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A Brief Analysis on The Importance of Acoustics Decorative
Design and Construction for Theater Building
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LUO Zehong, LIU Fang, TAN Zebin, LIU Weiping
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SHENZHEN Z&F CULTURE CONSTRUCTION CO.,LTD SHENZHEN 518029

Abstract: As a cultural interpretation building with the audio-visual function, the visual and sound effect of
theater building play an important role on whether the theater construction will be success or not. Acoustics
decorative design and good construction are strong guarantee for theater construction visual and sound functions.
This text takes Guangzhou Theater and Gansu Theater as examples to explain the importance of building acoustic
decorative of detailed design and construction on theater building.

Key words: acoustic decorative design; theater building; construction
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Study on Noise Management Application of Noise
Mapping
AE B ST AR

ZHOU Yude, XIA Dan, ZHU Wenying

LTI R A AR IR T i 200233

(Institute of Environmental Physics,Shanghai Academy of Environmental Sciences, Shanghai 200233, China)

Abstract: The necessity of study on noise mapping is carried out in this paper. The composition and
process of noise mapping are studied systematically. A noise management system is developed and tested
based on the analysis of the relationship between Geographic Information System, acoustic model system,
check system, display & management system, and then try to find a method of noise management based on
this system. The study results may be helpful and referential for the construction of noise management
platform.

Key words: Acoustic; Noise Mapping; model calculation; Noise management
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Fig. 3 Management System of Noise Mapping

3.1 i (s B

RGUER T XM PEE R, FAEER A ERIRER, o e @G BE8IEE, JFERG T
BOFR/R . RGEESIFAT SRR EEFER (Fe. mEha. Dldl) FEEHEE. Eik/
IKE/IEASEAS BEIE . RS B Wk 75 s R AN P YR oT iR B . R ST
PR PSS, I BA B Y TS DRE, DA 85 SRR BN e i
3.2 A EREREER

RGO HE X IRTE B NE TR R8I B s A IS AL, LA R s ERE RS, TN b
BV BRI oy AT L, AR R A X W AR XA AR X L PR B P AR AL L 45
3.3 MEyE GTRAE T

FEME P PLANA B, AUNITE B — B RAE R AR, d T AR A O TR 2%, RS
Ao SN B TR, Kl R A P M A R e S TTRR e T DO RE . SR 20 T S M b R R
THEVERIE S, B 2 A A RS 0 8 P S HE R P R Tk 75 2

Blan, W7 RN XA AR, DUETEARE RN X SR B G RS, 8 RGN
DX 5 G i e AL WS AT R A, T P YR I IL A S B B, 0 W R A TR B T R, 3 S U PR N v ST
i b IR S s ) v A i e 7 RV DR /N DX MR P A, 40 T o0 s B A H 7S o e S5 B0 Vi e Tt

[ A

P& 4 7S b ] b 7S ST R b
Fig.4 Noise Contribution Analysis in Noise Mapping
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Fig.6 Effect Analysis of Noise Reduction Measures in Noise Mapping
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Fig.7 The Effect of Different Scale Measures in Noise Mapping
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Fig.8 Noise Analysis of Planning Area in Noise Mapping
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The application of transparent ventilative soundproof window

In Shanghai

KIE, KL, xEF

ZHANG Heng !, ZHANG Ming-fang?, LIU Yao-fang

(kg pEEEARNS, ik 200070)
(Shanghai Shen Hua Acoustic Equipment Co., Ltd. Shanghai 200070)

Abstract: Improve and control the road traffic noise has become an urgent requirement for urban residents.
Installing the transparent ventilative soundproof window along the sides of the road is a very effective measure to
reduce traffic noise and to make up for the limitations of using sound barriers to control traffic noise. At present,
the products have been widely used in Shanghai and receive the high praise from residents along the road.
Keywords: Highway; Traffic noise; the transparent ventilative soundproof window; Energy conservation;
environmental
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KAENR GBS N, SWIT A .
ARVE . BEFE Rw: HANERKUIRZS FUHARR A & 27 - 30dB, 18 XUBIE GRS N T BUE 5 & 33
- 38dB.
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2 1 BRI
Tab.1 Sound test

S (Hz) 100 125 160 200 250 315 400 500
Rw (1/3 f&45i% dB) 18.3 | 12.2 | 19.8 | 16.4 | 17.8 | 24.6 | 26.3 | 22.6

