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1.1 HMEDE=

AP — AR ARBIR EDRERINO AL PART—T 4 F/—Lb Lo T/

ZERICE D £ T, BNEEZEMOBEmIZIIZMEEROTIRDB VBTV D, TFE7REE

EZHHENTCEAEOR =V TERELTES L& TOFITHEE THEY 8 X L7
D, BZ7L— 3 (coloration), Z'L7 (glare) &MFIENDIENA L H[36], T
W2t Uy BEENZ MY IE 238 2 556 . P EOR B 1380 PR e BOR R B TidZe < BED
Kwﬁﬁﬁ%%ébfﬂéﬁéwmlkaﬁﬁ:®ﬁﬁﬁiﬁfﬁ%?éﬁmﬁﬂém
HeH, BN TEZEE ORI A 0 IR L7212, BT XX —OZEM SN —bd
Do T H, WIS EN BRI TIER S, SHIT, BEMEREST M, Bl ZL
THIA R EH LD L HMNPLERT X IR U 6ND, EFLo X 91T, BEROADN
Mm%, BOREBIR, MERORR LT, BNEERMEICRE R EE RITT 72D
FRERGHCB W TEERRFEHE DO —2 &2 5,

19 AT ST T 4 —  DERHERA—/L (1870 4, [61]). 7 AARTI/LH A
Dt h~ARY (1888 4, [62]). RA MDY v 7 4 =—7k/—/L (1900 4£, [63])
7R EOEEARED 3 Y — MRV TR, RSOl AR LI USRI
A=)V DEEHHE S TN D, 24 S ORERIMN M E SRR L 0 B ILHRITIE R S

FRICFMRECEMINT 2, LovL, BMUETONTA— L O5A 1T, 25 &
INRICHIZ T2 2 & D, SRl Z2E U5 PSS RS Tnd
PEBRBL BT E OB MR %EE¢5Egﬁgﬁf%ékﬁ:J@@ZMﬁmﬁ%%é

h
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Fig. 1.1 Reflection and diffusion on surface.

N FIEZR 57220, LA LR S, BIEOILHURRRGHE, JEHLOFR AN E RA) IR
SNTRRWD, JERDZ D & EVERICHERI T 2K EIZIEE > TWT, ZOFER T
PEREDEMENIRFEN HE LVRILCTH D, - T, BREHFEBITIEZ D TOT — & OFfii
NEENTND,

IRGEER Y B C ORMEMAT AT NRE S BT Tk & TRMTE BT Fik) 12K
M, NEEEEMNTFIE] SIXEOEBIMEEBE L T2 75T, BEOH
WEHRIAHIRE TH D03, AR —/L D K 5 R RZEMOMNTIZIT 2 ¥ 2 — X2 K D 5HEH A
ERAT 2 ZE0bEEENERICR D720, HEVEANTROVEENE W,

e F B AT Tk L IXEORBIMEA B L TR S O T, EEE & KNEOMO
TR0, Bl EOWBEBRITE Z 53, LR U K 5 ICE R LU 70 S D 7
TH ORI Z TR T 5 HETHH[50], WHEES I 2L — 3 STHANTH DI &I
HETHLID, HEMCHLDHD LT VDT a—BR LT, LB rT—v s
VEIZHBRWTWDS EER D, BA—ILD X D IRRZERITEH - TH CAD (Computer Aided
Design) DOXET — X B FHRIAATNY a L THIFHDRE THR TE 5720, KEMK
ZERI DR INEE 2 RO DITIFIEFICEE SN D, Bkx REEHD Y 7 b U = 7 [34]5
TV HSINTWT, FEHEBICBWTRAIXRAEY—LE LTRESHNLR TS, (6K
DO CITBER OFBRE L L CREROAREHFINT A—2 & LTV, T4, 8
T S AT VN 2 BRELRR Y & (i B S R 2 L— 3 U NEEAICE AT S Z LAV E]
RELZ 72 Y BEM OYEHME O B 2 MFTvTHE & 72 > T 5[5,
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Fig. 1.2 sample rotation methods (left: reverberation room, right: free field).

BEC K DI 2 (T H B S 2 L —ya VICEATH L2 TR L
T, FRIMYEHUE (Diffusion coefficient)[23]72 & QN ELST=E  (Scattering coefficient) [38]
MIBR SN TN D, BT IR MR E DY — % | #3128 SO Ry D BIG & 2%
THIETHY . AES (Audio Engineering Society) <°1SO (International Organization for
Standardization) (Z& W\ TEDREENREIL S IO DH D, FRITELISRITHOW T,
BMEE I 2 b—2a OTPHRIEICHBICHATE 2 b0 & LT, £OREIDNHIFF
ST,

SLE =R DIEE & LC. Vorlander et al. [16] (X O#EN 2 [Alfis S 7208 5 25D
A SNV AEEERE L, 206 & FHINE S5 2 &1 &0 Sl O 2 2l
LPEEE, FREELABRESHABELZUTO 2 @Y TREINTEY | §iElco
VT 1SOL7497-1:2004[1]ic THAE L STV 5,

m RERK3]

M LR RE & [BRIRRE O PR BRI 5 R OWE[37) 2 8 L CEL S A2 Rk 5, 7%
BRFETE IIXENA 7 OV ZREFHANC S o L= —1EE Hv 5, 3UBHER
RRE TITRELE 3 D3 A o 7L ZSZE O RIS X0 AEE S v, kiR Bl e~ Tk
BRI NEL 72D 2 LIZEH L, ENENOIRIEDFRERH O 72706 EL S 3 2 5
TLHHETH D, ZOFETIIAFAEICKT DR BOFRE AT EEEE LTT
A I NHELR R (Random-incidence scattering coefficient) 735E#H2R 0 Hh 5,

m BHEHESER]

E A & [EE Uz | okl & [Bliis X8 R KSR B O ME I X0 Sk
FRE Sy D OB FIFHRE 2B 142 & C, T REAFAEREFEOEL I R s 235
b, BT, TOYYEE LTI X AAFEE RN RO L5,
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BIRESCIE, BESHIETRITICE E £ - T D Z LICHAT, BESEIT A
TEHAUREN EDLIEFITHENTH D,

2004 4|2 1ISOL17497-1 3 HIE S TLIK, & ZHUFIES CIEELS 2 0 F B s iR
(BT B REHEIMN L TV DN, Z O KT 1/4~1/10 O RAERLZ X 2 I 7E [44, 48, 59]
ToH V., FEWROBERF28, 33[iTD 7wy, FERANE TIEFEHEIEAZEE 2 KD &7
DONEERTH D b KEHENHMHE & 72 2 3080l KA GOk 5 Fpit & 83 5 3
IRTRNT D BERIHIE 2N e LT D,

HEEIC BT 2RAEERIZOW TR A RS MThi T D, BN « SHERE
HHCE £ 402 ML O ROBRE S E 2B 3 2 aI[32, 44]. 22RO E eI &K
DHHE T AT ORI D HE[25, 31, 59]72 £ 3T TV D,

EEL - BT 2SI IV IR IR 7o & FroBEm - M E S HEICFET D, 1R
TR E 2 kP B & U CELBCRERIE 217 9 A1 iE, #UBHmE O Mz K 0 JEsops A4
CTLEW, ELUREOREMEPN BRSNS ARENRE X bND, —FH, FU A
AFWFERREICIBWN T, =y DRhRELREO -0 JEFUEO JE BHIZ Deep-well % Fl
& L 72 l7EVE[9]H°F. Kawakami et al iz XV 2R3N THY | SLEHRORIE~D#H b
EZbND,

Fio, ELEROPIEE L LT, BERICBOTRE 2 BE SR8 5 E L%
DA OV ASE B RHINE S5 2 L X0 S Sk & i 2 5UekEl R 23
PRI TV B P, FUEHEIESHEEE O HIFR I W TR R 03 - TV AR TH 5.,

1.2 HWEDEMN

ARBFZED H I, SRR 2 A\ - T 2 2 DB RO RIEEOR#E 2 HiF L.
= AR T K0 RIERERE ] S O PRIE & AT KIS DA, H
EEDBEASEEZH S NCT L0 c AR AR L Z L2 B TH 5, ELKHRD
ALY, FERICIE, BB I 2 L— g COMREREE D 2 L BEE OLEE
BRI 2 2 & bEkGEHFE RTINS 2 & £ 7o ISO[38] DB 22 I E 14
FMERETD NI SRS,



1.3 GO 5

1.3 WX DIERK

LI EEFFEO BRI & LT ARG SC O Z R,

51T, MO E L BRSO, S8 H 1 & ARG SCOMERIZ DWW TRT,

552 FCIE, AMFTEO A & 722 HELK BOREFIN G | I1SO IZHISE SN TN D
PRESRIE B BEERFZE & & HIC BRI BT 5,

5 3 O, BRI BT DR B L O UL RSEREIZBE T 5 S RO
FERE 22 R AAT S, F iz, MR MIERE R & Dbl 238 L CARIE > A 7 A& fREE
L. SLECHRORAERE A MET 5,

AT, LR AHEE TH D Ak L ORI ORE & x5 & U-ELR R
ORPEZFTV, REMIHE I X 2 ELUS S RO F B 210 5,

55 BETIE, M R A2 W ELR RINEIZ RN T, A 7 UL RHEF O M R
TR, AUBHAEREEE B L OGO B T 5,
9 6 B TAM L ORITE R~ D,
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2.1 [ZC&IC

AREE T, ELERORIEEZ BARIICERT 5, XU O, LSRR OHIEFREIC
DWNTHRD, WIZIE 1S017497-1 [THE STV D FRERIEIZHOW T, BEfEMFSE 2 28
F 723 BRIEEDOREE SIZHOW TR 5,

2.2 AERE

ISO17497-1:2004[38] C X BE [ D 2t = 3 /L X — 12 5% 9~ 2 81 S5y LIS D S5t
T RLF—DEE EELRHT R (Scattering Coefficient) & L TEFKL T 5, - T, K
SHEMFPEOL—MITEBR SN T BRH TRV T =% En « BT —%
Eypec & LTHIT LW RSN, (Eq.2.1)

5, = Tspec — A _ Espec
g = —————=1——"
1-a Etotal

(2.1)
1220, a (TRBHR E O W 2R, agpec (FHLHE S G D 7% R =RV F — L B2 LTz
5B OW % 3 (specular absorption coefficient) Té 5, 285 G Tld sy =0 E72575, 8
S ALy SZIRT UL 59 =1 L72DD T, AT Lb B RILE R N 2483 2 L1013 b 7
VY, T BASTELRC RIT, ERMEOREEASH R EEL TERS D,
HE R R T CORS EHELIC R DB A RVX KT 52 LR TE D,



rough surface

Fig. 2.1 Scattering from rough surface (a: absorption coefficient, s: scattering coefficient).

