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Meccanismi di propagazione del suono nelle sale
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Livello sonoro In funzione della
distanza dalla sorgente
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Fondazione Toscanini (Parma) — Concerto “Acustica”



Il Gran Teatro La Fenice

Il primo teatro La Fenice fu
ultimato nel 1792, su progetto di
Gian Antonio Selva, dopo che
Venezia aveva perduto causa
incendio il preesistente Teatro San
Benedetto

Nel dicembre 1836 il teatro ando
completamente distrutto in un
furioso incendio, ma fu ricostruito,
In meno di un anno (!), su progetto
di Giambattista e Tommaso
Meduna, e con decori di Tranquillo
Orsi

Il teatro fu chiuso per
ristrutturazione al termine della
stagione 1995, ed avrebbe dovuto
riaprire il 1 Febbraio 1996. Un
iIncendio doloso, causato da due
elettricisti, lo distrusse quasi
completamente il 29 gennaio 1996




L a Fenice - ricostruzione

Il teatro e stato ricostruito quasi in toto.
Ecco cosa restava della cavea all’'inizio
della ricostruzione:




Misure acustiche (1)

Le misure vennero
effettuate Iin ottobre-
novembre 1995
dall’ing. Tronchin,
con tecnica impulsiva
(colpo di pistola) e
registrazione
binaurale digitale
delle risposte
all’impulso



Misure acustiche (2)

|||||

® BINALRAL RECEVERS

Venne impiegata una
posizione della sorgente
posta sul palcoscenico, al
centro, sotto il sipario
tagliafuoco

La risposta all’impulso venne
misurata in 27 posizioni,
poste in platea e sui palchi,
nella meta destra della sala
(sfruttando la simmetria della
stessa onde ridurre il numero
di rilievi)

Nel corso delle misure la sala
era assolutamente intatta,
mentre il palcoscenico era in
condizioni poco realistiche
(assenza di quinte e di
arredo scenico).



Misure acustiche (3)

< Fenice-12.wav - Cool Edit Pro
File Edit View Effects Generate Analyze avorites
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Punto n. 12

In ogni punto, si e
registrata una
risposta all’impulso
binaurale
(stereofonica)

Essa e contenuta in
un file WAV stereo
(o due mono)

Nel corso delle
misure la sala era
assolutamente
intatta, mentre il
palcoscenico era in
condizioni poco
realistiche (assenza
di quinte e di arredo
scenico).



Schema del processo di misura

input x(t
input x(t)

ot-linear,
timewariant
SysSt

KIx(1)]

distorted signal
w(t)

1

>

linear system
w(t)®h(t)

output y(t)

Si desidera misurare la risposta impulsiva

lineare h(t). Essa puo’ essere ricavata da
conoscenza del segnale di test x(t) e ©
seghale misurato y(t).

L'influenza de

la
el
la

parte non lineare K e del rumore n(t) deve
essere minimizzata.

Fondazione Toscanini (Parma) — Concerto “Acustica”



Segnale di test Log Sine Sweep

< Untitled* - Cool Edit Pro

File Edit View Effects Generate Analyze Favorites Options Window Help
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Segnale misurato y(t)

B Track 2* - Cool Edit Pro
File Edit View Transtorm Generate Analyze Favorites Options Window Help
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« La presenza di distorsione fa apparire
numerose strisciate a frequenze multiple
di quella di base

Fondazione Toscanini (Parma) — Concerto “Acustica”



Deconvoluzione della risposta all'impulso

B8 Inv_filter.wav - Caool Edit Pro
File | Edit View Transform Generate Analyze Favorites

[ EEE | I E

B8 Inv_filter wav - Coal Edit Pro
File Edit Miew Transform Generate Analyze Favorites tions Window Help

R EEE | E R EE

7z 50 56 52 50 57 -5 = 4z _d5 4z £ _35 53 g0 27 2 2 % 5 12
Completed in 0.90 seconds 42000 - 32-bit - Mono 430000 559,29 MB free

La deconvoluzione viene ottenuta convolvendo
misurato y(t) con un opportuno filtro inverso z(t)

segnale



Analisi della risposta all'impulso
|

Ok Help

Sawve to File...

Copy to Clipboard

Store Reference Signal

Switch to Right Channel
Tuser limits:

h oy (5. dB, -15. dB)

Left Channel
Freq. (Hz) |~ 315 [ 63 | 125 [ 260 [ 500 | k[T 2k [T 4k |© 8k [~ 16k [T Lin [T A
Signal (dEy | 3751 | 5590 | 5963 | G263 | B9ER [ 7172 | 7376 | 7309 | 7BE4 | 7498 | 8271 | 8156
Moise (dB) | 1512 | 2277 [ 1324 | 1521 [ 1476 | 1526 | 1668 | 1522 | 2090 | 2610 | 3118 | 25.43
strenGthidE) | -3143 [-1330 | 8937 | 631 | 068 | 272 | 416 | 409 | 964 | 538 | 371 | 458
CE0 (dey | 268 | 156 | -745 | -207 | 015 | 074 | 153 | 021 | B94 | 898 | 358 | 272
Cco0 (oey | 429 | 148 | -237 | 057 | 240 | 317 | 051 | 211 | 982 | 1507 | 567 | 4E8
D50 (%) | 6493 | 4110 [1526 | 3830 | 4314 | 5425 [ 4128 | 5121 | 8316 | 8877 | 6353 | G515
Ts (ms) | 16136 [141.81 [196.03 [14368 [101.75 | 9443 [117.05 | 8836 | 2464 [ 1570 | 5507 | 6376
EDT ()| 385 | 20¢v | 251 | 228 | 189 | 212 | 133 | 158 | 081 | 053 | 132 | 1.44
Teo (s | 289 | 27e | 2ez | 226 | 214 | 228 | 223 | 180 [ 093 | 045 | 196 | 193
rT20 | 09 | 098 [ o098 | 100 [ 100 | too | 100 | 100 | 100 | 093 | 100 [ 1.00
T (s | 269 | 298 | 2@ | 232 | 218 | 230 | 224 | 182 | 101 | 0B2 | 208 | 208
r T30 | 094 | 089 [ 1oo | 1oo [ 100 | too | 100 | 1oo | 100 | 093 | 100 [ 1.00
Tuser (s | 412 [ 217 | 226 | 245 | 224 | 222 | 222 | 176 | 095 | 043 | 176 | 184
r Tuser | 093 | 094 [ o099 | o8s [ 100 | too | 100 | 100 | 100 | 0OBR | 0@ [ 1.00