FE (Hz) 630 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150
Rw (1/3 f&45i% dB) 26.5 | 27.8 | 27.8 | 29.1 | 30.7 | 31.5 32 33.6
Ra “FHJFR A= (dB) 25

2. 3.2 BEXREWR
A SR A I X 38 X R BF R 2 R A LT AR R 2 R T IR A R X AL = 40
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SRIATHE H AR KR HUBGE KBTI . Al 38 JXURE 75 7 A . 1200%1500mm, AR A4 KA
KRNI AR AL . AN RN ER . QDFS 2 S8 A ;s &FE: 0. 01—30m/s; /oy FEAE Bk
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K 2 H R XA 25 5
Tab.2 Natural ventilation test results

HARXGE (m/s ) | 1.68(2.28|2.89(3.34 (3.7 |42 |4.88|524|588]|6.59 |[7.22]|7.92
i X (n'/h) 32.0 | 34.7(36.2 | 38.6 | 40.9 | 51.6 | 54.3 | 56.9 | 57.9 | 62.03 | 65.4 | 67.6
3 Hlkod KR 5 SR
Tab.3 Mechanical ventilation test

Tk, PN AL =AML
FFEEH ) 45 30 15 45 30 15
38 X (m'/h) 62.8 55. 6 51.4 69. 3 64. 1 61.9

FR PRI AS tH DL R g5
(1) 2.89 m/sbA LR, 4 ROGRE 78R E 1R E R 36.2 m'/hbl .
(2) Bl ANATRMIIEIN, ARt R P 8 RCE R X .
(3) WULMGE R THAM T, AR6ka iR E SRR N B X ET 120 n'/h,
(4) SE IR E T AR i 4R 6 R 7 38 XU R KU
(5) T8 FEHOnt AR B 75 18 XU 138 KA 5, X 7R A XL =N R TR, FF 8 5
X R [ R AN ] o
(6) GnSR = AME XU I T AT UBRE R, e DR R T e il ) 5t
(7D 4R 78 30 X B (R LRGE X B 5 = 2 70 A5 1R 8 b FE AR X B (1 368 XU A 2
2.3.3 PURUEERE. KB, AFHE. FEERIR
4 KRR P BN E 4 LT R B I BRI 7T BE . S Tl SR 4 s B 0
yoRIP
R A DRI AR 5 B A SR B 7 I8 XU R XU PE e & 28 SkPa 2, U THERRJR A 5
5%, RIRTERES BN 6 .
SHAN TR RA 4 SRR R XU BRI REJB 55 SkPa 28, U M REJR 46 4 9, KB TEREIB5E 5 4%,
TRIRTERE SN 9 Y.

3 SRR IE X E 7E L KT AR B

3.1 ARIE 2007 4E44 AP E M B MILREAE RS, FEAEERTHTES £ T3t — U 4703 7
AKX BERANK . 6 SEEMEERE A 2 5 LIRAE MBI 4 B S R A I,
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WAIE R WP RS JRAETE L A ROGRE @ & 7 Rt Fei R, 22 de i,
SRR, BETHS. R ESIE SRR

3.4 FRE/NX AL T UL — 5 WU RS T, 2T T B 1) RALP7 AR 1R KL A ot B PR A v
FEAE T PEE RO . 2 B R R AR AU AT, A RS SE IR B RN X AT 24 /N TRALE
BAINF R nse 7 W, RIS A 7S i KA 100dB, “F-H451E N 70. 5-83. 7 dB. FEXT M A ATE 0 HT
BAVEH T} 85 SRERN E w2 BEXZ R A ERE « B 1123 1] Bl B (R e ds T AR 2%
FZERR A EIR BT R 7 RS E by A LA AN B RLAERNS R, 1537 TS AR
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FifiREE R

4 BRI

2010 4E 11 A 23 H, AT H R XRTEIREE 72 FF 32 55 R OB I 1 e 7 318 XU N A
i Leq B IR R 34T 7 B TS X280 H . P12 B&K2250 Mg &2 % . BT 4 CASELLA
CEL-110/1 R UHEZS L

WS AT
REl/ CF3ICH
205 %
bk
®
e |
fikel S 4 e
3
205 = [ 8 XU I B gk LR 4 R 5.
R4 BEEEXNBEE
1/3 540 HFOD AR £ /Hz 100 125 160 200 250 315 400 500 630