Fig. 2.2 1%, Mih% HOEREN LI -T2 =24 7L A% (Impulse Response) T
Do A 7OV AREOYIMESEE E5 (Initial Parts)iXIEFEAE T2 ERAOND
ZEMB, Z0DA IV AIREDOHIE N TEm VR B D T 33D,

A VRSB OISR 1E Fig. 2.3 & [RIERIC Fermat OJFELZ K> T—FEHW
R Z D, —BT DEIEFE— A THEENMIR SN TR LD, A 7 UL ZARE
DEIE IR EDOTRIZ L > THEORBENEDD Z LN OAHENRED D, E>T, A
2V RSB DB I I O RENC K D EH ORI ZENE 40TV TH OPLHEL
ZUITKT DIEMPAS>TND LR BN D, BT TULER LT A 7L ZRE 2 AR [ E
3f-¥%J(Synchronized, Phase-Locked Average)d #UiE 4 #5350 /3 D3 FHAR U CEEEE Oy
DHZEFF>TNDA VARG EEGDH Z LN TE D, B ILEUR oy & & 724
OV ABIE L EBEE Oy B ATEA OV R RE DN SRS RBR D B D,
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Fig. 2.2 Examples of band-pass filtered impulse responses measured at three different
positions of the test sample.
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Fig. 2.3 Reflection paths: (...) specular according to Fermat’s principle and (—) scattered.
R(94, 91,92, ;) indicates that the reflection amplitude depends on the two incident angles
and the two reflection angles in the local polar coordinate system at the reflection point.

2.3 BAERMK

2.3.1 HKREZE

PO LT, IR S DR TSRS 72012, BE IR, RIFZ PRI
FFEETH L, FEETIL, BOTRAX—|TkL 2 FRNLEDR L, FO8E (%
BEFINIIEFICELS . ENOEE LV OHITIEIERRIZR OB M TH S, 1SO
3382[8]iZ1% [reverberation room] =i\ X Treverberation chamber] &G L. 7R2EEE % S8
T L OORFHEE D RENTHY . EIT D LEMHITROEBY TH D, (1)REX
GRS L B U 7o, i E) e A, (2)?E%&%%%3&THE’JK§%%?67‘:&50)\ SRl PN
TR LS E . QYRWV AR E SR (BE, IR, RIFFTEARMIZKS ), @)+ Eun

bR L~V ENZET B D,

BIE X, JE S 100~5000 Hz 0 1/3 A7 # — 74k C1T 5 72, BRI /S0
L. B RRLICL 0 HIERRICREE RIET, £/o, 500m° LY K& < 2D & 2250
UL 00 3 8 C R R R BEI COMIE S R ATRE & 72 5 O TYERE T B B B D o SO
HIETIX, |AR 200 m* L ERHER STV D,

FMhR S ER

URHE A7V IREBIC 351 2 ZR RS D fi R FAMWE S RS T 22 RN 2 & ) 0.3V m?® LA
(29 %,



an
N

Fig. 2.4 Plan of a reverberation room with a turntable for the test sample
(1: turntable, d: diameter, e: minimum distance to the walls of the room).

Table 2.1 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
Spase 0.10 | 0.10 | 0.15 | 0.15 | 0.15 | 0.20 | 0.20 | 0.20 | 0.25

LR

X$ DBEN BRI ATHE CH LA, BERH TENBRERETIATEIRTL0T,
BT T T v 2 ) T o= REETCIEER &V ) SR REEZ AT D,
FERILBESGOIEZ AT S LTWD Z &b | FRESEOJLHMEZ SO 272012, AT
BE 2 b7 WARIEEZ W2 D IEEEEEZRE L2 T2 EOMRNR L 6T
WD, BLERIEICIIFR LS Y IR OE S ER S 5,

232 ZA—rF—TIb¢LELE

REL RS 57X — T —T N a5, B E ¥ — 7 —7 v EIZEE L,
k2 LM E 35, BMREBIE. Fig. 24 1 RT X OIZEENS Im LLEBEL, <
EIXREHELL B35, BB EROELS IR KFAMELL Tz 5 (Table2.1),
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0 20 00 |
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Fig. 2.5 Definition of the structural depth, h..

2.3.3 =B

RARETE

MO G EICEE 2306H0E, B3 m U EOME T, EAROYEIL—102.65 mLk
FIZISOIZTHE STV D, REIOF IRMEIZER 3~ 2 il T2 Rl L 0 ELCH A3
HeRFHIN S 4L 5 FATREMED 8 5

AEHZIRICBE 3 D28 & L CIE, Vorlander et al. (2 X DR 1/5, 1R IGIESLIE A Hi%
WEEHWCAEOEED Lo, ai & F-HEOREL, WAREHS L OERICHUE 2 L)
ANTERFHZ X0 | EHFEORBIOH AT BRI E 2 H D IATe Z & THREHRT S O
RS ENTEDL Z LR INT,

&

it

Fig. 2.5 IT/R T K oz, HBtoMMESITER (d) O U6 LTIzt D,
A DAIE

1R oTJE IS O GA TR O MM X D JEBAME U T LE W, ELS RO HI
EAES BRI S D FIREMENR B 2 Bivd, 7 ¥ LAFRERAEICBNTIE, =y
DRhRIAGRED 7= b | I E TR JE PHIZ Deep-well 2 Bl & L 7= 1 & 2[9] 23 F. Kawakami et al.
WCEVIBESNTEY . SLEHBORE~OHEAHE 2 b D,
A OREE

LA RIE, B ORER (a) & RN EOWRER (agpe.) LDENHRD D20,
A OREPEORE 2 IV 5 & AR SO HER RI3G S 720, 1ISO T FE R 0.5
UTFa#HERL TS,
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234 BRERER

HIEE 513 M R5E S (Maximum Length Sequence signal)7s &K DRl T v L ) A X
PHER SN D, M RIMEELIFES IL=2N-1 OFMEZF22 i (-1 & 1) RFIT
&Y ARBHEEREIZ X DAL= OWEIZIFF IR TH 5,

F7o. HEPEMOEREE 3mN LLEICT 5, ZE AR K ORE S ImIN LR &
PR~ 2m/N LLE, 35 IR 1L.5m/N DL ERER TRRE T 2, D7 < & b BTN 2 2T,
ZH R 3DETD 6 R THIENE T 5,

2.3.5 A VINNIVASEDHESZE

A OV AIRETIEIL 1S0354 IZHE L B 1 D & L REIO A M L& [ml#zd A4 DO A1
&% 4% (Table2.2) TIT 9, [MIEARE ZBEHUL L CTHIET 256, 60~120 J51A O[]
HMERLETHY | 57 Hr RSN D, EFEEROSRA L, WE L2 EDA X
IV ZNE B RN S 2 Z LT &0 SEimE BUR Ay 2 il T 2 BURHEIRE [B] M R R S 4
TWo, LarL, sBHEHEDHE OfIRIZOWTIEARB R E 3 035 > T D,

I TR R B BE R 15 43 DL Bl L 7= 7% (S BAAG L, 72805 R (T15: M1 o Rl -5 ~ -20
dB) DFEINTFEEIEEZ KL CHET 5, FRERFRIZOW T, FEENOSH LR TO
A OV RISEERE L, OB R  & VTR L7 B E LW b HH
T 5,

Table 2.2 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
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2.4 HHAHE

241 SVZLAFWEZER (random-incidence absorption coefficient, a)

55.3V( 1 ) 4V
a =

5 - (m; —my) (2.2)

C2T2 - ClTl S

V : Volume of the reverberation room (m?®)

S : Area of the test sample (m?)

