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ABSTRACT

This thesis main aim is the registration and study of modern theatres at Athens
as far as their acoustics and architecture is concerned .Three drama theatres are
presented in this paper, namely the MAAnesi
and the AUpper Stage Theatreo |l ocated in On
The acoustics of each theatre were tested using advanced analysis methods of
understanding the environment. The results of the experiments that were carried,
their interpretation and the comparison between the three theatres are presented
thoroughly.
Results indicate that: Basic differences in the acoustical performance between
auditoria of the three theatres refer to the room size. Proscenium type theatres
with small distances from stage, were identified as potential contributors to good

acoustics regardless of architectural style.
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Ya s Us.Concert Ain FHC. Ya 3 U8.Pgoncert B in FHC.

Associated scales Sl Factor Factor Associated scales Factor
e " loadings S loadings
.CLARITY  clear ~ muddy -086 L. BODY mighty - small 077
A limited = unlimited -0.72
distinet — blurred -084 fai
faint - loud -0.70
hazy - clear 083 full ~ empty 0.67
b!u"ad - clear 0383 expanded - contracted 0.67
dim - bright 0.58 restricted - unrestricted —0.67
restricted -~ unrestricted 057 sonorous - thin 0.62
brilliant - dull =055 voluminous -~ thin 0.61
- limited ~ unlimited 0.54 {iull-bod!ed - thin | gg;
1 — i ry — résonan —0.
A e i brilliant - dull 0.2
2 BODY mighty - small 0.74 extended - short 0.50
SONOrous — thin 0.68 of poor tone - of rich tone —0.49
voluminous  — thin 0.66 spacious - cramped 046
full-bodied - thin 065 enveloping - distant 045
expanded - contracted 0.60 2. CLARITY clear - muddy —-091
full - empty 0.54 distinet ~ blurred —0.487
dry ~ resonant =052 hazy - clear 0.7
extended - short 049 e Gk Qi
i brilliant ~dull —0.69
faint ~ loud -047 dim  bright 061
lopi — distant 047 s
caveloping ! unbalanced - balanced 048
3. TONAL of harsh tone = of smooth tone  0.80 3. PROXIMITY remote - near 0.83
QUALITY  rough - smooth 0.76 distant - near 0.83
cold - warm 0.67 coveloping - distant -0.77
non-intimate - intimate 049 voluminous - thin —053
of poor tone - of rich tone 047 . full-bodizd - thin =052
unbalanced - balanced 046 4. TONAL of harsh tone - of smooth tone 083
4 PROXIMITY distant - near 081 WEBIIE ~magh.<~ *5oakh a
remote - near 077 unbalanced - balanced 0.50
enveloping - distant ~063 of poor tone - of rich tone 0.49

T

Ya 3 U8.8 goncert Cin QEH.

Factor Associated scales Factor
loadings

1. BODY full - empty 0.82
sonorous - thin 0.76

voluminous - thin 0.75

enveloping - distant 0.75

dry - resonant -0.70

full-bodied - thin 0.67

cold - warm —0.64

2 expanded - contracted 0.63
extended - short 0.59

faint - loud -0.58

mighty ~ small 0.55

brilliant - dull 0.49

2. TONAL rough - smooth 0.81
QUALITY restricted - unrestricted 0.71
spacious - cramped —0.69

of harsh tone - of smooth tone ~ 0.65

of poor tone - of rich tone 0.64

limited ~ unlimited 0.62

3. CLARITY hazy - clear 0.84
clear - muddy —0.83

distinct - - blurred —0.81

blurred ~ clear 0.75

brilliant - dull -0.56

dim ~ bright 0.46

4. PROXIMITY distant - near 0.86
remote - pear 0.79

non-intimate - intimate 0.61

enveloping - distant —0.46
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Tabelle 1.

Foktorladungsmatris v Kommalititen fur alle
suchspersoren; die Giltebeurtcilung der betdon Penanen.
gruppen unterschiedlichen Geschmiacks el pesondert

aufgetragen.
Rating scales Faclors Commun-
alities
1 2 3 I
(40 supjects)
1 Klein (XU - (] 0 om
3 undentlich - 0,16 [ nAas 088
- 4 weich 02t (ALY (AU S TR A
- 5 brillant =070 ~0% —056 083
~= 6 rund 01 ~0m 094 o84
7 krilig ~O8T 008 =041 0P8
1 small (Klein) .- large [ n0B) — 0 stumpf 038 o6 00
2 pleasunt (angenhim) ~ unpleasant (unaugenclin) 10 diffus ~037 0532 04 08T
3 unclear (undentiich) = clear {deutlich) =11 anfdringlich =074 00 =08 DO
4 30t (weich) ~“hard (hart) 12 hell —008 030 =070 0
§ brilliant (brillant) ~ dull (matt) 13 verschwommen  — 0.24 3% 046 00t
6 rounded (rund) — pointed (spitz) 14 trocken 082 087 =0J8 087
7 vigorous (kriftig) ~ muted (geliimplt) 15 sehwach 04 0 D 0083
§ appealing (gefillt) - unappealing (gefillt nicht) — 10 lilenbetant =032 -0 —08) 085
9 blunt (stumpf) ~ sharp (xcharl) 17 ticfenhotont  ~ 03T 042 D48 03
10 diffuse (diffux) — concentrated (konzentricet) 10 leise (O -y Al 08
I‘i :\'chn)n;;;\: {aufidringlich) — reticent (x:xf\irk]x:llwnd) (15 subjects)
2 light (hell) — dack (dunkel) 2 angenichm [T 0L 087
13 muddy (verschwotmien) — clear (kar) 8 pofallt —001 -0 =002 D9
14 dry {trochen) — reverberant (hallig) 8 £-hén Y P
15 weak (schwach) - strong (stark)
16 emphasised teeble (holienbetont) — treble not emphasised Csiehithilinda ) (17 subjects )
17 emphasised bass (ticfenbetont) _ bass not emphasiced  (nicht tefowletait ) 2 pmenehim 031 g naw 08t
18 beautiful (schiin} ~ uely (liBlich} § 0t e 045 0,00
19 soft {lvise) — loud (lwut) I8 seliin B (1 S 1Y 14 01t 087
Fig. 2.6 Semantic raling scales used in acouslic Fig. 2.7 Results of foctor analysis
evaluations of concert halls of acouslic evaluations In concert
( WILKENS ,1975,1977 ) halls