TR Leq AR IS dB | 64.3 | 62.9 | 61.8 61.3 63. 4 62. 4 62. 1 60. 3 58.6

205 F i Lea SFRH AL | 93 5 | 350 | 332 | s2.4 | 847 | 345 | 371 | 244 | 22.7

B 7 75 R 3% dB 30.5 | 27.9 | 28.6 | 28.9 | 28.7 | 27.9 | 35.0 | 35.9 | 35.9
1/3 5 b4 £ /Hz | 800 1000 1250 1600 2000 2500 3150 b & (dBD
R Leq RAH K% dB | 58.2 | 58.3 | 56.1 53.8 50. 8 48.2 44. 4
205 % B Lea AR | 914 | 22,0 | 20.7 | 199 | 19.7 | 19.4 | 19.9 31.8

b 75 75 S 4R 20 dB 36.8 | 36.3 | 35.4 34.0 31.0 28.8 24.5
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R 5 B FE T I b A

1/3 540 RO AR £ /Hz 100 125 160 200 250 315 400 500 630

HHREH Leq SHFEMAB | 643 | 62.9 | 61.8 | 61.3 | 63.4 | 62.4 | 62.1 | 60.3 | 58.6

205 &5 N Leq RS EH | 39.9 | 38.1 36. 1 34.1 36. 2 31. 1 26.9 30. 4 27.1

B 7 75 e 2 i dB 24.4 | 24.7 25.7 27.3 27.2 31.2 35.3 29.9 31.5

1/3 540 HHOD AR £ /Hz 800 1000 1250 1600 2000 2500 3150 Fgra (dB)

15 S 75 Leq 2075 FE 2% dB
FRIRTE Lea SRR IR 58.2 | 58.3 | 56.1 53.8 | 50.8 | 48.2 | 44.4

205 Z 2 Leq 275 [E S 31. 1
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I X AR BRI 72 JF 32 5 R IR A IE X T DU 08 A SN SRR, B e X 4
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I CET R AR BT R i RO AT AR UE TIBAZE T, L el g LA
T R B HE AT E, 2 RSN —FED, BORIEMEAGEE. DRSS 1, MR AR BOE,
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5 4518

ARG I 7 B XL B R B AT i B R AN AN R P OSRAEA IR Fh  B,  PRIRBR AR R
Uf, FFEREEOR. T IEIE N B SLBCR TR 2RO 6E W Thae, HB0E —kisde. Prafert
RESF AL IR BRI KL, DR IR ORTY ™ o D7 B R SEH L 4 S F L2287 (. 5 1
SRAN T 7S B e s ] S G M 7S P Bl R A BB, il R 1 TE SIS 2 R RABOUT & I IN G, 18 T
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Extended Frequency Range of Impedance Tube Measurement

LEE, BER
FENG Shanyong®, SHENG Shengwo”

(a, BIFBURESBT (RED AIRAR SHEAFZBIHIIRAT 200041)
(b, FITFREE FEERTUNT, Eifg 200092)
(a, Zhangkuisheng Acoustics Design & Research Studio, Shanghai XianDai Architectural Design (Group) Co. Ltd, Shanghai 200041)
(b, Institute of Acoustics, Tongji University, Shanghai 200092, China)

Abstract: A new method for extending the frequency range of impedance tube measurement is proposed in this
paper. The method is based on decomposing and measuring higher-order mode waves in ducts and picking up (0,
0) mode of the incident- and reflected-wave for the material of uniform surface impedance. Therefore the
normal-incidence absorption coefficient and the acoustic impedance can be determined. Compared with
previous research, the limit of cut-off frequency in the tube can be avoided and the frequency range of
measurement can be increased greatly. Finally, the verification test using above method is carried out by adopting
the single-microphone axial transmission system in a large vertical impedance tube. From the test results, the
upper limit frequency of the tube is extended from 280 Hz to 2 000 Hz or higher.

Keywords: cut-off frequency; modes decomposition; duct; impedance tube measurement; acoustic properties
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B BR A, R0 B2 B e i T 9 DN AR BRSO T R A 7R Al e AR SRS 5, AR BN TS AT A R
FEEERFME I . S5, BHPUE A MRS 280 Hz, SRAIASCHR MR v, ATl AR b PR = 3 2 000
Hz HEF &,