T; : reverberation time obtained without sample, but with the base plate present (s)
T, : reverberation time obtained for the test sample (s)

¢q : speed of sound in air, during the measurement of T; (m/s)

c, : speed of sound in air, during the measurement of T, (m/s)

my : energy attenuation coefficient of air, during the measurement of T; (m/s)

m, : energy attenuation coefficient of air, during the measurement of T, (m/s)

g [P35 .
€= 9%4 759315 m/s

a a

— ~ -1
™= 10t ~ 2343 ™)

a : sound pressure attenuation coefficient(dB/m)

2.4.2 BH T EREZER (random-incidence specular absorption coefficient, Aspec )

Ospec = S

55.3V 1 4V
<C4T4 - c3T3) - ?(m4 —ms) (2.5)
T3 : reverberation time obtained without sample, but with the base plate present (S)
T, : reverberation time obtained for the test sample (s)
c3 : speed of sound in air, during the measurement of T3 (m/s)
¢4 : speed of sound in air, during the measurement of T, (m/s)
mg : energy attenuation coefficient of air, during the measurement of T3 (m/s)

my : energy attenuation coefficient of air, during the measurement of T, (m/s)
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243 SR LASELRETE (random-incidence scattering coefficient, s)

1- aspec _ aspec — QA (2 6)
1— o 1—a

s=1-—

2.4.4 HEAEMBBODEREIZ (scattering coefficient for the base plate, spase )

55.3V 1 4V
Shase = S ( ) - _(m3 - ml) (27)

C3T3 - ClTl S

25 &

ARE TR ELIT SR OPEIEIZ DWW T TETIE DO FHE & 72 2 WEIFEL) 5 | 1S017497-1
[ZHUE STV DR IEIZ DWW T RRITR ~ T, E 7o, BEEIE 2 280 7203 HHRIE
EORERIZOWTIRAT,
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AEIRITICEE Y 5 EMRERIIREY

3.1 ZC®IC

AT CIE, ARFIED L L 70 2 ELCI R OBEREIL[L6] 12 K D REEZ BRI E
LT, RETIE, ZORBRBEICESWTRHIEY AT LERETDH I LIZH Y| #iR
BEOA OV ZEEME BT 2 GLEC RO FLRER 2 a 24T 5, 72, hisBI[43]
ORERER: & Ol 38 U CARIE Y AT L& RGE L, SLKFROHERE 25T 5,

3.2 AIEHE

ISO[38NCHEL CHIE Y AT L Z R ET D, JEPEEEPHIL 100~5,000 Hz D 1/3 47 #
— 7R T, U4 B X5 fg R ER IS 0@ O 4 B OVS fFicd
5o A VIV ARERIEIZIE M RIIE 52 v, FRERFMIX Tz 05,

RER

Fig. 3.1 Diffif RARRIFREESE 2 IV CHIE 21T o 7o, BARFRE=E T 10mm B 7 7 UL
Wb 725 E TR (P91 1,200 X 1,500 X900 mmH) T& V. ZEMIE Table 3.1 (R
o AFREEIIH FNRISME LTV D7, SN D ORBITZITIC < IRE - A
DOEACITHRD T/, Flz, BENOILEMEEZ &GO D720, Mo~ 7 2F v 7 85
Bt 10 Bez M0 N CaE Lz, [BIE STV D IEHUR OFER 2 Table 3.2 12777,
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Fig. 3.1 Reduced reverberation chamber.

Table 3.1 The specification of the reduced reverberation chamber.

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
Location Grad. Sch. of Frontier Sciences, Univ. of Tokyo
Table 3.2 The specification of the diffuser.
Parameter Detailed contents
Wx L x T [mm] 200 x 400 x 1
Material Plastic

Number of plates

10 fixed plates

it
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2—7—=TILEEE
B — T —T7 ) LB % Fig. 3.2, Fig. 3.3 127, #— 7 —7 /L (Briiel & Kjear, Type
5960) IXEAE 354 mm, &S 120 mm T, 1[FH5 80 MICEEINTWD, AllEE LTHE

SPERE3m O 14 BLOVS5 fi R CHER L7 AR (ZX 30 mm, I AERMO 7 L
Xy ) TERIE) X — T —T )WY T T2, SRR Table 3.3 127797,

Fig. 3.2 Turntable Fig. 3.3 Base plate

Table 3.3 The specifications of the base plate.

Physical scale ratio 1/4 1/5
Shape Circular
Diameter [mm] 750 600
Thickness [mm] 30
Total surface area [m’] 0.44 0.28
Material Laminated wood coating with Urethane
Minimum distance to the wall [mm] 225 300
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ik

AR O AR ER 32 8 4 IR ALE U CIEBUARE & Lz, #EMHIX Fig.
3.4, Fig. 3.5, Table 3.4 (27”7, FERO~TE & BlAI3A#E R THREAIZ R > T\ 5,

O
O
- . ey
O
O
O
125] 60| |,
750 750
< Plan> < Vertical section>
Fig. 3.4 The specification of the test sample (Scale 1/4).
Table 3.4 The specifications of the test sample
Physical scale ratio 1/4 1/5
Diameter [mm] 60 48
Structural depth [mm] 30 24

Material

Laminated wood coating with Urethane

Number of test sample

32
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Fig. 3.5 Test sample

Table 3.5. Determination of physical scale ratio.

Physical scale ratio

1/N (ISO) 1/4 1/5
Frequency, f
N x 100 ~ Nx5k | 400 ~ 20k | 500 ~ 25k
[Hz]
\Volume, V 3 3
5 V>200mxN"|162 < 313 | 162 > 1.6
[m’]
Diameter of base plate, d L
d>3mxN" 0.75 0.60
[m]
Structural depth of test sample, h
h < d/16 30 < 46.88 | 24 < 375
[mm]
Minimum distance to the wall, e L
e >1mxN" 225 < 250 | 300 < 200
[m]
) Ta0 -5dB ~ -5dB ~
Evaluation of decay curves
-5dB ~ -20dB -25dB -25dB
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it

IR, ZE R OMEL Fig. 3.6 IZ7T, ERICITER MDY  —F —2 =T &
b\%%iw%®2%%K%ﬁLﬁ;ﬁ%%@ﬁ%@3WNutmbkg%%mmF@38
IR T E D IC 3 FWATICRE L, Bk L OB S ImIN BL B, HIE2S 2mN BL ., &%
oL 1.5mIN LA EBfEAL TRk L7z,

Fig. 3.7 Measurement system.

1500 — 1500 ——

Y
Speaker,V/ O Mic.2
h=500mm
= { OMic.l \ T
S " h=600mm OMic.1
o \ I',- 8 h=600mm O Mic.2
\ Mic.3 > O.h:SOOmm
Speaker B\, _Base plate h=400mm Mic.3
Q .............. Speaker A,B  Baseplate h=400mm
é Turntable
<Plan> < Vertical section >

Fig. 3.8 The specifications of the reverberation room.
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AIE R

HIERBITIA Y — D 2@, ~A 7 akr 3EFToRt6 @0 & L, T v ¥ M55
Thd M RINEHIT L DA IV R REREZ 8 L CRRER R 2 [ E Lo, P4 - 8%
EEFEMPICHEB T 2 HHEET =7 U 7 (Nittobo Acoustic Engineering Co.,
Ltd) DA > 7OV R JRERE S AT 2 AEIRM[65] % -V T A > 7V A RERE & 1T - 72,
Y7 o TJEBER96 kHz Th D, RBMIX A Fig. 3.9 1T, B 2L TICHIZET 5,
Fig. 3.7 &/

N
> Power amplifier [ @O

= SONY TA-F222ESJ > «(O
Measurement PC
(Measuring software build in) Speakr
Dell Latitude C400 TECHNICS EAS-7F10
=
s iy
1/4-inch Microphone
RION UC-29
1/4 - 1/2-inch
Transfer Adapter
(UA-12)
Mic. amplifier
( NH-05A)
Docking station V) Mic. Unit
<
Dell C-Dock |l RION UN-01A <
) Y

Fig. 3.9 Measurement system block diagram.

B 5% . AE—% (TECHNICS, EAS-7TF10), /SU—7 > (SONY, TA-F222ES)) .
HEH PC (Dell, Latitude C400), K %> 27" 27— = (Dell, C-DockIl)

B XER:UAATFarTod~A 27k (RION,UC-29), 1/4-1/2 5T X7 %
(RION, UA-12), 12 A v Fav T rH~A 277V 77 (RION,NH-05), =27
»H~A27H=—F (RION, EC-04B) ., f& &&= I (RION, UN-01A), =Ji,
~A AL R
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AE R

B £ O 7 OV R REMIEIC BT 2 LU SR 022 Bie & O SLEN 7 EBREAT 5
i RAICOW TR B D720 U4 B L5 O 2 &b %
ANV ASSBEREICBE LT, AR SREORELZ T~ 2729, Table 3.7 12/~ 5 &AF
ERELE, JITIREMRIIOETE QERR) %2 2 k%L L,
FE LTS, 2L, Z—rF—7 Lol T 1 [E#E 80 FCEE ST 5,
F7-, ABHEERER E4 R 1 RS TIZ /AR 72, Table 3.6 D&M THIE 21TV, HIES

AT DOFEEEREST D,

=L

L7z, #lBHElR O >

Table 3.6 Measurement conditions for different revolutions

Condition | Averages number | Signal length (angle) | Revolution number
A 115 0.68s (3.07 deg.) approx. 1 (0.981)
B 116 approx. 1 (0.990)
C 117 approx. 1 (0.998)
D 118 approx. 1 (1.007)
E 119 approx. 1 (1.015)
F 120 approx. 1 (1.024)

Table 3.7 Measurement conditions for different revolutions.

