorption coefficient and has nothing to with the idiographic bodily form of the hall. In sound quality
design of two different halls, reverberation time of each may be similar according to classical theory while the
spot measurement results are quite different. So it is necessary to research the influence of other factors to
reverberation time of a hall. This article mainly researches the influence of bodily form design to the reverberation
time of a hall. And under the premise of calculated reverberation time keeps invariable, watch the change of
reverberation time to research the influence of bodily form design to the reverberation time through the change of
bodily form of part of wall.

Key words: bodily form design; reverberation time
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Acoustic Scale model Testing of Opera Hall and Concert Hall
of Jinan Provincial Cultural & Art Center

YU Bin

CREPARETBT GRRED A RA R &2 4 B 225U AT, 20041)
(Zhangkuisheng Acoustics Design & Research Studio, Shanghai XianDai Architectural Design (Group) Co. Ltd, 200041)

Abstract: To guarantee the acoustic effects of opera hall and concert hall of Jinan Provincial Cultural & Art
Center, scale model test was conducted. The materials of physical models are mainly GRG. Small high-frequency
omni-directional speaker is for the sound source to generate linear-sweep signal.

Key words: acoustical design; scale model test
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Sound Absorption of Parallel-Arranged MPP Absorbers

WANG Chungi, HUANG Lixi

(Mechanical Engineering Department, The University of Hong Kong, Pokfulam Road, Hong Kong SAR, PRC)

Abstract: The sound absorption performance of parallel arranged MPP absorbers with different frequency
characteristics is addressed. The finite element method is used to simulate the acoustic behavior of the MPP
absorber array. Results show that both the bandwidth and absorption level of the MPP absorber array can be
increased in comparison with the corresponding single MPP absorbers. The local resonances and near field
interaction in the MPP absorber array are examined numerically. Effects of geometrical factors are also
considered.

Key words: micro-perforated panel; sound absorption; parallel arrangement
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1 INTRODUCTION

Micro-perforated panel (MPP) absorbers have been used for decades as an attractive alternative to traditional
fibrous sound absorption materials %, A basic MPP absorber consists of an MPP fitted in front of a rigid backing
wall, which is usually parallel to the MPP. The resonance-absorption constitutes the fundamental sound absorption
mechanism in the MPP absorbers, while the MPP absorbers perform much better than other resonant absorbers,
for example, the Helmholtz resonator of larger neck size. However, the sound absorption capability of the MPP
absorber is usually still not quite enough as a general-purpose absorber. Both its bandwidth and sound absorption
coefficients are insufficient to compete with the fibrous materials.

In order to obtain broadband performance, a straightforward method is to arrange multiple MPP absorbers of
different frequency characteristics in parallel to combine different frequency bands together. Previous studies on
parallel arrangement of two different MPP absorbers have shown great potential of the parallel arrangement to
enhance the sound absorption performance [6-8]. In a recent work, the dominant absorption mechanism in the
MPP absorber array was found to be the strong local resonance absorption due to different acoustic reactance
matching conditions for the component MPP absorbers [9]. Note that both the MPP properties and the backing
cavity depths of the component MPP absorbers can be different to obtain different frequency characteristics. In
what follows, the sound absorption performance of parallel arranged MPP absorbers are discussed based on an
MPP absorber array with different cavity depths arranged in a periodic pattern. The general observations applies to
the MPP absorber array with different perforation properties.

2 THEORETICAL MODEL

Figure 1 shows one module of the MPP absorber array with the backing cavity being partitioned into three
sub-cavities with depths D1-D3. The widths of the three cavities, W1-W3, are assumed to be identical, while an
arrangement of different cavity widths may provide more flexibility for the absorber design. The cavity walls are
assumed to be acoustically rigid. The MPP itself can be either flexible or rigid, depending on the thickness and
material of the panel.

