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This study has investigated acoustical measurements and individual subjective
evaluations for sound fields based on a model of human auditory-brain system and
subjective preference theory. In acoustical measurement part, measurement results in
historical opera houses and outdoor sound fields in forests are discussed by analyzing
temporal and spatial factors. The measurement procedure used here is based on the
previous procedure, which has been applied for concert hall acoustics (MLS method). In
subjective evaluation part, especially, individual difference and intra-individual changes
of subjective preference as primitive and overall psychological response are focused on.
Psychological experiments were conducted in a sound simulation room and in an
existing opera house in changing physical factors. In addition, a theory of individual
subjective preference is summarized.

In chapter 1, previous studies relating to acoustical measurement for sound
fields, individual subjective preference, and orthogonal physical factors are summarized
as well as the description of the auditory-brain model. The aim of this study is also
described.

In chapter 2, acoustical measurements in historical opera houses and outdoor
sound fields including general forest and bamboo forest are described. As historical
opera houses usually have specific equipment as orchestra pit, boxes, balcony seats,
stage house with huge volume, interior decorations, sound fields in opera houses are
necessary to distinguish from those in concert halls because of their complicated
conditions. Most remarkable differences between sound field in an opera house and that
in a concert hall is performances. Namely, a singer sings on the stage and orchestra
plays instruments in a pit in an opera house. In accordance with these facts, sound fields
on the stage and in orchestra pit are especially focused here. In addition, sound fields for
listeners in a box are investigated as a specific sound field for listeners in an opera
house. As measurements in outdoor sound fields, sbund fields in a general forest and a
bamboo forest including multiple scattering effects from trunks of trees are investigated.
Excellent sound fields, especially, for subsequent reverberation time (7,,,) and IACC
are obtained from the measurements, although acoustical environment in a forest has
experientially been felt to be fine.

In chapter 3, the subjective preference test conducted in an existing opera

house are described to clarify whether the theory can be applied for existing sound
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fields. Subjective preference tests for different source locations (two positions on the
stage and two positions in the orchestra pit) were conducted by the paired-comparison
method at seat area in the stall and in the boxes in an opera house. Vocal and music
sources were radiated from the sources on the stage and in the pit, respectively. The
relationship between the scale value of subjective preference and the physical factors
obtained by acoustical measurement are examined by the multiple dimensional analysis.
It is confirmed whether the preference theory using four orthogonal physical factors can
be applied to both the stage and the orchestra pit as well as concert halls.

In chapter 4, the individual differences and intra-individual changes of
subjective preference for listening level (LL) and T, are investigated. In this study,
intra-individual changes are defined as changes of preference among test series in
psychological experiments. In sound field simulation rooms, subjective preference tests
are conducted in changing each orthogonal factor independently. The individual
difference and intra-individual change are represented by the most preferred values for
each factor and individual coefficient ¢, which is obtained from subjective preference
evaluation curve.

The investigation in relation to LL shows that subjects with a large value of «
have small intra-individual changes, so that the range of the most preferred value [LL],
was small. On the other hand, subjects with small & value have minor preference as the
parameter changed. The investigation in relation to T, shows that subjects with large «
values indicate smaller intra-individual changes, so the standard deviati(;n of
10g([Touo)p/ [ Tsun)p) is small as well as the investigation for LL. On the other hand,
subjects with small « values without sharp curves show minor preference as Ty
changed.

In chapter S, as applications for the investigations described as acoustical
measurements and individual subjective evaluations, a concert hall with a number of
columns and acoustical measurements for environmental noises are described. The
concert hall is an application for the effect of multiple scattering from trees or bamboo
described in chapter 2. Also, acoustical measurement system for environmental noises
based on the model of auditory-brain system is described with measurement results of
aircraft noise. |

In chapter 6, the studies are summarized. Main conclusions are as follows. (1)
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It was found that initial reflection components in impulse responses are quite
complicated due to reflective surfaces near a sound source or a receiver on the stage, in
the orchestra pit, in a box of an opera house in comparison with a sound field in a
concert hall. (2) It is found that attenuation of a direct sound is occurred due to the
overhanged stage and the pit rail. (3) In acoustical measurements in a general forest and
in a bamboo forest, it is found that multiple scattering effects between trees or bamboos
improve T, and IACC. (4) Through these measurements, it is found that MLS method
can be applied to obtain temporal and spatial factors as well as concert halls. Note that it
is necessary to take care with calculation of temporal factors as A¢, and T,. (5)
Coefficient « is introduced for individual preference in a sound field. (6) The
investigations in relation to preference test for LL and T, in a sound field simulation
room show that subjects with a large value of « have small intra-individual changes, so
that the range of its preferred value was small. On the other hand, subjects with small o
value have minor preference as the parameter changed. (7) Result of preference test in
existing opera house shows that subjective preference theory can be applied to opera

houses including the orchestra pit, the box seats and so on.