Condition | Averages number | Signal length (angle) | Revolution number
A 117 0.68s (3.07 deg.) approx. 1 (0.998)
B 59 1.37s (6.14 deg.) approx. 1 (1.007)
C 117 1.37s (6.14 deg.) approx. 2 (1.997)
D 176 1.37s (6.14 deg.) approx. 3 (3.004)
E 234 1.37s (6.14 deg.) approx. 4 (3.994)

AEHRlER S A 1~4
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3.3 HEHREER

FT, MREBLOA SV RSEREZAT O Rife s LTS 2 T < R & [EHERG
FEYEAE O FL R B L OB O 5 RICHOWTHRE L7, fER 14 (55E 068 B &
L C. Table 3.6 ™ v [FIHIME M % 1 [AlER{1E T L S W 72356 O BLCH R E RS
Z Fig. 3.10 (T (DARE, MBI EMI), 1 [T L TR £ 6 BEORIPH Tlda
JEBE IS 72 SLE R OREEICRBIIBN 2N 2 LR S vz, £, A
MARDELIT R (Spase) B L OFRABIOWER (a) 13 1SO DR ARIEEMELLFITRD Z &
AR S 7=, Fig. 11, Fig. 12 & H,

1

—O—rev.=0.980

2 08 4 —&—rev.=0.990
3 —-rev.= 0.998
% 0.6 T rev.= 1.007
S —>—rev.=1.015
= 0.4 1 ——rev.=1.024
s 02

§ ]

wn 0 1

'02 1 1 1 1 1 1 1 1 I | I I | I | I |

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 3.10 Scattering coefficients of different revolution approx. 1.

{| —=—Maximum ISO shase
0.8 { —0—0.68s, n= 117
{| —&—1.37s,n=159
0.6 | [+—1.37s,n=117
1 1.37s,n= 176
0.4 4| ¢ 1.37s,n= 234

Scattering coefficient

'02 T T [ o [ Il Il [ Il

1/3 Octave band center frequency [Hz]

Fig. 3.11 Scattering coefficients for the base plate. (scale 1/4, signal length= 0.68s)



{| —O0—0.68s,n=117
08 | ——1.37s,n=59
| —1.37s,n=117
1.37s,n= 176
—>—1.37s,n= 234

Absorption coefficient
o
N

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 3.12 Absorption coefficients for the test sample (scale 1/4)

3.3.1 M[EHMERIKICLSLE

1

—@—n=59 (rev.=1)

% 0.8 || —&—n=117 (rev. =2)

'S 1| —O—n=176 (rev. = 3)

= 06 71 n=234 (rev. = 4) -
o i ) g .
= | T

F_-,’ 02 nd =

g -

& 0 {eooa

'0.2 1 1 1 1 1 1 T T 1 1 1 1 1 1 1 1
125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 3.13 Scattering coefficients measured for different averages number. (scale 1/4, signal length= 1.37s)

i) 114 - JETRIRGE 1.365 BB W CRIBIINE A 2k S 784 (Table 3.7 D4
 B~E) OFELFTRRERE B % Fig. 3.3 157 (DAK, AT 2w, 2 [misi
b (FIETINR R 117, 176, 234 [5]) OBE TIXIZE BT DEZ = L7z, 1ElEs (A
HNEEH 59 B]) TIEHEFHRET T 5 bOOREBFHK CTHEIA/NE /2> TWD, SN
HoRESLE 2 S0 ERFRIZHET 2 M E 1SO OHLE T 2 Bl B OBERAL
1 3~ 6deg & #5T LEl> TG = & BB LI ATREMED B 5,
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332 AEREMRBICKBHE

1
1| —@—0.683s (rev. = 1)
g 0.8 1 —A—1.365s (rev. = 2)
£ 06
[«b] ,
8
S 04
= ]
g 02
S m—%f
% 0 - -
-0.2 1 T T T T 1 1 1 1 1 1 1 1 1 1 1

125 250 500 1k 2k 4k

1/3 Octave band center frequency [Hz]

Fig. 3.14 Scattering coefficients measured for different signal lengths. (scale 1/4)

0.68s (rev. =1) || ﬁ [ 1
il il
|

1.37s (rev. = 1)
HERREEE
|

N O
0 3 6 9 12 15 18 21 24 27 30

Angular step (°)

Signal length

(rev. = 2)

Fig. 3.15 Angular steps for different signal lengths. (scale 1/4, number of averaging= 117)

iR 14 - RIEIINGRE R 117 BHCB W CTRIER R A 20 S 87254 (Table 3.7 D44
A, C) OFLKHHREM T % Fig. 3.14 (-7, WHEOMEITIFIE KL, 1 BHEOEA
T JE R R 23 Bl A4 E OB LI O RPN THIUTE BT Wb D LB HND, FF
(CHIERIRAS 0.68 FOGA IR E IR CHRER M 4 NI 523, TOREL L LR,
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3.3.3 #ERICELZRE

—@—scale 1/4
——scale 1/5

0.8 T

Scattering coefficient

'02 I I I I I I I I I I I I I I I I I
125 250 500 1k 2k 4k

1/3 Octave band center frequency [Hz]

Fig. 3.16 Scattering coefficients measured for different scales

(signal length= 1.37s, averages number = 117).

Table 3.7 D C 235 1T D R 14 35 K OB O ELECH 2R ERE K% Fig. 3.16 12/~
FIRTHETORMEIEL THDHOO, BERMICHEFIIRE VR E AETn5,
TeEDIRA & LT, |BNESL ORI, BN E 22 [N O B R 7 S 038 1
HID, 7ok, AR ORBIREESE CIX, iR U4 & 15 O FEYHHE CEAFEIT 103.6m3,
202.5m3, BEN D MR E CTOMEEL 0.9m & 1.5m [ZHY L, iR 1/4 TiX 1ISO OB
L%, TelE L, ZERMRIC £ 5 ik T ORER EE OB IR 14 DT D/ S,

3.4 fhi%RES & DI

Table 3.7 D& C (iR 14, (555 137 #. FHIINEEE 117 [5]) 12615 T 4
DN ELSI RO RERE R & BRI DR R & & i35 (Table 3.8), ELACH =RAEIX
500~4k Hz (1/3 oct. SEWHE) DX TRD | Fig. 3.17 18T, ABFZE THW = FER O
FREIL2048% TH Y, MR L K< XHE L TWD Z &R STz,
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Table 3.8 Measurement conditions for different revolutions.

Institution Physical scale ratio | Structural depth [mm]
RWTH Aachen university,
1/5 100
Germany
Hanyang University,
i 1/10 100
Republic of Korea
Tokyo University,
1/4, 1/5 120
Japan
1
: —O—Jeon etc._scale 1/10
= 08
2 1 ——Vorlander_scale 1/5
o i o ——- Sakuma etc.-scale 1/4
o 04 0
2 {g ¥ Sakuma etc.-scale 1/5
£ 02
8 4
» 0
-0.2 | | | |
14 2048 28 43 57
Coverage density (%)

Fig. 3.17 Effect of different scale (signal length= 1.37s, number of averaging= 117).

35 &&&

BE T B OYEEEFERE & L C 1S017497-1 THUE S 2 7 v # A ASTELE S RO M E
BEIZESWTHIE Y AT L ZRE L BRI RICB T MR L O 7L AR H]
TEC BT B ELE R O R 72 EBR 21T - T WIESF DN L D HIER B oER %

TR LT, ZOMKELUTICELD D,
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28 3FE

IS EEIZ B L Cid, MNE RS E 1 RERAHE T2 L S 7258 OB S RRIERS
R LEERISK LTH £ 6 FEOHIPH TIXELETROREIEIHEIIA Lo T &5k
EnTe, FMGEEEICBIL T, 2RERLL B (RNSEE 117, 176, 234 [B]) ©
LaTIHRE T 2R LA, 1 EEs (RIBNEREEK 59 [B]) 3k E Tid—
BT 2 b OOEEMOMEA/NE 720 T D, PIERIRISHIET DA 1SO ORLET
2 [RIA S FE OBERALIE 3 ~ 6 &2 # T LRl> T\ D Z LB LI TREMES D 2, JIE
IRALCRE LTl 1 [l oD 556 C b I ) B 3 (Bl 44 L O BER L O FBH N T i
BIRNbOEBEZOND, APE S AT 2T L 2 RERERITMME & X <SS LT
D Z LR S LT,
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EBA4E

sVt D A SR IS B 9 B 1REY

4.1 FCHIC

AIR~HEORENE AV CRIE 21T 9 B3, REHRE O S OB EREENTND 2
EnD, BBSRIFC Ko TIRERICKRE RZENE T Z RTINS (Fig 4.1), L
B OREERBNC BN T, B A RS E2 8 HHE LicA v/ UL R ISEIZLY
B 22 S WO FENA S HBORE 2 s 2 & L EnTnd, 1kt
JE B OB A I ZIEERERRE O M IS K 0 IR UC LW, L SR O E B A3
KMl S 2 AREENR B 2 s, T TARETIHE, 1RGCAMEETH L AL IV
BT D 2 6 5 & LT LR ROMIE 24TV BRI X 2 SLE R o 28 &
R 5, £72, RERE D OREBELL S HIEERET D,

4.2 1 RcRAEIEEDE R EEHRDAIE

HEEE - T 22N B T A IR 70 5e 2 FFOBE - A S 0SB ET D 1IRoL
JE IR 2 G & U CELBC RO IE 24T BUEARHT[58] & DX IGIZ OV THRETT %,

4.2.1 FERH

HIE X Fig. 3.1 Off RAERIFEANS | Fig. 3.9 OWIERM A AV, #i R 14, REHHINREE
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b
~
1t

(b) Circular sample

Fig. 4.1 The diagrammatic view of 1D rectangular periods.