Assume a plane wave is incident on the MPP with unit amplitude and an angle of incidence &,
i(wt—kycos-x—kysin6-y) (1)

p;=¢€
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where kg is the acoustic wave number, «is the angular frequency. The sound field in the computation domain
ABDC includes the incident sound wave p; and the scattered sound wave ps. due to the unequal acoustic
impedance over MPP absorbers 1-3. The sound filed inside the computational domain ABCD and the backing
cavities is modeled by the wave equation,

1 ¢
Vi-—— |¢=0, 2
( c: o’ j¢ @
where ¢ is the velocity potential which is related to sound pressure p and acoustic particle velocity u as,
o¢
=—pPy— u=Vg, (3)
P=—p ot ¢

The acoustic impedance of the MPP is determined by the panel thickness t, orifice diameter d and perforation ratio
6 based on Maa's formula 4,

",

Figure 1: Theoretical model for the MPP absorber array with three different cavity depths arranged in a
periodic pattern.

o
lw]

A finite element procedure is established to simulate the acoustic behavior of the MPP absorber array. At the
left boundary AC, the incident sound wave p; is mixed with the unknown scattered sound wave ps. The
Dirichlet-to-Neumann boundary condition [0 s implemented to allow the scattered sound wave pass through this
artificial boundary without reflection. At the bottom and top boundaries, periodic conditions apply. Denote the
normal particle velocities (pressure) on the two boundaries by V4 and V. (pq and py). The periodic condition can
be expressed as,
ikgLsin@

Vd :Vu _eikol—Sing pd — pu .e

where L is the height of the computational domain.

(4)

3 NUMERICAL RESULTS

The acoustic performance of the MPP absorber array under normal incidence ( ¢=0) is simulated using the
finite element method. The geometrical configuration of the MPP absorber array is:

D, =50 mm; D,=100 mm; D,=25mm; W,,,=30 mm. (5)

The parameters of the MPP are chosen as d=0.5 mm, t=0.5 mm, oc=1. Figure 2 compares the normal
incidence absorption coefficients between the MPP absorber array and the single MPP absorbers. For the MPP
absorber array, three spectral peaks are observed at f=470 Hz, 650 Hz and 930 Hz with the sound absorption
coefficients a >0.95. In between the three peaks, the sound absorption is still maintained at a relatively high
level, making it possible to design an effective broadband sound absorber based on the parallel combination of
multiple MPP absorbers. Another important observation is the enhanced sound absorption performance of the
MPP absorber array over the single MPP absorbers. This feature becomes more noticeable when the orifice
diameter of the perforated panel becomes large.
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Figure 2: Comparison of the normal incidence absorption coefficients between the MPP absorber array

The acoustic characteristics of the MPP absorber array are determined by the strong local resonances in the
system and the near-field interaction effect among different MPP absorbers. These phenomena are examined
numerically by visualizing the acoustic field in the neighbourhood of the perforated panel. Figure 3 shows the
sound intensity in the duct at =470, 650 and 930 Hz, corresponding to the three spectral peaks in Figure 2. It can
be seen that most part of the acoustic energy are “attracted” toward the resonating cavity and dissipated by the
MPP covering it.
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Figure 3: The sound intensity in the duct at the resonance frequencies of the MPP absorber array.

Figure 4 shows the distribution of the instantaneous particle velocity at f=600 Hz at the moment @t =0,

7r/ 2, 7 and 37r/ 2 . In the far field of the perforated panel, a flat wavefront is observed as it would be when the
perforated panel is backed by a constant air gap. In the near field of the perforated panel, however, the wavefront
is distorted greatly because of the non-uniform acoustic impedance across the MPP surface. Obvious acoustic
wave propagation between cavity 1 and cavity 3 can be seen. Note that the air motion around cavity 3 is
approximately out of phase with that around the resonating region (cavity 1). This phase difference can be
attributed to the different distance that the acoustic wave travels within each individual cavity. The near-field
cross-talk effect among neighbouring cavities intensifies the air motion through the small micro-perforations
where the resonance occurs, and hence enhanced dissipation of the incident acoustic energy is achieved. However,
further investigation is required to understand the precise mechanism in more details.
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Figure 4: Spatial distribution of the instantaneous particle velocity at f=600 Hz in one period.
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Figure 5: Variation of the normal incidence absorption coefficients with the cavity width. The MPP
parameters are: d=0.8 mm, t=0.5 mm, o=1.