(988 words)

- 503 -



(EEFR) |
KRBT, ¥ - AT T BLOEROTENTY 77 L O ABRICE T, &
BB L CEAOEROMEICET ML TS5, FEFHICHETIEN TR, EHHN
AR5 BB B L UARIL MR &5 REFASHICB N TT o REEBRIC OV TR B,
SHMEEE LT, I2Y—FR—LATH> CERRUS > AL 2 EEE (MLSES)
WWEBA NN ARERHEEREZEZBAT2, EHOTYT 7 V?X%ﬂzfﬁﬁtcbiﬁﬁb:a‘sﬁ'é’f
SIUVAREN SEH S NBRENK - ZEKT 7y 7 -2 N5, ERNFEICET 5E
TR, BICEENTU 77 L AOBAZEBLCEAAEBICESEH TS, LEER
HEBENTY 77 L ARKET 3 EBOELTINET 7 /¥ —EWILICELSE ST

LIk TERYI 2L —2 3 YEBIVEBOARSEENICB L THDNL,

H1ETIH, AMECEETSEEHA. SHOEHNT U T 7 L P AFMEICDNTE
EOREFEEED. AFEICAVSNIYENT 7 75— QEHAEIC DOV TRNET >
Tna, £ AFEOENERNTVS,

HE2ETH, ARIHABBLCBEHRNICENTH> AFEREICON TR S, § 21
HTRARSHBEOZTERRICOVTRND, BHRUARTFIZIR. A—Tr X LTy b,
Ry 7 A, AF—UNTRARE, —EKAI Y — b R—V LS EBERNOEREH
PO THEMARZ ENRETHS., BDEEHITREI Y — b R—ILEOMEEIR, X5
NI ZTIRAF—V L TREEN. By MATIRA—T A R SOEETBE 0 I EICH 5.
INSEHBER. AF—VLEBIUE Y MNOTEROLODEHCHTIZTEATS &
By 7 AEROBERD D DEHICHT 2 EBAELT o 4. BLTNOREICEL
THRHEAHNFES 5 VRS EAEECEET 520, AN SHRISER O3> 9 —
RR—JVEHEN, EBICRRBIEEZHSHIIL TN, FREZEAHMOEBZETREN
CAF—VREy b - LS OBENREET 254, EETREENENERIELD
NE<HBTENS 4B, MPERHERBOBNKME (40 PRLHFRIE (4 B R®
EOBICI I —hR—LERERBEEERVELE, Ry 7 ANOREED =D DT
Tk, Ry 7 ANTOZEEOMBELANKICLVES (Tr 25 —) BBLTEIEEH
Sz, B 22 BITIREBEATGOFEFWICOWTRRS, RILEAKNIZBNTT
S EBFAEBICETARE TR, KELEMH50SBHBINIRICED ., BITHERER
B (Tw) BEU IACC DEENSEEICE > TENASHEAR0E A EEEEHLTL
5. £, ZOXIAFHCBLTREEHRNT ¥ — MR- O L S ICERKICHE
B, BEBERAVREIND SV IRBMER N L,

HI3ETIL, BilA S TOFRSFBGRTER L ZBN T 77 L2 RAERICD
WTIRRT NS, F—ANBLIUFREOFEEHANT, AF—YLBIVF TR ¥

- 504 -



v FNAOZEONBETOEA TN UBREICL 3 0BERET o2, HRE (W0 4) &
ZAR—INBEUVRy 7 ABHRNICEE L TE- 2. TEUER X > TESNLEEFHOER
Ty —EFEN T T 7V AREBOBEER ZZRTREERE>THEFR L. T
TICASY— b R—IVATRIEEN TV 77 L o AHBVNERTEAZEMHAGMIZESN
THBH, AAEICLY., BERBERRBEERODEROARIBBITHNTD ZOE@H
BRTESZELZEZRLTNS,