117 [\l (55K 1.37 B CiTo 7, WEREIOTE % Fig. 4.2 12, 5K % Fig. 4.3 12,
DGR N2 — 2 % Table 4.1 (234, WK = A - HIRE QMM O EikE %
2 S H-72 15 B0 1 oTE WIS 4 FE%H %2 . MDF (KR . RE D L X v
U 7 s B AR (EAE 750 mm) ISPERE L7, 22T, Type T @ h/L =30 [%]
BLOTypeR ® h/L=20,50[%] (TEAERTATTHNATWS]3],
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(a) Triangular periods. (b) Rectangular periods.

Fig. 4.2 The diagrammatical view of the 1D measurement patterns

J 15mm

ONNNNNNNNNNNNNNN, ] 25mm
[

(@) Type T 50mm

] e S e Y s Y Y s e S S e S e Y Y e Y Y s Y e o J10mm

10111 rir1rlrirlrlrl J25mm

L
(b) Type R 25mm

| E—

750mm S0mm

10mm c ¢

Fig. 4.3 lllustration of a sample.
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Table 4.1 Measurement patterns of the periodical shapes

Type Shape h/L [%] h [mm]
. . 30 15
Type T Triangular period = ”
. 20 10
Type R Rectangular period = =

h : Unevenness pitch difference L : Period ( =50 [mm] )

422 FREER

Type T & Type R OFAEMME DL FHH (Spase) « W HHRB L OELEHR (s) DOHIERS
A%, BEEEBIIEDHE TR L,

HAEMBOILRGTZE (Spae) - 1SO O KILHERBE O ELIFRIELL T (Fig. 4.4).,

Scattering coefficient

0.8 1

1|—— Maximum ISO shase
{|—O—Type T ( h/L = 30[%])
0.6 {|——Type R (h/L = 50[%])

0.4

1/3 Octave band center frequency [Hz]

Fig. 4.4 Scattering coefficients for the base plate
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Type T (ZAEH)

Absorption coefficient

Scattering coefficient

0.8
0.6

0.4

M

0.2

-0.2

0.8
0.6

0.4
0.2

-0.2

{[ —e—h/iL =30 [%]
1| -2 - WL =50 [%]

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

{[—o—h/L =30 [%]
1] == - WL =50 [%]

A _

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 4.5 Absorption coefficients and Scattering coefficients

measured for Type T with h/L = 30, 50 [%]

Type T 128125 h/ L =30, 50 [%] OWEHE I OELSCH 3O LB R 2 bk L T
Fig. 4.5 127 d, WERIZEEBEEAIRICE > TIE B L T D2, GLERRIZZEN
FH B30, 400 Hz X 0 W EEHTIZIZE 0 OfEZRTH DD, 500~2k Hz O#iFH Tii,
h/L=50[%] 7330 %& T 01~02 KEWFER L 272,
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Type R (RBAZKHZ)

1
- 1| —@— h/L =20 [%]
0.8 1/ __a_ -
:5 || - =& - h/L =50 [%]
£ 06
8 4
c 04
2 !
2 02
[@}
2 ]
< 07
'02 I I I [ I I I I I I I I [ I I I I
125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]
1
_ {| —@—h/L =20 [%]
& 08 ||--a- nL=50[%] A
2
u: ,,,,,
[«b]
8
g o
g
g
(2]
-0.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 4.6 Fig. 4.5 Absorption coefficients and Scattering coefficients
measured for Type R with h/L =20, 50 [%]

Type R (23175 h /L =20, 50 [%] OWEFEE L OELSIH 30 FEH#E R % ik L T
Fig. 4.6 [Z/k3,h/L=20[%] DOELE=RIX 2.5k Hz T — 72 &£, —J5.h/L =50 [%]
1. MEROTIRIZ I 1T D 22 5URE & 2 WML HIEHT O/EIC L 2R EBRMNBHEITRD |
RJEPEECRIE T 0.1~0.3 LR E < FERE GBI T2 2O —7 2 Fo73, il
oS 1.6k Hz CT—E¥ HiAd, ZLE 0 EWERE TR OMEN K X < 72 A 2R
LTW5, h/L=50[%] %20 %&~_T, 250~800 Hz T 0.1~0.4 & LLBGHIR & 224
ZRLTNDH, 1.25k~25k Hz Tz LT 02~04 /hX <o TW 5,
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4.2.3 BBEREM & DL

1 XT
= 1 A
S 08 AxTN
S |
£ 06
(<5}
8 .
> 0.4 ,
£ ] /
g 02 A —— meas. (WL = 30 [%)])
B0 nu DA

] - -4 - calc. (h/L =30 [%])
'02 T T 1 1 T T T T T T T T T T

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 4.7 Comparison of the result with random-incidence scattering coefficient
calculated for Type T h /L with = 30 [%]

—{F— meas. (h/L = 20 [%])

—O— meas. (h/L =50 [%])

- - - calc. (h/L =20 [%])

Scattering coefficient

- -@ - calc. (h/L =50 [%])

1/3 Octave band center frequency [Hz]

Fig. 4.8 Comparison of the result with random-incidence scattering coefficient
calculated for Type R h / L with = 20, 50 [%]



(a) Circular sample

(b) Base plate (covered the perimeter with a rigid border of fixed height).

Fig. 4.9 The diagrammatic view of measurement concept.

Fig. 4.7, Fig. 4.8 (2 Type T * Type R ZILE N DIIRIZ IS 1T 5 RIS L OEKAE AT O EL
S % el TR g, Type T O h /L =30 [%]. Type R @ h/L=20[%] i%.25k~4k Hz
THTORMEDRHOND DD, Lnxficzm L TWa, TypeR D h/L=50[%] (%,
JEEBURFEDTEARITIEL L TV 525, BRI AMEIT R E VW, ZHITREI O IRIC B o
DWMEBRIC, MEIOWENKEL TWDHIZDEEZ LD,

4.3 EBHEMABOBROSEICLZEE

Fig. 4.9 (@) (TR T X212, 1 RoTA Mg 7 & OB AR M Th 25613,
BRI DL AE UL SLRCS R KEHE S N 5 IR ZE 2 bbb, £ 2T,
FEEMMBORITFZ I (117 5 2 &0 bRlERIR O B A B < HiEE 1R ET 5 (Fig. 4.9
Db), AEITIEH, F—ARAZT ¢ — %8 L CTHOE SIZ L DAL R OZE) 2 1147 L |
PrO@SIZ L DkA A ZE0 Z LA HNET 5,
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43.1 BERHG

HIE MR 14, RIEINERE 117 [, 55K 1.37 B T17 o7, Table4.2 \ZRr$ L9
2, SRR O MM miRZE 2 20 S B 72 E RS d = 750 [mm], 15 B 1 ko H A% 4
FEE AV, BoOE SR 2B ERFT 5, BORES Y =200 T, e L,
B OE & L [E—, ISO[4)DikElE & h=d/ 16 LIN & W 9 e E (46.875 mm = 750 / 16)
DI RITEE L TR L S W7, JlERE O 5 E % Fig. 4.10 (2 AKX % Fig. 4.11127~ 7,
PrDFEAMI Table 4.3 221,

Table 4.2 Measurement conditions for different structural depth of test sample

Condition Structural depth of test sample, h Height of border
[mm] [mm]
A 10 0
50
0
B 25 25
50
0
C 35 35
50
0
D 45 35
50

Table 4.3 Specifications of border.

Parameter Detailed contents

Thickness [mm] 1

Material Plastic
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i

Fig. 4.10 Measurement set-up with border.

T, T T T T T P T T e B

T T T T T T T T T T e

(@) h =10 [mm] (b) h =25 [mm].
(height of border = 0, 50 [mm]) (height of border = 0, 25, 50 [mm])

(c) h=35[mm] (d) h =45 [mm]
(height of border = 0, 35, 50 [mm]) (height of border = 0, 35, 50 [mm])

Fig. 4.11 The diagrammatical view of the measurement patterns

it
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432 EREBE

1 WRITHTE I B RS O & h = 10 [mm]ic BT 2 0@ & 228k S8 7 (Table 4.2 @
Z A B H R ORERE R Z Fig. 4.12 (23T, SLKSHRENE2EEERIC D= 0 ITF
—EHLTRBY ., BREEICHT 2@ E D h/ L=10 [%] OHEAITRENRHN D D
BITR B0,

1 RTHE I R R E O & h = 25, 35, 45 [mm] 2B W T, HomS 2B b &8

(Table 4.2 D& B~D) &L R ORIERE R A Fig. 4.13 17, ELR ST =R O JE 5
PRITEEIL TWD b DD, Mo ) O E IR LITH A BLURSTREME T35 2 & 28

RENT, Fio, Fom S ARk @ X LLEIZ72 2100 > TELER SRMEITIR L7z,
Table 4.2 D2 D 2R W TIE, From B0 E & L 0 KV 35 mm DA X, UK
L7-fE & OFEBEN R ST, Bom I 2R 5BRITIL, #Btom UL L) SHlETE 5
AREOFmETHD d/16LLTICTDZ ENREELL,

1
(@) 10 mm 5 {—e—h=0[mm
s 08 ) A =50
2 | =50 [mm] ﬁ
£ 06
g, FoX
> 041 )
S 02
8 i
wn 0 -
'0.2 T I I I I I I I I I | I I I I I I I

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 4.12 Scattering coefficients measured for different heights of borders.
(a): structural height of test sample = 10 [mm].
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(b) 25 mm

(c) 35 mm

(d) 45 mm

Fig. 4.13 Scattering coefficients measured for different heights of borders.

