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in a free field (left) and in a reverberation room (right).
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H2 ETIX, 7o X DARELI R ORELE AT 2, 1ZUDITT &7 L ASEL
SR OBE R OV TR, Z U HE-3< 180 17497-1 DHIE ik Kk OV & ST
DWTEMRINZIR RS, WIZ, BRRERIZB T DR KL O 7L A RE R E B
D SR 2 MG 2 ATV MBERE DERE R & DEERIC K0 ARRE AT LD Z Y M
ERRAET D, D%, Mg AR 2 W HIE 208 L C, RO il LB O
O BRE A RIEICBET 2 Et a7 9, FBHIGE ) & OBGELZ H#E 3 5 FiEEidrn T
5 LR, WU R ESRM A E L, KEIS, A VLRI ORBIINE G ECET 5
BRI BERE 2T o 72 BT, A UL A REREZ 31T 2 A N [0k El il
FESE DS ELSC SR RAE TR A AR R OVFERPIE 238 L TRt 5,

3T TIX, ATE THFE LT v & AASELI R ORE > AT 5% F T FEREE
YRR DELR ST BRI 2R T 5, —RIRIEBEECH D Y 7 - 71 v 7 i &t
Sl U, Mg REREIC LD r—AAX T ¢ %l L CRERICER T 2 S ED
R A o 0Icd 5, BIRMICIE, U 7 fEsEm B L CiAlEm S, ARRE,. &
BZERUE, AR, WE BIFIC X 2B A RET 5, o, T ey ZEEREREIC
B L CIIp R ORL i DY LA R R IZ T A D,

AT IR RERE L3 B B FHE O EE A G ROBIEEEHEET D,
F9, FCRET 2 EBEAFELA R OBPEHGRIC OV TR S, ZD%, HEF=E
ZRWEEARIEIC L0 ER L, AEEoFRAEEZRRT 5, BARMICIE, B s
BFORRE 7 M CTIR T L DB A et U, 3Rk FH S0l B 2 36 1 D R 22 2R
S WEEOBASN 2T 5, RBICEOIHAE LT, MiRBERHIELZEL T 2
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RTLT o DASTELRI R O [FIE 2 5l BB R & O il &0 JE ko5 A
ATREMEICRE T 2 MR 2155,

555 BCIE, WEEERATIC LV SLRC SR A TR L, HIERR & OLERGEZAT O
Z & THE - BUE TR oW CEK S ROEBILFiE LT 5, BRI, SR
A7 IR BB A ) C & 2 JE IR IS B I A2 6 G & L CTHRY RS %DM&&F&H& S
W 23 LS R ST 952288 2 BUE AT I & 0 Bee L IE R O LI M K OV - PE oD 1)
EEXD eI, TOISH & LT%@E)&“#Lﬁx)ﬁi?ﬁﬁﬁﬁim.ﬁr%uih?fé

F6 EITILETH Y . AGRILORR & ITABRDORERCHEICHONTIERD,
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Fig. 1.6: Flow chart of this thesis.
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eyl

7 U3 LASEL RS RO B EED
B

21 [FL®HIC

ARETIE, T DASELS R OREEEEREIZ OV T, 1SO 17497-1 [6] THARE
SN TWRWWEEI O A S A-CRIEIC 31T 2 A2 R4 ESMFICET 2 Mm%
BJBHZExHBNET D, IXTUDITEEBERFEOWERBIZONTIER, ZHciES<
ISO DRTESEK OB BRI DN TERIZIR R 2, KIZ, BRI 2 F\ T ffE R
Fe O 7V ZGEERE I BE3 2 SLRERY 22 MR 2 ATV B RE O ERE R & bR
FOARRNE S AT LOZEWERRET D, T D%, M AR PR RS % F 72 I E % i
LT, BB S LB OB 18 25 D FBHE FH S I BT D it 21T 9. B 5 D
BELAFIE 2 FiEa R4 5 & T, MURRESRFEZEL, KEIC, A 7ULA
B O RHINE T EC BT 2 i e BE 2T o7 BT, A v UL A RERIEIC BT
7 ) BN B[] J50R0 R [ i 2 203 LSS 382 MU F 95 28 2 e R OV R A 4 i
L THRET %,

2.2 AERE

SLECHRIT Fig. 1.3 (2R & 912, BER ORI = 3V X — %83 5 S i S Rk oy
PSHADTZ XL F—DHEIGE L TERIN, BT RV F— Eow & BEHRST=R/L
*— Espec 1. %ﬂ%ﬂﬁ\'fﬁf%éﬂéo
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Table 2.1: The Measurement conditions for the four different reverberation times.

Reverberation time Test sample Turntable
T, not present not rotating
T, present not rotating
Ts not present rotating
Ty present rotating
Etotal =1- Qs (2.1)
Espec = (1_ Os )(1 - S) =1- Ospec (2.2)

E3tE Eq. (L1) ICRAT S LU FORBE LIS,

s, :1_1_aspec _ Aspec — Xs 2.3)
1-a, 1-a,

BL. q: fBHREORER, ag,,: SIS KD DA E =X —L B LT
it O (specular absorption coefficient) T 5, 52 28iH A TIES =0 &7 5
PN, BEE SR S AAFE LR IIES = 1 £ 250 T, L3 L bRk 2 5
T EITF RS,

ERC 2 FEEHO T A S A E TR IR AR & [IRIR AR O PSR R SR O
£ (1SO 354 [76]) ZiE L TR HILD,

\% 1 av
=24In10—| ————— [———(m, —m
s S [Csz _Clle S ( 2 1) (2.4)
V 1 a
=24In10—| —— |-—(m,—-m
aspec (C4T4 . C3T3] S ( 4 3) (25)

BL.V, SITERBLERBTETHY . T, ¢, m 1351 RSB D8, &
W, SRR CTH D (Table 2.1),

ISO 17497-1 OELKHFEOREFEIL, MR A RS- & & SOk
T TFEPERTERITRIZ AL D A, BELGHIFE T L 72D L W I EIZEE SN TN D
MEREZ R S ERNB D EIDA IV RASEZRIE L, FHb &2 RENES % -
SIS KV BEI RS OB 2T 5, Fig. 2.1 (R X 512, ABHEHRIRAE TI3 K
B3 A 2 7V AR O RIIINEIC &0 A A, #FIRRREIC B~ CRRBRRE ] A3
K725 (T4 T ThbbH, BT ECEIm RS R IAMIEEHT L 0 i S 47z

14



Room impulse response Integrated impulse response

0
g
® = S0 - NN e
S g w/o Rotating
= @
3 5
< S 400 NN
i}
w/ Rotating
T T T T _60 T T T T
0 5 10 15 20 0 5 10 15 20
Time [ms] Time [ms]

Fig. 2.1: Examples of room impulse responses and integrated impulse responses
with/without rotating the test sample.

LT FBIRRETHELND as LV BRIV age BEHND, BER LOSM:
IZBWTIE, T3~ Tio BREMICINOLOMEE Eq. (23) ITRATLHZEICED, T
S B AR =R EHER E D,

FREBEREH] Ty OFEIC L D LS R OPEFREIZE L T, Eq. (2.1), (2.3) 2k U
TOXNTFLEND,

AOcspec ~ AT4 aspec + A1/S

As=
l-a, T, 1l-gq

(2.6)

AL, A IR E G AT REOE MW mAE CTh D, 1SO HEDOREI SR |
R as < 0.5 THDHZ ENnD, ELUKHROMKTFAZEIILL T OFFEIZ/R 5,

AT, 2[1 ﬁJM
5T, <|Ag< s T 2.7)

SR ASS = 1ITBWT T, 235 % OXRRZEZ G TeHE ., BLKEROMFAZEIL,
K (=05, as=1) THHAIZ 0.2121ET D,

2.3 1SO 17497-1DAIFEAERVEE A

ISO 17497-1 [6]i%. BEM OVRIFIZERE S5 MNE D T o X 2 AFHEL S =R O E
HBEE LT, 2004 FIHESNTZHLDTH D, oI FERIT, FEIRERIEOF A
el o B B0 ENE 2L OBR S HEC R T 2% G OO O REICAIH E NS,
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Table 2.2: Maximum scattering coefficients for the base plate alone.

Frequency(f/N), Hz | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630

Spase 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.10

Frequency(f/N), Hz | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000

Shase 0.10 | 0.10 | 0.15 | 0.5 | 0.15 | 0.20 | 0.20 | 0.20 | 0.25

2.3.1 REZERUVAITESEHE

BRER

AR VIE 200 m® DL EICHERE S LT 28, 500 m? LA i 7e D & 2R oD s
EZITHILICHEENLETH D, SR ERITZESRINE G 0.3V m? LITFIC
T 5, MRE - MEZARERIRY —EITR D, BERILHEIREITH O TiE e 6720,

A—oTF—TJILLER

A7 IR 2 2 — 7 —7 v BICEE L, B2 RS 268 L35, AE-TEZ
AEHHEDL B L, ARRITEED D 1 m DLEBES, A5 B RO ELEC ST SR 13 5 KFF Al LA
T (Table2.2) THY ., BHEEEOILHRIRALVEHEIND,

Sbase = >33 L _ﬂ(m3 - ml) (28)
S c,I,—cT, S

A

REHIER 3 m U EoMETHLZ L, Ll 1 otAMEDOSAICIX, R
BRI O MIMIZ K0 LR =3B KEHIE S 41 2 FIREMEM B 0 | Il 2 LERH 5,
F ESEREAZ ROV SAIE 0 265m LbkE L, BRBICEE 2 HDIAT Z &,
B MIMR XX ARERO 116 LI, WEF=RE 05 LLFIZT 5,

2.3.2 BIEFIE

AEES

IS 51 SS (Swept Sine) {5 5<°M %% (Maximum Length Sequence) 1554 D
LT D) A APHER S T D0, FIROFHADENIT L 2 BIZ OV T
FEIC ST, BIRAEA R L 2 TR, FRE O 3m Lk
THZ L,
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A DIV RABEDRIE

HIEIL 1SO354[76] ICHEL D H D& L REIOFE L B0 FROMATIZL D 4
Gt (Table 2.1) TITH, A v 7L AIREORBIINGE FIEICE L TX, &4 ORERA
JETE IR LT IIRBE THIE % /715 (Step ¥5) & HEAOICEURH& [BIEE L7228 54T 9
Tk GHEE) 38 D03, Z OXHGBHRITIA S ZIE S Tuia, Step IEDSHE X,
60~120 S5 (6~3 JEEfE) OFRMIMAENLETH Y | FRMNERELEL 72 [, 5 EEEE
HELZ L T 5, HHEOS AL, EMERICB O TRIIIEREH 60 # (B5E 5 .
[FHNE AL 12 [\]) &0 9 PIEFNIIE R ST A28, FURHEIRREE FE O il R IX A B
ETd D,

B, WIEITIBEMAES 15 oL ERGE L7 RICBItAT 5, o, ZFaiddial
LY 3 prEmT, ELAARES 1 m BLE EOREEILBEHRS 1 m LA
EoWFhoEE,~26S 2 m DLEBELAEICRET D 2 &, WEFPR<LED 6
FMTITD 2 &,

BRERBOZEARY

W T IEAEE (-30dB B FESY) 12X Y 1/3 oct. band 4 (100~5000 Hz) %2
WA R /b TR & Y PR Tis (BEAER Y G : -5~-20dB) ZHHT 2,
FeAE D FPHO Fiid, BT L -~UL LY 10dB @< Rb X Hic+s2 L,

24 BIEBBICET HEMORH

AREICTIE, 1SO 17497-1 ([ZHEU TELHRHE S AT LOREEITHIITHTZ0 | i
REOA 700 ZSERIE B 5 im0 e mpt 217 5, £7-. Mr&EI[4, 58]0 HIE
RO ZE L CANEY AT A2 MBEE L., SUKSTRONP TR 2545,

241 BIEHE

REE

77 VAR (10 mm JE) & AW TEIVE L 7= 1/4 g RIERIREESR 2 Fig. 2.2 1 2R,
A 1.62m® OEFIKETH Y, F6MIE Table 2.3, Fig. 2.3 ([ToR"d, AFREE T T
FILET D Z LN BINHBD O OREITZITIT < IRE - REDOEITIEFF TS
WEEZD, £ ENOIEM 2@ D720, RO 77 2 F » 7 8lE#H 10 K
Zm0 N CERE LT, SEBORITEE S TR Y | sHEIL 200X400X1mm Th b,
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Fig 2.2: 1/4 scaled reverberation room.

Table 2.3: Specifications of the reverberation room.

Parameter

Detailed contents

WX L x H [mm]

1,200 x 1,500 x 900

Thickness [mm] 10
Volume [m?] 1.62
Total surface area [m?] 8.46
Material Acrylic
1,500 ) 1,500
T spa o O Mic.2
o O Mic.1 T
8.\ OMic.1
— = hos0ml  QMic.2
S /O Mic.3 =N Q© #=500 [m]
Sp.B *. Baseplate .~ Mic.3
Q """ Sp.AB Baseplate /=400 [mm]
Lo T
<Plan> < Vertical section >

Fig. 2.3: The location of loud speakers and microphones in the reverberation room.
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Fig. 2.4: The turntable (left) with fixed revolution speed and the test sample (right)

setting on the turntable.

Unit: [mm]

radius = 375

Vertical section

Fig. 2.5: Specifications of the test sample with hemispheres on the base plate.

1.0

—oe— Test sample
0.8 7

0.6

0.4

Q2T T T T T T T T T T T T T T T T T I

500 1k 2k 4k
Frequency [Hz]

Random-incidence absorption coefficient

125 250

Fig. 2.6: Measured random-incidence absorption coefficients of the hemisphere.
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B—oTF—TIIEERE
e T — 7 T ER

354 mm. &S 120mm T, 1[5 80 Fhi

ZEEINTWD

(Fig.2.4), ¥£7z, EFELE 3m @ U4 KO 15 MR TER LR #E (RS 30
mm, BAESMOTLE 7 Y TEREE) A= T —T N BRI TEEE L

77

AR

B AR O _EEICARREER 32 5 2 %W (1/4

TR AR L7 (Fig. 2.4, 2.5),

1/4 J O 1/5

MR OAE1T 52.5 mm)
FERIC B W THERO~HE & BlHNE

(ZECE L

B R CTHEAIZR S, BHEITA %60 cm, 48cm, &S 1E% 4 30 mm, 24 mm TH

5o Fiz. FRBREREROHIE
Bk < 0.1 LTI EFITEWIKEETH D |

XV RO IZAEIOWERE (Fig. 2.6) 13, &K
ISO @ E[RfE 0.5 LA F &= d, <

D, 1SO HE & Dl 4 Table 2.4 12777, 1/5 FEROEAIL 1SO ITHE L 7-3%E

W72 o TWDH DRI, U4 FEROEGE

IXERB R OEEN D OFREENILYES L 70 5,

Table 2.4: Comparison with 1/4 & 1/5 scaled measurement set-up and the 1SO
17497-1. () are the values of 1SO standard in the cases of N =4 and 5.

Physical scale ratio 1/N (1SO) 1/4 1/5
Frequency, f
N x 100 ~ N x5k 400 ~ 20k 500 ~ 25k
[Hz]
Volume, V
, V>200mxN> | 1.62(< 3.13) 1.62 (> 1.6)
[m7]
Diameter of base plate, d
> 3mxN* 0.75 (= 0.75) 0.60 (= 0.60)
[m]
Structural depth of test sample, h
h < d/16 30 (< 46.88) 24 (< 37.5)
[mm]
Minimum distance to the wall, e
> 1mxN* 225 (< 250) 300 (> 200)
[m]
) Tis T2o T2o
Evaluation range of decay curves
-5~-20dB -5~-25dB -5~-25dB
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ATE R

T EARR B VTR =R ORRIZERE LI R0y ¢ — X — A —h 2 &, ~ A7
a3 EETOR 6 EY &L (Fig. 2.7), 87 ¥ AMEEFTH D MRINEFIT L
HA VOV AISERNEZAT o7, A V7OV AIRERE Y AT I AEIRM [77] % VT
WE LTeA 27 ZGE 2 BN E BRI 0T v A7 2 AERAP [78] Tordr L | 7R
ffl T (-5~-25dB) Z[HE L=, Z2¥, o7V o ZREEHIE 96kHz & L, R#X

% Fig. 2.7 12”9,

B %% A —% (TECHNICS, EAS-7F10) , /XU —7 > 7" (SONY, TA-F222ES)) .

HIE A PC (Dell, Latitude C400) .

Ky 7 A5 —3 3 (Dell,C-DockIl)

B SR UL FarT ot~ 27nakr (RION,UC-29) ., 1/4-1/2 5T 57
Z(RION, UA-12), 12 A v Far T ¥~A 27 H7 V77 (RION,NH-05), =
T oY= A 7 Ha— kK (RION, EC-04B) . &%t H ==~  (RION, UN-01A) .

=W, AT AEZ R

Measurement PC
(Measuring software build in)

Dell Latitude C400

IR Measurement System
NAE AEIRM/AERAP

Sound card
Digital Audio Card Deluxe

Power Amplifier
SONY TA-F222ESJ

()

Mic. Unit
RION UN-01A

>

Speaker
TECHNICS EAS-7F10

<

1/4-inch Microphone
RION UC-29
1/4 - 1/2-inch
Transfer Adapter
UA-12

Mic. Amplifier
NH-05A

Fig. 2.7: The measurement system block diagram.
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BIE &4

g RAZ DWW TR, Table 2.4 ("3 K 912, UG O 726 1/4 Y 1/5 @ 2 Ak
BRGE Lz, SRBHEMRF DA 2L ZJSERIEICB Uik, REIINGE S 0588 % 3
572, Table 25 TR 7 6 FhakELTc, 22 TIE M RINIDEFE (HIER
) % 2 kL L, fEHREEEE 1~4 M LTW5, (AL, #—>rT—7L0D[m|
AR 1 R 80 MMICEE SALTWD, B, MEREOA 7L ZREHIE 21T
I RlfE & LR L Cls < N & FLAEMR O L 38 K OGAURHRIHRAE & (Table 2.6) (2
DWTHRETT 2,

Table 2.5: Impulse response measurement conditions for various signal periods,

signal numbers and revolution numbers.