KRB BUEPR, B, EIE BHPUVEIINE, A

1 WS

SR B A TR 75 S P P 0 B 20732 R LR S . B4 O ML IR o S5 F
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Nearfield Acoustical Holography
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Abstract: This study examines four reconstruction strategies with enhanced quality of Nearfield Acoustical
Holography (NAH) based on Equivalent Source Models (ESM) and Basis Function Models (BFM). In
practical applications where only patch array with scarce sensors are available, the ESM-based
Interpolation (ESM-IP), Under-determined ESM (UD-ESM), Direct BFM (D-BFM) and BFM-based
Interpolation (BFM-IP) are proposed to reconstruct source velocity with sound filed interpolation. These
methods were compared with the Direct ESM (D-ESM) method. In the ESM-based NAH, dense
deployment of focal points realized by a virtual microphone technique is adopted to enhance the imaging
resolution for the ESM-IP and UD-ESM. In the BFM-based NAH, basis functions including planar and
spherical wave functions are used. Compressive Sampling (CS) is exploited in the BFM-IP and the
D-BFM in light of convex optimization method. To validate the reconstruction strategies, numerical
simulations were conducted for a baffled planar piston source and a baffled spherical piston source.
Numerical results have shown that the ESM-IP and the UD-ESM provided better image quality in sound
field resolution than the other two methods.

Key words: Nearfield Acoustical Holography, Equivalent Source Model, Basis Function Model,
Compressive Sampling

RBE: AMFRGBRNEBEERSENE RS EE R ERE 2 BT EEERENOIZEEEREN, ANESRER
T RES(FE AR ERIZE 2B RAY. ESM-based Interpolation (ESM-IP). Under-determined ESM (UD-ESM). Direct BFM
(D-BFM) #0 BFM-based Interpolation (BFM-IP)#% iR HER B IR AWM REEHBISNAI AL, I HEEEA T X Direct
ESM (D-ESM)fitt#k, HEhERYBRERZAGEELBEBEN, SRAERS RN RIGERISHETE. 5—
FHERERRFER GBS EESHMD, BRRHAGHATEMKIKEEAER, BMHEREAR D-BFM 0
BFM-IP HiRBB R BA R AR AN K. HESERTDEEFNERREZE, G2 THNKAREETERR, 8B
587~ ESM-IP 1 UD-ESM HESHIR Mt 2 BR BN HMMERTT %,

X8 M5B DREN, SWBIRERE, RRREERDE, BAIK

1 INTRODUCTION

In recent years, numerous approaches have been suggested for Nearfield Acoustic Holography (NAH).
It frequently occurs in practical applications of NAH that only a limited number of microphones are
available, which significantly compromises the reconstructed image quality and applicable frequency
bandwidth. The main purpose of this paper is to demonstrate that, with some ingenious refinements, it is
possible to enhance effectively the quality of the images reconstructed using the ESM-based NAH. Four
reconstruction strategies termed the ESM-based Interpolation (ESM-IP), the Under-determined ESM
(UD-ESM), the Direct BFM (D-BFM), and the BFM-based Interpolation (BFM-IP) are proposed in this
paper. These methods are derived in various ways of sound field representation and interpolation. They
are compared in terms of velocity reconstruction quality with the Direct ESM (D-ESM) in which no
resolution enhancement is attempted. Specifically, in the ESM-IP, a virtual microphone technique'"
used to interpolate the pressure field in the microphone plane prior to inverse reconstruction. In the
UD-ESM method a deployment of monopole sources denser than that of the microphones is assumed.
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The remaining two approaches are based on BFM in which the sound field of interest is approximated by a
finite-term expansion in basis functions. To enable such a sparse representation of sound field with a
minimal number of expansion terms, Compressive Sampling (CS)™ is exploited in light of ConVex
Optimization (abbreviated as CVX for simplicity) algorithm suggested by Candes et al.”)  In the BEM-IP,
the pressure field in the microphone plane is interpolated using BFM prior to the application of ESM NAH.
Lastly, the D-BFM signifies the method if the velocity field is directly calculated in the reconstruction
surface. Numerical simulations were conducted to compare four reconstruction strategies with the
benchmarking D-ESM approach in terms of relative velocity reconstruction error. Planar and spherical
baffled piston sources were used as the target source for which the velocity fields were reconstructed.
Results will be discussed to identify the viable NAH approaches with enhanced reconstruction quality.