Scattering coefficient

Scattering coefficient

Scattering coefficient

0.8

0.4
0.2

-0.2

0.6 1

—@—h=0[mm]
——h =25 [mm]
—+—h =50 [mm]

—@—h =0 [mm]
|| —&—h=35[mm]
| ——h=50[mm] |

1l —@—h=0[mm]
|| =&—h=35[mm]
| —{+—h=50[mm] |/~ 2

1/3 Octave band center frequency [Hz]

(b), (c), (d): structural height of test sample = 25, 35, 45 [mm]
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4.4 BEMABAOBRORBICLSEE

B A BB D SR MEM AR IS A B AT T2 356 OELEU R OWIE 21TV, Fig. 4.7,
Fig.4.8 TEMEN 2+ b L= BUBARNT & OXFIE, ETWEM 2 & T 1 ot AHEIZ >\ T
a4 %,

441 BIEZG

WEFETFEORFITHWZ O LF—& L, MR U4 TTo7e, AREITH D
FETEZ 1 kT JE IS O FE$H A Table 4.4 12, AIEEE% Fig. 41512, %X % Fig. 4.16
RS, TEBUIRZ MR T DM BN Z BEMM O L& 7 ) TR MEMIIAR Y
10mm TH 5, EHEMBROWEE Fig. 4.14 (27T, 55430 2 8O A L2 LU
(IFED 720G DT UHT SRR L7 do 0 BE R IE, BEAF 0 B YEMAR B A d = 750[mm]
O EPICIE 25 mm, FEONE DS E S 50 mm OFE RO T 72k Th 5, A
TOMFHT LY | ProE S 1L 1SO[4]0a kR & d / 16 = 46.875 [mm] LA &\ 5 BLEfE
D RIZUEL L 7= 50 mm (k872

] 50 mm

Fig. 4.14 The diagrammatical view of the base plate with border.

Table. 4.4 Specification of samples (L: surface period, h: height, t: thick) [unit: mm].

Shape h t Interval of Sponge | Height of border
10 10 none 50
Rectangular 25 25 none 50
L=25 10 10 25 50
35 25 All area 50
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i

it

(c) Type C (h = 10[mm] with sponge)

Fig. 4.15 The diagrammatical view of the measurement patterns.

Type A
Type B
Type C

Type D

Fig. 4.16 The diagrammatical view of the the measurement types (1/4 scale).

000 I oo I o0 I oo I oo I 100 M oo BN oo I oo M oo I So0x M oo BN oo N o0 M 00
B e e e e e e e e e e e e e o e e e e S e i ey

N NN SENESESENESESESES

- -
BLA B B8R A8 B A B BB B E
e A A I R I I R B R B A

000 I o0 B 000 B o I 20 B 00 N o0y B 0o B 1002 N o I 500 Y ooy B o0 B 5000 N 200
S o e e e e e e ey

(d) Type D (h = 25[mm] with sponge)
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442 RHELEER

BRI & DX
1
{| —O— mea. (w/o border)
§ 0.8 { —&— mea. (w. border)
£ 06 4 R
§ i
2 0.4 7
s 02
g |
» 01
'02 1 I 1 I I I I I I I I [ I [ I I I

125 250 500 1k 2k 4k
1/3 Octave band center frequency [Hz]

Fig. 4.17 Scattering coefficients measured and calculated Type A.

{| —O— mea. (w/o border)
0.8 || —&— mea. (w. border)

{l->¢- cal. %

Scattering coefficient

1/3 Octave band center frequency [Hz]

Fig. 4.18 Scattering coefficients measured and calculated Type C.
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Fig. 4.19 Absorption and scattering coefficients measured Type Aand C.
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Fig. 4.20 Absorption and scattering coefficients measured Type B and D.
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BHRENILCRE T E TSR L EEICHETE TWenWes &g x5, Type C, D
DFEd O BEMAEC K D ELRSRREMEITR SR D720y Type A, B LB L T4 T
B ARRE S AT L TIERERD 0.6 BELT CERAENRHTETNDEERDL
N5, 7238, 1SO [4] OHEIZ X 2 BOWREFFFAEIZ 05 LLFTH D,

45 FL&
Z 2 CARE T, B - FHZERICB W OIEBEICHW O TV D 1 koo EifEE D
LR S ORIE 24TV, BEHIRENC X 582 Mt Lz,
RERE RS 1RO E WIREE IR 2 20 U7 SLRCI SRIE, mHRZE D K 2 W
WeC L BT & BT L TV D b O DEICTRREA 4 U, 1 WRoTE Ik &4 %
(2800 Bo 72355 AT I RO IR 23 88 H S D A CIE, T o 28 K 0 ik
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5.1 ZC&®IC

ELECST= (Scattering coefficient) DHIEE E LT, FERICEB W TRE & Al S &
R BRE LT2ZE DA 7V ASE 2 RMIINGE T 25 2 L X0 8RSy & il
T 5 FUBHERRIE MR STV 5 28 UBHEIHRE EE O HIBRIZ DU TIEARBA 22853 53 5% -

TV, RETIE, Mg R 2 W72 SRS RREIZ I W T, A 7L AHER O M
RINEF R, RBHRHREE B X OWBR O E%Z Mitd 5,

52 EERICKZRE

521 AERH

AFEBR TGN 114 TIT o 7=, PIEREHI Fig. 5.1~k X 9 12, FEHEM % (B4 750mm)

(2, ARBEER 32 8 2 kIR R E L C Type H & ETE 1 WoT Wit Type R %
TR L7, A 7L ZSERE T, MRIIESRZ 4 KL L, 1 REET o RSN
B U CRlBHE R B A 28k & d 7= (Table 5.1), 7235, FREEREM ORI EIZ I T15 (-5
~ =20 dB)x W=, Z—r T =T NF R EET =7 Y 7 (Nittobo Acoustic
Engineering Co., LTD.) @ TT-1000[67]% £/ L 7=, Fig.5.2 Z#ZM, ~I£1T W402 x H170
x D402 mm, [BIHREEEE T 1 [Bl65C 4 B ~6 EfEraE, FILHIEITZ L1 ETH D,
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(a) Type H (b) Type R

Lo o LN LN LN N _130mm

[
60 mm

2 I W N O I O 2 W I 22 O O I O T 2 I el

[
25 mm
[

50 mm

Fig. 5.1 The diagrammatical view of measurement patterns (Hemisphere, Rectangular Type).

Table 5.1 Conditions of impulse response measurement (rev. = 1).

Signal length [s] Revolution speed [s/rev]
0.68 - - 41 82 164 328
1.37 20.5 41 82 164 328 -
2.73 - 82 164 328 - -
5.46 - - -
Angular step
24 12 6 3 1.5 0.75
L dedd
Averaging
15 30 60 120 240 480

number
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Fig. 5.3 Turntable (Nittobo Acoustic Engineering Co., Ltd, TT-1000).
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164 FH/[EERLL N C, [F5 K 5.46 BTl 328 BM/IEHELL F IR F LT, el &
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<725 & SNHMET L, FRERFH 2 KEHE$ 2 2 L M s Sz, 1E- T, BHEE
WNEWEE, BIEEE 22 RET HLERH S, Fig 5.9 121E, FHE LI7TBICBTS
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'02 I I I 1 I | | | [ I I I I I | [ I
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Fig. 5.4.1 Scattering coefficients measured for Type H with fixed signal lengths.
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0.8 || —m—328 s/rev (ang6, n= 60)

Scattering coefficient
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Fig. 5.4.2 Scattering coefficients measured for Type H with fixed signal lengths.
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<Signal length: 0.68 s>
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Energy attenuation
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-~ -~ 0.68_240 500
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Fig. 5.5 Energy attenuation decay curves for Type H (signal length: 0.68 s, T4).
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<Signal length: 1.37 s>

Energy attenuation Energy attenuation

Energy attenuation
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Time [s] Time [s]
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----1.37_120 500
1.37_240 500

Fig. 5.6 Energy attenuation decay curves for Type H (signal length: 1.37 s, T4).
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<Signal length: 2.73 s>
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Fig. 5.7 Energy attenuation decay curves for Type H (signal length: 2.73 s, T4).
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<Signal length: 5.46 s>
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Fig. 5.8 Energy attenuation decay curves (signal length: 5.46 s, T4).
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Fig. 5.9 Comparison of the energy decay curves for Type H (T2&T4. Signal length: 1.375)
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Fig. 5.10.1 Scattering coefficients measured for Type R with fixed signal lengths.
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Fig. 5.10.2 Scattering coefficients measured for Type R with fixed signal lengths.
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5.3 HREEREICKSHITE

5.3.1 HEFRH

HEREHIRTEIOMRFT CHWEb O LR—& L (Fig. 5.1), iR 14 TITo72, 14>
ZOVASERE CiE, BUBHRIERHE & [E 7 U 72 sRHel s 2 4 kL L, 1 [Rl#EsH o
[FHIIE RIS U T M RINEFE L2 2L EE7- (Table5.2),

Table 5.2 Conditions of impulse response measurement (rev. = 1).