Signal period [sec] | Angular interval [deg] Signal number Revolution number
0.68 3.07 117 Approx. 1 (0.998)

234 Approx. 2 (1.996)

1.37 6.14 59 Approx. 1 (1.007)

117 Approx. 2 (1.997)

176 Approx. 3 (3.004)

234 Approx. 4 (3.994)

Table 2.6: Measurement conditions for various revolution numbers.

Signal period [sec] | Angular interval [deg] Signal number Revolution number
0.68 3.07 115 Approx. 1 (0.981)

116 Approx. 1 (0.990)

117 Approx. 1 (0.998)

118 Approx. 1 (1.007)

119 Approx. 1 (1.015)

120 Approx. 1 (1.024)
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1.0
1| —e— 0.68s, N =117

08| —&— 0.68'5, N= 284 |-
- 1.375, N =59

0.6 1.37s,N=117[
1| —— 1.37s,N=176
0471 —— 1375, N=234[ T

Random-incidence scattering coefficient

125 250 500 1k 2k 4k
Frequency [Hz]

Fig. 2.8: Random-incidence scattering coefficients of the base plate, measured with

changing signal lengths and numbers.

1.0

1| —e— rev.=0.981
0.8 —Aa— rev.=0.990 -

rev. = 0.998
0.67 rev. =1.007 [ g
1| —— rev.=1.015 e S

rev. = 1.024

0.4

0.2 emrmerrre e e S

o R0
0.0 [ B=B=Bggg B -
. B

Q2T T T T T T T T T T T T T T T T T 7

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

T T
125 250
Fig. 2.9: Random-incidence scattering coefficients of the hemisphere, measured with

changing revolution numbers.

242 #HREEE

EEABROIRFNERVHAHEBERIZE ITLHRERE

1/4 #g RIZHW T, Table 2.5 §fFIC L0 HlE L 72 K EMBE O A # % Fig. 2.8 12
A EEEBITED ), EMITEEEEERTO01 LN TH Y ., 1SO LIRfELL
T2 Z LR INT, U4 R - 55K 068 B2\ T, Table2.6 D1 Y [A]
WnEREES A 1 EERAE TR L S B E OREIOELT R % Fig. 2.9 127 d, 1
[R5 L CK £ 6 FEDOHIPH CITELR ST RICEEBITHEN RN Z LB ho T,
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1.0

1l —e— N=117,rev.=1
087] —A— N=234,rev. =2 [

'02 T T T T T T T T T T T T T T T T

T T
125 250 500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

1.0

1l —e— N=59,rev.=1
0.8 —A— N=117,rev. = 2| s
1l —=— N=176,rev.=3
0.67 N =234 rev. =4[

- (b) 1.37 s
'02 T T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k

Frequency [Hz]

Random-incidence scattering coefficient

Fig. 2.10: Random-incidence scattering coefficients of the hemisphere, measured

with changing signal numbers on the fixed signal lengths.

RHIMHEELRI- & 2HE

A iR - [EBREEICSNC, MOMEELREZEL S 58 (Table 25) O,
A SO PERE R % Fig. 210 1R, F5E 068 BICTIWTid, 2JEM N T
WIZROKISZ RS, F5E 1365 BICHV TR, 2 BEELE (AR 117,
176, 234 [8]) OHBATIHFE—ET DA R L2, 1 [Es (RSN RE%L 59 [A])
TP ERE KT B DD EEHTHEINESL oo TS, SN HoEEE & 2
SNDM, BHRISHET 5HEN 1SO OBUET 2 mlinf oM LIE 3~6 K4
TR\ TOS 2 LB LI RS 5 5.
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1.0

—o— 0.68s,rev=1
087 —&— 137s,rev=2 [~

1 ()N =117
'02 T T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k

Random-incidence scattering coefficient

Frequency [Hz]

1.0

1| —e— 0.68s,rev=2
0.8 —A&— 1.37s,rev=4 [

0.6
0.4 B 0

0.2

0.0 B ESBrAa oo
] (b)N =234

'02 T T T T T T T T T T T T T T T

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

125 250
Fig. 2.11: Random-incidence scattering coefficients of the hemisphere, measured

with changing signal lengths, on the fixed signal numbers.

EERICKPEE

14 #ER - AR EEEE BT, FEREZE(LEE725E (Table 25) DL
B SRAERE R A Fig. 2.11 (SR, [AHINEEEL 117 BBV TE, mHE OEIIE
L., 1 BHROSE T & HIERHIRE A Els 4 5 OB LR O PN T h LTI
BWEDEEZBND, FHEBSRED 0.68 BOBA TS TR AN E S,
ZOEEL AL, o, RHMEREE 234 BB WTH, REORKRICRD
Z MR I T,
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1.0

1| —e— 1/4 scale
0.871 —A— 1/5scale [

D2—T T T T 7
125 250

500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

Fig. 2.12: Random-incidence scattering coefficients of the hemisphere, measured

with changing scales.

BRICK28E

Table 2.5 DfE#& 1.37 B- RN ER 117 BICHIT 5 V4 Hg R LD 1/5 MR O
SLECHERBER R % Fig. 212 (TR, FHEBRTETOEBMIIAETC TWDLHOD, 4
EACIE IR R VS 2 e Tnb, TEBEDJRIN & L Tid, NS O,
BETH Y 5 028 KR O JE B R RS N 2 B, 7el, ARl OBRIRRSE T, 1/4
FER L U5 MR OEMIE T, BARIT103.6m3, 2025m° THY | BENLHBBET
ORFEHEE 09 m & 15 m ITHY L., U4 fERTIEWTid 1SO ORI L 72D
(Table 2.6), fH L. ZZRWIUC X 2 @ &I COREREDOHIL 14 FERDTFHN
S,

243 R & DL

14 fERAGEE 1.37 B, FWHINEREE 117 BIORESME (Table 2.7) 128 T,
HIE ST EER D T o &0 5 AN SHEL SO 28 o0 1 7E #t  Z B BE oo i SR & F T Fig.
213 1T T, PHELEINFROFE Tk, EMHisE 500~4k Hz (1/3 oct. band) D454
SN TR L TRk 7z,

BIRBIEEED 50 % F THINT 2ICHEV, LA REITE < R EmIChH D, &
HE S AT D THW RO E S IEMBERIZ EARORCEm NS DO 5 2048 % 12F
JAREMIL, MO R L RRENHEERL, LS LTWD EE LD,

I EORREZEE 2, B TIE U4 R THRHEEZITI 2L LT 5,
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Table 2.7: Comparison with the measurement setups of other institutions measured

in different scales (test sample: hemispheres).

Institution Physical scale ratio Structural depth [mm]
A [58],
] 1/10 100/10
Republic of Korea
B [4],
1/5 100/5
Germany
This system, 1/4 120/4
Japan 1/5 120/5
5 10 |
S 1 1
g 0.8‘_ """"""""" """"""""""""""""""""""""""""""""""
S 061 o B
BE A
E a1 e B
=T L
o 0.27 '
=] | '
2 i
T 007 T
£ ] |
) 1
g -0.2 T l T T T
= 14 2048 28 43 57

Coverage density [%]

O
A

Institute A, 1/10 scale
Institute B, 1/5 scale

This system, 1/5 scale
This system, 1/4 scale

Fig. 2.13: Random-incidence scattering coefficients of the hemisphere, measured

with changing scales, as shown in Table 2.7.

25 HHOBEASFHEHIZET 515

ISO 17497-1 DOFRESRIEIZHOWT, FiEl CIIMAERI OIEHE R & Dl 238 L TR
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Wi, HIERE O E SO W TOM R E 52 WEN D D, = 2 TARE T, 14
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(@) Infinite surface

(b) Circular sample

(c) Border setting around the base plate

Fig. 2.14: Illustration of the way to suppress the edge scattering from the uneven

perimeter of a test sample.

R E 2 N r— A2 T 4 8 LT, T D OBRERMEDNRERIT KT TR
BITHOWTafeim L. BOIRRRESRMF 2 H < LT, M STV W TE S
FICHAT MR ERGDS Z L2 AL T D,

251 HPHIRELIEIZDONT

SR OWPE TIE, ARHEOREZ WD 2 & TREBET S ORENE N
TWAHIZHEDL LT BUEE TIEEOREREIZ OV TH LT STV, KT,
AL - FHZEIC B W THEEICHW BTV D 1 R A SR 2 [ Tl Bto 7=
Traid, BB O MM X0 ELECH SR ORI E MR AN KGHN S 415 FIREMENR S 2 b
% (Fig.2.14), & Z CAEITIX, HREELID 1 o8 Mt bR 2 xh g & L7z B R
HIEZE LT, RERERIC L D ELKROFE 2R T 25 L Ikic, ZoEBE[<T
LEERT 2, £lo. TOMBREEMEMIT OFHRE & I L2203 6| BRIERMFD Y
P2 R 2,



(@) t=1 mm, Plastic (b) t =25 mm, Wood

g
= hb
[ 3
—t— —

25 25 t Unit: [mm]

Fig. 2.15: Test samples of 1D rectangular surface with border setting around the base

plate. t and hy are thickness and height of the border, respectively.

Table 2.8: Measurement conditions for various border heights (Unit: mm).

Structural depth of test sample, h Height of border, hy
0
10
50
0
25 25
50
0
35 35
50
0
45
50

Table 2.9: Measurement conditions for various border thicknesses (Unit: mm).

Height of border, hy Thickness of border, t Material
1 lastic
50 P
25 wood
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BIEME
HEFETREORGF CHW b D L E—& L, M RINEFRIE 1.37 B, FEHM
BIEEE 117 (5T, BERRENIL Ty 2 Wz, HIEE % Fig. 215 1081, U 7&K
FIL 7= 15 JAMIREREE C©, MEIZZ BEMM, REV L X 7 ) TREE BT TH
%, Table 2.8 (27”79 L D12, AEIOE X113 1SO OFEHS X h/16 =475 mm LA &V H
BUEMEICHE U T4 KMELGRE Lic, BEMRICID (T 2H0@m S o2 — 0%, B
L., REtOEE LFE—, 1SO #EHE X OBEMORKICHRE L T LS ®z, Ho
JEZIZHOWTIE Table 29 D LD ITHE L., TN HIZ KD LRETT 5,

HBRLER

B BOSIITLEEE

FedE X 1mm (Fig. 2.15() (2B 280 m S 22 (b S8 7-84 (Table 2.8) DL
ST RRIE RS R % Fig. 2.16 1233, Hedb D OFAIE, Hern LICHARTLUE R OMEAMEK
TLTWAH00, REORESLLETHIVUE, HO@ SIS T 2B I E -
TIEE—H L7z, I1SO [6]D5klm & OBUEMIZ h/16 =475 mm TH LD T, Z OfEfE
Er LT REEIIEL T, WANARREL S X 5. Lo T, BoOEE % 50

A~

mm (ZEXET D,

B BERN & ORIE

BYEMEFZ L - VI X5 EM & Bl (K72 L) [3B5]DELR =% Fig. 2.16
27”9, h =10 mm OHFAIE, el - H 0, FEMT LI LR E R LTS,
h=25mm OETIE, e LORIEM A EBAEMET & Hh~<"T 500 Hz DL E TR R X <
PR T2, Hrdo W OREM I TS AARNT IS VME Z R Uiz, 1 R T8 SR i fk i oo
HEFPR LOMEIES O OME L 0 RE 25 BHE, JEBURO R LM T 2> 6
DF OHELL S DELKHEOREMIZEEN DT LB DD, T iz, AT (Fe
L) CHEME (B L) DTEBET 2Ok, WE CTELKAROB LN R/ 5 Z L2
EZHD, h=10mm OFEZe L - &0 CELH RO 2D/ NS WERH T, HAE MR
EPEHA & OFERZE 10 mm B TS OBELOFEN/ NS Wz EEZ BRD,

B BOEIICKLIEE

D@ & 50 mm (2B W THROE S 228 L 872854 (Table 2.9) OfER % Fig. 2.17
R T, AL REIZIZIE BT 2 2 BRI I 2TV 2N 2 E MR T
776
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Random-incidence scattering coefficient

Random-incidence scattering coefficient

Random-incidence scattering coefficient

(b) h =25 mm

125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
Frequency [Hz] Frequency [Hz]
1.0
1| —— ho=0mm —e— hh=0mm
0871 —&— ho=35mm | g ho =50 mm |- S
1 ho =50 mm
0.6 1 gy NG AT T e vaEEEl
(0 e U /2 [ A - /A
0.2 T G T
0,0 R
1 (c)h=35mm (d) h=45mm
Q2T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
Frequency [Hz] Frequency [Hz]

Fig. 2.16: Random-incidence scattering coefficients of the rib structure, measured

with changing border heights on the fixed sample heights (a) 10 mm, (b) 25 mm, (c)

35 mm and (d) 45 mm. Black lines represent the values obtained by numerical

analysis.

1.0
0.8
0.67
0.4
0.2

0.0

—oe— t=1mm, plastic

—o— t=1mm, plastic

-0.2

—A— t=25mm, wood |y —A— t=25mm, wood [
(@ h=10mm
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
Frequency [Hz] Frequency [Hz]

Fig. 2.17: Random-incidence scattering coefficients of the rib structure, measured

with changing border thicknesses and materials on the fixed sample heights (a) 10
cmand (b) 25 cm.
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252 AMEEIZLIEE

HEYEF AR LI BE S 2 B ORLE 2SI I R TBIC OV T, 2RI
ENTOWRVOPBUIRTH 2, AHITI, J7%H%%m*ﬁ%ﬁ%&bf@@hf\
FAEOB) Y [ ULEIC X 2 B AR L. SUBHELE O AR VW TERT 5,

BIERE

14 g RIS IZ W CTHIE 21T 9. HIEFEITAEN R T8 Y Th 5, HIE
AEHT 25 mm 4 (F25F10cem ) O U 7 & ES L7 JE g EREER & L, Table 2.10 &
OVFig. 218 1Z/Rr 300 U 7 ORNE & Bl 254 [ZFRE Lz, 3B EIL 2 TR |
zmvo vy s ) TREM BT T, RENRICE (X7 2AFy 78 GHS 25mm, E
S 1m) ZWMYAMAT, B, M RINEHREIT 137 B FHINEEEL 59 [\, 5%
BRI Tos &2 H W=,

Table 2.10: Measurement conditions for various arrangements of the rib structure.

Type Period of ribs, L [mm] Number of ribs
L100 100 8
L100’ 7
L150 150 5
L150°
L200 200 4
L200’

L200” 3
L250 250 3
L250°

L500 500 2
L500°

Luid unidentified 1
Luid’

Luid”

Luid™?

32



(@) k= 100.[mm] (b) L= 150 [mm]

d =750 [mm]

L100 o I O s I I s O s O R L1150 ©m o @B 8 o«
L100’ i N e Y T o Y s IO s N L150° | m| =] | |

(c)1+=200 [mm] (d)-L: =250 [mml]

L200 m| ! 0 m|
L200° | | | L250 | | |
L200”’ m| | o o L250° ml ml 0

(e) L= 500 [mm] (f) L. = unidentified

Luid m|

Luid’ i
L500 m| o Luid”’ o
L500° i O Luid*”’ O

Fig. 2.18: Test samples of the rib structures with various arrangements.
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Random-incidence scattering coefficient Random-incidence scattering coefficient

Random-incidence scattering coefficient

1.0

0.8

——
—A—

L100
L100’°

Q2777 7T 7T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
Frequency [Hz] Frequency [Hz]
1.0
1| —e— L200 —e— L250
0.8 —A— L2007 |y T —A— L2507 [
1| —=— L200”

S o o o @ »
N R o o
| PR " | " | "

o
o
1

o
N

T
125

T
250

T
500 1k
Frequency [Hz]

T
500 1k
Frequency [Hz]

T T
125 250

Fig. 2.19: Random-incidence scattering coefficients of the rib structure, measured

with changing sample arrangements on the fixed sample periods.

HBRLER

[ TV 7Tk CRUBHE LoV 7R E 2 210 S 7256 O RS RO RER R &

Fig. 219 1T~ 7, ELRHAER~OBEOREITENCROND DD, Luid 2RV T
I 0.1 DNOZELMEL TE LT, U 7 REEmR QBRI O Hy UG E IXHIE Bk E 8
22BN EDURIBE T, ek, U T HEERE L TG A . BB L DR
D 34 NICEET 2 &, BEOEEIL 0.1 NICINEL LD E VR D,
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26 A NIV RRBEDAERHEIZET S5t

ISO 17497-1 OWPEEIX, FEEICB WO TR Z RSS2 N HHE L2 oA
YNV AIRERRBIINE TS 2 LIS X0 EERS R AT DR S T A A
ANHELIH R 2B T2 HETH Y . A 27V A SEO RIS FECHOWTIZLT
D 2WINRH D,

e Step £ (stepwise approach)

2 2 OEliE A B CRUBF A48 1R U CRFIIRBE T1T 2 ik (AR T » T IRAF)
{5 (continuous approach)

G B2 [BiR U 72 28 BT 9 1% ([ESE IR TR)

LML, ZNHEMMEFEORIGERIZEZH LM SN TE 6T, 2R Eo
FPEAT v THSCEHRE W OHIRIZ DWW T b RIS B3I T0 5, BIfEE T
SLECH SR OWEIZBI T DFIERERITTETRIT /R STV D 2Y (Table 2.11) , ZARZRAH A~
BoEORELRMETITORTEY, BiFIC25 b DX, BEinn - EBRIICHKRGE
ENTWARVONRFIRTH 5,

Step VEICBAL T, ISO Tl 60~120 & (6~3 F) OAERT v FPNELHE
LTEO, 72 (5 ) 2H#E L T\D, Z OHIRIZAIE O ERIINIZE [4)I2ES0
THRY, —AREN WX I ICRZT B 50328, 30, 54], HIERE #5222 RaET
D EIXFWVEE, R0 AT » T HDNELE R O/ NS D723 B 2 & 13
WThHo., TOTIREOREIIREREETH D, Lo, &HAERCTHIE Lk
RATECy (R RZEMEAMRTZ L 2 4K08) MBI CTH D 2 & 2 RaET 5 BIRME (R/ A
FE) ZHOWTIE, 6Nz Sn TR,

HREIZB LT, ISO Tix MLS (Maximum Length Sequence) 1575 & 5 72 5¢{Ll 7
VH I ARG DGR A RS L 22N 54T 9 EBHFEE L CW AN, [BHERE O
HIRIZOWTIIAHTH 5, (AL, ERERIZE VT, BEZES 60 B/ElEE (F5E
5B, EEH12) L) —HIEFNIIER L TVWD A, ZAUCHE L TIT - 72 FLECH R
DN TEAE S v 5k Tl REEAT S 4172 8560123 5

HFHETIX 2 2O m A X EEA RSB H IS D, 121X —E5RAT
OWMHAEMBIZE A7 vtEX, $9 1 2l 1 BEERHF CTHIESINTZZHDA 7V R
BORBNEIZL 27 v® X Th 5, WEHEEEFEH O FREITIHEICH DL EEZZ BN
LM, EEEINCEKL O, FEERICEDLONIEIARHATH D,

—J5, ISO TIFTEE STV R, SS (Swept Sine) {5 5% AW 7zdifiiklc X 5
JITE 3 LI 2\ [28, 32, 56), Z D FIEIZSE SO AEMBEIC L2 b DTk <,
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Table 2.11: Measurement conditions in the previous papers.