(WILKENS 1977)

Kooafh3( 36UWlay e UUU Havikens Iilkgns,1880).
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Quality (¢e3soe YUpemhdildd)), 6 CB adiProgimgiy kUe o o f
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NMAPAIONTAZL AINOAIKEZ KAIMAKEZ QOPTIZEIZ
1.ANTIAHWH THE  ME YTNOZTAZH -XQPIZ YNOZTAZH 0,792
AYNAMIKHETOY  ME OrKO -XQPIZ OrKO 0,774
HXOY NPOTIMHTEOZ -MH NPOTIMHTEOZX 0,739
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4.TONIKH 0OzYZ -MH OzZYZX 0,774
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for by each factor, respectively, is 31, 17.5, 12).

(Lstedsldadings are above 0,50. Percentage variance accounted

, . , TuvteAeotTEg
Napaywv KAtpakeg aglodoynong Doprione
F1: Me kakr yeukn evrimmwon  — Me KahR yevikr evtuTTuon - 0,79
FENIKH ENTYTIQZH-  Amouakpog —Evyyig - 078
EFTYTHTA-OTKOE ~ Tepdrog — Kevog 0,78

MAouoiog — Mruyo6g 0,76
MpomunTéog — Mn TpomunTéog 0,74
Me dyko — Xuwpig dyko 0,74
Aapmpog — ZKOTeIvEg 0,73
Me apecdmra — Amépak pog 0,69
EfaoBewnuévog — AuvaTog 0,69
Alauyng — M1repde pévog - 0,67
Me utrdoTaon — Xwpig utréoTaocn 0,67
Mruwyég oe Towik TToIéTa — MAoUoiog o Tovikf TToIdTn T 0,64
Ayuxog — Zuwravog - 0,863
Fo: Me gukpivela omv akpdaon — Xwpic eukpivela oty 0.86
. QAvOPIKWY POA LNV aKpoacn avdpIKuN poAw
EYKPINEIA Me uywnAR akouoTtéTnTa — Mg xaunAi akouoTomTa 0,82
Auvatog — AdUvapog 0,73
Eudiakpitog — Aucdidkpitog 0,56
Me eukpivela onvakpdacon — Xwpig cuKkpivEla oV 053
yuvaikeiuy poAuv aKpoéacn yuvalkeiuw poAuw '
F3: Ogug —Mn o§ug 076
O=YPOQNIA - Alatre pacTikég — Mn diaTrepacTikog 0,75
AIATTEPAZTIKOTHTA YynAdg — XapnAdg 0,65
YynAng avrixnong — =npog 0,60
Tpaxug — MaAakég 0,58
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a3z Ueardd) e UUeayGeUUU Us¥YagldigUaeUddy gigbplsahi ¢ U3 U ¢
Y U & & YResults of Variance Analysis for theatre fMikro Pallaso ) .

Fi ooy 90d Urs UUsaUit 3 UsUaadydd e UUUsz(Eompassintbir s ey Uy d 0
subjective factor scores between test positions).

- A a Uugs
U] Yo rs3 F( ao00su 0q€03099f]01
F1 GgUsosoe K3 Ui
Kooi Ugtibed 0,694 0,630
F2 ¢Agoay) asl 3,432 0,010
F3 (;B&gluvso 1,508 0.205
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"8g “Jeai UUs U K Uds Us¥yvYegld GU BdyBUgds Ggs

aUddd U pAoUUGdd ,U B adled 3o o olkad e UUy et Usd U
boa. "~ @dBUalie oaUs o90s5U Usd eU0U;ed By Udd oaUU
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physical parameters obtained with the omnidirectional source and the distance

from the source, fromfi Mi kr o ). P& & G calddéys Usi ¢ Us § ¢ dddlia) s U

0 g3 9 0 0o d9W,65%. (Percentage variance accounted for the extracted principal component is
94,05%).

KUOpleg OUVIOTWO EC DUOoIKEG ZUVTEAEOTEG
(PCi) TTAPAMETPOI opTIONG
m Ghigh 0,97
(50,07% GUVOAIKAC G 0,87
6IG;(CIUGVO'I](;) Glow 0,92
s — -0,91
50EEFhigh 0,86
80(E-to-L)nigh 0,79
EDTiow 0,72
EDThigh — 0,68
PC2 80(E-to-L)low — 0,97
. 50EEFiow 0.84
(24,83% ocuvolIKAg
SlakUuavong)
PC3 EDTmid — 0,89
" (19,14% GUVOAIKAG 50EEFmid 0,82
SiakUpavong) 80(E-to-L)mid 0,74
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between subjective factors and physical components with omnidirectional
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0 d ¢ U 3 (tkgression solution is not significant).

Concert | Factor (F;) | Physical Measurement R? b sig
B F1 —
PC1 0,010 -0,057 0,850
F2 PC2 0,134 -0,206 0,475
PC3 0,001 -0,011 0,966
F3 —
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of physical parameters obtained with the directional source and the distance from

the source, fromfA Mi kr o ).Pa&a & i calsidéys Usi ¢ Us §d dddliay s U

0 g 3 o 0 0w 388,84%. (Percentage variance accounted for the extracted principal component is
89,84%).
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Ugsoutl U} Ye 00 dhy OUsad
(PCi) ) :
P_C]_ 50EEFmid 0,96
(49,45% 80(E-to-L)high 0,95
dgs3easaec/ 80(E-to-L)mid 0,94
o Usi eUsl 50E EFlow 0,89
50EEFIlow 0,73
Gmid 0,71
& Glow 0,92
(40, 34% 0c > 5 0,99
ueUaiaUsut‘ Gmid 0,82
80(E-to-L)low 0,81
Ghigh 0,68
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igliosoat 3 eU0U;elUxs, URlGse eUVaUfgdgpUpeted fba
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Kooh8bllz UU) el dlmigo 8 gt s gasadUd g @UY08d e aeya U
80(E-to-L) G Ud y U &j B o G Ua 3 8 (Mgasureindnts of 80ms Early-to-Late
sound ratio in theatre flJpper Stage-SGTO0.) .j Ue d &g d 4J d (Méah, oct. bands
125,250 Hz),ch z UG Ud ¢ d 3 f Mebn)aft. bands 500, 1000 Hz), C. 3 y d ey q U U
(Mean, oct. bands 2000, 4000 Hz). === + O f U} ed odemnidirectional source).