The near-field coupling effect decays with the distance between different cavities. So the acoustic properties
of the MPP absorber array vary with the sizes and space arrangement of the cavities. Figure 5 shows the variation
of the predicted absorption coefficients with the width of the cavity. As the cavity width increases from W=20 mm
to W=50 mm, the second and the third peaks shift to lower frequencies, and the absorption performance decreases
between the two peaks. As the cavity width further increases to W=80 mm, the absorption level at the first two
peaks remains almost unchanged, but the absorption performance around the third peak drops dramatically. In the
frequency range from 700 Hz to 1000 Hz, the absorption coefficients of the absorber array is approximately the
average of the component MPP absorbers. Note that the centre-to-centre distance between cavity 1 and cavity 3 is
2xW=160 mm, which equals to the quarter wavelength at f= 540 Hz. This frequency roughly matches the critical
frequency, beyond which the sound absorption caused by the near-field effect cannot sustain.

An equivalent electrical circuit model is established to represent the MPP absorber array when the vibration
of the perforated panel is excluded, as shown in Figure 6. The results are shown in Figure 7. For comparison
purposes, finite element simulation results with different cavity depth sequences are also given. Sequence 1
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corresponds to the arrangement specified in (5). Sequence 2 is chosen as D;=50mm, D,=25mm, D3;=100mm. For
different cavity sequences, the absorption curves are similar on the whole with almost the same resonance
frequencies. The major difference lies in the variations of the sound absorption level at the spectral peaks and in
between of them. The effect is nearly negligible when the cavity width is small, but it can be very pronounced
when the cavity width is large because the strength of the near-field coupling decays with distance. The equivalent
electrical circuit model cannot characterize the influence of these geometrical parameters. In fact, the equivalent
electrical circuit model represent the extreme situation in which the characteristic dimension of the MPP absorber
array is far less than the acoustic wavelength of interest.

resist Z Z (D 1 )

1 T T
cs_z """"""" FEM, Sequence 1
‘g 08r g M LT e\ e FEM, Sequence 2
o Electrical Circuit
£ 06f .
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Figurer 7: Variation of the absorption coefficients with the arrangement sequences of the cavities in the
MPP absorber array.

| |
200 400

4 SUMMARY

The sound absorption performance of parallel arranged MPP absorbers with different cavity depths is
simulated using a finite element model. Results show that both the bandwidth and absorption level of the MPP
absorber array can be increased in comparison with the corresponding single MPP absorbers. The performance
improvement of the MPP absorber array is attributed to the strong local resonances and the near field interaction
in the system, which are examined numerically. Effects of geometrical factors are also considered. The acoustic
properties of the MPP absorber array vary with the sizes and space arrangement of the cavities. The parallel
absorption mechanism works when the distance between the component MPP absorbers is less than a
quarter-wavelength of the acoustic wave.
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Experimental Study on Achieving Speech Privacy
using masking noise

KRG, BN, BERHA
ZHANG Xiao-jie, CEN Wen-juan, MAO Dong-xing
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(1.Institute of Acoustics, Tongji University, Shanghai 200092,China
2. Saint-Gobain Gypsum (Shanghai) Co., Ltd, Shanghai 201201,China )

Abstract: Speech privacy is an important index for the acoustic performance of public spaces, and it was
usually improved by introducing masking noise. Speech intelligibility tests were carried out by using recorded
male and female Mandarin words and sentences as speech signals, and air-conditioner and babble noise as
masking noise. The masking performance of two noise signals to male and female speech under different signal
to noise ratio (SNR) was analyzed, and relationship between speech intelligibility (SI) and signal to noise ratio
(SNR) was derived. Results showed babble noise a 7~10dB higher performance in words masking, and 5~7dB
higher performance in sentence masking, in comparison with masking performance of air-conditioner noise.
Key words: masking; speech privacy; speech intelligibility; signal to noise ratio
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