Sional Signal ~ Number Angular | Revolution
igna
Inst. | Ref. | Scale | Method £ period of interval period
type .
[s] signals [deg] [s/rev]
[4] 0.85 94 3.8
A 1/5 Cont MLS 80
[54] 1.48 54 6.7
[32] 20 27 13.3 540
B 1/1 Cont | Log-SS
[28] 16 35 10.3 560
C [28] 1/1 Step Log-SS 12 36 10 N/A
[12] Step N/A 72 5 N/A
D 1/10 MLS
[61] Cont 0.68 88 4.1 60
[30] Step Lin-SS 1.34 72 5 N/A
E 1/5
[56] Cont | Log-SS 1.34 79 4.6 105
F [60] 1/2 Cont MLS 5.1 16 22.5 81.6

BEAFEIIC L D2 b D TH DI, Te LA, Step BB TWD EE XD, E- T,
Z OEERE I OFIBRIL, Step EL RIS, BHE (AEAT Y 7H) LV EEDH L
MrEEin b,

LU EORBHARA R F— AR T, AHI T, £9° Step ERERHEE W o ToA v
PV A NE O EIINE T ECOWCHEERN 2B R E21T 5, £D%, SS LU MLS {5
T WA K SRR R OVEKRRIE A @ LT, B EECEE SO A oL
AISEDRERMEZ A LT T D,

2.6.1 IERHEER

Step i&

Step {EIZBIT S 1 BIORE (§EFMEICHERLR) 1L, RERSAEARAT v 7IZHE
ESINTITON, FEHENE « ZHFROMBEDE TS SV ARERRO BN D,
A LV ASSE DT R F I, BEE S SRR OER G b I b D
ThV[4], Z o OEFE i A TR 72 DB E GRS D o MRS M
DOMNIHZGET D & @ AT v TOREIZBIT DA 7SIV AJSED T 1)L F— Tk
XTERIND,
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[dB]

-60

(c) Energy decay curve

Fig. 2.20: Processing of room impulse responses by the stepwise approach.

L@ =[O =[5~ @ 4[5 O = L)+ Ly () 2.9)

ZIT Ly (=L, I ()= e Th Y EEnE Bq. (29) 12
fﬁ]\ﬁ—é L T?fﬁﬁﬁ}iﬁfi/?/b#‘— Idiff (t) ~ 10 (e—éln(IO)t/Tz _ e—éln(lO)t/TA ) Z)§5§f7§)2}’bé

(Fig. 2.20(a)) o To, TylZZHCHaUEIERIERE, SUBHEIRR OAERF TH 5,
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2R (1 [EER) JEICBW TR, SRS S & SRRSO o 2 VAR B
BMEMETH D ERET D L. MG DT RF—(TA IV RSEDFRBIMAE N
[T 2 N 5, N 45, 6o T, A v 7L ASEORGIMNE#ZIZH T 5= %
X —HEITRATEREND,

2 1 N

~ F[ Zh (t)

2
+

‘%gmm

N
Z hi diff (t)
i=1

2
1
lespec(t)_i_ﬁldiff(t) (210)

AL,

2 2
~ Nz[spcc () ~ NI i (1)

b

N
PN ANO!
i=1

N
2 ()
i=1

o (LB R R ¢, (BEE - IR SRS /R DR IRV T =1y /N
DBEARIZI2 Y (Fig. 2.20(b))

/= 1010g10(N+1) B loglo(N+1)T

©60(1/T,-1/T,)  6(l-p) @11
> T, BEiE Ay OER SRR I T 2R L~ LIk TR EN 5,
R, :_w (2.12)

1—p

BL, 1/(1+S/4,)<u<1 OFMFICBT DL,
u="T,/T, =(a,+ 4,/S)/ 0. +4/S)-

S I, WTRBEIC K VSR 2 B SRSy & IEEUSCE oy o R Hh R
X, e LRSS (Fig 2.20(c)) .

T, e—éln(lO)t/]}

Fae =] == 610y~ 2.13

we0=[ LMt =1, = o1y
_ 1 B T26761n(10)t/T2 _ ne—ﬁln(lo)[/n

Eg0=[" (@ =1, SO 2.14)

SIT, E_ =E, OHRAICHITABMEBELLE, UTFOL S IERShS,

spec

log 1
—T
6(1—p) "
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10log ,,u
R =R, ——=1C
c c - 4 (2.16)

AR TRV X—IZE L TIFRDO X HICE SN,

total ( ) =

Kl _ ]lvjaeslna 0Ty % Tze—Gln(l 0)/T, } 2.17)

6In (10)

T DWW L ~VEIRAUZ LV EE D,

(N = 1)u +100 om0

E .@©
R_.(t)=10log, —= = t)+10lo
total( ) glO Etotal ) spec( ) glO (N_l)/l +1

(2.18)

131/ fﬁﬁl‘}i%—fﬁk @{ﬁﬁ I//\ll/ Rspec (t) '6Ot/T4 /Gg?) Z)o %%E@{Eljﬁf%i Rtotal 75’%/%
MENDbDD, WEIREL Rpee DAHMIZEI D | 2R L THRERMKAFE 2 & W

LTRTELUTOL I IIERIND,

w—AR)/10

(N— 1),u +1 0(:“71)(Rma
0
(N-1)u+1 g (2.19)

AR =10log,

SLEHROBPIERZEIL, Eq. 2.6) ICLvkATEREND,

1AT, 1 AR
~ (2.20)

HL, 0<v<1/(S/4,)DFEMECBNT, v=>1-a,)/la,. +4,/S)TdH%, Eq.(2.19)

D ARIZBIFTHAERT v 7HIE, wTRIND,

10(/"1)(Rmml’AR)/|0 — 102"
= +1 (2.21)

- Iu(loAR/lO _1)

#E-> T, EXUTEq. 22002 AT D & AsiZBIT 2 PRI kAIc L kb,
d,ul vA: Riowal/10 1

222
,Lt(l lovath ota I/IO) ( )
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Table 2.12: Minimum numbers of steps required for |As| < 0.05, with changing s and

o, for a test sample, and 4,/S for a reverberation room.

number of steps, that ensures |As| < 0.05 for

the critical sample (as= 0).

s=0.2 s=0.5 s=1
A/S
os=0 0.2 0.5 as=0 0.2 0.5 as=0 0.2 0.5
0.5 11 7 5 78 40 20 411 187 70
1.0 7 6 5 35 24 16 156 95 49
2.0 5 5 4 20 17 13 70 53 36
] /
0.9- S /
. S< / %
N\ 5
£ 0.7 © g
£ 0.6- > s
o 0.5 %
= i 410 2
% 0.4 N 2
3 03] g
0.2 7
53]
0.1
0 T T T T T | 0 T T T T T 1
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
A,/S A8
Fig. 2.21: Contours of the minimum Fig. 2.22: Estimated scattering coefficients

for three true values of 0.2, 0.5 and 1, with

two typical numbers of steps of 60 and 120.

ISOIZHEDNWT R =-20 (dB) & L, HEAR ZWEH ap, ELKHFE s OFBHIKRI L T
As|< 0.05 DEMFET-TAEAT » 785X, BOWESM: 41/S 1B W TEERICHE
ETE 25 (Table 2.12), MAEAT v 7HUL, ELECHERNEmS 25 MM, a5, A4S,
BIE, MENKEL RDITEND 2L 2RI H D,
as = 0 DFEMHFITBNT, 5, A)/S ZEALSHTIGEOAERT v THOHES % Fig.
22112779, ISO TIEAEAT v 74 60 < N<120 BDUETHDH LHE L TWDH,
AT RS A4 O TIRMEIEARHATH D, o T, HEOKEE (4/S<1) [6]lcHT
DHE T, FHCE WAL SR OFEN 6 U CERLR S RO/ Nl 2 & 72 53 A gErE
N5 (Fig.2.22),



B
BEE T, AR A ERIAIC 360 FERIER U7 2N HHEIER 5 &2 BRI 0K LT
L. 1 B TEBEOBER TS, MLS 52 HWDHAICENT, H5ES
JAHIT 1 BE S NToA IV AREO TR VF —% Fig. 2.23(a) (TR T, AU,
BEH SRS IXFRBANE (BEARENE) TH D T-OIRIZN DA, JEE S RS X R R
P (RFZEME) THOHZEMLER T VXL A REBRIND LWV OREIZESNT
W5[79,80], 7> T, i FHDOHEIZBIT DA L7V AIGED =R F— TR TH
N5,

R =[n=@f +]n @] = 1)+ Tan (2.23)

spec

22T PR T OV E R T, CEAY | T, £V MR . RTR
s,

I :L g L ()dt zi w]diff ()dt =1 Lox T 2.24
T -° T -°

°61n(10) T,

Fio, A VSV ARBEORBINE N B (550 123617 2 8 SO & UL S
THRAF—F, K& N fE N EEInsh (Fig. 223(b) . UTOXRTESNS,
2 N
+ z nidiff (t)

i=1

L&
— (t
\N; 10

N
Yok ()
i=1

Tl

Z T, RS I IRAICAETR TE %,

2
1 -
] ~ . () + N[diff (2.25)

1

— L =

1-u T ~
1 2 =17
0 61n(10) T, ol (2.26)

L. FEEAY (REEEORR) T, =NT, Thd, I =la/[NOBEITBNT, B
M 7 =(T,/6)log,, (/7 ) TOHEEEH S OB L~L1E R =10log,, 7 THY ., 15
FREMTIE <, BEEENRET 2 2 L1872 D,

W TIRFE IR X0 BB H AR A ok 0 B B IEBUS = R L F— KD T2 | [
HINEZIZBT 54 7OV RSB O T X)L X — 2 FeERH TEI 0 B LTS3 54
BRD D, W10 UK T, CoRD BRI RS Aoy & HEBUSST AR 53 D BB MR 13
TnENXRAUCEVELN D (Fig. 2.23(c)).
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(c) Energy decay curve (truncated)

Fig. 2.23: Processing of room impulse responses by the continuous approach.

~ T T
E £ = w I Ddr=1 4 e—6ln(10)t/T4 _ e—6ln(10)Tw/T4
spec ( ) -[ spec ( ) 0 6ln(l O) [ ] (232)
I~ w 1 7 ~
Ew@=]" Lo = 17 (T, 1) (2.33)
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E _+E, Tho, ZOBELVEFKRATESND,

total — “~spec

BT IALF—IT E

(1)
totd 1) = 1010 ~total
1 ( ) . total (0)
1- |:10—6/f 11110(605 Rspec(t))\jllo Ropec (£)/10
(t)+10log,, 10 (2.34)
e 1-10" + 6In(10) 7
ZIZT B=T1,/T, THY . Eq Q3NDHHFKRATERSND,
1_ ‘:10_6ﬁ lrll(l)o (60ﬁ + Rtotal - A E)F;; i|10(§w'a]+AE)/]0
AR =10log,, — — (2.35)
1-10"*" + 61In(10) A7,
ERUL Bq. 2.6) I2ED, UUTO X ITEHIND,
~ —VASE ‘,I/IO 61 _ ﬁwm/lo
R, =10log,, 10 (1 10 )HO (1 12 ~ ) (2.36)
“Inl0 (1- VAS)Rtotal +608(1—10%/")

o T, BRI ROFFBE As ICBITD R XTI, KLV EED, T, =7 Ok
M RS & — B S GA 000 LR TU L TR 254, ko &
272 %,

10 (1—IO_VASE‘"'/IO)IOE“"/IO-I-IOE"“O(I—]OE“"“‘/IO)
“In10 (1-vAs)R, — R (1-10%")

R =10log 237

total

ERA R, =-20(dB) , R <-30(dB) O&MEE - HE, FLRKEROPEHREL T
2oL~ F 25, mAERINC, BIEREB O FRIEIL Eq. (2.26) 12X 0 KA TR
Y R

1- T /10
* T 6In10 10 (2.38)
T, Eq.(236) % ERICRAT 2 2 & T, A E I D,
1- 1-vAs)R /60 + Bll — 1070
/u ( ) total/ ﬁ( ) 7_;) (239)

B aS + AI /S (1 — 107VA‘YE|clal/10 )1 Oﬁlotal/lo + 10*6ﬂ (1 _ IOEtOMI/IO)
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Table 2.13: Minimum ratios of revolution period 7y to reverberation time 7 with a
typical truncation time Ty = T}/2, required for |As|< 0.05 with changing s and a for

a test sample, and 4,/S for a reverberation room.

s=0.2 s=0.5 s=1
A/S
os=0 0.2 0.5 as=0 0.2 0.5 os=0 0.2 0.5
0.5 33 35 34 156 125 102 534 377 259
1.0 21 24 27 91 85 78 298 246 194
2.0 12 15 17 53 53 52 175 157 133

Table 2.14: Minimum ratios of revolution period Ty to reverberation time 77 with the
optimal truncation time Tw = 7., required for |As|< 0.05 ( R <-30(dB)), with
changing s and o4 for a test sample, and 4,/S for a reverberation room. The ratios in

parentheses are required for a supplementary condition: R, =—-30(dB).

s=02 s=0.5 s=1
Ai/S
os=0 0.2 0.5 as=0 0.2 0.5 o;=0 0.2 0.5
0.5 21 (10) 5 (36) (19) 16 (48) (28) 37
1.0 (12) (7 10 (24) 18 27 44 53 59
2.0 11 13 17 32 36 42 75 78 86

B L., ZEEOFREREM T, =24In10(Vie)S) Th 5, Z 2 THEETREIEE UL, [
J%/ﬂ;ﬁmf FRABI AR B T I 2 2 L Th D,

BRI DWEH ap, B s OFEHIX LT A< 0.05D %A 723 To/To X,
FEOWHESRM 41/S ITB W THERIIHEE C& 5, Table2.12, 2.13 1%, 30dB LA LD
JOZDMRFE S D B S AT Ik L CENEIL Ty = T/2 (HUARIRYIRERE - SR
RE LU0 U] & Tw = 7 (Rdief] - BRI & — B S G6 000 i
LIFH) TRD7 /Ty TH D, TW=T1/2 Tl&, Step EOYE LFERIC, LA
DN T HIZON TREWERRE A MLE L7200 | a, A)/S BDREL 0D LEL 70D
A D, ZIUTHAT Ty=7 Tld, FEEYNE L EMRSNTEY ., FT a,

A/S DINEWETHFEIC R D,
as=0 DFMFITIBNT s, 4)/S AL ST HE D T/Ty DHERB % Fig. 2.24 IR,

Step IEICBITAAEAT v FH60<N<120 L L TR % & (Fig. 2.22) . Tw=T/2
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Fig. 2.24: Contours of the minimum revolution period ratio, that ensures |As/< 0.05
for the critical sample (as = 0): (a) with the typical truncation time Ty = 71/2, and (b)
with the double time Ty = T).
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Fig. 2.25: Estimated scattering coefficients for three true values of 0.2, 0.5 and 1 with
Tw = T1/2, with two typical revolution period ratios of 100 and 300.

TIXB LZ 100 < To/To<300 (0.5<A4,/5<2) IZFHYE L, Tw=T) TIEZD 2 FLLEIC
HILTW5, FE@moEEE (4/S<1) (28T HHE T, FRCEmWELRSEO
AEHT R LG/l A & 72 S alRetEA & 5 (Fig. 2.25),

PLEX D, MLS (5% MW 28EEIC X AHE CIE, BEREIITA UL 2%
OEIY H URFNIC R & <UKAFT 2 Z &R IS,
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2.6.2 MREBERUVEREREZZ(CHITHATHE

Table 2.15: Specifications of the measurement set-up.

3 B ERIERIC, 1/4 M REERL OB F RS (Fig. 2.2) IZBW T T- 7=,

1/4 scale 1/1 scale
Reverberation room Shape Rectangular Non-rectangular
Volume [m’] 1.62 270
Total surface areas [m’] 8.46 255
Material Acrylic Concrete
Diffuser 10 Plastic panels None
Base plate Diameter [m] 0.75 3
Thickness [mm] 30 45
Material Wood Wood
Border Height [mm] 50 210
Thickness [mm] 1 10
Material Plastic Acrylic
Turntable Model type TT-1000 [81] Self-made
Air gap [mm] 170 -
2D Test sample Height [mm] 25 100
(Block structure) Period [mm] 50 200
Number 161 161
Material Wood Wood
1D Test sample Height [mm] 25 -
(Rib structure) Period [mm] 50
Number 15
Material Wood
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(a) Block structure (b) Rib structure

Fig. 2.26: Two types of test samples in 1/4 scale.

500 1k 2k 4k 8k 16k (1/4scale)
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0.0 TS °
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Frequency [Hz]

Randome-incidence absorption coefficient

Fig. 2.27: Measured random-incidence absorption coefficients of the test samples in

1/4 and 1/1 scales.

FEAIZ Table 2.13 (2”9, EEMBEOFFICIZ T 7 AT v 7 filf (HE 50em, & 1
mm) Z 0 1F, Z— 2T —7 v BIZEE LT, #— 27— 7 /L (Nittobo Acoust. Eng.,
TT-1000) [81]i%. [EIHAEHIOEIERTRE (4 Bo~6 Z3/1 ElER) b D&M L7z,

HEREHL Fig. 2.26 (TR T X O KRR Y 715 HZ2REE L7- 1 Roo)E s &
AT 0y 7 161 (HZ2#IRICHSEE Uiz 2 oEgE & L, 2 >OEHI R
12, WL 25 mm, FAHIES0mm TH D, RED T ¥ A ARNKEFREL Fig. 2.27 I
N
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Fig. 2.28: Real-scale reverberation room at Yamaha Corp. in Shizuoka-ken, Japan.