m== 7 UUUg d g 3 O@ireational source) E o9dgehd BW@aloUllm@melisooe

(recommended values for classical music).
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Koo fhss7ig UU) elld)mady e UPe d elsal o o YHOBEFD Ue
dy UG} p o G 4a ¥ 8 @easurements of the 50ms early energy fraction in
theatre flJpper Stage-SGTO ) .j Ue d &g ¢ 2 d (Meah, oct. bands 125, 250 Hz), cb

z UG Ua gds3 h (MeBnlaft. bands 500, 1000 Hz), C. 3 y d adygfd) 4 d (Méah, oct.

bands 2000, 4000 Hz). === t (O f U} ed o@emnidirectional source). === 7 U0UUgdgs Usoe
" o(directional source). E" o dg ehd (b¥8Ua d 6 g & & sfreddrgmended values

for speech intelligibility).
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Koo hgBllz UU) el dig dhdb Wdd) ¥dydUdews o@) rd
"} elydywe s Ul e sigUBe. U Bd3do@dB),d Udy ULy ot Uas U
q 3 Y & @Measurements of the speech sound level Re speech level at 1 m.

from source, in theatre fJpper Stage-SGT0.) .j Ue d &g ¢ 2 d (Meah, oct.

bands 125, 250 Hz), b z U G Ud § d 3 f (Meln)aft. bands 500, 1000 Hz), C. 3y d &y d
a g & 40 d (Meah, oct. bands 2000, 4000 Hz).

===+ ( f U} ed o@emnidirectional source). === 7 UUUg d ¢ 3| U@iedional
source). E" s dgehd byt slssdle d &g gis=11 dBo ¢b i sWed) & Ulndlays
fi 23,5 dBo C. 0 alsgdy d afiygde -1 8 , 5 (rebdninended values: | . For mean oct.

bands 125,250 Hzfis1 1 dBB®gor Mean 500-231 6 00cdmbMean2600, 4000
Hz -i&, 5 dBo) .
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Ko oh89lz UU) el &mdh 3tt'gh 0 b Wikgd | 9 eUrssUosay¥Ya Uxs
(EDT)G Udy U} B o G §a ¥ 8 @easurements of the Early Decay Time
i n t hpper Stage-$GT0O.) .j Ue d &g ¢ & d (Méah, oct. bands 125, 250 Hz),

dz00U0a§ds h @Mendaft. bands 500, 1000 Hz), C. 3 y d adyogfd) U d (Meah, oct.
bands 2000, 4000 Hz). === ¢t (4 f U} ed odemnidirectional source). E'sdgeqU¥

f 4 qrétommended values).
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spectrum in theatre flUpper Stage-SGTo0 ) .

=== t 0 f U} ed oemnidirectional source) E" o d g ¢fd Ufiktommended values)

1,00 4
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7
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w
0,25
0,00 >
125 250 500 1000 2000 4000

Frequency (Hz)
Kooh1ltz U0 el deidh st gh G b Wingd t o eUgslo oYl Uys3
hodd Yidlaesae Ukl 3 o0 4a ¥ B @easurements of the Early
Decay Time vs frequenUdpperStggeoo®™r uinhlU,re & heatr e

" d o(emnidirectional source). E" o d g ehq Ufetommended values).
40,2
1 1 | 1 ’ 1 1
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31 Laeq (dBA) —p

KoofhSll pos Yo, dog U mea ecliglftf } s Jax¥Bd
(Measurements of the backdpperbStage-S6Tmi)se | evel
] 30dAJHO8 1  dr&dmmended values O 3 dBA)
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828Us ) YB W o dyffg s g Usoed

00930
Uy Yoes UU(J.
Uy s1 @y oliyr s,

Usdoei 3snwl8dHo9ifg3casoed

esbdasUsaeféaGcgy ca,

3Uay¥dUyj go

toUsiceUsldqd Uvxs

a3z U8Pg 6 UUeyligall00,; &3 UllgY o glileh } s 0 Ua s U
q 3 Y & (@Results of factor analysis of data obtained during performance in Upper

Stage Theatre).B 41 g 3 U U alUH1 103 i dydl ) 6 g 0 o WaneeslilUbo i W) UR,50.4 6
"glcWs Usai ¢ Us fadoednd W) YoceBdPags22e 1185% U3 Uat Us s U.
(Listed loadings are above 0,50. Percentage variance accounted for by each factor, respectively, is

26.5, 22, 10.5).

, , , Zuvteleotég
MNapaywv KAtpakeg agloAoynong Déprione
F1: — Xwpig 6yKo 0,82
ME OrKO-MNMAOYZIOZ — MTwxog 0,80

YynAng avrrixnang — =npog 0.71
Me utréoTtaan — Xwpig utréaTaCn 0,71
— Kevog 0,69
Me apeadmTa — ATTOHAKPOG 0,68
EfaagBevnpévog — AuwvaTtég — 0,68
Me KaKr YeVKRA eviOTTwon  — Me KaAR YEVKRA eviuTTwaon — 0,65
— Mn TTpoTIHNTEOG 0,64
MTwy6¢ ot TOVKA ToléTTa  — MAoUGCIO¢ GE TOMKA TTOIOTNT — 0,64
Ayuyog — ZunTavog — 0,60
AapTpég — ZKOTEIVOG 0,60
Me eukpivela aotTnvakpdaan — Xwpig EUKpIvEId aTnV
F2: avBpIKuN poAwv akpoéaan avipikwy poAwv 0.84
EYKPINEIA Me ugnAR akouaTodTNTA — Me xaunAfj akouaTéTNTA 0,83
— AuadidkpitTog 0,80
Alauyic — MTre pBepévog 0,78
Me gukpivela oTnvakpoaaon — Xwpig eVKpivEla otV 0,77
Y UMK ETWV poAuw aKpdaon yuwdiKeiwv pohuw
AuvaTog — Aduwapog 0,70
Auoyeprig oTnV aKkpodacon — Euyepng otnvakpdaon — 0,65
F3: AlaTepaaTiKédg — Mn SIaTTEPATTIKOG 0,76
AIATIEPAZTIKOTHTA- — Mahakog 0,73
O=Y®QNIA —Mn o8ug 0.72
ITpOyYUAEHEVOG — ALUnpoc — 0,50
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a3 U8B g g o0aivveeWdIVWU) Yooy U] poligaxyld