BLETIR, I —2a yBERCBVTHSAEEEOFHNTU T 7LD
BAZE - BARNZHICHTALEEZRIIOVWTRNS, ThETEZ < OEZOREEHNRD
HERROZEONTERY, FORNBMNTH 2EADLERKSER D& - 2013 HD
Thizn, BIB|AET 7751 BERFEVAIL (LL) BLUERLHEERERME (Tw T
HB. KAFIBENT, BARZHX, EHMNOTU 77 L AOEHBHEL T, B
FHBEELTRIELEDNALEEZERD DY —XEDONRSA—FOB{LEETEL T
5, BAZBLVBAREEZRTNIA—FELT, BUEEIYBTI 775 —OBRHE
EEEVPTV IV AHBRMSESNIEA BB eEAVTERLTNS, d. EH
777 L AREMBOBEATIE, Y—X b 2O LA OBERICE W 5B H %
ERNTNS, CHOOLEERNS. etk = ABRE L. DEZRICEITSY
—ZFOBEANEIICE VW TH V7 79— ORBEEOEBENNS L, FEN YT 7V
CACETHEANEHAUNS KRB IEEHLMT L, I, aDEINS WHRE
iy EYU—ZARBWTREENRESRWRE, REBEOLEENKEL /LS,

BELSETIR. SEATSICBAOEHMFMOEARFAEL T, & 5.1 §ICE 22 §iT
A7 DAL OB EENT o, FUEERBLZI VY — b R—LEEM L, 8 52
HTHBEREOWEACOVTANTNS, JITRRZIDY— FF—VRE2ET
AR 7-TFAEHEEOSBEHEMMBEERE LMK AERA TS 5, £, BE—KM
BREETFNICH EDOKBERTOHUE - B A FLIZDWTRN, RO—= vl T
S EHMZEBBE OREAICOVWTRNS, ZOBEERR. INETOBRTHERAN- (M
E%)%ﬁ%%ﬂﬁtmimb‘A@@bﬁ%E%T%N§ﬁE®wﬁ%ﬁ5%wTﬁéa
DD OYE T 77 F—id, BE—RKBEETTINCEIETHOECHMAMES X
U BB, S 2 2 & B, Hishs,

FOEIL, ARLOBRERNTNS, FELBERILUTOBERD THS. (1) £RF
RBHRDAF—Y L, =5 A L7 - By b, Ry XAETR. FRELIZEFLOR
BICHEETARAEICLYD, FIHMRFEEERRI Y — bR —IIAOFRICH~EBH TR
RBEHITHRB, (2) BERERBRLICEFETSZATF—P, Ev b - L—IlREXLZHE
BEOBEZEWHLE, (3) KILBIXUTHRAOETEFHICENT, KBLUHOH

— 506 -



& DS ELER S BERERE (T, © ACC ZRETRIBELTHDZEEHS
MIZLTe, (4) ARFEBBLUTATOSEHAEEL . CNETOI LY — Fh—
VRIS, ML SEBEM VAL SOV A RSO IEASEA TES Z R LT, 7
B, A, Tap EVo BB T 7 75— EHTBEITIE. 4 5 51BN TIRM8FH
SHRAEM TS B 2 &AL THEBEHRSERIICREL NI &2 E M BIEEIUWL
Wras, (5) BHOEHNTY 77 LY ACH L THEAZERTHERaEEA L,
(6) BB I2l—2 a3 ENOEENTY 77 L2 AOBANES BT 2 LEER
ME. aDERKERRRER, LEERCETS LU —XBEOBEANERICE TS Y
70 5 —DRBEEOEBIEINNE <, EHITY T 7 L2 AET BEANTHINE <
BB LRSI LA, BT, aD@ANE WERER, &) — 2B TREEA
REST. BEMEOLEBHENAE Aok, (1) EROEHKKARTHBNICE W TE
HLEDBERN S, CHETISY— hF—lBNTHoTEEEBHNT Y 77 L >
ZE@, Ry 7 ABEEDARTRBICE N TOEATE S 2 L ERRL TS,