FRPEE, B 270 m*, FiHEE 255 m°
B\ ToTm, AEZ —r T —7 0 BICHEERE (EE3m, ES 45mm) 2%
F. ZOFEMI IR E T E O IERIFRME31] &
WIZ, T 7 U VP E i B ECY 7 (Fig. 2.29), From 1%, 18O BUE Ok
EIOKEXEIZETE L CHE FHEAS 210 mm &L, EXE 10 mm &35, HER
BHI. 14 #5 R CHE 2 oo S IR 5 161 8 O ARBST G (R % L VEM AR 1
RS L7 vy 78 (& 100 mm, JE# 200mm) & Lz, 20

m Y

FREHMAITT 7~ B DECGEL D

NS SRR 1/4 #5 RICHEAR TRV 2 E3bnd  (Fig. 2.27),
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Fig. 2.29: The base plate and the test sample of block structure in 1/1 scale.

Table 2.16: Conditions of the impulse response measurements in 1/4 scale (1 revolution).

Signal period [s] Revolution period [s/rev]

0.68 - - - - 10.2 20.5 41.0 81.9 164
1.37 - - - 10.9 20.5 41.0 81.9 164 328

2.73 - - 10.9 21.8 41.0 81.9 164 328 -

5.46 - 10.9 21.8 43.7 81.9 164 328 - -

10.9 10.9 21.8 43.7 87.4 164 328 - - -

21.8 21.8 43.7 87.4 175 328 - - - -
Angular interval [deg] 360 180 90 45 24 12 6 3 1.5
Number of signals 1 2 4 8 15 30 60 120 240

Table 2.17: Conditions of the impulse response measurements in 1/1 scale (1 revolution).

Signal period [s] Revolution period [s/rev]
2.73 - 81.9 164 328 655
5.46 81.9 164 328 655 1311
10.9 164 328 655 1311 -
Angular interval [deg] 24 12 6 3 1.5
Number of signals 15 30 60 120 240
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Fig. 2.30: Measured reverberation times and equivalent absorption areas of two

reverberation rooms in 1/4 and 1/1 scales.

A DNV AGEDRIEES

EAGEEIZ IS 1T 2 BRHEIHE E D IR 2 395 72D, SS M UNMLS 15 5 & v 7oA
VOV ASE DREEFT 9, Table 2.16, 217 (2, 155 & BlE &2 2L S8/
1/4 KON fERICE T 2 ERFZ TN ZIURT, BRI TnZie, 3/KHEL
L. 1 EEER OS50S U CHEEBES 2 2L S 15, fE-T, 1 BEEY~- Y OF 5
BLAMERT v TEITRKHB OBIMRIZ 25,

BB, V4 fER TIXAE =0 2 @A~ 7 rady 3@ATOF 680 | 1/1 #
RTEFIAE =D 2@~ A 7 iy 4Ot 8l & LTA L ILRAIREOHE
EAToTz, ek, MEITIREGER 15 /0Ll Bftil U 7% ICBias Lz,

Fig. 2.30 {2 2 DO THRIE LI FABENFH] Ty & Sl & miRt 4, 27T, 2250k
WAE /T2 A, W7 & bEmF ik CRlkhmEfg § KV k&< 2o T35, ISO TiE,
ZERITHT D A 1F, 4,<030V7° il T HERH D LIEELTH Y. U1 R Tl
REDOFRMEFHZT OO, 1/4 MR TIIEERCTRIBIBEZ 5, Fio. FBEREH
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Fig. 2.31: Random-incidence scattering coefficients of the base plate, measured

without and with the border on the fixed signal periods.
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ANV AIRED T XL F —% 30 dB OFRFHTUIY L TG T 2 0ER’NH D LR
ELTNDN, RFFETIIRRDEZEYNC L2 HEEZTRD5720, U0 H L%
225 CHIE U7 AR RIS UCRROE L7z, B0 Y LIRFfE] (Fig. 2.30) (&, 1/3 oct. band
BT TV2~T) OFPIZ R 2 HBEEZEAMCTEEST 2 2 & T, 25T 30 dB
YL EOBENMERES VD, FEEREIL, -5~-20 dB O#FPHOR/N " FEB LV ELN
% 4R D PR D S fE TR LTz,

Fo, RERM T & Ty 6RO 2 EMBE OIS R L MR T o MERH D, 1/4
KON 11 fERIZEBWT, ZOELKE R 1SO ERELLT & 2ro 7203, 1/4 iR Tk
20kHz C, U1 MR CTIXREREEY CTH 5 1311 B/ CRESN & oz, ETE
NZEZWIL SRR PEN RN & L TE 2 B b, Fig. 2.31 12, 1/1 MERICH T 5 FEUEM
BEOFLFTRORERER 2R T, D0 OHA TR L & R EHIRICHE > T o.1
PIFIZFRY, FraiEd 52 & T, BEE FEOIERFRER IR SN DR8N H 5 =
D3I D, 1311 B/EHRDS A1, HIEICRRFH (20 47BL 1) 23802561013
LM DB CELI ST SR AN KFET S TR Y . 1SO OHLE (ERFERIZEIT 2 [HlHE
H] 20 43/El8R) [T TH DL EBZ HND,

263 HERELEE —1/4 BROBE—

SSEBICKBAIE

2 WA E (7 a v 7 #EiE) 12OV T, Table 2.16 O v {3 B8, [BlHz/EH],
BEEEE(LESETIGEICE T 5T v ¥ AAFELKSFEORNERHLE Fig. 2.32 1R
T (DARE, RSB ED )

F5 A% 2.73 BIZEE L Fig. 2.32(a) TlE. SfRICEERFELI 81.9 #/aEldx

(N=30) L0 <725 & MEIXEEE IR T T AN RGNS, Bl A 81.9
FO/EIRRIZ [ E L7z Fig. 2.32(b) Tli&, E5AMN 273 B (N=30) LV R 25T
AL, EIXEEE SR T T MM H 5, F558% 30 EICEE L7 Fig. 2.32(c) T
. BEE# L EHRE A Z L S EIC BB 53, EHITFA EAL L Ty,

PLEXY, SS ERICEDMETITEENE T (AEXT v 75 O TFIREICHK
FTHZ Ehmani,

1 oCE IS (U 7HEE) (220 T OIRER ORI ERE SR A fR 1 FE BVEIC X 2 TG
B & O T Fig. 2.33 1237,

HIEE & FHREIXE N FEOMEIC L 2EENH L2 00, 2RI E R LT
W5, BEEMEREE L Fig 2.33(a) 2725 &, EESEW 81.9 F/EER (V= 30)
2B HHEMIT 2.5kHz, 3.15kHz TR T LIaH D, ZaUEmWELR IR L
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Fig. 2.32: Random-incidence scattering coefficients of the 2D periodic sample,
measured with SS signals in 1/4 scale. (a) 7s =2.73 s, (b) Tr = 81.9 s/rev, and (c) N
= 30.
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Fig. 2.33: Random-incidence scattering coefficients of the 1D periodic sample,
measured with SS signals in 1/4 scale. (a) 7s =2.73 s, (b) Tr = 81.9 s/rev, and (c) N
= 30. Thick lines represent those numerically calculated with the directivity

correlation method.
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Fig. 2.34: Random-incidence scattering coefficients of the 2D periodic sample,
measured with MLS signals in 1/4 scale. (a) Ts = 2.73 s, (b) Tr = 81.9 s/rev, and (c)
N=30.
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Fig. 2.35: Random-incidence scattering coefficients of the 1D periodic sample,
measured with MLS signals in 1/4 scale. (a) Ts = 2.73 s, (b) Tr = 81.9 s/rev, and (c)
N = 30. Thick lines represent those numerically calculated with the directivity

correlation method.
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Fig. 2.36: Energy decay curves after synchronized averaging of impulse responses,
measured for the 1D periodic sample in the 2.5 kHz frequency band. (a) SS signals
with Ts = 2.73 s, (b) MLS signals with 75 = 2.73 s, and (c¢) MLS signals with T =
81.9 s/rev.
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Fig. 2.37: Random-incidence scattering coefficients of the 2D periodic sample,
measured with SS signals with Ts = 5.46 s in 1/1 scale. A thick line represents

typical values measured with SS signals in 1/4 scale.
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EEZDLND, MBEHICEIT DL AEFEN 30 HE0 DRl HETLTEY,
AT, 164 B/lEE (N=30) UL EOEHRESINAMLIETH D LEZHND,

MLS E5IZ & B 8I%E

2 WoTEHIRES (T a v ZREE) [ConWT, EEEM, EEE, EEKEES
V26 DT o7 DASEL ROBIER K% Fig. 2.38 1277,

155 A% 546 FUICHETE L7 Fig. 2.38(a) CTiE. [BIHEEE WA 655 Fb/[mlds 1 0 4
ERERTHEAMET %, HEEM 4 655 F/EEAICEE L7z Fig. 2.38(b) T 5%
JEABLL 72 IOV TEDMENNTIINT 5 (5 55 % 30 EIC[EE L7 Fig. 2.38(c)
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1.0

{| —e— 81.9s/rev, N=15 (a) Ts=5.46s

084 —2— 164s/rev, N=30 | ... ]

—=— 328 s/rev, N=60
655 s/rev, N=120

0.6 —— 1/ascale | TR

'02 T T T T I I I

Random-incidence scattering coefficient

I I I I I I I I I I
125 250 500 1k 2k 4k
Frequency [Hz]
1.0
1| —e— 2.73s, N=240

08412 5465, N=120{ ...

—&=— 10.9s, N=60

—— 1/4 scale

0.6

(b) T = 655 s/rev

O2-—T—T—T T T T T T T T T T T T T T
125 250 500 1k 2k 4k

Frequency [Hz]

Random-incidence scattering coefficient

1.0

1| —e— 2.73 s, 164 s/rev
084 —&— 546s,328sfrev | ]
—=— 10.9 s, 655 s/rev

06— 1/4 scale

‘0.2 T T T T T T T

T
125 250 500 1k 2k 4k

Random-incidence scattering coefficient

Frequency [Hz]

Fig. 2.38: Random-incidence scattering coefficients of the 2D periodic sample,
measured with MLS signals in 1/1 scale. (a) Ts = 5.46 s, (b) Tr = 655 s/rev, and (c)

N = 60. Thick lines represent typical values measured with MLS signals in 1/4 scale.
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Tl FHSE IR 655 F/EIRE 0 L 225 SEIFE TIN5, 1/4 fi R o554 (Fig.
2.34) LIEGLCH L & Fig 2.38(a), 2.38(c) TIFHELIT 2 H DD, Fig. 2.38(b) Tlx it
BRALBMIZH D, ZOFKE LTiE, ERPE CORmBTIIRIT 728N 14 fE
ROGEIZHR 3 FUELEWEHEEZE 2 HND (Fig. 2.30), #HiEICEES < B
WZEBWT, ElERE IR ORI & HIBRICH S Z L n, 1/ FERICEBIT S
655 F/BIHRIE+H 0 TIERNWEB X BN D, 2.6.2 THTHRA= X 51T, 1311 BY/EHEEZTO
HIE TIEREME DB 22T - 2 & D | RIE SR IT 2 U) 72 BI85 8 ] 3R
LaWeEE 2 biLbd,

U EIZR Y EREETRRHEORMERH A #ED Z & TREMEOFZEN R, %
TeMLS 575 &0 SSIEROMEMNLEE LI LRSI,

27 FED

ARETIE, 7 DRI ROWPEEIZ OV T, 5RO A St HlE 12 B

DTN WIESM 2 DN T B 120 ORe & s R & OVFERHIE 238 L TITV,
BIEEOWAEZ A L35 7 Ok 2 22 157,

X U DIEREREORE IOV TR, ZHIci-3< 1SO ORIE k& O
B AU DWW TR R~ T,

WA, BIRIFSAER 2 31T D #E R O oL A TSERE B 5 R 2 it & 4T
VN, BB OBERE e & D HEIZ X0 ARBE S AT AOZYMEERGE LT,

Z DO, ME NABRIREESE & W2 I 238 L C, 5Bk s il LB SO 1 5 0 3 i
PRI BT 2 F 21T o 72,

HIE B2 80 B o 7255410, BBHIGE O M2 K 0 @ RICHE S Tniz
LR 2 | JEMEMR ISR D 115 2 & T CE 5 Z L AVREN T, Hom &S
XREE S EMETHY | BOESIZL BN N LRSI,

Fo, REIOEREIC L 2 FETENTH Y HEOT Y H UNEILRIE i &R
27BN LR E N, —J7, BRREL (U 7)) oA T, B L bR
D 3/4 UNIZELET S &, BLEDFEIL 0.1 DINIZINE S Z L b7,

BT, A 7OV ARBEORESMCOWT, Z O RBIINE G EZ FRmOICELE L
7z BT MBS T D5 EW, BHREW . AERT v TEENELRICRIE TR
BEAREOERIELBEL TR L, RIILTOLIICEEDLND,

o Step ETIE, FHORHICEHDL T, AEAT v 7O FIRIENFHEL, TD
EIFRREIOEF RBENTE | HEOWEFN/NSWIZE N5,
*  SS ERICXDuEKIETIX, 1| MERIZERT D1E 5O FIRMENFEL, £k
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Step EOAEAT v THITHIET D,

o MLS E5IC X HHHHETIT, BBEOFERRIC L9 5 [mlds)E 5 o T RIS
FIET 2. ZOMEITGAEIOELRS EREWIEE, HEOREN/NEWEE, &
KBy, FleA 7 OVRISEOY Y H LRFRIZ K & < KIFT 5,

2 OORMIMAEFEC L DHE TR, SWREEORERIZ L, LS EORER~E
DWINSL 72D 2 ENRESNTEN, — T CERERMNELL 705 2 LIS RO RIERRE
WAL DAEEER S 5, PHAMZRRIELEE LCX, @myREEoRE=R fl 21X,
S AR RN AE O 1~2 (SHPAN L e D EEZHEH L, AERAT v THE D
SS 5 %% 120 fELL BICERE TV, S ORERZEIL 5 % NICINE 5 &
Ezbhb,

BIfE, ISO 17497-1 TITEBE O AR EF mAEOH RN FEE T, HES TV DA
FEAT v 78 60~120 fE CTHIEZAT 2 %rc. Wl OFEE S E W ELSU R OB
KU CIEEL S B oW/ Nl Z & 72 3 AlgetERN H 0V | HEETHOLENRH D,

Step 152 X D MIE CTlk, BRI OBIERIC X D2 REMEOEL 5 17002 &R
TRIN D3, BE TIEZ OREN RIS LV ERANTHL EBEZ LN,

BRHEIZ B W T T 2 HERE SOV TIE, SS [E5 028 MLS (55 L0 EM
HEREmNZ EDRRB SN, SS EEEHAVLLA. B RIXMEFHOAIZLY E
F52ENOMIETHD, MLS B2 HVD5A ., [HIHEE 350 R O 7B I & O
A LV AIREOGI) H LIERIC b REUKFET D2 &b WERFOREN LY
ML D, Fio, EEEEASO FIREL SSESEMWIBAICHRTEL, KLk
WZEK T DRI OMENAEC DR S H 5,
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fl'h'3i=

BOR

SHEEEILAAD S V7 LAS
AL ST REFIEDAIE

3.1 [FL®IZ

AT TIE, 7 v & DASELIROREIEIC BT HMERMEEZWA ST L, BLS
RUEL AT DM LT, L L, ERERTELRHROWET —Z 13720 L
5. BER O FEYLHIERE IR TEE(L SN TWRWORERTH Y | LD %
D2 EPERNCHERI S 2K HEIZ I £ > TV D, > T, BEBRZRREBRHIMN IR D & 2 A0
R&E L BRI - RV DIT DI TN D LIFFE WV, 5% EERGTOIZO D
T2 BN EEN TV D,

T ZTCARETIE, AIETHE LT X AARNELKSFEORE S AT AxHWTH
FREEILBAR DL SR 2 T~ 5, —RARIEREETH D U 7 R v v 7 igiE
ERGLE L MERERNEIC L D7 — 22X T ¢ &l L CREIIRICE N 5 ELCE
ROFEZWONIT 5, BAERMIZIT, U 7HEEREmICE L TId 15 SRfFafE L,
AfEE S, AERE, TRERE. AR, BEE LI X282 5, £
lo. 7a oy ZREEREENIC R LTI AR A RRE L. B RORE DN ELC RIS
E B~ D,

32 ) JHEREONLRIERECET SR

— XA QIR & U TR, DD 1 RO INGE 156 FRa gL LT, Wy
HIIR « m S - Bld, ZEXUERE BT OB & SR RO BRIZ SN T,
T—ARLT 4 i@ L TRETY D, AEREOMPIZIT, AR THE LZL DI T T
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AF v 7 8P (FmE 50 mm, JE1mm) ZakiE L, sUEHAIEC K 2 P8 - i o
BT, Us i RERIOB G AEES (Fig. 2.2) ICBWTHIEZITV., HIEHEIZ
IR LA CTH D, 2B, BNA V7 ULARERETIE MLS 52 v, FEE -
[FHUINE S, % — 7 — 7 A ORESHEIZE L CIERIEIC TR T @Y Th o,

321 ARSIICKSEE

BIE M

25mm £ (3251 10cm ) OAFEY 7 A2 B L7 JEHIREIERE R & L, Fig. 3.1, Table
31 ITRTlY @Sz 4 KMEL LTERLS T, o, MmNV —2MAHE% Fig.
3.1, Table 32 IR K OITRE Lc, MBI EIZZ TR, KLV 27T
At B C, AYEMBEICE S 50 mm OFEE IR T 7,

Table 3.1: Measurement conditions for the rectangular surfaces with different

heights. L, w and h are period, width and height of the test sample, respectively.

Shape L [mm] w [mm] h [mm]
Type A Rectangles 50 25 10
Type B 25
Type C 35
Type D 45

Table 3.2: Measurement conditions for the rectangular surfaces with combinations
of different heights. L, w and h are period, width and height of the test sample,

respectively.