(standard error of loadingsf or each f actpperStdgecr) t heatr e 0

bU) Yo ¥s3 ¢g o20fh adY
F1 ¢z U-theossiall 5 e e 0,262
F2 ¢KgoeajyaslUsUe 0,267
F3 ¢coposU U) UBYgdHhodU 0,273

gU; AUs Ue Ug sefh GGYeaeU Uas3Us &8s, e

dUyyeadUelU0 vd o3 9U0Ueyse Us 0,50 tshUs yUls Uy
gy UoeUUcg ,c8effgotyeeds Udd UsUsiceUszldd osU
"Uy Yoes3UUd “"e6g, OOYedddagllsyadeUOUU Udd e eal
" a3 BaU

a3z U8l e UUeylzYadilidge Usi c UBGdd 0 Ja¥&d
(Results of ANOVA Analysis for theatre flJpper Stage-SGTo0 ) .

U} Yo ¥s3 F ( aooﬂeooaqélooslogmec
F1 ¢z U-theossiall 5 e e 0,959 0,458
F2 ¢AgoajaszUsl 0,342 0,913
F3 ¢copoU U UB¥gdH 0,557 0,763

8.3 KyedasUaU o9 Uszsasahodld Gglosoat 3 ¢l
UsUaadydd

8.3.1 KjedsUaU Gglosoats eU0U;jelUxs

gU U gUUeayGeUOUU 205U Ues 6) h3e UsUescdadd (I
Ggea3aeUeUxy3 sét'yfwdo ,0eefs6U ey e fPé&U@dgghUqUOJ
(RTmia) UD,62 sec o slldqs s0hU; 6 d ~dolady Wezy s Uvs
cUedahUU; Ud v8le®, fasg@cUosU Usdr Gelhiilba Ua 380p
UsUhd e6jarvs oallhctipg8egydiBadlUd cUesdeyd
Gge3hbdbUdgydeyd “~16d eU0UaUd Gge3shUdUUJd, =
eeg) e Ueg @GYGeUUsd, UasUs o630y aUds e83Y¥YI
aUUUseee Usg GYGeUUsJ.
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eUaUald Ggeofpdealganlee sdatdfilsecU, U Uds o

o

"doe eslU=zesifigraddalUs U fh 0,51 y¥vd 0,70 €U

0geshUddndde 2. j3asUs 30 UsUlysbgafildhdis he
" Uy UesygUjUgUed by aloes,s3Udlsl UpaddydUm jlawde U Gges.
Usd tUdsosysdy Uy dqidd. ] g (haU s G dge” Urgy 36 Wes "a6i 0scd

UsUosoaUtkbmaghdd U s0ey 36 alU U Usd aUdgtUU) dey
ecaead UgUfRd "1 ewpaeUlUbdehU Us §o Usd 1 U0Og U
1600y} e6g3 oagjarxyd UU jgdessche UaUydgidsoyd Us
Usg dUYU;aeg.

yoeBlGe, i¥e ooaYleU Uxs3 " ji1osexvy3 ~j3e8d oaUdguaUl
(80 E-to-L),8s ey 0 Ud Us elyygd ez fiogc 3UssUresliise Us g eU” f

433dBeyGcy 9dB3, 39 eylae Aye GUsd edBidlylhde aliogleds f
alUs UetilpvghypyddoeUdlUsa§apg c@aecddiUs U Uds a
"doe. Bs Useyd UgUyafs Ua 30l ee Gyopbasp Wiz R0 85 y C
adsyd, ~e6g U;pedqsUi UOUU0Us U H Uss e90};fh G6U
"0y U003 6i 3 895 o0dgdlid¢)lhelosalwigy s d

GoaU Uds U pabl0Gd Udd aUydedd ys30U0Gdd Ueg
a8 Ues (YO0eU Gg/B2adBEw¥®92dB, he U ey le hHyae GUs(
g3 hUqUEBH dBHEU Uds o0k U3 Wa o UbasssylidBas U  Uc
UU0OUgdgsUsoee ~ doel798dBY x@PRddBx OU U3 eyle [y a
UG UaUd 0Ggoc 3 h-IedBdBgB s3 W stkaysgUsUaz Ubd Ui ya 8 a v
ge3aeaUeUxys 299U Uds sGhU; e d aUs Uds aUUUgdog
UsedégdashUdqUUd o250 eslhgd du Uilayoad G Uy dBeliogs Wby 3

aUGj1d eUoUai U0y d U h Uds eyaB§j@gdhU Vaslsl
"eoi Uxdoalpg UoshUs ahoy Udd uUsyYUUsdqd Ueg dy
UzUj o6 8968i30Use yeUGU eh3e 65 UsUsaUGUsay
8 6 6ae8 cUUUG) YsUOUUs GU Uy a0UY cUedahlhUUy (
gyasd cUUjeddal 0UYdlAdg 408 donAb g BYddgdg YUs
Ust U0Us fyaa UxpURligebloafhls Upheydg YY) cegs
UsyYdeUbddd GUsd Uy Usd U fh Usd @&y Uddweyg U
byatdaUUUs ffogd@drdxgy; sohdoUepaaeg, Usy U e U
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dej i beag ~“[Yax B¢ Wsdgh eyl JiddeUs g ,d&&WV, 6 g
“"aU0gd¥ Use "6egliceaUdUdd e tlais,UsUdip yselyy (U.d E g