(F03 : 3,056 =7)

— 506 -



~ L0S§ —

(AL 1)

MXEEDOMROES
K4 | Wl Bz
i Acoustic measurements and the individual subjective
e evaluation for sound fields
- BEHOYEER & BN O.0 R
E]
% E 5 B % B £x
x & BB % % m — ]
B mox % B B B
% B & B M E B —
~S
& B & L
Bl & Efl
= =]

AR, BE - KMERETNVROEHOERN T 7 7 L 2 A HH
WCHETLS, FEHARVCEAOERANFMICETAMETH D, FEEW
ICBEL T, ZEHILEESDERMT XIRBBLIUORIPTHRAKRS
WTTo EREHERCOVTRRTVRS, FHOTU 77 L 2 XTI
MEZBITS1 OV ARENSRER I NSRHA - 22T 7 25 —%
AnTws, ZN60 - BT 775 —CHEDE, F5O EBFMICE
LT, BicEBEN T 77 L AHBOBAZRCEARNEBICERE
HTTW%, DEEREIFEN TV 77V ACEDOAESROERTTSH
By 08— MBI ®RIECEDESIalb—2a YERY
EEBOFRTBBRICBWTEIELEDOTH S, LT, FEI LITHRR
%,

BL1ETE, ANKKHETZRBEOPEEELD, AFKICAVLN

LMK T 7 2 A~ OBEHBFECODWTHEREETT> Tnws, £/, A
DENERR TN,

B2ETIH., ZERELEEZ S VO BT ORI BHN TIIB® Tl K
BRARTBGRUOHFEHRARCBVTIT o ATFEUBC OV TRRTWS, £
T8 2.1 HiTHEHARIBG BV TERLATEMECOWTHRRTNWS,
EHEOTRSBHIE, T ZAFSEY M Ry ZAE AT—INTA
L, A2Y—bRIVERD EENOBEREKME DD THM R Z &0
MTHB5, aY— b RN EDREEZZHERL. IRIBHTEIRAT—
CETHREMN, Ev MATEH T A SPRETEIRICHSZ, 2o aks
FA. AT—VERUVEY PAOEERRDIED, THITHRy 7 AFEDORER
DEHOEHICETAHEBMELEML, BEXTLHIHE T 77 5 — % H Il
LT3, HFICOTHORECB T KEENFHE IS A
TET5-0, LEHAELZSTNARFFEEANEEOD Y — bR—)b
EHREDTRRS ZEEHLNILTVS, T/, FRESETAMOE

ERBACHEEYIEETSHE. BEETRENKNELDNEIAD
ZENZL2HD, AR EOEBNK (4t) L2RFFRIE (O RED
Bicay— b R—I)L L3RRS EENHSLLERVHLTVS, Ry
ZAROWMETIE,. Ry 7 AROZEEONBPLCARICEDES (77 )
F—) BELLELTRZEEZHSMILTWS, ¥ 2.2 HiTIHENFS
DFEFHRTOVWTIRARTN D, R EMMNITHBWTIT - ZRIE T,
RS OZBEIEGRICED FICEBRERERMN (T, BLUIACC
D RNOERICE > TENAEZEHEBVE2A[EENZHEEL TWD, £
2o ZOESIBEHICBVTIREMBRN A T — MR- O &S ICER
BICHER T, BEREROVREINZ EVIBBERWHRL TVWS,

EIETH, 1FU7, 7259 0FRTHGHNTHREL~FEH Y
Y77 b AERIZDWTIRTWS, R—ANBLUFEOFTE %V
T. A7 LBXUF—FTAFSEY FPHOFHROMEEZYDEZL —X
BEEIC LD DBERET>TVS, HRE U8 ) AP -INARLY
By ABICEHEL Tw5, TEUNECL> TROENEFTHOBERT 70




— 806 —

Gt 1)