Shape L [mm] w [mm] h [mm]
Type B Rectangles 50 25 25
Type B’ 25,45
Type B” 10, 25, 45
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TYpeA mcccccocconaona 210 TypeB mDoooooooooomomonn 125
25 50 25 50

Type C I'II'II'II'II'II'II'II'II'II'II‘IDI‘II‘II_II'I]35Typ9D I'II'II'II'II'II'II'II'II'II‘II'IDI'II'II_II'I]45
25 50 25 50

Type B’ HHHHHHHHHHHDHH._.H Type B” I‘IH.—.HH.—.I‘IH.—.I‘IH:HHI_:—.

h =25, 45 25 50 h =10, 25, 45 25 50

Fig. 3.1: Test samples of the rib structure with different heights.
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1.0

{| —e— h =10 mm (Type A)
0.8 4| —&— h=25mm (Type B)
—&— h =35 mm (Type C)
h = 45 mm (Type D)

0.6
e N

0.2

0.0 (BT e—0=0T e

0.2

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

T T
125 250

Fig. 3.2: Random-incidence scattering coefficients of the rib structure, measured
with different heights.

1.0

{|—e— h =25 mm (Type B)
0.8 4{—2—h=2545mm (Type B’) |- . A= o

0.6 - B - P - NG
0.4 1 e
0.2 e Ao

0.0 ‘.'{-' ,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

T T
125 250
Fig. 3.3: Random-incidence scattering coefficients of the rib structure, measured

with combinations of different heights.

BRLER

RSBV T, B S22 L SR O RORER R Z Fig. 3.2 1R,
B S DAY IS MEF IR O EL S RITE TR T 2 b 00, FHEEl ClifeE
WHEIRCORTRAELTWD, ZORTIEAES I EEEMIOE KL TELTE
0. @S OB AEWVE TS B T 2 A H 5, mERO TS A S 10 mm
TlHRbLREL L-TEY, JAH (50mm) 12~ 20 % OF S THEEEh RS R KIZ2
HIZENDND,

W, RIRDESOMEEZMRAADEEEAICE T DAL ROREREE%Z Fig.
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33 T, mS—EDHE (Type B) ICAOGNDEEE LOY—T « 7 1 v 7 H%E
A, @ S OZEFEE O K & IR IEERED 2272 6 03 BRI 5 < 2 &R

PIND,

3.22 ARFERIZX3

BIE R

B 488

=1

ENRY THEE (5 25mm, BES 1mm) Zx5RE LT, Z£OME%L Fig. 3.4,

Table 3.3 |Z/RT & 9 122k S B O IR AN LR RIC K IFT
MBEIXT T AF v 7 ThbH,

WBE T 5, Wk

Eo, AEY THE (B S 25mm) OfFEZ Fig. 3.5, Table 3.4 (Z/Rd 18D BRE L
Too REMIEIZZ EHEEM, KEV VX7 ) TRES BT TH D,
7pk, HYEMAEOEPAICIL, AIE & [FERICE S 50 mm OFEZEEY 1772,

Table 3.3: Measurement conditions for the plates with different periods. L, w and h

are period, width and height of the test sample, respectively.

Shape L [mm] w [mm] h [mm] Number of periods
Type | Plates 50 1 25 15
Type I’ 25 30

Table 3.4: Measurement conditions for the rectangular surfaces with combinations

of different periods. L, w and h are period, width and height of the test sample,

respectively.

Shape L [mm] w [mm] h [mm] Number of periods
Type B Rectangles 50 25 25 15
Type B”” 50+5, 15
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Typel T 125 Type I’ ||||||||||||||||||||||u||||||]25
50 25

Fig. 3.4: Test samples of the plate structure with different periods.

Type B oonononon moon onn[ 125

65 3545 55

Fig. 3.5: Test sample of the rib structure with different periods.
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1.0

{| —e— L =50 mm (Type I)
08 4 —A— L=25mm (Type )}

'0-2 T T T T T T T T T T T T T T T

500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

125 250

Fig. 3.6: Random-incidence scattering coefficients of the plate, measured with

different periods.

1.0

1| —&— L =50 mm (Type B)
0.8 4] —2— L =50+ 15 mm (Type B™)}---ooeiveen]

500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

125 250
Fig. 3.7: Random-incidence scattering coefficients of the rib structure, measured

with irregular periods.

BRLER
ENHR Y T HEE ORI 2 Z L S5 A8 T DELUT R ORER R % Fig. 3.6
WZd, U 7 TME2325 mmOga (Type 1) 12X LT 2 5ORBO%E (Typel) 1,
HE O S S RITI R, mER I TR T L. BEEAEN L S h T b,
FRERIBE NG A TRy CIE I T 2N TR E 5 A BRIE S AVNAH T B & 7
B, EUKHROREEFECE—2 - T4 o TBRELRLT LD EEBZHND,
LY TR ORI 2 2L SH - BHA T BT D ELEU RO ER E 4 Fig. 3.7 (2
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Y, U 7S 50 mm TEDSE (Type B) (ZxF LT, ¥ 50 mm & L TH
MRz S s (Type B”) 1%, FABEERHENF T AT 2 BN R o0 5,
ERRRO U 7 HEE T HE R O AT AEIC L > CTRELZ AT D L OERBALH Y, K
S IR 585 B & SRS ELR SR OFHUBICAE D L B X B D,

323 BEREEREBIZLIEE

B E

AFEY THEE (BE 35mm) Zx5RE LT, 20OHE%ICZEKE S Fig. 3.8, Table 3.5
DEHITHE LT, EZREIC L DA ROFE AR T 2, F72, M) 7S (B
£ 25 mm) b4 & LT, Fig. 3.9, Table 3.6 [Z"d &k 2 ITRE L7z, REHIEIZS
TR, Ry VX o 7 ) 7@ BT, AEMRICE S 50 mm OFE IR £
iz

Table 3.5: Measurement conditions for the rectangular surfaces with and without air

layer. w and h are width and height, respectively.

Total h Sample h Air layer h
Shape w [mm]
[mm] [mm] [mm]
Type C Rectangles 25 35 35 0
Type C’ 25 10

Table 3.6: Measurement conditions for the cylinders with and without air layer. d

and h are diameter and height, respectively.

Total h Sample h Air layer h
Shape d [mm]
[mm] [mm] [mm]
Type O Cylinders 25 25 25 0
Type O’ 35 10
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TypeC’ DOOOODOOOODOOOOOO }29
25 50

Fig. 3.8: Test samples of the rib structure with air layer.

000000000000 0CRO ' 000000000000000 123
Type O goo0 125 Type O 1

25 50 25 50

Fig. 3.9: Test samples of the cylinder structure with and without air layer.
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1.0

—oe— w/o Air layer (Type C)
0.8 4{ —2— w/ Air layer (Type C’) | - -momimeme

T T T T T T T T T
125 250 500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

Fig. 3.10: Random-incidence scattering coefficients of the rib structure, measured

with and without air layer.

1.0

1| —e— h =25 mm, w/o Air layer (Type O)
0.8 4| —&— h=35mm, w/ Air layer (Type O’) |-----------

'0-2 T T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k

Frequency [Hz]

Random-incidence scattering coefficient

Fig. 3.11: Random-incidence scattering coefficients of the cylinder structure,

measured with and without air layer.

BRLER

ALY TERICELRBEHEALTZSA (Type C) OELHREZZEXSBE L OLA

(Type C) & BT Fig. 3.10 (2”7, /E’i):@?ﬁﬂ LV HEEEOT 1 v TR
H &, EERMICELERITE R L TWD, U 7EROEREZI LIS OmE Y A
FNFEE B ONAA T ERIT 26D LB b5,

T, FREY TS E xR E LFEBEORERE Fig. 311 1[OR-7, WHREXKEOF
NET 1 v T &R L, BRI EHLICHER TH D 2 L RS,
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324 WEAMRKIZKZIEE

BE
S 25 mm OFEHIIB W T, WrmfEik % Fig. 3.1, 3.4, 3.9 KU Table3.7 |Z/~7
WY B EETRRICERT 2 EL BT 5, £72 ZXEEZ G AEE S 35mm
OFREHZIBW T, Wik % Fig. 3.8, 3.9 &1\ Table 3.8 I[Z/R-T X 5 IZF%E L7z,
B, REMEIX X T ERM, BEU LY o7 U TEREL BT, REMRICE S
50 mm OFEZEEY F1F 7,

Table 3.7: Measurement conditions with different shapes of the test samples, on the

condition of h =25 cm. L, w and h are period, width and height, respectively.

Shape L [mm] w [mm] h [mm]
Type B Rectangles 50 25 25
Type | Plates
Type O Cylinders

Table 3.8: Measurement conditions with different shapes of the test samples, on the
condition of total h = 35 cm with the air layer. L and h are period and height,

respectively.

Total h Sample h Air layer h
Shape L [mm]
[mm] [mm] [mm]
Type C’ Rectangles 50 35 25 10
Type O’ Cylinders
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1.0

—e— Rectangle (Type B)

0.8 4{ —&— Plate (Typel) |
—&— Cylinder (Type O)

0.2 4

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

T T
125 250

Fig. 3.12: Random-incidence scattering coefficients measured with different shapes

of the test sample, on the condition of h = 25 cm.

1.0

—e— Rectangle (Type C’)
0.8 4| —2— Cylinder (Type O’) |-

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

T T
125 250
Fig. 3.13: Random-incidence scattering coefficients measured with different shapes

of the test sample, on the condition of total h = 35 cm with air layer.

BRLER

mE 25mm (ZEXKEEL) OREHCIBW T, WMmBR 22 LS ER8aicBiT 5
SLSCH R ORERE R A Fig. 3.12 (2”7, R 50 mm OGE T, A, BEAZK,
PR L2 LB AL U 72 LB SRR & 72 > TN D,

ES 3Bmm (EXKEAY) OREHIBWT, RO % Fig. 3.13 1277, 2R
JE I U OB AT LR ARINC 72 72 & My R AR & 7 > T D, FIHE (Type O) @
LA XARE (Type C°) &L L TR/ S B2 T, ZHUIFEE NN -0,

74



i S [ T 3

3.25

B
Fig. 3.14
3.10, 3.11

RETEIFIZES

R T L 91T
DB ESM THREM OFIIZ L

B 488

=1

EL/ bzl
‘?} ?El

o ZEHEHM, KRBT VF 7 ) TEREL BT,
WV LT, 72k,

fE723 0.4~06 THY

W B EER 4y
B ZfF O B OWERIZ, WThbhEE
ISO [6]D EIRMEZ#E 2 T2 (Fig. 3.15)

SIC K DHENECICSWED EEZ BN D,

C WEM AR AR TS A 3 TR
ZRETT %, %H@i‘ BRI & (A
TEE 10mm DA
WIZHT D

. Table 3.9,

Table 3.9: Measurement conditions for the rectangles with and without absorption

(sponge), on the condition of total h = 10 cm. w and h are width and height, respectively.

Total h Sample h Sponge h
Shape w [mm]
[mm] [mm] [mm]
Type A Rectangles 25 10 10 0
Type A 10

Table 3.10: Measurement conditions for the rectangles with and without absorption

(sponge), on the condition of total h = 25 cm. w and h are width and height, respectively.

Total h Sample h Sponge h
Shape w [mm]
[mm] [mm] [mm]
Type B Rectangles 25 25 25 0
Type B”” 10

Table 3.11: Measurement conditions for the rectangles with and without absorption

(sponge), on the condition of total h = 35 cm. h is the height.

Total h Sample h Air layer h Sponge h
Shape
[mm] [mm] [mm] [mm]
Type C’ Rectangle 35 25 10 0
Type C” 25 25 0 10
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Type A’ =====mmn 1 10 TYpE B&E&EEEEEEEE&&&&EEEE&E& 125

Sponge 25 50 Sponge 25 50

" OOOOOOOOOOOOOnn 125
Type C | 3

—

Sponge 25 50

Fig. 3.14: Test samples of the rib structure with air absorption (sponge).

500 1k 2k 4k
Frequency [Hz]

Random-incidence absorption coefficient

125 250

Fig. 3.15: Measured random-incidence absorption coefficients of the test sample.
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1.0
—oe— w/o Sponge (Type A)
0.8 4{ —A— w/ Sponge (Type A') .o

-0.2 T T T T T T T T T T 1

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

T T
125 250

Fig. 3.16: Random-incidence scattering coefficients of the rib structure, measured

with and without absorption (sponge), on the condition of total h = 10 cm.

1.0

{| —e— wi/o Sponge (Type B)
0.8 4| —&— w/ Sponge (Type B””") |- S

0.6
0.4 1

0.2

0.0 14

'02 T T T T T T T T T T T T T T T

T
500 1k 2k 4k
Frequency [Hz]

Random-incidence scattering coefficient

T T
125 250
Fig. 3.17: Random-incidence scattering coefficients of the rib structure, measured

with and without absorption (sponge), on the condition of total h = 25 cm.

BRLEER

mS 10 mm O TREEICOW T, WEM O (Table 3.9) (2K 2 ELEUH R
OWERE R A Fig. 3.16 [TRT, LWEMA Y OGE, REME LI TR EEL T
IR L 7R 2 R LTS, B, BT CIREERE TN AL D,

m S 25 mm OFREHI DWW T, W E# O (Table 3.10) (2 L 5 &A= % Fig. 3.17
IR T, REMICHAREOEZRT OO, WEMA D OGEIE, WEHHELICK L
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1.0

1| —e— w/ Air layer (Type C)

O2-—T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k

Frequency [Hz]

I

2

(&)

E 08| —A— w/Sponge (Type C”) |-
§ ] s
o o Y A o X
5 )

8 0.4 ST
S 0.2 e AT
o \ 2

£ 00 &g/ T oo
= ] X

()

o

5]

24

Fig. 3.18: Random-incidence scattering coefficients of the rib structure, measured

with and without absorption (sponge), on the condition of total h = 35 cm.

THEE CELE BOBEHEAR IR N A b5, BB W CREHER R L,
NAB TN E T D Z LICERT D b0 EEZ LN D,

Fo. BREWEEEZAET LAY 7HE &S 35 mm) 2oV T, WEH A
(Table 3.11) 2L 5#EH% Fig. 3.18 (27, MO E ST DGR L FERIC, ELK
SROEBEBRFEIIEE L TO D2, TEEETEARE SEHT 5, 5 H 250
BHBIZLAMNHETHICEMNEL D720 LB HND,

33 JOv/RBEREOERNEFHMEICEY HRE

AREI T, 70y 7GR 4 EaedR e L, sUB O sRCRLE N ELR RIS
FAE R~ D, BT VA M REREESE (Fig. 2.2) TITW, HIE TR
Hi L R TH D,

331 WEFRIZLDIHEE
AR E

FLYEMAE BICRBSI AR (25 mm f4) Z2BERSI LD TH Y, wEoER
% Fig.3.19, Table3.12 |Z/R 718 Y Bk~ IZERE LT,
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(b) Type 2

/A A BN EEEEEEENE\
A H EEEEEEEESNSEEBSRA
AN EEEEEEEEEEENEDR
E B EEEEEEEEEEEESR
AN EEEEEEEEEEEENDR
W B BN EEEEENE NNV
| I B B BN EEEEEENRN/
4 BN EEEEEEEENED
AN EEEEEEER
§l B EEEENEPD

(c) Type 3

Fig. 3.19: Test samples of the block structure with different coverage densities.
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Table 3.12: Measurement conditions for the block structures with different coverage

densities.
] Coverage Number of
Shape Size [mm] Layout ]
density [%] sample
Type 1 Cubes 25X25X 25 Grid 25 161
Type 2 50 325
Type 3 75 -

1.0

4| —e— 25 % (Type 1)
0.8 4 —2—50% (Type2) |-
75 % (Type 3)

Random-incidence scattering coefficient

T T
125 250 500 1k 2k 4k
Frequency [Hz]

Fig. 3.20: Random-incidence scattering coefficients of the block structure, measured

with different coverage densities.

BRLER

SR ERIRICEE L7 vy 7 S B R A A b S ¥4 (Table 3.12) @
SLECR#E % Fig. 3.20 (127”9, 7235 #4783 75 % TIXMA A EMIRICELE L T\ 5,
BB 25% & 50 % DAL, EEEROGLKERIZFERE TH LB, 75% O
BTIERERIETRALND, @BVERICRD &7 vy 7 BT D8 K5
XEANZ 720 MAIZEB T HmAEIFTAAECICS < kol bD EFEX 6N, £,
WM OGE BARH E B CELEU IR 0 /N SUVEANCH 5

7o B, BRI OWFE[6L] TIEFERE T & AFLE L7 JEHURIC DWW CHEESE 50 % 2
FE TR S e LT 23R H 0 | ERiAER & bERES T 5,
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332 EEIZKSEE

BEFM
AREISZHE (25 mm £) ZHES| L7ZAiEOFEHI DWW T, #E% 50 % Dk}
Z Fig.3.21, Table3.13 |Z/n 7l Ak s, HBEEIC K o ELT~D,

BRLER

NEHROBEFESR 50 % (2R T, BlE A 2 b S A OGS RO W ERE R &
Fig. 3.22 (T~ d, 7o X ARE (Type2’) TIIAZARE (Type2) ([ZHATHHFROD
ELRCH RN BT R U, AR O N HRFPREE IS 3 5 At Y 7 HEE (Type
B) OEMEENEICIT S Z Enbnd,

Table 3.13: Measurement conditions for the block structures with different layouts.

. Coverage Number of
Shape Size [mm] Layout )
density [%] sample
Type B Rectangles 25X 25 Equal 50 15
Type 2 Cubes 25X 25X 25 Grid 50 325
Type 2 Random

Fig. 3.21: Test sample of the block structure with random layout.
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1.0

{| —e— Rib, Equal (Type B)
0.8 41 —~— Block, Grid (Type 2) |-
{| —=— Block, Random (Type 2’)

R . A

0 Bl
T A NG s

A A___A
00_ N s N A e

V27T T T T T T T T T T T T T T
125 250 500 1k 2k 4k

Frequency [Hz]

Random-incidence scattering coefficient

Fig. 3.22: Random-incidence scattering coefficients the block structure, measured

with different layouts.