8.3.2 KyjedsUaU U sUUaUGeYU¥3s UsUaadydd

yaea UlGey Y 80d c¢jsyotUasU0 qavyade Udd EUyo
Uy Usd "~ Uy¥yYoesUUd Use UdyestalUsafh “eaGeualUf U
A 9203 UUyaUU) edoF1lUg Yaispbdg.Gsade, “~6g UsdoUa
Udd Ggscecoesoaed UsUasi ¢ Uslilas UWhs UsO Ugdld) dh o sa,
aUs Uds g ROGUUGd Usg ®eceg. YU} YaoadadlUs Uy s
“oai Uwwadd, &§U gf Haghldisds Uecdiid. j Uy UsaUdy st Usc
UasUs eosigzPaffoBeeeldbdifrchde, cIydaed UsUe
»d) hde, ¢zUijgrhddlddhal0Gdqa#Psggeeydgd UeUGF
i] helUosajeade oaUs c-AmBUOBTgRe y3id UzaslUs 30
y33cd®PdUegecedUyltay ¢czU oUae o Wbyosooe; YiselsiU Uwd diel
Uss "~ U; ¥BesdUsgdedhejUBmi Usd.

j ocasgdUa 6 UUi UB2 @Ad) o) dpedld 2,001 % Udd Ggs
Usi esmdgaasd “~Uypsoy;¥YiUs eee e¢U UgayaszUsU
Ui oUp UycpasBl@fdgoss U UsUsad Ue U ' f Us oa893Hh
aUs GUB®BpeuO0UPY2e3UU, “~j3¥YoeU "6g uUae3Us fU
Uhte GUe3 HRooae Uesg HRUs oaUs GUds oaU0UdU; RUQUY
j osasagdUa 6 Uy aBegops U0 0¥ 2UchsilRisfpWide3d @ U és g
UsdoUa Us 10,29% Udd Ggsecasoeed UsUeiecUsldd
Uds Uj Ui UdUU saUs Uds @e63glrsalU Ueg weecsg,
cpoU Uy Ui @agoafhigasU” Uy UG Us a Az, s xiBfi e Usi c ¢y Uc
zUaUoafhde.
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¢jJoaUasU qa3vylde
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] 3UagUsoayd
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Yas U8.lgUlGosoayd

of test drama theatres).¢ GRTmcU G 6 | ¥

UR e

"adjelieyald
eU Usgd

"adjelieyald

GdUeg 3

GJ) h3e

(500, 1000Hz), & & U U8} (RTmiais accounted for mean-mid 500, 1000Hz in the empty).

- e : o o . ¢cz99) hlcj s a0l
Uy UUJ @ o3 Uusdp - o
y } ¢ J "UaoaYd] g3 Yud
1950 1930 ¥vd Ul edead
} 83836 | j3UsaUa2004¢:|; 3 Us Ua 2095 2011
dy UUJ @6 vrd dy UU
] 1 Go Uy 5 ( G]’J:;JSlElDUguDeOiJSg@eﬁd aiua sty oed (| Architecture
iUy Uosool s isyYssdd z| Studio(FR)
b ¥ o[”U 2 evh 260 330 220
(YUs e U
v 2 2 dndf) 2.680 790 875
294 Uus
y g 13,1 2,4 3,1
(m°)
Z e 9 qm) 26 12,18 15,1
Y oY Uy 15,85 23,03 11,12
min: 4,10m min: 2,44m min: 2,40m
LY © ﬁn) max: 8,8m max: 4,05m max: 8,20m
- tGhoUse 41f, 95 U. ¢
- 243,14 167, 84
AstCnﬁ) AKzLaUdd 179, 84 U. ¢g.
RTmid (S) 0,93 0,43 0,62
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(Measurements of the Reverberation Time vs frequency spectrum).
me= Uy U Ug 38U dtiedtre fAnesisd.) === 7z 5 o Y f o o(Mehtre iMikro Pallaso ) .
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Ko ohalz U0 el &wdh 3tt'gh 0 b Wikdgd | 9 eUwsUo oYl Oy 3
heoBd Yladloae s e UWehsusements of the Early Decay Time vs
frequency spectrum). m== Uy U Ug acU dtledire fnesiso.) === 7z s s gBoaoa¥Yd
(theatre Mikro Pallasd )=== j ) o ( g a ¥ { Ypper Stage-SGTotheatre).

E" s d g ehd Ugetommended values).
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083 «—85 . 900

Aveog
0,13 341 7,54
1070 +«—2387 4 1562
Muxpd Mahdag 10,68

9,24 4—e—p 1232
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p. Qvéom 7
2,39 - 32 * 11,62

| S L S S S S, A S |
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A. BO{E-to-L) (d8) —
-2,14 = l'-!E = Hb4
Aveas 1,76 +—2d 4,08
746 +— 5 1394
Mukps Nalnas 11,25 48 12,99
508 «—28% 78
Xp. Ovéon 6,53

5,34 A—e—s 547
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B 80(E-to-L) (dB) —
6,77 3¢ > 1,82
veo
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9,58 +—e— 13,00
332+ 7,07
Xp. Qvéon 5,76
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—

Koo hw3llr UU) ellddaphgo 3 gt 9 e gasagUd g @@ i30@d s ey U

80(E-to-L) (Measurements of 80ms Early-to-Late sound ratio). ) .ps Yo} Uese U cUegdal 3
0 g 6 3 6 U®lehm B25, 250 Hz), b.pos Yo J Ue e U ¢ UG Ua@ean 509, de0@HYe U 3

C.poaY¥Yoy UeeU gydat (Mead 208034000 &iz).wee= + G f) U} ed ogemnidirectional

source). === T UU Ug d ¢ g O@ieaional source). E sdgehd vdaleUlis o e

€ 8 g U @esoenmended values for classical music).
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014 < 0,30 > 0,75

o 015 034 > 0,73
0,76 &4—’ 0,90
Mucpd Neids 0,71 28, 0,83
047 +—22 » 0,88
%o. Qvion 0,53 « 2.3 > 0,88

o0 010 o020 030 04 050 060 070 080 05 1,00

A SOEEF —b
Aveoc 0,14 = o‘;z + 0,84
0,13 =« 0‘32 » 0,66
(] - \ 00
0,73 :
0,58 = g » 0,90
Muxpé Neadég 085
0,80 <o 0,90
0,59 <285, 0,74
Xp. Qvaon 0,66 A
0,61 > (78

