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A Study on Effect of Directional Characteristics of Sound Source on Evaluation of

Sound Fields by Means of Geometrical Acoustic Simulation
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Masami MATSUO, Hiroshi FURUYA and Kazutoshi FUJIMOTO

The purpose of this study is to make clear the effect of fundamental characteristics of sound source on the stage of
auditoria, that is, directivity pattern, orientation of main axis and location of source, on the acoustical properties
which are ordinarily estimated with omni-directional source in design process. Impulse responses are calculated in

simple models of room shape and real hall models by means of computer simulation based on geometrical acoustics
when the directional distribution of sound source is varied. The relation between the directionality, the location of

sound source and acoustical quantities, which are obtained from impulse responses, is examined. The result shows

that there is a significant difference between the acoustic quantities obtained by using omni-directional sound

source and directional ones, and it suggests that fundamental characteristics of sound source are very important

factors in the acoustic evaluation of concert auditoria.

Keywords : Directional characteristics of sound source, Acoustical parameters,
Geometrical acoustic simulation, Acoustic design
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Fig.1 Directivity pattern of unidirectional sound source.
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Fig.2 Definition of orientation of main axis in the
directivity pattern of sound source.
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Fig.3 Location of sound sources on stage.

Table 1 Conditions of sound sources regarding the

directivity pattern.

Snoalgl%e Location O:5* () o (® ()
S, Lo omni-directional
S Lo 90.0 0.0 0.0
S, L0 40.0 0.0 0.0
S; Lo 25.0 0.0 0.0
Ss L0 10.0 0.0 0.0

*angle referenced to main axis for which the sound intensity is
3dB lower than the maximum intensity.

Table 2 Conditions of sound sources regarding the

orientation of main axis.

Source [ ocation  Bus(®) 9 (°) 60
St L0 250 0.0 0.0
Sou Lo 250 1800 0.0
Seen L0 250 900 0.0
Saign Lo 250 =900 0.0
Sup Lo 250 0.0 90.0

Do L0 25.0 0.0 —90.0

Table 3 Conditions of sound sources regarding the

location on stage.

Source

ouree  Location  O,(®) ¢ () 509
S L1 250 0.0 0.0
St L2 25.0 0.0 0.0
Sty L3 25.0 0.0 0.0

9 L4 25.0 0.0 0.0




Table 4 Outline of simple models of room shape.

Type V(m®) Sm?)*' V/S(m) RT(s)*? @ * N*3
38 238 022 152(207)
37 227 023 165(220)
39 238 - 023 158(213)
38 237 022 153(198)
38 249 021 158(213)
3.7 237 022 157(212)

16,000 900

AN B W —

*1 the floor area of audience

*2 averaged over the four octave bands from 250 to 2k Hz

*3 the number of observing points in the seating area
(including those on stage)
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Fig.4 Plan of simple models.

Wi 152~165 ExRTT-. BOREmEL, FHEKREE
FERBER R EM, TOMEL2TRHEMELL. HRE—
NOEEFHETEF K% Table 4 & Figd (TR

32 BRER

BAtEOBREDOEICIDE B ~DEEBE2HD-D
2, EFRRMHFERGS)EAWZEEE 0, 2Bb3 T 4
FER OB — B MEF RS, ~ S, RO m XX & /R 5
MIEHE (p =0°, 6 =0°)& HW=3BA %Lz, BEHah
T EBREORFBANDHOB%E Fig. SR Type 2, 4: 1k
Hz)IZR 7.

FT Cy ITDNTHTHS. TREDIZHE SIS
RBECONTHEOKREZZYTHREMLTWS. T4kb
B FEAR Type 4 TIIHNFEEHED S, T-1.2dB THLHD

IR TS, TiX 5.0dB THY 6dB LA EDENRBHBND.
o, Sy DEBRBENS AT —HRAEBERE
o=1.4(Type 2), 1.1dB(Type 4))TH DM, FEMtENSi</e
BIZONTHELDENRKELRY, S, DHEFIZ ¢ 1T
4.5dB(Type 2), 2.7dB(Type 4)LFeb A &<72%. EDT 12>
WTHRIERTHY, FRRIEDRHIKRDIZONTERE P RED
WCBWTHEOETHAALL, @ﬁ?ﬁ@ti%ogzijc%d;o
TWa. T72b5 o 1E, S, PEHHE 0.155(Type 2), 0.25s
(Type 4) THBDIZXLT, S, 0)*1'?7 X 0.86s(Type 2),
0.44s(Type 4)THY, FALHRELHFBDLND. Zhid
H— #‘ﬁ’r&ﬁﬁ@?ﬂﬁmw@ﬁﬁm%m\*C\né_&m
O, JLBE =R VF IR T HEEE RS DT RAFDE|
EHBEMUI=ZEICERATIHDEZ LS.