34 FLO

ARETIE, ATETHELZT v 7 DRI RORE S AT L& IV T REEER
?ﬁ%@%@ﬂ)ﬁ%%%ﬁ%%ﬂm“fzo Frio, —RARIEBEETH 2 ) T /RO T 1 v 7 i
ARG L L, MERERAEIC LD — AR Z T ¢ i@ L CREIRICER S 2 SLAS
ROFFEZA ST L, ?fﬁﬁﬁ’é’%ﬁ&ﬁrifﬁﬁﬁ IR R AR T,

U ZHEEREMIZOWT, AtEm S, AHERE, HR2ERE. AR, Wt kg
EHELSI R DGR & L CTIROFFED R b7z,

o AR THEEOERSRIL, ARSI FERMIOEEERTIKTL, 207 1
> ZEE S DI MEE I #I T 5,

o U7 ES KOHROIE—RRILDLERZERIE O AN LT « v T2k L.
BAFED N HALIZA R T D,

o MR- EAIR Y THEEOELEU R, A TG ISR L oo, mEEkic
T TRECNZHE N 5,

o UTREEOHENEIITERICREM ZA LTS E . WEME L OLE & Hikm
JAL U T BLECH SRR 22 7R 97208 JEYEZ%Z%‘%@%‘M@E{K’?T Ay TWBNDLZ &
bdoT,

BENT, 78y ZHEEBEEIC DWW T, RSN LD T v & L AFELRT RO
FHEIUTOLSICEEDbND,
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SMHRT vy 7 REEDEL R ARTERT/A S EEROALTREL 2D,
Ty 7 OWERIT 25~50 % THEFIROELKRIZFARE CH Y Ll Eo
PWBRTIHRTT 5,

Tuy 7 WER 50% T, ey OKZARE LY T2 F LEE O T S
TELT RN R U, [RGB RO AR THEE O BB EICT S <,
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EE ANELR ST EDBIEEZDESE

W

LHHL

41 [FL®IZ

R CTIL, 3 2 BOMELEERIEEY AT 22 HVWT, ZNETHEETH- -
FHEBEMEILBUR D T 2 7 DA R B T D L R EZ B S Ui, 207 —
B R_R— 2%, BNFER BV TRMEE I 2L —Ya v OE@RT—2 L LTH
MTh 2 &I, IEBURDFEMRGIOfREt L D B2 B D,

ARETIE, ERRHIEE S 132 < B 5 FEOEE AN FROREEE#ET 5,
FIP, IR ET D WEAS G FEOREELGRIZ OV TlR 5, IRISHE KA
IR0 FEBR L RE ORI R OMIE T A —F PFERIZE 2 5 BTN TR
BTV, WU ESRME A, o, BUEMITRE R & ORI X 0 KREED %
UHEREET 5, SIDICZOIGHAE LT, M/ UERERIZLY 2 RkotT v & L AG
ELRI R ORE 2 ek A, BUEAATRE B & oA U<, RISk TRerE 2 B84
DHRAERGD, ZOREEDOMENT XV | Hi Rt OREN FRE & 72 0 | &

FRERG ETEER - OOFHEN ARUET D 2 ENFREE 2 5, BRI, Z
DOFEITENOFATEEM CE LD 7 7 v ¥ —x a—5OFERE O - Pkl A H
Thd,

4.2 BIEER

I O WU JE BT 2 s e, KOF - IR A2 B EE L 1 IRoeE 508 RS 5 At
Z1ES (Fig. 4.1) , IR ERENICHEB ZRET 2 b O & U, PR E R O FEREH Tio
Ty ZatlT %, SRETIAO 1 RITESZRET 5 & IRADNED N 5 [24, 84,
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, y
- X Plan

(&) Anempty rectangular room.

/
yd Absorber

Plan

(b) Generate a one-dimensional sound field (Alternate reflections between the floor

and ceiling) by stalling highly absorbent materials on all side walls of the room.

y Diffuser
— Plan

(c) Install a test sample on the rigid floor and monitor the changes of reverberation

times with and without it.

Fig. 4.1: Illustration of the laboratory measurement method for measuring the

normal-incidence scattering coefficient in a rectangular room.
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Y el InQ-a,) +myL. } (4.1)

o 138L,
b Ind(- o) -a)-s,) +mL.|

4.2)

BL. L, 13 z @5 mOATEEE M OBEEE, ¢, m 13FE & ZERPIURETH 5, a
IR - IR OEEAFRERTHY | an, sp 1T OTEEAFTR TR - ELEITR
Thb, 1> T, e DOEEARELLIS R o (TRATHRES LD,

sn=1—i_a°am{ZIGLZ{i——JLJ+2LXm1—"%% (4.3)

—a, ¢ T, 11

43 RERMUEDEEICHT H1RE

AKMEETITETA 7OV ARE LRI L & 20 B IR ] M O B ASS LA
RaeRODHIE LD, o T, A 7 IV AREDRERRICKE R e LT %
FRAEOBRE T, ANEECB T 52HERREHA Th o, €I TAREITIE, Bkx
IR - R BT RENEIC K D EREICOWTHRETT 2,

431 BIEBE

HIEET 7 Uk (10 mm &) ZHWCEWEL 14 Mg REE=E (Fig. 4.2) TfT
ST, JABECH A L= EAMIIES 150 mm (52 60 cm) ., B 25 kg/m® O LF
VI A —LThDH, BEKROWEM DT X AAFFREICB T W &R % Fig. 4.3
IZENEIURT, EECTIIEE RIS RO RAETH D Z & R EMITIET
IRV SO SO EER L, 1 WotE %O sl 5 &% K8

L7z,

HEFEHE 25 mm /A (EF 10em ) OV 7 &84 L7 B SR (Fig. 4.4)
THY, MEITXEEHRM, ErY VX7 U T78EL EFE L, 1,200 mm X900 mm
DRI E LTz, 7% DARGFICE T 2506 oW 5 8 & OELR SR O RtE %
Fig. 4.5 ([ZZNZEHIURT,

HIREZHERORENMEL Fig. 4.6 (2737, SHRITMEOMICHRE L, 25 AILE
ARG TR U WE /BT E IR 2 @, &M 5 & 10 K#t e L, SS 17
FICK DA IV ZIRERE ATV, W SRR EIC LY 1/3 Oct. band 13 D%
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RN
REERLEENEKK

Fig 4.2: 1/4 scaled rectangular room, setting with absorbers on four side walls
and the test sample on the floor.

—6e— Empty room

0.5 g —A—  Absorber

0.0 T
AV D O B A G D R A B D |

125 250 500 1k 2k 4k
Frequency [Hz]

Random-incidence absorption coefficient

Fig 4.3: Random-incidence absorption coefficients of the empty room and the
absorber.

MasRkdiz, ok, FEEEIE 137 B, RHIMEREZL 10 [, Y7V > FEREHK
1% 48kHz TiT-7,
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1,200 mm ,

Test sample

1,200 mm

FLAF AL I 25 mm
Rectangle

(a) Plan (b) Vertical section

Fig 4.4: Specifications of the test sample.

1.0

Absorption coefficient
0.8 Scattering coefficient [ -------------- e

Random-incidence coefficient

125 250 500 1k 2k 4k
Frequency [Hz]

Fig 4.5: Measured random-incidence absorption and scattering coefficients of the

test sample.
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900 mm

P 150 mm
TI<
900 mm
%w o |
%)
MrSA ff)
e e M‘C.l
E Mic.3 i Mic.4
I ~ s O
al Mic.2 E M3
O S Mic.2
Mic.1 < Q
ic. Mijc.5
C
<§%n“ Sp.B
4 sp.AB

(a) Plan (a) Vertical section

Fig. 4.6: The locations of source and receiving points (2 loud speakers and 5

microphones, total 10 measurements) in the 1/4 scaled rectangular room.

432 HREBE

B ERNIZBWT, &5 ANE (Fig. 4.6) THIE LA 7OV RAIRE N HHET
Lo E OISR % Fig. 4.7 (Ond (AEEIIEDIE) . BHRIIA%E A TR
SNz 10 ZHEOBBMBREFM T LI-bLDTH D, F2F HAEICRIT 572
FITIE ST, MO LR E > TV D, THEREOTRLF— L UL
RoENDHOD, FREICELPEERIIMNR L TWDEZ LD, ZHAMEIS
KBTIV EEZBND,

BRE & RO TR « 25 AALE IV T, BB ER BT 5 R ol

% Fig. 4.8 |Z”d, BUBIERERATOR R & FERIC, &% H ANEIZ BT 2 5237
AR DHREZ RS, T REBETETOENRLLND, LNLRERNRL, ZRZENOM
FRIIFRRE & 720 | RO TEHM E b AT CTHERMIZLSIEL TS Z &
RV OYIEV

LI EOERZESE 2. EOBRFHIB WO TIEARE THWZER « 5235 808 25
M+széed5,
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Sp.A, Mic.2
— Sp.A, Mic.3
Sp.A, Mic4 | 3
— Sp.A Mic5 | )
- — - Sp.B,Mic.1 | |
— — - Sp.B, Mic.2
- Sp.B, Mic.3
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-201
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Mean

Energy decay level [dB]
Energy decay level [dB]

T T T T
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Time [s] Time [s]
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Energy decay level [dB]

Energy decay level [dB]

60 : l
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; 14kHz
o > ) |
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ERTON. ERS I N
2 f‘ a2
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(5] [«5) NN ' '
° ° LY s s
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[ N Frd ' N ! f
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L ] 3 |
'60 I T T T '60 T T I ‘I— —
0 02 04 06 08 1 0 02 04 06 08 1
Time [s] Time [s]

Fig. 4.7: Energy decay curves of the room without test sample, measured for
different source and receiving points.
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AT R — _—
60 =
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Fig. 4.8: Energy decay curves of the room with test sample, measured for different

source and receiving points.
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4.4 FHHEDOBERAFHIZET HRET

TEE ASTELSCH S % 2R B EE 2 #NL T 2 720120, WERE O A G2 5
T DMEEND D, £ 2 TARETIE, At 4.1 TRE LHERER ISV, 14 HE
RBTRUVEEE 2 AW oA OV ASEE 28 L, 272 23RO E 7 ok
L AEEEP N, EROE L HEREIZHONWTHREIT S, £ 7 UL ZREENLRDT-
PRl AR K OVBBERE ] D 6 B 24048 L. 240 O [RIE T 2 B A LA 3R o
REBMERAER L R U S b, MIEEE L CoOREEZREET 25 & o, @)
RERMFEZEL ZLEHNET D,

441 HHEEBEARICKLIEE

SEATEE [ O S 8 5Lk~ 5 BE AR RIS WO TIE, 3B ORBLEZ K D EL ST
DEARITAE LN E FTRINDGD, ZOEEESNVIZOVWTHRT 2MLE DD, Z
IR, KEHRMFRESE L 1 oo AR SRR 2 i g & LT BiF, B s
AR E DS ELECH RIS RIE T B A Mt L. B O@E AR >\ TOR A1 5,

BIEBE

WeEHRS (150 mm J&) ZwiE L7z U4 fg RETUEZE O ~TEIT 900 mm X 1,200
mmx900 mm TV, FOFEMIE 097m® (£ 6221 m°) Th D, KEMICHEE L
TREREHE, Aifi & FERIC, 26 mm AD U 7 2ES L7z 1 oS iR &SRS i 2 H
VW, ORKE G IR OE FH IS LT (RibA)  EFHIAICK LEE (Rib B)
D 2 ik Ule, IESH K ORI E I OFEAMIT Table 4.1, Fig. 4.9 (222
VR,

WEFIEIZAIE & FEETH Y . SS EHICL DA v VR IREREEIT- T2, W
P IIEIT LY 13 oct. band O AIHE A RO R EHH O/ AP I VES
N5 10 SRROBERHOEYEEZFH L, 728, Eq. 4.3) IZ X2 ELKHEOFHHE
Tl BRif - FOBHE O FEEAS R ERIZIEFIT NS WEREL, 0 & L,

Table 4.1: Measurement conditions with and without the test sample. The test

samples are arranged in two ways as Fig. 4.9(b).

Absorber Test sample
None Polyurethane foam Not present
Rib A Rectangles arranged with rib A
Rib B Rectangles arranged with rib B
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| 1,200 mm |

900 mm
= =
N !
o o
£ E
IS / 3 3
o // rd
P /
// None 1
£ Plan
(a) w/o Test sample
7 /
Rib A |
Plan
"~ RibE™ |
Plan

Rib mmmmnmmmnm 1 25 mm

(b) w/ Test sample

Fig. 4.9: Specifications of the measurement condition by changing sample
arrangements.
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Fig. 4.10: 1/4 scale rectangular room with the test sample of Rib B setting on the
floor.

HRLER

B REMROMERK

ARBIRE IR 2R E ORI Z Fig. 4.11 [ RT, ZhEhOmEE bk
1T 10 RFEOFRBMBRZ BT L2 b D Th D, skl ERRitic, £Fickss
2 PR AR IR IE S 5 O BN X 0 Hriudh 23 B8 & 72 o T D, FIHI ORI R
RIFIZZEL L TWT, BENCHERE T 2 1ITHE VW B x BRI 22 R 2"

ARBIRRE AN A TR ER T, BEENEEIRICZ D22 TREL 2D, 2 kHz
FHETRK &L 725, BRI E ORI OFRZE MBI RIBICE T 2R Ao d, £,
FBFRE T £ 0 2B TETER R O D28, i —H L T\ 5 2 L 23R
ST,

7B, +4r7 SN MR S /oKX A, 125 Hz C© 25dB. 250 Hz T 35dB. 500
Hz T 45dB, 1kHz UL T 50dB & 72 L, DAREOFREREH OFE X MILE L Zh
OHFHNIZIRET 5,
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Fig. 4.11: Average energy decay curves with and without the test sample in 1/3

octave bands. The test samples of Rib A and B are arranged in two ways as Fig.
4.9(b).
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Fig. 4.12: Reverberation times estimated by different decay level ranges without the test

sample.
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W CIAIE L7 (BLF, T, Tao, To) DftR% Fig. 412 1T d, 2IKAYIC,
FIENZKE LT oo R E XK H CERERR A 2T TR 2o T b, T2kt
P2 D Z EICEKT DD EFE 2 bD, o, REMBREBIEN 5 LEREN
ZHAEOHER L 720 | 2O THIHIL D %O R E X H CHREER 3 D 2223 M & <
ALY IS TS W
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(@) Rib A (b) Rib B

Reverberation time [s]

T T T T T T T T T T T
500 1k 2k 4k
Frequency [Hz]
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Reverberation time [s]

1.09

0.5

00T T T T T T T T T T T T T T T T T
125 250 500 1k 2k 4k

Frequency [Hz] Frequency [Hz]
Fig. 4.13: Reverberation times estimated by different decay level ranges with the test samples

of (a) Rib Aand (b) Rib B.

AR E% (RibA, RibB) (CBWTC, kil & [FREO MR CRIE L7 R O 4
R Fig. 4.13 ([ TRd, REERERTOWEG & RIS, %O RE XHE CERER M R
<720 | [FERBIAD 5 EAEAENT-S B R S, 3UBRRERTIC T
ERIE, 2.5 kHz T TR IR IR R DERF 3 0 D,

ARERREF I L D2 RERBICTIR LNV E DD, RibA OBATIE 25kHz
T CHEBIFR O ZEMNIEF /N E < 7o TN D,
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B EEAFIRFEORE

8k (Rib A, RibB) OIEAFELLGFIZONWT, ERROKFPIE CRIE L7552
Refl s DR L2 R4 Fig. 4.14 1TRT,

RS ROREME A2 D &, EKEFRTIIIRTESHE L TR L TE ST, T
WRWZ ERDND, AR, WL D B OREXHE CEMET L, FERRS
JEM % EEMES S BEMICH 5,

1 kHz 1 CTIXELSCR 3 0.1 LR O/ SUVMEIZZ2 Y | [AERFIC L 525
IEWV, UL, 25 kHz TR 2 mn Ao i, FEXMICL 2EE G K
ELLUHRKR 03 ERoT0D, FRC, TOE—2 1 3EMEENE LW E X ITAETT
W, TEEARELH I L =1 ORRIZ D JEERES CTRE S R DFpEEZ RS2
ERbhroT,

B E 7 0 & AL S B AL R AT CHEBIL TR Y, RESIMIC LD
WEIT/NSWES XD, 25kHz TR 02 OREFENR SN D, BEFHAICK L
T MICERE L7z Rib A OEIL, $hEH MU OE 723 Rib B OBEIZHA~
FOIRWREEHREICEET A ZENERTHDL EEZBNS,

B HERTEREOXG

% 5 BEOWBEIEMENTIC K D BWE A I RO GRS & L EORIERE R & Of
FL L. Fig.4.14 1R,

SLECH =R OPEMITFEME L 1 kHz HETIHEFICR VRIS Z 7R L, FRlo, %)
HRELHEMEIZE, FHEMEETWRER E o7, FFAFRET 5 &4z, 1 Wt
BN T D SN T S, SRIE T RO SRRy DA BRI NI TeH EBEZ B
Do JEWEEREN ERVIEE D 2kHz fHETH, FRIHEE L~V Ty T -25~-35
dB. Ty T -15~-35dB, T3 T -10~-40dB O X[ THH L7 IEMIZFHRM & B
SHE R L TR Y SN S0 ISR S A7 ®aPH N TR I O ELECR R & [FE
EZN R FERBGELND Z ENbhoTz,

—JiC, 25 kHz TiL, JEM - FEMEKICEHLE -7 22500, HOER
R&ELA2Y 01 YU RIZET D, REto sk & 38720, 9156 FE L7 IEm
FE BRI LT OHERE o TN D, BB — 2 2RO T ha 4
CERNE LTEZ LD DT, JIEMEIL 1/3 oct. band 5D FLEKREOFER TH 5
i, #HEEIEL 1/3 oct. band 5D H—JEE B O R TH L7, N FMEL Y KEL
RoltFEZX LD,

BRI O LTI RibB DBAICHAT RibA OHAM L 0 3HEfHEE B
St a R Ly $NE T ELIS O F R 23 & 0 IR F mfEIcBE S5 28T, kol
RICEG P EBT ORI D B2 6ND,
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(@) Rib A (b) Rib B
1.0
- -5~-15 = -25~-35 T10
084{-o -10~-20 = -30~-40 |- - I—

-35 ~-45

4

Normal-incidence scattering coefficient
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Frequency [Hz]

T T
125 250

Normal-incidence scattering coefficient

125 250 500 1k 2k

4k 125 250 500 1k 2k 4k
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Normal-incidence scattering coefficient

Frequency [Hz]

Frequency [Hz]

Fig. 4.14: Normal-incidence scattering coefficients estimated from the reverberation times in

different decay level ranges for Rib A and Rib B. Black lines represent the values obtained by

numerical analysis.
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kX0, TEARILUKH RO SRR Y —Y - 7 ¢ v 72D, HN
RELEAT 200, WEMBITHEMEE LAY —2 « T ¢ v TOMBERIEFIZRL
s Uy £ B FE L7 EIEE R & IERIC R WIS 2 R 5%, HlEEE L
TORREMENRIE ST,

PLEORERERE 2, UBEORGCIE, #BHRXE T MIE Rib A DX HITHE L,
JEREESHTIX 500 Hz LLEE L, ZOfROAEZHEwmTH L LT D,

442 FEBRIZKZEZE

BIIECl, T ASELS ST O BIE BRI AL - 725 RARRE 238 LT, MIE: &
L COAEMEEBGEET 5 &Iz, BB E F N K 6B ZP 6 Lz, 2 2 Tl
BRI R 2 BRI ORRE 253 2 DI+ 0 lESREE S L7280, Bie
DI S 2o 1 WO AR SRR 2 & LTIRY B, WEEICRT 3R
BroiE AR IC B 2 R a5 5,

AEME

BB, ATE & ARk U4 K RAETUER 2 T, JWIE D% Fig. 4.14 (TR,
REFBHE, AT & kR 1 oo HIgEEREm (53 50 mm, 8 25 mm) & M 7z,
Table 4.2 O X 5 723 B ORCm SN e D 3 FHOBEm Z XI5 L L, ZOXKE;
ML Fig. 4.15 (TR 3 X 9 ICREE LTz,

BEFEITETE & FEETH Y . Eq. (4.3) IC K DEETROFRE T, Kl - #kHA
DHEE AN ERILIZ 0 & LT,

Table 4.2: Measurement conditions of various test samples by changing shapes and

heights. L and % are period and height of the test sample, respectively.