Signal length [s] Revolution speed [s/rev]
0.68 - - 41 82 164
1.37 - 41 82 164 -
2.73 - 82 164 - -
5.46 82 - - - -
Angular step
24 12 6 3 1.5 0.75
ke
Averaging
15 30 60 120 240 480
number
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532 HRELEER

B Type HDFE

AUBHERA L 41, 82, 164 BH/IEHAIZ W T, EHREZZ(L S E2HE ORI R OH]
ERGRA Fig. 5.11 1737, BHEEZELS T D &, it A LR SLERFEORNEED
R DK T LT %, R 41 BEEROGE | (55K 0.68 B TIFBEICOIK
T4 L TEY., 82 B/EEZTIHE S E 1.37 LI LT, 164 #/E#: TIHE 5 R 2.73 2L
T, 328 WIEETIIE SR 546 LA E TR FARLND, 72k, FabkHollmdEc
BITD T4 GUBHE - BIEEA) ORI 4 Fig. 5.12-14 (273, [HAEEDE < 72
%L SN EEAME T L, FRERFHE 2 KEH9~ 5 2 & 23 S iz,

Fig. 5.15 (21%., ABHAESEEE 82 FYEHEICIIT 5 T2 GUBHG - [isE) L T4 Gk
A - BHEA) ORI A R, T2 OBAICH L, T4 OEREEIE, RE4
[FliRd 5 Z L2k, RENMERRRAZ < 2D > TR T2 Z & PR S v,
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08 || —a—1.37s (ang12, n=30)

Scattering coefficient

02 T T 7T T
125 250 500 1k 2k 4k

1/3 Octave band center frequency [Hz]

Fig. 5.11.1 Scattering coefficients measured for Type H with fixed revolution speed.
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Fig. 5.11.2 Scattering coefficients measured for Type H with fixed revolution speed.
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<Revolution speed: 41 s/rev>
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Fig. 5.12 Energy attenuation decay curves for Type H (revolution speed: 41 s/rev).
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<Revolution speed: 82 s/rev>
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Fig. 5.13 Energy attenuation decay curves for Type H (revolution speed: 82 s/rev).



62

<Revolution speed: 164 s/rev>
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Fig. 5.14 Energy attenuation decay curves for Type H (revolution speed: 164 s/rev).
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<Revolution speed: 328 s/rev>
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5.15 Energy attenuation decay curves for Type H (revolution speed: 328 s/rev).
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Fig. 5.15 Comparison of the energy decay curves for Type H (T2&T4. Revolution speed: 82 s/rev)
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Fig. 5.16.1 Scattering coefficients measured for Type R with fixed signal lengths.
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Fig. 5.16.2 Scattering coefficients measured for Type R with fixed signal lengths.
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5.4 HlERRICKBEE

5.4.1 BIESH

HEREHIRTEI OBF THW b D &Rl—& L (Fig. 5.1), #iR 1/4 TiTo72, A~
RV ASSERE T, WERMEZ 4 K$EE L 1 EHEH o FRIHIINE RIS T T M RS
& F RSB RS 2 2L S E 72 (Table5.3),

Table 5.3 Conditions of impulse response measurement (rev. = 1).

Signal length [s] Revolution speed [s/rev]
0.68 - - 41 82 -
1.37 - 41 82 164 -
2.73 - 82 164 328 - -
5.46 - - 328 - - -
Angular step
24 12 6 3 1.5 0.75
SN . N U e S R N M
Averaging
15 30 60 120 240 480

number
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542 HREER

B Type HDFE

HIERERE (BlEEAE) 12,6, 3, 1.5 EICBWTESER L O 2 2L S & 7255
DELI =R OWERE R & Fig. 5.17 (27, RIERME 12 OS2 < & HEME ]
ERIBIZOIMEIFT D Z ERbnd, 7272 L, 6 EOYA dkHz DAL T O TFNED
TW5b, 7¢d, Fig. 5.18-21121%, FHIEMEICIHIT 5 T4 GUEHE - l#EA) DR
MR A | Fig. 5.22 121%, MIEMIRE 6 i) 5 T2 GUEHT - BlsE) & T4 GREHT -
[ElHRA) ORI A R,

1
(a) 12 deg 1| —@— 41 s/rev (1.37s, n= 30)
08 || —a—82 s/rev (2.73s, n= 30)

0.6

0.4

Scattering coefficient

_0.2 I 1 I I I I I I 1 1 I I I I I
125 250 500 1k 2k 4k

1/3 Octave band center frequency [Hz]

Fig. 5.17.1 Scattering coefficients measured for Type H with fixed angular step.
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Fig. 5.17.2 Scattering coefficients measured for Type H with fixed angular step.
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<Angular step: 12 deg>
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Fig. 5.18 Energy attenuation decay curves for Type H (angular step: 12 deg)
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<Angular step: 6 deg>
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Fig. 5.19 Energy attenuation decay curves for Type H (angular step: 6 deg)
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<Angular step: 3 deg>
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Fig. 5.20 Energy attenuation decay curves for Type H (angular step: 3 deg)



72

<Angular step: 1.5 deg>
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Table 1 Conditions of IR measurement.

Averages num. | Signal length(angle) Revolution num.

117 0.68 s (3.07 deg) approx. 1 (0.998)
59 1.37 5(6.14 deg) approx. 1 (1.007)
117 1.37 5(6.14 deg) approx. 2 (1.997)
176 1.37 5(6.14 deg) approx. 3 (3.003)

234

1.37 5(6.14 deg)

approx. 4 (3.994)
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Fig. 4 Scattering coefficients measured in different setups
( n=averages number, rev= revolution)
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Table 2 Conditions of IR measurement (rev=1).

Signal .
length [s] Revolution speed [s/rev]
0.68 - - 41 82 -
1.37 205 | 41 82 164 | 328
2.73 - 82 164 - -
5.46 82 328
Angular
stepldeg) | %4 | 2| O ) % 1S
Averaging
number 15 30 60 120 | 240
1
- ]| —>— 20.5s/rev (ang24, n=15) (a)
S 0.8 1| —®— 4ls/rev(angl2, n=30)
'S || ---#&--- 82s/rev (ang6, n= 60)
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g 3¢
= 04 ﬁjgﬂ' N
£ 1 2 A
g 02 M
= 1 J
‘02 T T T T T T T T T T T T T T T T T
1
- {| —O— 0.68s (ang3, n= 120) (b)
& 08 7 ---#&--- 1.37s(ang6, n= 60)
2 1) -~ 2.73s (angl12, n= 30)
% 0.6 7| - - 5.465 (ang24, n= 15)
o, 04
£ 1
g 02
5
(92] 0 \
'02 T T "\ T T T T T
1
- | —e— 41 s/rev (0.68s, n= 60) (©
S 08 1 ---&---82sfrev (1.37s, n= 60)
© 1 8- 164 slrev (2.73s, n= 60)
£ 06 7| - -o--- 328 s/rev (5.46s, n= 60)
] |
; 0.4
£
§ 0.2
5
s 0 i
'02 | | | T | 1 T 1 1 | 1 1 1 1 1 1 |

125 250 500 1k 2k 4k
1/3 octave band center frequency [Hz]

Fig. 8 Scattering coefficients measured in different setups.
(n= averages number, rev= revolution)
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Table 1 Fig. 1
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1 MDF
750mm
Type T h/d = 30% Type R
h/d = 20, 50% [3]
Type T h/d = 30, 50%
Fig. 2
400 Hz
0 500 2k Hz h/d
=50% 30% 0.1 0.2
Type R h/d = 20, 50%
Fig. 3 h/id = 20%
2.5k Hz h/d = 50%
0.1 03
1.6k
Hz
h/d = 50%  20% 250
800Hz 01 04 1.25k
2.5k Hz 01 04

*%x

*kk

Table 1. Measurement patterns of the periodical shapes

Type Shape h/d h (mm)
Triangular 30% 15
Type T
wave 50% 25
Rectangular 20% 10
Type R
wave 50% 25

h : Unevenness pitch difference d : Period (= 50mm)

_ Rad.=375mm _, | 375mm -
N S~ A~ A A~ A~ D 15mm
! . 125mm
E Type T 50mm
TII—II—II_H—II_II—II_IIQZSmm
7 10mm
J /L Type R 25mm
L Ll | I—
o 50mm
(a) Plan (b) Vertical section
Fig. 1 The diagrammatical view of the measurement patterns
Fig. 4, 5 Type T Type R
Type T
h/d =30% Type R h/d =20% 2.5k 4k Hz
Type R
h/d = 50%

[1] 1SO 17497-1:2004: Acoustics - Sound-scattering properties
of surfaces, Part 1. Measurement of the random-incidence

scattering coefficient in a reverberation room.