2 THEORETICAL BACKGROUND
2.1 ESM-based NAH

There are many methods available to formulate NAH. Among the methods, ESM offers the main
vehicle for inverse reconstruction in this work, where the sound field is represented with an array of virtual

monopole sources. In this figure, I; is the ith microphone position on the hologram surface Sp; I, is

the Ith monopole source on the actual source surface Ss; I'; is the jth virtual source point on the virtual

i
surface S,. By assuming the time-harmonic dependence el the pressure field based on ESM is
formulated as

Pn(@) =G(@)q(@). (1

where P, (@) denotes the hologram pressure vector, 0(@)represents the virtual source strength vector
and G(g) Is the transfer matrix whose entries is defined as

ipwe ™
{G}ij :ﬁ—’ (2)
ij

where I =r,— r; |, k=w/c is wave number and ¢ is the speed of sound, j=+/—], P, is air density,

@ is the angular frequency, | and J are the numbers of microphone positions and equivalent sources,
respectively. The unknown virtual source strengths in Eq. (1) can be calculated by using appropriate
regularization methods such as Truncated Singular Value Decomposition (TSVD)[4] and Tikhonov
Regularization™. In this paper, TSVD is used. To cope with the ill-posedness, all singular values of

pseudo-inverse matrix less than 1/1000 of the maximum value are set to be zero.
Given the source strengths qv , we can calculate the surface velocity on the source. The normal

velocity at the position r| on the source surface is
J

1 .
- Z(n'er)(Jk_i_l/rlj)ps(rlaa))7 3)
1py@ 5

where n is the unit normal vector, and e, =(r|-rj)/r;j. Due to the singularity of virtual sources, we need

us(rlaa))=

a retreat distance (Rq) between S, and S, to assure reconstruction quality.

2.2 Compressive sampling of sound field using BFM
In the following, an efficient field representation technique based on CS, BFM, and CVX method is
presented. We will consider only exterior problems and free-field conditions.

BFM refers to a class of methods that exploit series expansion on the basis of orthogonal functions
derived from the solution of the wave equation. In BFM, the sound field of interest is approximated as a
finite-term expansion

p(ﬁ)zza,¢,(ﬁ)a i=12,...,1 > 4)

where ¢j(ri) is the jth globally regular basis function evaluated at the sampled position I;, a; are

unknown expansion coefficients, | and J are the numbers of sample field points and terms retained,
respectively.
For problems with planar geometry, the plane wave functions are employed as the basis functions

¢(r) — e—j(kxx+kyy+kzz) , (5)

where ' =(X,Y,Z) is the position vector and K,, K, and K, are three components of the wave

y
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vector in the Cartesian coordinate system. For problems with spherical geometry, the spherical harmonics
are employed as the basis functions

#(r)=hPkrY"(@,p), Nn=0,1,2,---,N; —n<m<n, (6)

(AT 3

where denotes complex conjugation, hrg”(-) is the spherical Hankel function of the second kind of

ordern, r=(r,0,4), Y. "(s) is the spherical harmonics function of order m and degree n.

Suppose that only finite | terms in the BFM expansion of Eq. (4) are retained. BFM can be written in a
matrix equation

Py (@) = H(w)a(w). (7
This representation can be obtained by |;-norm minimization of an underdetermined problem, with
the aid of CVX solver.’™ 1! To be specific, at each frequency, we wish to determine the unknown

expansion coefficients § as posed by the CVX problem below:
minld], st [Ha-p,], <o, ®

where 4eC’, p,€C', ||-|l, symbolizes the 2-norm, and & is a constant threshold. Let number

of nonzero entries of § be K, K << | <J. Once the expansion coefficients are obtained, the normal
velocity of BFM can be calculated from the Eq. (4) by the Euler’s equation:

1 &, k-

— Y a.(n-e e " 9
pOC; J( k) s ( )
for planar geometry and

0o =—=3 4> 3 K (ki)Y (6,.0,), (10)

JPOC j=1 n=0 m=-n
for spherical geometry. In the equation, n is the unit normal vector, k = (Ky, ky, k;), and  ex =k/k.

us(rlsa)) =

Vectors I} =(X,Y,Z) and I =(I},6,,¢,) are the position vectors of the sample points on the actual

source for the planar and spherical geometries, respectively. The symbol hrgz)'(.) denotes the derivative

of the spherical Hankel function of the second kind.