Shape Shape L [mm] h [mm]

Type R Rectangle 50 10

Type T Triangle 50 15
25
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25 mm 50 mm

Vertical section
(@) Type R, A=10 mm

50 mm

> 115mm

Vertical section

50 mm
i
/\/\I 25 mm

. Vertical section

(c) Type T, A=25mm

Fig. 4.15: Specifications of 1-dimentional test samples by changing the shapes and

heights.
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Fig. 4.16: Average energy decay curves with/without the test sample in 1/3 octave

bands. Type R and T are the rectangular and triangular shapes, respectively.
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Fig. 4.17: Reverberation times estimated by different decay level ranges without the

test sample.
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(@) Type R, #=10 mm (b) Type T, A =15 mm

(c) Type T, h =25 mm
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Fig. 4.18: Reverberation times estimated by different decay level ranges with test

samples by changing the shapes and heights.
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Fig. 4.19: Normal-incidence scattering coefficients estimated from the reverberation
times in different decay level ranges for Type R with # = 10 mm. Black lines

represent the values obtained by numerical analysis.
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Fig. 4.20: Normal-incidence scattering coefficients estimated from the reverberation
times in different decay level ranges for Type T with 2 = 15 mm. Black lines

represent the values obtained by numerical analysis.
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Fig. 4.21: Normal-incidence scattering coefficients estimated from the reverberation
times in different decay level ranges for Type T with 2 = 25 mm. Black lines

represent the values obtained by numerical analysis.

109



45 2R7TT R LAFERFEDRIEE~NDILH

ATEICIX, HRRICBWT 1 W ESRNEET 282 E L, REREIZLD
AR DA b FE A ELC #25R D 2 EIE 2 EE LTz, AREiCIEE OME
EOEHE LT, M RBERERICI Y 2 koL T > 7 L ASHELCH SR D[R E 2 5l 2
BAEMEATRE R & Otz @ LT, WETEOBE M TEEEICEd 2 mAz 55,

oz

;

451 RIEER

KT A ATEEm 2 mAWENE, o 4 mAEKEMEE L, 2 RO ESN T 5
FMEEED (Fig. 4.22), REREIZHREIZRET 2D & L, B E R D72
M Tao, Toq ZEHUT 5, 2 WO ELZIET D L. LTFOXDE)NN D,

_ 13.8zS

* el{-In(l—oy ) +7m,S} (44)
138xS

= (4.5)

2 el-Inl-a)+amsS)

HL. S LT 2 RESOEE AR, ¢, m 3TEFHEZIWPRETHD, o,
a TR ERTE O 2 Ron PR FRT, RATRIND,

o L1
a=i@+ﬂ—%hﬁ+ o (4.6)

TIT L, a2 WAERNOREOES - RERTHY , REO 2 kT ¥4
AHELSH IR THIN S h B,

&zzl—aVélfex 13&ﬁ'i5——£-—mﬂqu%) _a,—a,
’ 1_as ls cL Tz,o T.;_,l

k. AMEHRICL VRO BND 2 IRILT 7 LAFELRS R, &R =1L
F =TT D AT 1A ~DELRI Sy DEIG I E T 5,

(4.7

110



Plan

(a) An empty non-rectangular room with surfaces (floor and one side wall) tilted.

N

-
-

Absorber

Plan

(b) Generate a two-dimensional sound field by stalling highly absorbent materials

on two opposite side walls of the room.

N =

Diffuser Plan

(c) Install a test sample on the rigid floor and monitor the changes of

reverberation times with and without it.

Fig. 4.22: Illustration of the laboratory measurement method for measuring

two-dimensional random-incidence scattering coefficients.
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452 BIEBE
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MY O TERE LABIEEZERT 5, 6/ Fig. 4.23, Table 4.3 (Z~"d, AE
(ZOWTIE, BEZ 1 RIS 57200 T 1 ROt AR Ule < 72 D & S WFFERCR
[34]% Bk LTy Lz,

BERE 25 mm f ORI Y 7 A F U7 FHIEERER) (X 1200 mm x 900 mm
DORAHIZ 2 Fm (RibA, RibB) | :ﬁa% L7- (Fig. 4.24),

SS [E 5 THIE LizA 7V A RE ) i “_-FE1EIC L Y 1/3 oct. band 13D F%
B A R | B ERE OB/ TPl &K D%*%’E“H#F'aﬁ%%u”j L7z, 728, sRBIER Al
OWHFRIL Eq. (41) L0EHL (Fig. 4.23). sUEIOWLE RIZHRHIE U 7= =ik
WEREZRA LT,

1,200 mm

Q
SO

ool T

900 mm
)

Fig. 4.23: Specifications of the empty non-rectangular room with two surfaces tilted.

6 and ¢ are tilled floor and wall surface angles, respectively.

Table 4.3: Measurement conditions with slopes of two surfaces. & and ¢ are tilled

floor and wall surface angles, respectively.

0 [deg] ¢ [deg]
Room 0 0 18
Room 1 1 19
Room 2 5 21
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| 1,200 mm |

900 mm
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()]
sl 8
S RRE
3 3
3
Plan
(a) None
Plan
(b) Rib A
Plan

(©)Rib B

Fig. 4.24: Specifications of 1-dimentional test samples by changing the arrangement

of test sample on the condition of Room 2.
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Fig. 4.25: Average energy decay curves with/without the test sample in 1/3 octave
bands on the condition of Room 0 (9 = 0°, ¢ = 18°).
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Fig. 4.26: Average energy decay curves with/without the test sample in 1/3 octave
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Fig. 4.27: Average energy decay curves with/without the test sample in 1/3 octave
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Fig. 4.28: Reverberation times estimated by different decay level ranges with and

without test samples on the conditions of (a) Room 0, (b) Room 1 and (c) Room 2.
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Fig. 4.29: 2D random-incidence scattering coefficients estimated from different

decay ranges for the two sample arrangements. Black thick/dotted lines represent

numerical results for 2D random/normal incidences.
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Fig. 5.1: Geometry of the numerical model. A plane wave impinges on a sample in

the free field. (8, ¢ ") and (6, ¢) are the incidence and reflection angles, respectively.

Fig. 5.2: Discretization of incidence and reflection angles.
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BL., g% j HFHDEFE, o/on TEEFmA N EIER T MRS Th 5,
T8I0 O TIFRAUT L W R EN D,
0
il _ainile(ri)
_ 9 exp(= jk, 1)
= oo ok (5.10)
ZIZT py, FABEM LICBTDEESTKSTHY | Fig. 5.2 O & 5 I NS &2
E LI EIC 0T 2 BAARIE i IX, L FTOATREIND,
(1) = eXp(_ JK, 'ri)
= exp {jk(sin 0, cos @,x, +sin 6, cos @, y, + cos ¢,z )} (5.11)

BL. KIZARSEME 2B 5E%~7 L Th D,
o T, WRUT KV BAF RIS T DRI G OB E 2D — G D,
P=A"'.-D (5.12)
I, BB L B —ERBEO A A FMc TR e BET 5 L. AU X
0 & H RIS D RS OER T ERIEN RARFEICE > TREESN D,
P =—H.P (5.13)
BL. P =[p,PhseesProec] s pfy (EAHSME 1SS 25N m OBEREEIRIET
H5, ITHIH ORI TORIZ L v RIND,

8G rm,r
Hy =] ="

(5.14)
BT IT, JEHEEAy « SRBER E RS 2 TR DN Py, P DEFI_Y FL% Eq.

(5.2) JJU\LT\ BEAHEH ORISR EFH L, VT Eq. (5.7) 12XV 7 & A
ANFHELU S 2 BT 5,
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53 MMBRIZKSHEE

ARHEITIEL, BREE - H i ZE M ﬁwfﬁﬁm%w%hfwéﬂﬂ%ﬁ#ﬁ%ﬁﬁi°
Th 5 AMREEREE R 265 & L CTHRY B, ZOMIRIRIC & 5 B2 % SEf#T I
DIRETT Do SURHRAIRRE, ﬁ&%%@ﬂ%ﬁ&ﬁﬁ&@?/&Aﬂﬁﬁﬁ%¢®m
WHEMEZBIZR L, TOMBEHLMNCT 5,

531 f@frAE
1SO 17497-1 IZ THE SN TV ARIEETIX, B2 AR SER0N 580 A L3
NVAIREABIE L, WG 5 2 & CHmMA Ry 32 & v 9 JREL 5 50k
SMER I TRITIUZ e B 7wy, Z UK U CARBMEMENT Tk T, St &
T 2 FEASREES TR ALY BT LLABTHILEIZRL, ELHRORET
HAERICHEN 2N EDNHER SN TWD[35], UEEEBELTCZZITE, Avia
DAERBES I ORBHI L REFE S E D72 TE D L ) BEMAT O EED S
EAFRERAT L2275,
fEMTIE1%, Table 5.1, Fig. 5.3 127”9 1 34 3m OJEHEEEER (15 JAH) <TH
0. MR ANIETLEE (TypeS) . = (Type T) . fEIEHE (TypeR) & 722 3 Ff
HEMWD, MMEROEY L I3 25mS h Olx WL=30% T—EL LT,
MR K DR E T~ 5,

22T, ATOBEmITFEMICAmE S LT, REES 0 2{ET D, BERESR
ELTCIR/MTEED 6 550 1 LLFOHEONAE —EEFEL WS, ZH AT
ERGE, A« SCPHABERIL ST A — 2133k Ny=30 GEERI) ([CRET 5, fihrE
ﬁﬁiJ$ﬁL@ﬁEi_ﬂﬁém(m)ﬂoynomml@1MWmmd%u
A ThH D,

Table 5.1: Measurement conditions for 1-dimentional periodic test samples by

changing the shapes. L, # and w are period, height and width, respectively.

Shape L [cm] w [cm] h [cm] Number of periods

Type S Sinusoid 20 - 6 15

Type T Triangle

Type R Rectangle 10
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20 cm 10 cm

Fig. 5.3: Three types of samples with 1D periodic surface (15 periods). Type S:
Sinusoids; Type T: Triangles; Type R: Rectangles.

532 #REEE
ASAIKEILRNEDS

3 FEHEOIR (Type S, T,R) (DWW T, 250 Hz, 500 Hz, 1 kHzIZF1F D AKAELF
ELE ST SR DfRITHE B A L F . Fig. 5.4, 5.5, 5.6 1T, MO & S13—7E (h=6 cm)
L. O IXREA, ¢ THNATH L,

AFEWECHIE T 1 oA GRS O 7 MM B ICEAN TR Y . AKAD p
2 TG EIEE, B TRNSWMEZ R LTV D,

250 Hz, 500 Hz, 1kHzTiX 0 IZdVMEZ R L CHRIPHANZ <. MIIYRICE R 5
DO /NS FRE R B,

1.25kHz, 1.6 kHz, 2 kHzIZ I T D [FER D434 & £ £ Fig. 5.7, 5.8, 5.9 (Z-7,
1.25kHz, 1.6 kHz TIX2KRMIZ Type R TORLEVMEZ R L TWH2, IRIZE DK
TROGMOEITA ST, BHER—B L TWD, Lo, A&
BICHERS & DITHEW R 2 (228 kL, 2kHz TlE Type R OBNEH L < 2 5040273
S TWAH,

2.5 kHz, 3.15 kHz, 4 kHzI(Z$ 5 [AEEO 34 2 £ 24 Fig. 5.10, 5.11, 5.12 (2
Y, TypeS & T TIEARAEKAEHA AL TN T, @VMEZ R L TV A HEIENZ <
2o TNDHDD, Type R TIHED/NS WEIPHNAN - TR Y | KT Z O
7o\ H — L LTHR TV,

PLEXD | TypeS & T TIEMAIROEWNZ KX BT E RS20 DITH L,
Type R CIEAH G IANC Ko THEBMHERPE L AT 5D LEZHND,
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Type S Type T Type R

Fig. 5.4: Distribution of directional scattering coefficients at 250 Hz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.

Fig. 5.5: Distribution of directional scattering coefficients at 500 Hz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.

e o =
o O

S o ¢
o b o o

o

Fig. 5.6: Distribution of directional scattering coefficients at 1 kHz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.
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Scattering coefficient

Fig. 5.7: Distribution of directional scattering coefficients at 1.25 kHz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.

Scattering coefficient

Fig. 5.8: Distribution of directional scattering coefficients at 1.6 kHz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.

Scattering coefficient

Fig. 5.9: Distribution of directional scattering coefficients at 2 kHz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.
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Fig. 5.10: Distribution of directional scattering coefficients at 2.5 kHz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.

Scattering coefficient

Fig. 5.11: Distribution of directional scattering coefficients at 3.15 kHz calculated

for Types S, T and R. #’and ¢’ are incidence angles.

Scattering coefficient

Fig. 5.12: Distribution of directional scattering coefficients at 4 kHz calculated for

Types S, T and R. §’and ¢ ’are incidence angles.
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Random-incidence scattering coefficient

Frequency [Hz]

Fig. 5.13: Random-incidence scattering coefficients calculated for Types S, T and R

on the fixed condition of 7 =6 cm.

7 U8 LAGTEL RS

M@ E h = 6 cm IZBIT DK 3 FEEO T & L ASTELR ST O Tt 5 %
Fig. 5.13 |2/~

BIREY 7 BRI, 2kHz BLF (LA <1) (Z3RW T LR 2 28N
T2, L EOREEEAR (LA>1) I[CHERT DIV R 2 mA R o s,

Type S &T I[HMEFEICTHEAIZIE—ET 5. 2kHz (1T TiX TypeS 25 Type T X
DERRCRKRE L2 4kHz (T CHIT/NS < 2B 0, IR JER AR ETSE L
WEE R D,

Type R 13t L VAR EBL TEA R E < | @EETRIEIZHEAD T 2R R o5,
Ml S 23 RACH Y 3 B BB CA U TR Y | R b & M i h & O SR
DOAABDMRI N, BRI DI T 5720 Th D L EZ HiLD,

PLEORKFHC LD | HREREE TR SIS W TEHERE —2 - T o v IHELD
DIZx LT, IERLIEEE « = A RRBE [T LB R0 2R R R M A B D 72
WEEL LCOMEEL LTEEVER TV D EEX BN,
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Normal-incidence scattering coefficient

Frequency [Hz]

Fig. 5.14: Normal-incidence scattering coefficients calculated for Types S, T and R

on the fixed condition of 7 =6 cm.

EEASE TR

MfhE S b= 6 cm ([ZBIT DR 3 FEOEE AS S RO B R % Fig.
5.14 :/%a“

EAFOLGEIZBWTIEY A FRERIC, REHTENIZE 0 [ZhWZ &b
M5, JERIREEOSHEICK L CEENSHICEL, ’fﬁﬁiﬂfu%@&%ﬁﬁk YINEL 72
W2 END, BLHRITIZIE 0 [Z7-o72 52 55, 500Hz, 1kHz TlE, TypeR
LY REVWEZRL, ENE 0.1~02 FREL D,

— 5T, LA=1 272 DB TIlE, &% 4 7RBEICENSH L, 2kHz TRK
272 %, FEIZ Type S KON T TIHRIBIZE L 720 2kHz TIXIX 1 [ZHWEE 25,
R E T L EUVMEZ R L7 Type R T, EAHBAICIEL 220 0.5 FEEEL
2%,

PLEOREN G BB ASTELS G RIS 22 BRI 2 Fr o 371, RE O B
B (1<L/A<2) TRMIZKEL 2D Lnbh ol
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54 MMhEIIZL5E

5.4.1 fEHTRER

RTEI TRV IEREE (Type S). = (Type T) AR (Type R) 122\ T, ]
MEE& h=2, 4, 6, 8, 10cm (WL =10, 20, 30, 40, 50 %) O 5 BMIZE(LS
BT & S SRR 2 82~ 5.

BEREMEIIamEHIE LT, BE 0 2KET S, s/IMEITRED 6 550 1 LLITFD
SHEOWMAR EERE A, ZE IR, A - RO ABERL ST A =2 Ny 1
30 (ZRRE LToo FRATIEIIEEIT 1/6 oct. band HULEIEHTH 5,

i

Table 5.2: Measurement conditions for 1-dimentional periodic test samples by

changing the heights. L, w and /4 are period, width and height, respectively.