-

000 010 020 030 040 05 o060 070 08 0% 100

B SOEEF —»

0,05 242 > 05

Aveow
011 < 035 > 048
034 200
Muxpé Nadhég 0,81
0,74 +—e—p ()88
046 +——8>——» 067
Xp. Qvéon 0,63

0,56 S ()77

000 010 020 030 04 05 060 070 08 095 100
( SOEEF —»

Koo iz OU; ell®)mady B e UPe ¢ elsaU o o Y 50BEF3

(Measurements of the 50ms early energy fraction).) .o ¥o) Uee U cUesdat 3 Ggcsa
(Mean 125, 250 Hz), b.qps Yo 4 Ue ¢ U ¢ UG U a@ean 509, d00GHie Cles Yo 4 Ue e U

gydat 3 U g c(beat)20UD4800 Hz). === + § f) U} ed oemnidirectional source).

me= 7 000g d g 7 0@iredaional source). E' sdgeld bidlo degé& Haa Ud

(recommended values for speech intelligibility).
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Aveog

0.31 3:1» 1.67

0,87 w 0,83
14,21
16,18 8,6
Mupd Nahég -12,08 .
-14,35 *—%—> ),62
14 <2838 2,71
Xp. Ovéon 6.99
10,83 Sl .3 8)
k e . e _— t + + »
24,00 20,00 16,00 12,00 8,00 4,00 0,00 4,00
G (dB) —»
0,46 044 0,46
Aveow
010 %8 114
20,33 =Y 7L 13,63
Muxpd Nalég 9,90
11,67 - 7,30
16,24 S5 14,17
Xp. Qvaon -6,16
8,75 Gty ) 41
24,00 -20,00 -16,00 -12,00 -8,00 4,00 0,00 4,00
G (dB) —»
1,95 Q;o‘z 0,53
Aveowg
2,43 64041 0,11
2062 €822 1732
Muxpé NaAréag 11,12
13,26 Gl 1.77
-17,37
18,52 L’ 14,79
Xp. Qvaon -2,20
4,67 Gty ()69
24,00 20,00 16,00 12,00 8,00 4,00 0,00 4,00
G(dB) —»

Koo hesz UU e @b dh tb Widd) ¥dyddUdewsc e@)rd
") elydywes Ul e siguBe. U " K d'3d o(@dB) (Measurements of the

speech sound level Re speech level at 1 m. from the source).) .ps Yo Ueg e U

0 g 6 3 8 Udam B25, 250 Hz), b.cps Yo} Ue e U
C.poa¥Yoy) UeseU gy det (Mead 200034000 &it). veem
source). ™= 7 U U Ug d ¢ 3| U@ireational source).

e U8 Ua@ean 509,da0@ H¥e U v 3

t 0 f U} ed odemnidirectional

E'asdge dqUj.ipUs Usd

0gc11dBoch i sWesedd i Ulnglafs 23,5 dBo C. 0 sllsydy d aliygde i 18,5 dBo(Criterion

values:) .For Mean

2000,

12 511 dBD B.0F ol z Mesa n
4008, BzdBd)
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EaTpo Av
Oca poA R 20 25 30 35 40 45 50

31.3
@arpo Mikpd Malhdg r T s
20 25 30 35 40 45 50
40.2
O£arpo Mikpr ZKnvh T T T T & 1
20 25 30 35 40 45 50
31.0

Laeq (dBA) -

Koo huelps Yo, Udllealig } | §BYdegd) vd UgUesa eU0U) edd:
a ¥ iy U U(Measurements of the background noise level in test theatres).
gaUs U Ma s01  di(ditarion value is O 3 dABAJ.

9.2 YUs) YeUUU UsUaadydd Udd UsasgtUsat

] Gai Use @oselUcsU UU UUaoeUUU UK o¥YdU d
dU¥yy;130U0Ud RUs "y hoaUsUUs "~ aye3 o950 y3U gg’ﬁ;
aU0UY ~U) Ywezas@0dUs Yoglde oWlldgr, 0z yone 3yiWd "R
Uy G G Udefaulf U$ e e0y Yoe3 UUd.ce OF ilaed U0y e d3 Ua U U G
203 0U0U0s o UalUdijtl Usoyjealby 3" caes UaszUs sl0Gcgy e
UsUsyY; Ufdocit®0leldd Ggseaseed UsUesiecUsldd
U3 ~a3WBd3 @3 RUs UsUagUsahUU; U UU U sUU0ay
"Uy YoaesUUJ.

[109



HasUoaUg @UPayleUUU Udd aU0UYOUB) KbesaeBB®JUYs3 Ye
Uy st 3 dEa&slits of factor analysis of data obtained from the three

theatres).B a1 g 3 U U o010 B gdU ) 6 g 0 5 WeaneedlldUbe i UW)UQ50.9 6 6 G e 0 Uh

Udiges Usi e Us Pddedlvd W) Yo eBdPgs 2250 U8 Us Ua O (Lsteds U .

loadings are above 0,50. Percentage variance accounted for by each factor, respectively, is 27.5,

22.5, 9).

J'h'hJ+Ar<’>h<.‘B' h v~ <' 1 ' 1'{\_t‘<

U _

F1: zU hRooas b j¥yad Hooe 0,82
2K BlUTB-UYsidbasilsad b vUxechd 0,80
Jydeed UsUecdOdyY =~2dyJ hd 0,74

zU g - pal0U0Gq b j¥yyad g halUGG74

sUe ;1 d b BaasgUUss3fhd 0,71

i0evyUaegd b TUshd 0,70

zU U0aph0qUU b | heUsayad 0,65

”gyelUsedUyaecd b zd “~ 3 eUsedUyc@63

bUrxechd GU Uessssae YeshlgBy al b 0,63

K3UGdUsdeysacd b @gs3U0URd b 0,61
20U oUse o9Ussoe wsadld allge o U b 0,60
Jydehd b jUesdeahd 0,57
F2: zU Ugejas3UsU aUb j¥yad Ugay c 0.80
Usltyesat1t3 1 hays Usy hUG Usily ¢ '
AKITANANL? AL KgliosYoyosUasd b gtGlisyYayosUesd 077
ZzU gydee UsaegtUhUgliUcUsdae Usaoga Uh U
zU Ogoeja3UsU aUb j¥yad Ugay o 075
5g3UsaUax¥s J haxvyUay UG o2g3Uc ’
psUgoed b z UyuUeysasd 0,67
pg30U0hd b jJuisUeacd 0,67
pglicecUjed aUds Us APéd,ed aUds @Wesy U
oygeed b ¢¥xsUUshd b 0,56
F3: Baid b zd e3id 0,73
B23uq?t)] - gy Uci d b zUaUsahd 0,73
gN] ] Igdg) - o0 Uy 0aUesahd b zd UsU Uy 0UaGUs069d

Pt|] YUAN] Bt

a3 U8B g g 90aiYWoeeslWdVYU, Yo @»llll; dy U (staddard error
of loadings for each factor for the three theatres).