3 STRATEGIES FOR RECONSTRUCTION ENHANCEMENT

Two benchmarking methods (D-ESM and D-BFM) and three refined methods (ESM-IP, UD-ESM,
and BFM-IP) will be presented.
(1) Direct ESM (D-ESM)

As a benchmarking method, the D-ESM approach performs inverse reconstruction using identical
number of microphones and equivalent sources. The unknown virtual source strengths are computed by

using the pseudo-inverse matrix G*
4(w) =G" (w)p(@), (1)
where § € C’ and the symbol “+” denotes the pseudo-inverse operation. Thus, the surface velocity on
the source surface can be written as
4 ! A / +
u'(0) =G, (0)q(@) =G, (0)G (0)p(w), (12)
where ' € C denotes the reconstructed velocity vector corresponding to high-resolution lattice points

and G| eC"™ is the transfer matrix from the source strength of virtual sources to the velocity

reconstruction points. The superscript prime emphasizes that the vector in question is posed for
high-resolution lattice.
(2) ESM Interpolation (ESM-IP)

The ESM-IP approach utilizes the virtual microphone technique' to interpolate the pressure field on
the microphone plane for subsequent reconstruction using the ESM-based NAH. The unknown virtual
source strengths can be obtained as

G(w) =G (@)p(@). (13)
The sound pressures regenerated using Eq. (1) at the interpolated virtual sensor locations with a finer
spacing can be written as the matrix form
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p'(w) =G'(0)i(®). (14)
where p'eC", G'eC" and e C’. The source strengths §' are estimated with the augmented

pseudo-inverse matrix G’* in the frequency domain

4(0)=G" ()p'(@). >
where G'* e C™™" and q'e c’ . By “augmented”, we mean that the matrix is posed for
high-resolution lattice. Once (' is obtained, the normal surface velocity can be written as
U'(@) =G (0)§' (@) = G| (0)G" (w)p'()
=G (@)G" (@)G'(@)G" (@)p(a)
where GL eC™,

(3) Underdetermined ESM (UD-ESM)
The UD-ESM approach employs a denser deployment of equivalent sources than that of the

(16)

microphones in the reconstruction, i.e., J'> |, using the ESM-based NAH. The source strengths Q'

are obtained with the pseudo-inverse matrix G'*

4'(w) =G (w)p(). (17)
where G e C’™ and ('€ C”. Thus, the surface velocity can be reconstructed as
U'(0) =G| (0)4'(®) =G (0)G" (0)p(w), (18)

where GL eCH.
(4) Direct BFM (D-BFM)

The D-BFM approach is adopted as another benchmarking method based on plane-wave basis
functions. In this approach, the sound field approximated by the basis function expansion is used to
reconstruct the velocity on the source surface. Given the hologram pressures, we can calculate the
unknown coefficients § by using the CS method. The velocity U’ on a finer lattice can be calculated
via Egs. (9) and (10)

U'(0) =H,(0)a(o). (19)

where § e CK is the reduced set of coefficients obtained using CS procedure and H, e C"* s the

transfer matrix from the coefficient vector to the reconstruction velocity.
(5) BFM Interpolation (BFM-IP)

Like D-BFM, the BFM-IP approach applies the CS technique to interpolate the pressure field on the
microphone plane, with the aid of plane-wave BFM. The sound pressures regenerated using Eq. (7) at the
interpolated virtual sensor locations can be written as

p'(w) = H(w)a(w), (20)
which is to be matched to those produced by the ESM
p'(@) =G (@) (v) @1

where p'eC', H'eC"™*,G'eC"™,§ eC” andaeCK . The source strengths @' are

calculated by the pseudo-inverse matrix G'*

A ’ ! 22
§'(0)=G" (0)p'(®), (22)
where G"* e C*™". Once @' is obtained, the normal surface velocity with finer resolution can be

reconstructed as

U'(@) =G (0)§' (@) = G| (0)G" (w)p'()

=G, (0)G" (0)H'(w)a(w)

It is noted that the BFM-IP approach performs field interpolation on the microphone surface for
subsequent ESM inversion, whereas the D-BFM calculates the normal velocity directly on the source
surface without using ESM. As for the D-ESM, ESM-IP, UD-ESM and BFM-IP approaches, the ESM is
used for the final reconstruction of surface velocity.