Shape L [cm] w [cm] h [cm] Number of periods
Type S Sinusoids 20 - 2,4,6,8,10 15
Type T | Triangles 20 - 2,4,6,8,10 15
Type R | Rectangles 20 10 2,4,6,8,10 15

542 #REER

Type S DiHFE

B ASAKFILRFEOSF

Mo S 2 2L X872 Type S (22U T, 500 Hz, 1 kHz, 2 kHz, 3.15 kHz (28T %
NS IRAEELSU S O MRS R % 24 Fig. 5.15~18 12737,

500 Hz Tix, 2ERBITERIEFIT/NE L, 0 [CEVMEZ R THEARZ VDR, &S
ME L 7R DITHEVVR 2 IR L 22 5B H 5, 1kHz THRERIZ, &S O
KD OZEARITZRTE B CHGEM L, h=10cm TRKE D,

2 kHz OE13.500 Hz, 1 kHz OHEIZ A @ OME 2 78 3 #PH 23 R B IZ 20 03
S OHNNCRENI NS 5 Z L Wb D, 3.15kHz THFERIC, O
DPENZE L R DMEMB A5,

PLEXY | Type S 1Em S DEIIZHES THAMDOEITH DS DD, HEAIZ 272
OINREEE RO Z E N HERR SN D,
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Fig. 5.15: Distribution of directional scattering coefficients at 500 Hz calculated for

Type S with changing 2 =2, 4, 6, 8 and 10 cm. 8’ and ¢ ’are incidence angles.
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Fig. 5.16: Distribution of directional scattering coefficients at 1 kHz calculated for

Type S with changing 2 =2, 4, 6, 8 and 10 cm. 8’ and ¢ ’are incidence angles.
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Fig. 5.17: Distribution of directional scattering coefficients at 2 kHz calculated for

Type S with changing 2 =2, 4, 6, 8 and 10 cm. 8’ and ¢ ’are incidence angles.
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Fig. 5.18: Distribution of directional scattering coefficients at 3.15 kHz calculated

for Type S with changing 2 =2, 4, 6, 8 and 10 cm. #’and ¢ ’are incidence angles.
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Random-incidence scattering coefficient

Frequency [Hz]

Fig. 5.19: Random-incidence scattering coefficients calculated for Type S with

changing 4 =2,4, 6, 8 and 10 cm.

BSOS LAFERE

Type S ([ZBWT, MMOFE S 2 ZLSETHAED T & L ASELE RO T
H% Fig. 5.19 (277,

AR E R EEEIL, 1kHz PLF (LA <0.5) [IZBWTIHED 0~0.2 O CTELH)
LRV, ZDLL EOEREECE CII iR & <720 ek 08 FREL 2D,

R EEICBWTIEL, A=2cm TIHEMNIE 0 IZHELL, ®IOBIMIEVE<
V. h=10cm THiKE725,

1 kHz 135 (LA =0.5) TIHEEAZ L, SERICB N TL, 2ERNICE S5
KBIZONTENPKREL RLBAA R 5D, AL, h=8cm, 10cm TiX 2kHz fF
ITTENRCRCIETLTWDS, T4 v 7 DAECDHERE LTI, il B & M T o
O ORI OMFE D, B R DN T 5720 Th D EE X HILD, FFIC,
ZOBRIE, MihE SR RICHS T2 THEL L0, O RBIRTH LT
DIRFIANC BB L B2 b5,

PLEORKFHC LD | BB IV E S A< 72 d & BEEO Bt T
WAL ARSI L T A B AL DT, T v F AAFRIFIZRBT 5 ELCH
T, RPEHICBNTIE h=10em C, AERICBWTE h=6cm THRRERD
ZEnbhrol,
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Normal-incidence scattering coefficient

Frequency [Hz]

Fig. 5.20: Normal-incidence scattering coefficients calculated for Type S with

changing 2 =2,4, 6, 8 and 10 cm.

B EEAFILRSE

Type S IZBWT, MO E S 22 b S 72856 O BB AR GL 3B O TS R %
Fig. 5.20 (27”7,

AR ZR AP BORFEIE, LA < 1 1270 2 A I B W T EDME < | 1.8 kHz (L4
=1) TRAMIZEENE(LL, 1<L/A<2 TRELRIERRRSND,

P EFikic BV TiE, FEFIT/NE L 0 ITEVWEEZ R T, BEkIcBW L, h=2,
4, 6cm DGE, mémﬁﬂma‘é _ﬁéoﬂ MEL 2o TNDDIZx L, h=8cm LL
2725 AR T3 DI

VBRGNS, Eﬁ*{BZﬂ"JE% LA<T TR D EECERTIE h=10cm T 1<L/A

V272 D JE BRI TIE h =4 em CHEEE AR T 2 ELR BEHED FoRIT
AHZ ENbMNroT,

Type T DiFE
B ASFAKFILRFEOST
M@ S ORR2D Type T IZOUWT, 500 Hz, 1kHz, 2kHz, 3.15kHz (28175 A

FHARIFEL T R ORI RS B 2 T N2 Fig. 5.21~24 ([Z"d, Type S DA L[
BRIZ, 8 S OHINZHEWU N2 B IS 5 b OO L7272 6 e fstE 2 o) LTz,
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Fig. 5.21: Distribution of directional scattering coefficients at 500 Hz calculated for

Type T with changing & =2, 4, 6, 8 and 10 cm. §’and ¢ ’are incidence angles.

S e 22 o =
> b » o » o
Scattering coefficient

Scattering coefficient

Fig. 5.22: Distribution of directional scattering coefficients at 1 kHz calculated for

Type T with changing 7 =2, 4, 6, 8 and 10 cm. §’and ¢ ’are incidence angles.
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Fig. 5.23: Distribution of directional scattering coefficients at 2 kHz calculated for

Type T with changing &7 =2, 4, 6, 8 and 10 cm. §’and ¢ ’are incidence angles.
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Fig. 5.24: Distribution of directional scattering coefficients at 3.15 kHz calculated
for Type T with changing 47 =2, 4, 6, 8 and 10 cm. #’and ¢ ’are incidence angles.
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Random-incidence scattering coefficient

Frequency [Hz]

Fig. 5.25: Random-incidence scattering coefficients calculated for Type T with

changing 2 =2,4, 6, 8 and 10 cm.

B SUSLAFERSE

Type T IZB W T, MNOE S 2B SEHAE D T 2 &7 LS ELE R O T
H% Fig. 525 [T, 2RMIC Type S EHELL L2 A BEREZ R D, & S 23N
FTOIEMEDR IR A ICREL 2D,

1kHz LLF (L <0.5) ORI TILZ h=10cm THEMNAKE L2V, 1 kHz £
It (LA =05) TEEAZEMT D2, @mEEicl N Th MG S AE< R D120,
ERREL BB O5ND, —FH T, h=8cm, 10cm OHLHIZBITHT 4 v
[ZOWTIE Type S L RIBRIC, MIthm & 23R G 3 5 BEEAHE THET TWD,
LEOBGEHZ LD | ZARBEIE I AEm< 72D & o B> THgR
WAEDFECMZHI M L T AR A Dz, 7 v F AAFSRMEICI T 5 5L I,
EHERIZBWTE h=10cm T, @mEHKICBNTIE h=6~8cm THRRERDZ &
Nhho T,

B EEAFILRSE

Type T 2B W T, MHOE & &2 24k S B 71256 O FEAS ELE G RO MRS R 4
Fig. 5.26 \Z/R¢, KR FIREBHEHEIL Type S L IRKEIC, LA =1 1272 % A i Kok
TR E—7 &>, —MIEAEEX, h=6~8 cm TETIKICKIT 2 EEAFELK
WRNERERDZ EDRDNoT,
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Fig. 5.26: Normal-incidence scattering coefficients calculated for Type T with

changing 2 =2,4, 6, 8 and 10 cm.

Type R DiHE

B ASAKFILRFEOLF

M S DR/ % Type R 12OV T, 500 Hz, 1 kHz, 2kHz, 4 kHz (251 5 A4
ARAFEL ST R OMENTHE R & 24 Fig. 527~30 12577,

500 Hz 123\ TIE, h=2cm TIEIE 0 1T AWVEEPHNIE L TH H N, & S 3HY
T DIZPEMED E < 725 TV D, FFIC, AIARKEWIZEERREWVEAICH 5,
1 kHz (28T, 500 Hz OBE & _XBERICEWEZ R T 7N Z < 2o T
Do h=2,4cm THES O K D) 500Hz LFRKTHD, —FH T h=6cm
PUECIEE E O 2k L, /S UVMEZ R T HRFHMEN L < 2o T
Do FAUZKF L, 2 kHz, 4 kHz OEEFHICEW L, RS X 2ER LV HEIC
720 EO/NSWEIFHDIRDR > TW 5D, RIS, £ OHIFD R N F— L LTEN
TWDLZEBPND,

PLEX Y| Type R IEE S OEINZHE S THAR DAL IEF IR E <. AHFTMIZ
Ko THEBMHERPE LA bT5bDLEZ N5,
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Fig. 5.27: Distribution of directional scattering coefficients at 500 Hz calculated for

Type R with changing 7 =2, 4, 6, 8 and 10 cm. §’and ¢ ’are incidence angles.
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Fig. 5.28: Distribution of directional scattering coefficients at 1 kHz calculated for

Type R with changing 7 =2, 4, 6, 8 and 10 cm. §’and ¢ ’are incidence angles.
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Fig. 5.29: Distribution of directional scattering coefficients at 2 kHz calculated for
Type R with changing 7 =2, 4, 6, 8 and 10 cm. §’and ¢ ’are incidence angles.
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Fig. 5.30: Distribution of directional scattering coefficients at 4 kHz calculated for

Type R with changing 7 =2, 4, 6, 8 and 10 cm. #’and ¢ ’are incidence angles.
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Random-incidence scattering coefficient

Frequency [Hz]

Fig. 5.31: Random-incidence scattering coefficients for Type R (w = 10 cm) with
changing 4 = 2, 4, 6, 8 and 10 cm. The results are calculated with the directivity

correlation method and measured with reverberation room method.

B SUSLAFERSE

TypeR (w=10cm) IZBWT, @S DA EE ST o F L ASHELS SR OfiffT
fE % Fig. 5.31 TR 7,

KPR FIRICB VT, mEBEL RDICONTERSLRLKREL Y, h=10cm T
WK ER D, MEBICBWCIRAIRRT v 7HAELTEY (h=4em THRKERD,
FRlZ, 20O =72 - 74y ZEMMNE SRR RICHY T 28R TAECTEBY . &
ERNEINT B Lc e —7 - Ty FIHEF R E T D EA N R SRS,

PSRRI X D WERE R A R RSB & O C Fig. 5.31 12, WEMEIL h=4, 10
cm DEEDHDOFERTH L, WIEMEILFHRMEIZH A~ 500Hz, 1kHz fHE Tl X%
0.1 BEOENKEWVEEZRT OO, BEMICEWKIISE 5,

B EEAFILRSE

Type R (w=10cm) IZBWT, @& S DI % 240 S 7 B A S ELECH 3 O fRATHE
% Fig. 532 |ZR7,

R OEIL 02 IF TS, h=10cm THRALARS, TypeS & T OBRE L
[FERIZ L2 =1 TR b3 D08 A £, FrlC 2 kHz HE CIEZEEME A L < |
0~1 ORI TRELZELTDHDD, T ¥ LAHEEFERIZ h=2~4 cm THKE
2%,
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Fig. 5.32: Normal-incidence scattering coefficients calculated for Type R (w = 10

cm) with changing 2 =2, 4, 6, 8 and 10 cm.

55 MMEIZk HEE

55.1 A&

FRAT KT G TR AR 1A (Type R, 15 &) 25, §EHIIE Table 5.3, Fig.
533 127, MMOEMIX L=20cm T—E& L, FxOFEIITBNT, @E 15,
10, 5, 0cm (W/L=175, 50, 25, 0%) @ 4 E:pEC& b, MINEICENT 58
IZOWTHRETT 2, 7236, BERSIFIIATE & Rk, 2ERl, B 0 Tho, AS
£ - RSB ICBET DB ST A —F Ny 133 30 & L, ZF AU R T A2 1R E
T 0. BEREHRL L CUINATE —EERE AV, BRI A XIR/NEITEED 6 47
D1 PTIZRD K OICHRET D, FNTERENT 1/6 oct. band HLEEHTH 5,

Table 5.3: Measurement conditions for 1D rectangular surface by changing its

widths. L, w and / are period, width and height, respectively.

Shape L [cm] w [cm] h [cm] Number of periods

Type R | Rectangles 20 15 2,4,6,8,10 15

10 2,4,6,8,10

5 2,4,6,8,10

0 2,4,6,8,10
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H |
Type R Ocm L=20cm

Fig. 5.33: Test sample of 1D rectangular surface (15 periods) with various widths. w,

L and A are width, period and height of the test sample, respectively.

55.2 #REER

AR ABIKREFERFED S M

Mg D72 % TypeR (h=4cm) (25T, 500 Hz, 1kHz, 2kHz, 3.15kHz I
BT 2 ARAEATEEL IS B OMMTHRE R & 2 E 4L Fig. 5.34, 535, 5.36 (IR T,

1 kHz 2B\ T, B KBTI 5002 R"T72, w=10cm DLHIELE. &
VMEZ R T HRIPAML L D K& 725,

2kHz [ZBW T, B X D20 OZITIHE S22 b oD, HF & Rk w=
10cm TENKREL LD ENDNDL. w=155cm OEEFLELTRL E w=15
cm CTAHSAERAFNE S BN NS S REWZ &b, FmiZxr L CMIE O 753
MM E D IEHUARE LTRVENRD DO THDL EEZHND,3.15kHz IZBWTH w=
10cm CHEDERKRELS o TWVD,

PLEORFHZ LY, TypeR (L=20cm, h=4cm) OLFEITBWTIE, w=10cm T
JEB RN R K E 72D 2 LR SN D,
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Fig. 5.34: Distribution of directional scattering coefficients at 1 kHz calculated for

Type R (7 = 4 cm) with changing w =15, 10, 5 and 0 cm.
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Fig. 5.35: Distribution of directional scattering coefficients at 2 kHz calculated for

Type R (7 =4 cm) with changing w =15, 10, 5 and 0 cm.
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Fig. 5.36: Distribution of directional scattering coefficients at 3.15 kHz calculated

for Type R (4 = 4 cm) with changing w =15, 10, 5 and 0 cm.

7 U8 LAGTEL RS

MiE S h=2, 4, 6, 8, 10ecm (L=20cm) (ZBW T, EE2ELSEELEAEDT
B DNSSELST R O R 4 Fig. 5.37 IR T,

ME SIZE BT, w=10cm TEFIE CTORLE RMEA Mt L D KE VW b
%o w=15cm OYAIX w=10cm I[ZH_BEZE 02 BECK TN A LN, &K
HIZEEL L= mcH D, £72. w=5cm DAL w=15 cm ([ZHEA_LBEEAYIZ B —
7 T4y T WAELTWD, @RS 722 & BEF AN T L0 T ST
WNEFZEIZR DO THDHEEZDBND, w=0cm DAL, B S OBV % (2
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Fig. 5.37: Random-incidence scattering coefficients calculated for Type R with
changing w =15, 10, 5 and 0 cm, on the conditions of (a) 2 =2 cm, (b) # =4 cm, (c)
h=6cm,(d)h=8 cmand (e) 7 =10 cm.
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Fig. 5.38: Normal-incidence scattering coefficients calculated for Type R with
changing w =15, 10, 5 and 0 cm, on the conditions of (a) 2 =2 cm, (b) # =4 cm, (c)
h=6cm,(d)h=8 cmand (e) 7 =10 cm.
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Fig. 5.39: Averaged random-incidence scattering coefficients calculated for Types S,

T and R (w =10 cm) with changing 2 =2, 4, 6, 8 and 10 cm.
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Fig. 5.40: Averaged random-incidence scattering coefficients calculated for Type R

with changing w =15, 10, 5 and 0 cm.
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Fig. 5.41: Acoustic performance of 1D periodic surfaces, averaged random-incidence

scattering coefficients calculated for Types S, T and R (W/L = 50 %).
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Fig. 5.42 Averaged normal-incidence scattering coefficients calculated for Types S,

T and R (w =10 cm) with changing 2 =2, 4, 6, 8 and 10 cm.
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Fig. 5.43: Averaged normal-incidence scattering coefficients calculated for Type R

with changing w =15, 10, 5 and 0 cm.
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Fig. 5.44: Acoustic performance of 1D periodic surfaces, averaged normal-incidence

scattering coefficients calculated for Types S, T and R (W/L = 50 %).
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Fig. A.1: Random-incidence scattering coefficients, 2D periodic sample, SS signals,

1/4 scale, fixed signal periods.
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Fig. A.2: Random-incidence scattering coefficients, 2D periodic sample, SS signals,

1/4 scale, fixed revolution periods.
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Fig. A.3: Random-incidence scattering coefficients, 2D periodic sample, SS signals,

1/4 scale, fixed angular steps (1).
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Fig. A.4: Random-incidence scattering coefficients, 2D periodic sample, SS signals,
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Fig. A.6: Random-incidence scattering coefficient, 1D periodic sample, SS signals,
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Fig. A.7: Random-incidence scattering coefficients, 1D periodic sample, SS signals,
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Fig. A.8: Random-incidence scattering coefficients, 1D periodic sample, SS signals,

1/4 scale, fixed angular steps (1).
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Fig. A.9: Random-incidence scattering coefficients, 1D periodic sample, SS signals,

1/4 scale, fixed angular steps (2).
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Fig. A.10: Energy decay curves, 1D periodic sample, SS signals, 1/4 scale, fixed

single period, revolution period and angular step.
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Fig. A.11l: Random-incidence scattering coefficients, 2D periodic sample, MLS

signals, 1/4 scale, fixed signal periods.
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Fig. A.13: Random-incidence scattering coefficients, 2D periodic sample, MLS

signals, 1/4 scale, fixed signal numbers (1).
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Fig. A.15: Random-incidence scattering coefficients, 2D periodic sample, MLS

signals, 1/4 scale, fixed signal period, revolution period and signal number.
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Fig. A.17: Random-incidence scattering coefficients, 1D periodic sample, MLS

signals, 1/4 scale, fixed revolution periods.
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Fig. A.18: Random-incidence scattering coefficients, 1D periodic sample, MLS

signals, 1/4 scale, fixed signal numbers (1).
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Fig. B.1: Scattering coefficients of polar incidence dependence, # = 6 cm.
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