U) Yo ¥s3 gg 99f 0
F1 ¢z U-theossiall 56 e 0,176
F2 ¢KgoejaslUsUe 0,180
F3 ¢Bagd#ys3Unel Ugal Uy UG U9 0,183
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U} hUs Ue Ug 90f GlGYadNO, Vo3 (docodppleUs 9
dUvxyeadUeU0 vd ojtslels gy Ukies 0U,}5¢0d 3 Ui e 3 UUs Uy Us
by UoelUUg ,c8effgotyeeds Udd UsUsiceUszldd osU
"Uy YoesUlege dpfgUBU U cUUayBeUUU Udd e ealUd
9.4.

a3z U8lg cUUeaylGeUUU Usz¥YagldgUUHy Up0odi dyligt
(Results of ANOVA Analysis for the three theatres).

i A a Uls
"BuUy) Yo rs F( 6000000 Gde U3 Usoh
F1 ¢z U-theeosial o 4,975 0,008
F2 ¢Kgoay) asl 1,821 0,164
F3 ¢Bag{¥ygs3Uwl U
po U Uy UG Usaf 2,530 0,082
gU U gUUeayGeUUU Ueg “~a3UaU 9.4 uGUacsaegs |
GoUGey ¥ GUes Uy f 6 " 'Ugdgrakly ecdzall i fdosaadl & afp
dyUU; e GU dyUUye oaUs "3y Us 30 tsUjUgsddl
e UaalUstisUlcy) Wig o deos Ul UeyUy g © (Gglsaai
dyUU; e G0 dyUUy @e.

GsU Uecs &ofRdleocecllgdlf poeddapPUcecooe tBlhplesilij feoc
Linear Regression Analysis) j “ 8 g 6} d 0 9 ¢ 6 ~MeaneFdajop S¢ares U B g

"Uy Yoes3sUU UgUsi v*d UzU3Udeysd eUUUbaqUe,
) d0osea 69 wMdan Prncipal Component Score Udd oi J sUd Ggs3sl
"8g “3eai UUs U H Uds UsvagldoedlUsaipPpUdgyligs:
aUs eUoUdi 3 Uxs dUYUprvs3, URGe o950 (blbe.g ¢ UL
"a3UalU 906)aoUs 0905U Usd eUUheilUsdslUgdyg 9 U&Ygo
g U eUyaUGeU Udd Us¥Yegudd aU sijslUd Ggss
vd (Hdfaut Usee oaUs o0s9U Usd Uie “~doyd. 7FrUUY U
) dioseas 8oseddoalUs 69 (Gglosoayd ecUUjetUsd vd ¥:
UsY eaUUbsse st 3( U a¥YdU dyUUye aUs €Uy} 9o

G
U'fh Uds "~ doe GU avyYdU dgy dada  .¢ éb als ds Ulkagy CdeUVU



UsYagldd Uv¥s Ggudsoat s “~UypUeyUyp¥s Udd osahnhUy 6
“"a3UsU 9.5 Uzt UU U eUUey@eUUU U Uds Usy
Uds aUUUgdgsUssae “~doe aUecs asUaU 9. 7

a3z UoaUg S UB oy G eUBUbglidddd G GG oot 3 ~dJ]dleeyllo Gt 3
oaUs Uxs Upsit 3 dUYUy¥3s, “6g “~jeyagyUs U f UOd
0 g 3 9 G U(Resltsg af principal components analysis of physical parameters

obtained with the omnidirectional source, from the three theatres). ¢ ¢ & ( ¢ WU fy
iUosUosai ecUs §dddUai j sU Ggssl UL (Pécetiams vdramnced dccodntedsor the
extracted principal component is 90,95%).

Ti}aUd UGgsos Ggisayg ° Uy Eg3(jpa_0ﬁ
(PCi) Gh) Usld¢c

ﬂ EDTmid 1,000

(90, 95% Ggseas 50EEFmid b 0,999

toUaieUsldd) Grmid 0,999

50EEFhigh b 0,999

RTlow / RTmid 0,998

Glow 0,997

80(E-to-L)high b 0,996

EDThigh 0,996

50EEFiow b 0,994

EDTlow 0,992

80(E-to-L)mid b 0,992

80(E-to-L)low b 0,087

v 0,947

RThigh / RTmid b 0,850

Ghigh 0,849

S 0,559
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a3 U8B @Ay 0eUBW@llariz Uy UohBdiWa ol Wi gl s ot 3
GgsslUysélWesafh Uy ed odiRelationships between subjective factors
and physical components with omnidirectional source). * ¢goi G d oyYdlg e s o e d
"Ueas3ly) hediodd u U gregléssienalutiah is ndisigbificant.] .0 3 OBeg9o a ) f
"bUaoa®4d ) o0 Uas U] .Asesid) B. Mikro Pallas, C. Upper Stage-SGT).