Measurement of the random-incidence scattering coefficients of periodical surfaces, Part 1

— Effect of the periodical shapes -

LEE Hyojin, TSUCHIYA Yuzo, and
SAKUMA Tetsuya
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Fig. 4 Comparison of the result with random-incidence scattering

L [3] 113 No.137,
pp.14-19, 2007.9
, (), pp.1137-1138, 2008.3
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0
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Fig. 2 Absorption coefficients and Scattering coefficients measured for Type T with h/d = 30, 50%
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Fig. 3 Absorption coefficients and Scattering coefficients
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0.6 K
04 | K
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coefficient calculated for Type T with h/d = 30%

Scattering coefficient

measured for Type R with h/d = 20, 50%

1+ O meas. (h/d = 20%)
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06 L1 % calc.(hd=50%) | ____
e e e A . 4
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125 250 500 1k 2k 4k
Frequency (Hz)

Fig. 5 Comparison of the result with random-incidence scattering
coefficients calculated for Type R with h/d = 20, 50%

* Inst. of Environ. Studies, Grad. Sch. of Frontier Sci., Univ. of Tokyo

** |nst. of Environ. Studies, Grad. Sch. of Frontier Sci., Univ. of Tokyo /
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Fig. 1 Diagrammatical view of the measurement types (1/4 scale)

Fig. 2 Vertical section of base plate (1/4 scale)

Study on the reverberation room method of measuring the scattering coefficients, part 1

- Border setting around the circular base plate -
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Table 1 Measurement conditions for different revolutions

Revolution num. Signal length (angle) | Averages num.
approx. 1 (0.981) 0.68 s (3.07 deg) 115
approx. 1 (0.990) 116
approx. 1 (0.998) 117
@ approx. 1 (1.007) 118
approx. 1 (1.015) 119
approx. 1 (1.024) 120
Table 2 Measurement conditions for different signal lengths
Revolution num. Signal length (angle) | Averages num.
approx. 1 (0.998) 0.68 5 (3.07 deg) a0
(b-1) | approx.1(1.007) 1.37 5 (6.14 deg) 59
approx. 1(0.990) | 273s(12.29deg) | 290 |
approx. 2 (1.996) 0.68 s (3.07 deg) 234
(b-2) | approx.2(1996) | 137s(6.14deg) | 117
approx. 2 (2.014) | 273s(12.29deg) | 59 |
approx. 3 (2.995) 0.68 s (3.07 deg) 351
(b-3) | approx.3(3.003) | 137s(6.lddeg) | 176
approx. 3 (3.003) | 273s(1229deg) | 88
Table 3 Conditions for different diameters of base plates
Scale Diamet'er of base plate Diameter lof-hemisphere
(): real scale (): piece
600 mm (3 m) 48 mm ( 32 pieces)
1o 750mm (375m) | 48 mm (52 pieces) |
600 mm (2.4 m) 60 mm ( 24 pieces)
e 750mm(3m) | 60 mm (32 pieces) |
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Study on the reverberation room method of measuring the scattering coefficients, part 2

- Measurement setup and diameter of the circular plate -

LEE Hyojin, TSUCHIYA Yuzo
and SAKUMA Tetsuya
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Table 1 Conditions of IR measurement. (rev = 1)
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Fig. 1 Test sample. (scale 1/4, unit: mm) number

“Scale model measurement of the random-incidence scattering coefficients in a reverberation room
Part 2 - Effect of revolution speed -, by LEE, Hyojin (Univ. of Tokyo), TSUCHIYA, Yuzo (Univ. of
Tokyo / Toda Corp.) and SAKUMA, Tetsuya (Univ. of Tokyo).
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Table 1 Sound absorption materials (Material with absorption)
Sample | Sound absorption material Thickness | Wide Sample A:
(Material with absorption) | (mm) (mm) |, Velour-like sheet
A Velour-like sheet 0.5 25 radius = 375 !
B S 1 2
ponge : 0 5 .05 A
C Wood rectangular wave with | 25 25
. A-
sample B in the reentrant A
Table 2 Placement pattern of sample Sample B:—’ B-
Sponge 10mm B-
Placement | Interval of B-
pattern absorption material
Al area Sample C:—7 C-
Wood rectangular C-
25mm wave with B C-
75mm C-
125mm / C-
175mm <\ertical section>
(none)

Fig. 1 The diagrammatical view of the measurement patterns

Measurement of the random-incidence scattering coefficients of periodical surfaces, part2 ~ TSUCHIYA Yuzo, LEE Hyojin, and
- The case of the surface including sound absorption material - SAKUMA Tetsuya
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Table 1 Specification of samples [unit: mm]

Type | Shape h |t |AS d
1 rectangular | 10 | 10 | O 50
2 w=25 25 | 25

3 35135

4 45 | 45

5 25| 25 100
6 100(shift:50)
7 35 10 50
8 45 20

9 circular 25125 0 50
10 ¢=25 35 10

1 45 20

h: height of structure t: thickness of ribs AS: air

space d: period
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Fig. 1 The diagrammatical view of the
measurement types

" Scale model measurement of the random-incidence scattering coefficients in a reverberation room Part2 -
Scattering characteristics of a variety of periodical structures -,
by TSUCHIYA, Yuzo ( Univ. of Tokyo / Toda Corp.), LEE, Hyojin and SAKUMA, Tetsuya ( Univ. of Tokyo).
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properties of surfaces, Part 1: Measurement of
the random-incidence scattering coefficient in a
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R % Fig. 5, Fig. 6 129, 5@ 8 5K
DFELIABNRHELINT, RIEDLNeA ERD O (2]
JEPEE R & T o 7o, AFEDN—RA T L— Ry
LOXRMEmINVFELIGEOZELREHV e L%
it 5 &L 2.5k Hz DL kot iz — 8l
L7, WESIEHRAEOBBIZYL X528, &
FIk IR R DO E X% < FmEik &
FORMNILHRICEERTILEDOLEEZD

- [ S

4 BbHYIc % .l O Typedh=3s |
AFME L4 1 0oE ) TS s  § Lo eans | Popiang
FHEHFROMRIZ LY, U TEERUCME 2o, R S O
M OBEEMEHIC LTHERERICHT 2,1 e AT
HEBPNEL, 2o, L AAMOAE  ° | gagggf

YLD U 7 M T EL R O 2313 ‘ ‘ ‘ ‘ ‘ ‘
E—ET 5 THEMEAVR S, Atk ELRH SR . S .

RO U 7o P& 23 S OBEM ISR E S L : : -
Fig. 2 Scattering coefficients measured for rectangular

shape by difference of height (d=50)

1 A Type2,d=50 _ 1 A Type2 (rectangular)
5 { @ Type5d=100 = , _
S ] A S 1 @ Type9(circular) |- 4
S 087 M Type6,d=100(shift:50) g 08 : y
06— N - GO6
S04t S04 AT
g 1 - g 1
o2 e §o2| -3 i
R S ' R S
I I \ T T T [ I \ T T \
125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
Frequency (Hz) Frequency (Hz)
Fig. 3 Scattering coefficients measured for rectangular Fig. 4 Scattering coefficients measured for rectangular
shape by difference at period (h=25) and circular shapes (d=50)
1 O Type3,h=35 i A Type9,h=25
= 1] W Type7h=35As=10 = 1 YERA=S
@ 1] O Type4, h=45 | o g @ 08 1 o Type 10,h=35,AS=10 |
2 08 & Type8 h=45AS=20 g W Typell,h=45AS=20 3
8061 ¥ I e P A
o ] o i
S04t £ 04
3 ] g 1
E 02 f-------- B e L nEEEREE E 02 g
& B &» 1
0 $=g—¥ 0
[ I [ T T I [ [ [ I T \
125 250 500 1k 2k 4k 125 250 500 1k 2k 4k
Frequency (Hz) Frequency (Hz)
Fig. 5 Scattering coefficients measured for rectangular Fig. 6 Scattering coefficients measured for circular
shape with air space (d=50) shape with air space (d=50)
R A ~ 1180 - 2008591



B

B O E YN BN S 2 55230 R
— i AR F2 R

ALY h

OtE#E (ROK - Bk, /7 HEER SN,

FFEIR,

1 LI

EHFT, BEmOFEBIEHICOWTHEE{T > T
Do EEIHO—MIIE T & 2 8L 2 O B #F
BT - TUE A3 EE S AU[1,2], BB PR D —FRitk % i BRI
E%#é*kﬁﬁ%k&otobﬂbtﬁEﬁﬁ%$

TIXFDOAHIR T B K OFAERDE T, A
E®1ﬁE%%%m(uT\)7%m&ﬁ?)lﬁw

TESLRIC MR EAE L, U 7HOFRICE -
TIFEBNETEEEICEMRE T DI LD EE X LND,

side wall 200
|
- wall:
. right) 8
Mic. ( 8 17 diffuser
\ ° ° jf—’
& §_  material
o = .
o ® rib
= i = (rib)
bk O — <
A o - O [}
o c O =
& g P
/ = &7
o
Jm S
‘ <plan>
celllng
300 300ﬂ«300ﬂ«300ﬂ«3007 \ceiling:
o = absorption
> = material
T R
0 & §2 (sponge)
N MIC. =
| floor T .
<Section>
Fig. 1 Diagrammatical view of the model reverberation room
Power Amp.
PG DELL SONY TA-F222ESJ
Latitude C400 Dodecahedron
Speaker
IR Measurement System Dr. Three 3D-02
NAE AEIRM-AERAP 1/4 Mic.
Sound Card Mic. Amp. RION UC-29
— ——-=CD
DIGITAL AUDIO Card Deluxe RION UN-O01A (UIA=12+NH-05)

Fig. 2 Measurement block diagram

Table 1 Material of parts

Part Material
The model reverberation room | Acrylic 10mm
wall surface

Absorption material

Sponge 10mm

Rib structure
25}
125

S E—
1252525

TAMO laminated lumber,
surface urethane clear
painting finish
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Fig. 3 Absorption and scattering coefficients of materials
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Fig. 4 Diagrammatical views of the rib placement

Explanatory notes,
Absorption: (no note); nothing, Ca; sponge on
the ceiling
sw: side wall, rw: rear wall,
Rib direction (For the floor): h; horizontal,
v; vertical, r; random (300 x 300 alternation)

“ The room acoustics effects produced by scattering properties of wall surfaces — the examination by the scale model, by
TSUCHIYA, Yuzo,( The Univ. of Tokyo / Toda Corp.) LEE, Hyojin, EDA Kazushi, and SAKUMA, Tetsuya (The Univ. of

Tokyo).
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