(23)

114


321
打字機文字
114


LEQ-LN-RER = -5 Rt

4 NUMERICAL SIMULATIONS

Relative velocity reconstruction error was used to quantify the reconstruction performance:

Eu(a)):HU(Z’a))_US(Z,a))HZXlOO%’ (24)
[u(z, o) |,

where ||-||, symbolizes the 2-norm. The vectors U and U represent the desired and the reconstructed

velocity vectors, respectively. The Matlab® solver named “cvx” developed by Grant and Boyd was used
to solve the CS field interpolation problem.®!
4.1 The planar baffled piston source

The pressure field produced by a baffled planar source is given by the Rayleigh integral

Py (1) =22 [ GO, (1)), (). 23)

where the surface velocity Uj,=5m/s is assumed. A piston embedded at the plane z = -0.05m is arranged

in two scenarios as denoted by Sg;, i =1-2, as depicted in Fig. 1. In order to compare different strategies,

the reconstruction points were distributed at 9X 11 rectangular grid points on the source plane Ss. In Fig.
2, the preceding five reconstruction approaches are compared for two scenarios in terms of relative velocity
reconstruction error.  Velocity reconstruction error of D-BFM is the largest, especially at low frequencies.
Field interpolation using BFM has introduced significant errors at low frequencies. It seems that BFM is
more sensitive to the aperture wraparound than the ESM. The BFM-IP has produced better reconstruction
than the D-ESM in the frequency range 50 Hz~2.5 kHz. The difference in reconstruction errors attained
by the ESM-IP and UD-ESM methods is less than 10% for the two scenarios in the frequency range 50
Hz~1.7 kHz. UD-ESM, BFM-IP and D-BFM methods appear more robust against spatial aliasing than
the other strategies in the frequency range 1.7 kHz~2.5 kHz.
4.2 The spherical baffled piston source

The piston is placed on the top of the rigid sphere of radius a, subtending an angle 6, with respect to
the z-axis.” In the simulation, the source parameters are chosen to be: a = 0.2m, r = 0.3m, Uy = 5 m/s,

Po= 121 Kg/m® and ¢ = 343 m/s. Numbers of reconstruction points and the microphone points for

velocity reconstruction are 242 and 58, respectively. Specifically, Rq = 1d for 30°and 60°. Fig. 3 shows
relative velocity reconstruction error arising from the reconstruction strategies plotted versus frequency.
The velocity reconstruction errors attained by all ESM-based approaches behaved extremely similar and
never exceed 2% for all subtending angles. Larger velocity reconstruction error was observed in the
BFM-based methods than the ESM-based methods, especially at the frequency ranges 50 Hz~500 Hz and
1.7 kHz~3.4 kHz. The effects due to spatial wrap-around at low frequencies and spatial aliasing at high
frequencies are two factors that contribute to the reconstruction error. The reconstruction performance of
the BFM-IP method is rather similar to that of the D-BFM method, where their difference in reconstruction
errors is less than 1% at the frequency range 500 Hz~1.7 kHz for two subtending angles. However, the
D-BFM produces slightly better velocity reconstruction than the BFM-IP at high frequencies.

5 CONCLUSIONS

Numerical simulations were undertaken to examine field interpolation and velocity reconstruction in
light of the ESM-based and BFM-based NAH methods. Numerical simulations have shown that three
interpolation approaches including ESM-IP, UD-ESM and BFM-IP are effective in interpolating the
pressure field on the microphone surface. Three reconstruction strategies provided improved velocity
reconstruction than the D-ESM and D-BFM methods for the planar baffled piston source. However, the
BFM-based approaches have achieved comparable performance with the ESM-based approaches for the
spherical baffled piston source, where the difference in reconstruction errors is within 1% at the frequency
range 500 Hz~1.7 kHz. Despite the similarity on the surface, subtle distinctions in numerical properties
exist between ESM-based and BFM-based approaches. As revealed in the numerical investigations, the
BFM-based approaches whose formulation is coordinate dependent differ from the ESM-based approaches
in various degrees in terms of reconstruction performance and robustness in low and high frequencies.
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Abstract: The living quality of the Taiwanese citizens keeps rising; the improvement of floor impact sound
has being carried out into practical project gradually. The void slab, used to be used in huge span building,
is very common in housing building. From reference, the void slab represents the one of the latest
architectural facilities, which focuses on the noise improvement for the living quality, by its characteristics
of rigidity and lightweight. In order to select an appropriate floor covering material, the experimental
investigation based on the standard ISO 140-7 and 140-8 should be carried out to experiment the
performance of the bare void slab and the covering materials over the slab for discussing the possibility of
material application on the void slab.

Therefore, in this study, the noise insulating performance of the void slab through the field
experiments in the practical condominium-type housing projects will be tested, and the floor impact sound
performance of the selected sample of covering materials (teak wood and carpet) applied on the existing
void slab will also be shown in this paper. The results show that the void slab presents good effective
performance for heavy floor impact sound, but the void slab should be applied with covering materials to
demonstrate efficient improvement toward the light floor impact sound, and the performance varies from
materials. The researchers expect that the database could provide designers and constructors the reference
of the floor covering materials related to the floor impact sound insulation and reduce the time and the costs
issue.