VR R EO T RIEFRICOVWTRBE, BT R
DDOEZFNXDEIGETRT LE, TI, fRMtEngi<i2s
WONTEREFRBOEOKETHEE THS. 72720, o

 DOEEDESWIIERICE>TRRS. T72bb, K

Type 2 TIXERRIDIEDDE A 12%(S)~21%(S,)£BH
MIZEEL TWABDIZH LT, IR Type 4 TiL, S, T
5%, S, T 6%LITLALENR.

W, EBREOBEOEDOEBEAZ DD, EiF
P B IR(S) % V-5 & SRRt E RO Msho M X
PRI ES ETICULZEA(6 R &L, T8
EDRFEASHDOFI%E Fig.6(FEIR Type 4:1k Hz)IIR
R

Cyo IZDONWTHDE, S, Spign PHEHEEITETLEE
BIflEi-3.4dB), ¥~ ERBEDIEL &L RKELB->TVS
(c=1.5dB). Z#LiX, FWROFEWEAMUF 2 M LITED
A F DORIE T HEEFT RS D= RNXDEIE BB
T 27D THB. Syp Spown PEENL Sy LDZEII/PIV.
EDT (22T, Spon DB EEERE, S,(CEHHE 2.595)&
DHLENBEZEICKRELRS>TWBCERIE 2.73~3.09s).
LE\Z2WVTIE, Skoms Stes Sacko Srign PHE IS, Sotldk
DA LR R o Tob D E72 > TS, HIT Sy, Spown
DEFAENL, S, (AR TEEMEMELZ2>TNDHDD,
SAITEEIL TS, ZNHDZEE, LE, KIS
DORF [T KT BB MG DR NXFDE
B THBHIEND, K EERICETIEREDOE(LOE
BEREZTTDEEZLND.

2, #E LEOFRONMEBOKELHDIOIT, 8
AHRRICEEREERS)ZREL G A LREBMEL
Bzl 4 SOERAESTEE HELUZ. TEBEEOEFN
A DOHE Fig. TFEIK Type 4: 1k HI W,

Cyo WZDWTHDBE, JNEHMEIT Sy:—1.23dB ITXL
T 221~2.92dB ¢V FhbKEL, FREDOIEESE(0)
b Sy:1.07dB IZHA~ 1.23~1.96dB &KV, EDT (2
WTHDE, S, (XD MEITIERICRRD. ZOHED
BN EEMEIX S:2.59s 128 LT S;,, Stz Sis, Spe:1.90~
2.06s, 0 1L Sy:0.25s, S, ~S.4:0.21~0.39s THD. LEy,
IEENEBIEDS Sp:23%ICx LT S, ~Sy,: 15~17%TH
DIGNEEEL TOMEIT/NELZRS>TVS. 0 1E Sp:5%IC
FTUT, S ~Sue: 6~T%EITEA LT, ZD L7
FERIX, S, LOHBIZEWT, fBMENERE HRZFE
TWBZEZEVRITH R LDE T RS DT RVX D
MUTZEICBELTWAEE 2 BNRS., Ei-omtEki,
W OBEL TR B IS LT/ 37— bigoTn
5.

33 B

L EDORERIT, EROERMEE N ENFTEEBRIC
REREEBEHEXDIEERL TV, ZZTUTFTIE, &
FofEmtEogix, ffmEomE, BIOIBOREY

FVAMEIC T 5701, ERRAMETREAWVZEEOE
BREOHELEMEETRETNLVERWBEOEEE
BEOBEDEICDOWTEET S, M, Bt SHROEERIT

— 11—





