ML EHEOMRDOES

b

=11

F—EF@NTN T 7 L AREEOBEREE 2 ST REEIC L > THRAT
LTWns, ZOME, BHARARGERDAXRSBBCBW TS EEM
TUTy L AMENENTESZ EEYPRL TS,

EABTE, BEXLEWE 705 —2BEX, FHIab—Yay
ZERARBLTIT>EEBOERAN T 77 L AOBAZE - @AREEN
BTH50EERICDVTERTWS, INETE L OEEOEHRLE
BRROHFEONTELR., TORNBEMNTHABEAOLENREEERD &
S IS TR B8 7 27— 3 EREEL ) (LL)
B T, THBH, FHETE. BAREBHRIERMOTY 77 L 2 20%
BHELT, BRRIESRELLTHRDRLITbNALEEROEY > a >
DN A—FDELEEBLTVWS, BAZEBIUEARNLEZETN
SA—FELT, BIE2PYHI 7/ —OREERISTU T 7>
AHBNOBONDIEAFEKERVTRMLTVS, 1d, TEMNTY
T VOAREEOREHICIE, —A M OBEHEOERICE DNV H
GEHEEROTVS, INSOLEERNS, oENKEREREIIE
AREBIZBVW TS 7 7 7 —OREBEOEEIENNEIL, TUT7 L
ZWZETEEARZIHNNI LD, BT, dEBNIVEREIT. &©
wia VICBWTEEENRESRVWALREEOLTEENKEI RSB
EERHEMILTWS

EOETIH., SEMNEBLIVEAOEEMNEMOBAFIC DOV TRRT
W5, # 5.1 §ilcE 2.2 HiTHRREFRORIOLELBZ)REIEAL R
HEEBLAZI Y- FFR—ILOREHERL TWS, $ 5.2 BICIHEER
—KBEEEE T WICE DS RBIETORE - i A F A D0 TN,
ROy ZEEDTH > MEKBEEOIEMCDODVWTRRTNS, &
OREEIT, INFETOBFHEMVEENTENE SITRALZD, AM
DLBERBRTEZNSHETOREETOLOTH S, FHHIDZDDMK -
BT 7 28—, BEE—KIMERETIVCEDZFSOE MM
SOHE MBI SR 2 KA HH I N TV 3,

%6 EIE, FMNDBEREBRRNTVNS, ERERIILUTOED TH S, (1)

AXRITBGROAT 2L, =5 AbT - By b, Ry o AETHE,
FRELZEZERORECHEETBREECED, PR SHRMAD
Y— MR OERBITEL A THMR TSR R T3, (2) $F
EEHRCBVTIE, KBL U OBIC K 5L E FLE BN 78 5 05
(To) P IACC B ETANSHEREL TVWBZ EEROENITLTNS,(3) &
MSERARENORDIAXRTRAGPBIUBHATOFTESMEZ@EL., ohE
TOaAY— bRV ERERIZ. MLSESEBAWET ORIV AREDE
MHEMNBATES ZLERLTWVWS, 2750, At Ty EVWV o F2IRIK 2
7O —REOBIZE., A XSHBENTRHRASHERNERTH B Z
ERARIYTIIREHMBAERVICHELRVWEREZHS ML TVS, @)
FEHOFEMNTU 77 L AR LU TEAZERTREREEALTVWS,
B) EHYIalb—Ta EROEENTU 77V AOEARNLENICH
THLBEERRNS, off P RKERFERFE, LBERICBY 2y a >
BOBAREHIIBVWTI 775 —ORBHEOZHIEINNEI JEBEA
AEBNNERD T L BT, ENNSIVWEREIT, v Pac
BOWTRBEENMRELSRWARE, RBEHEOLMENKRERBILEHS
MIZLTW3B, 6) FXIBBRCBVWTERLEZLDEBERMLNS, ZNRE
TaAYH— b R— BV TITo>TELEFERNTY 77 L AMBEM,
D TNERMORY Z ABCBONTOEATESRZEERBL TS,
FUFFEIT, BE - KIKNEEETNVBIOCFSOEBN T 77 L AM
MICEDE, 2EHILEEZEUOARIBIBOHHAOTEF AR OEAD
FEMMEEZVRLZBDTHS, HIARIBBIZBLTHIEENTY
Ty L AEBMAERATESZEEHLOMNTL, T2, FEMTUT 7L
CAHEDEAE  BARNEBICOVWTOHREZRAREEELOTH S,
ZDEDITAPRIL, ENEBYLEFEOHZECDWTHERNA 2/
LOELTMEDZEETH D EBVB, Ko T, EHBEBAE LT,
Bt () ORNERIERNHDLERD S,