Key words: Floor Impact Sound; Void Slab; Covering Materials.

INTRODUCTION

The living quality of the Taiwanese citizens keeps rising; the improvement of floor impact sound has
being carried out into practical project gradually. According to results from the investigation of public
pollution, the most amounts of the petitioned and complaint cases are “Noise Pollution”, which grow
rapidly from 1998 to 2009 (Fig. 1). The growth ratio is about 15% per year in the past ten years. Moreover,

the residential performance evaluation system of new construction, which was established by Architecture
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and Building Research institute, Ministry of Interior of Taiwan, has already listed the floor sound impact
into the sound environment performance evaluation factors.

For improving the noise issue, one of the best methods is to thicken the floor slab (Chen, 1989).
However, thickening the floor slab would increase the weight and the cost, and also is not suitable for
Taiwan where there are frequent earthquakes appeared. Thus, void slab is the one of the latest architectural
facilities, which focuses on the noise improvement for the living quality, by its characteristics of rigidity
and lightweight. Also, Chen et al. indicates that the Taiwan citizens prefer to apply the wood covering
material on the floor slab for living comfort, which is about 26% of all covering materials preferences
(Table 1.); Chung (1993) demonstrates that floor covering materials show the effectiveness for improving
the floor impact sound effect.

However, the researches regarding the sound insulating performance of void slab are relatively fewer
and the performance of void slab applied with covering materials are even rare. Therefore, the practical
selection of floor covering materials is based on the experience of constructors, which lacks the

fundamental database and usually causes the gap in perception between constructors and users.
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Fig. 1. The diagram of the increasing amount of the noise pollution petitioned cases

(The Environmental Protection Administration Executive Yuan, Taiwan. 2010)

Tablel. The preferences of the covering materials

types wood | carpet | tiles | marble | foam | terrazzo | plastic | bare

preference 26 2 50 10 0 5 7 0

Moreover, according to the data of Construction and Planning Agency Ministry of Interior in Taiwan,
the amount of residential buildings is 6,378,836. Among this number, the condominium type building is
about 32.10% of the total (till 2005)(Fig. 2). The percentage of condominiums is roughly one third of the
residential buildings, which could represent one of the typical Taiwan housing structures. Therefore, in this

study, researchers took condominiums as the testing subjects.
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Consequently, the objectives of this study are:

1. Comprehending the noise insulating performance of the void slab through the field experiments
in the practical condominium-type housing projects.

2. Testing the floor impact sound performance of the selected sample of covering materials (teak
wood and carpet) applied on the existing void slab with the full-scale size experiment room.

3. Analyzing the testing results and proposing the noise improving application of the void slab.

cottage 9%
9 ° town house 34% = town house

duplexhouse 6%
y \ condominium
one dwelling .
house ‘ ’ = one dwelling house

19% = duplexhouse

< >

condominium
32%

cottage

Fig. 2. The percentage of multi residential building types in Taiwan

METHODS

The experimental method of this study was based on ISO 140-7 “Acoustics - Measurement of sound
insulation in buildings and of building elements - Laboratory measurements of impact sound insulation of
floors” through field experiments for testing the void slabs with practical housing projects and 1SO 140-8
“Acoustics - Measurement of sound insulation in buildings and of building elements - Laboratory
measurements of impact sound insulation of floors” for testing covering materials with the full-scale size
experiment room.

The Experiment Settings. (Fig. 3) All the setting followed ISO 140-7 and 140-8. The testing
frequency was 50-5000 Hz, 1/30ct.

The Subject 1 — The void slab. There were 9 condominiums, all with the void slab, tested in Taiwan.
The total amount of the testing spaces is 28. The background information and testing locations of these
condominiums, which were uncoated and unfurnished, show in Table 2; Fig. 4 and Table 3 represent the
basic information of the void slab. In this paper, the researchers would reveal the testing results of Condo A
and Condo B.

The Subject 2 — The covering materials (Teak Wood and Carpet). Table 4 Shows the covering
materials installation. Both materials are common interior materials in Taiwan.

The Background noise. This study recorded the back noise once two hours. According to the
standards, the suggested difference between the floor impact sound and the background noise is above
10dB, and if the difference is between 6-10dB, the value should be adjusted by Eq. 1.
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