Concert | Factor () | Physical Measurement| R b sig
A+B+C F1 PC1 0,000 0,002 0,994
F2 b*
F3 b*

a3z UaUg @8 UDay i clUBObglidd UxaUigaiyp@dpss Uy s
Uyst 3 dUyYUy¥3, “@e6g “jJeyeagyUs U Uds aUUUgd
0 g 3 o G U(Reslts af principal components analysis of physical parameters

obtained with the directional source, from the three theatres). ¢ ¢ ¢ ¢ ¢ LW fy

toUsi ¢ Us §dddalia) ied)s o 0 U 8BEIED%. (Percentage variance accounted for the
extracted principal component is 89,69%).

o

- g3 UUaU0G

Ti ] saUd Ugss e deayd ° 0o

(PCi) ihy Usldog
& 50EEFmid 0,999
(89, 69% Ggseas Gmid b 0,998
UesUsai eUsldd) Glow b 0,997
Ghigh b 0,995
80(E-to-L)high 0,995
80(E-to-L)mid 0,989
v b 0,982
50EEFhigh 0,953
50EEFlow 0,919
80(E-to-L)low 0,911
S b 0,610
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a3z U8B8@aIcy eUBW@Wlaviz Uy UohBdiWa ol Waydigi s ot 3
Ggs3stUaslldaUUUg dg ¢ b@elationships between subjective factors
and physical components with directional source). * ¢go-i G d oYdlg e saed
"Ueassli) hedtdd U U gregldssienalutiah i ndlsigbificand. )] .0 3 UdBsg9 a ) A
"YUaoa®q¢,) o20U0as U] cpsesid)B. Mikro Pallas, C. Upper Stage-SGT).

Concert | Factor (F) | Physical Measurement R b sig
A+B+C F1 PC1 0,023 0,036 0,903
F2 b*
F3 b*

] " Usd Uy U ysapyealz UbbotlpW@Wade; ¥ GUesz U} i a
9893f UszUsaeliddal o5 U} eesUgliUualsisl a &), Yo a:
GeUUaesOUUs U ®ig@WUsligBadi UUdstidaUte U0 Usgd
"Uy UeyUyegd aUs UU GglosayY eUoydd, ~6g  ~}eyoao

s U Uy Ugsd@hosgdU pspasldyllerd | ~ ae Gy Ue e ¢
bgUa s 3 U} fpienplelildneat Regression Analysis)e U a3l UU dGguosay¥Y ¢l
¥d U3sUszy; 0dUUd U0UUbadqUyd, YeldUMEan UFactdd e y 3 d
ScoresUasgUy} Yo d&sdldd HiIBeci GWBAR] ¢

o

93K} ed3UalU Ggusoat 3 UsasglUsoats eUUjelU
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2U0931300d €U Us3RTs) helg U PeeqdqldgUe 69 ¢ U:
G GdUsaees3UUs GUes , Uyag@ela cow@lpaeci )} sdUas U q
ZUyodd @y Uee ¥ Uxay a0bB sgclizcasal j3f) addbaayY d & .

"boae UgpoeeysU GUsd e Uilbo@gsedlhasa §Udadd sc U

ec3lUlosohr3B3 d@d 78 vy vsgcoll B#ron),d UadegadU c¢jy ol
q3Yahbegatotbks o860y, 4)) UseseclUis,16208 ¢cz9904 fh YUa
afhor Usg Us O ddhbYs segs aehgd UJmegY oUs Udd e Ua Yac
U'h U0 oBde®s Wy, s0UUpdga@U¥3 U0 Uds U s
Usee.
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10. BIGIALE¢ AUg¢), UK ¢ANqQ? €BI 2
2 K¢ 23 ¢BIFE

o - o e

ZUd GgsyeUsU “~jeeyjyeaUel G0d Gioesystd U U
eUss Usg dUYU;eg cos3UGsde, Uesg c¢céeysad FUyy
Ueg ¢co0alGU tiuyUeUcdegpg¢feldxraeUBUYUyeg sUeal
adjelieyald 995U Us o¥YdU dyUU;e " Ujegis¥Yseasl
YasUaangdwUGseayd ~oadjeiley ald o@Bddicdémigofd UUU) ooy

test drama theatres).¢ eRTmaUG e} ¥ GUe3 6 hse UsUecd@®adg osU Usd =
1000Hz), & & U U8} (®Tmia is accounted for mean-mid 500, 1000Hz in the empty).

_ - . PR o S o o g6 Y3 - el - o o N -
Uy U0 6 |coalU |[tEYEHETY JJ?reg y ngh;UU|e03Uu9g’ep¢.UA.
Uj ¥ysd
1956 1971 1976 1978 1984 1950 1961
f483ea6| sUsalUa J3UGUCJSUGUGJSUGUOJ28(L)J;UYG s Us a3
1977 & 2005 1997 1989 2014 s !
dyUU}J @

jd. z laUGed

_ . - . T19dUy ]
- dUd. zllaUT@gldeoUd|sYe 1} @ L . T aexvs
J4esUya TeaaaY } bUs doae Us bl UYU!§U§)U0§Y&90Jd
A jUyOoo
pde. z| aUusl|d
i ¥y dqUsa
(v Ua e U) 276 300 340 300 320 260 450
yooaa a} ( 480 2100 1360 1350 1840 2680 2965
yoeaad U
3 54 7 4 45 4.8 13,1 6.59
(m’)
zeoed ( (2p80 23,5 18,6 20,25 18,9 26 26,05
"baoyYUsd [1470 16 18 21,5 20,2 15,85 18,3
3,05-4,70 ]2,60-6,55]2,60-5,70 |2,10-5,00 ]4,00-5,90 4,10- 8,8 3.13-10.15
Lyed (m

[min-max |JImin - maxjj[min - max] |[min -max] |[min-max |[min - max] |[min - max
daUUUa|Ba Ud D& (
Azt 0U0d|gs GUE
Rtmid (s) 0,74 0,97 0,6 0,75 0,77 0,93 0.58 ﬁ

Ae b UU% [369 376 324 370 383
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UsUsoaYl (FseL),800r3 oaUfie ¥tlwaUs oY (bGEER), Uvx3

U ctby0QdydydfUlewmc e@),c U dyfidisPasgs UUGd
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"} elydw s UlWisac aligUse. U KB d'3d o(@dB) (Measurements of the

speech sound level Re speech level at 1 m. from the source).) .@s Yo Uese U cUesdal 3
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e UG Ulngdafs 23,5 dBo C. i allsydy d afiygde i3 18,5 dBoO(Criterion values: | . For Mean 125,

250 H®RdBOB.For Mean 500-231600dBdkrz Mean 20001854000 Hz n
dBo)
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