Apparecchiatura
(sorgente omnidirezionale)

o La sorgente sonora equalizzata:
e |l dodecaedro
e |l subwoofer
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Apparecchiatura (sorg. direttiva)

o Genelec S30D reference studio monitor:
e Three-ways, active multi-amped, AES/EBU
e Frequency range 37 Hz — 44 kHz (+/- 3 dB)

Sound Power Level (dB)

Genelec S30D
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Metodo di misura

o | microfoni:

Testa artificiale binaurale (Neumann KU-100)
Microfoni a cardioide ORTF (Neumann K-140)

Microfono pressione-velocita B-Format 4 canali
(Soundfield ST-250)

| Microfono Soundfield |

| Cardioidi ORTF

Braccio rotante | |

Testa artificiale binaurale




Apparecchiature

o |l piatto rotante:
e Outline ET-1

s e Il computer e la scheda audio:
>, — Signum Data Futureclient  P-1V 1.8 GHz
— Aardvark Pro Q-10 96 kHz - 24 bits




Teatrl misurati
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Uhara Hall, Kobe, Japan
x|f

Ok, Help

Sawe to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser lirmits:

(-5.dB.-15.dB)

Left Channel
Freq.iHz) | 315 [~ 63 [ 128 [ 250 [ 500 [ 1k [ 2k [ 4k [T 8k [ 16k [® Lin [T A
Signal(dB) | 3862 [ 6318 [ 7039 [ 6508 [6961 [ 7106 | 7386 [ 7688 [ 7640 [ 7876 [8zo1 [ 8244
Noise (dB) [ 17.37 [ 2472 [ 2526 [1620 [ 1528 [1864 [1971 [1771 [2031 [ 2934 [ 3280 | 26899
strenGthidB) [-3038 [ 586 [ 139 [ 331 [ o081 [ 206 | 486 [ 788 [ 740 [ 976 [ 381 [ 544
ce0 (@ey | 339 | 70z [ 0854 [ 216 [ s01 [ 477 [ 402 | 651 | 8B4 [ 1360 | 624 | 630
ca0 (@ey [ 491 [ 867 | 468 [ 483 [ 783 [ 637 [ 573 [ 911 [ 1164 [1792 [ @68 | 858
D&0 (%) | 68R9 [ @346 [&311 [e6219 [7602 [76001 [ 7160 [&174 [8ve7 [9s@2 [ &o0s0 [ 8102
— Ts (ms) [10203 [ 5649 [ 8294 [ 7439 [ 4593 [6161 [5352 [339 [2370 [1808 [ 3627 [ 3617
OT () [ 136 [ -- [ o0& [ 13 [ o8 [ 126 [ 130 [ 063 [ 038 [ 020 | 0B4 [ 087
Tzu sy 226 [ 128 [ 106 [ 138 [ 146 [ 144 [ 139 [ 1714 [ovs [ 035 [ 122 [ 124
T [ 087 [ 085 [ 08 [ 100 [ o085 [ o089 [ 100 [ o099 [ o088 [ o088 | 1o0 [ 100
Tan (s | 213 [ 140 [ 17 [ 133 [ 134 [ 143 [ 134 [ 1o [ o073 [ o042 [ 123 [ 123
rT30 [ 086 [ 089 [ 085 [ 100 [ 089 [ 100 [ 100 [ 100 [ oss [ oss | 1o0 [ 100
Tuser (s) | 181 [ 121 [ 118 [ 142 [ 174 [ 172 [ 180 [ 122 [ o061 [ o2e [ 128 [ 131
rTuser | 087 [ 084 [ 08 [ o088 [ o086 [ o099 [ o099 [ o088 [ os8 [ osd [ nss | nas




Noh theater, Kobe, Japan

:

Acoustical Parameters according to IS03382

e

Sawve to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser lirmits:
(-5. dB.-15. dB)

Lett Channel

Signal (dB
Moise [dB
strenGth(dB
CE0 (dB
Ca0 (dB
D&O (%
Ts [ms
OT (s
T2IZI s
rT20
T30
r T30
Tuser ()
r Tuser

—

)
)
)
)
)
)
)
)
)
)

Freg. (Hz) [~ 315 [ B3

[T 125 | 250 | 500 | 1k [T 2k T 4k [T 8k [T 16k |® Lin [T A
[ 41617 [ 6105 [ 70089 [6651 [ 6833 [ 7162 [ 7565 [ 7658 [ 7781 | 6023 | 8362 [ 83.28
[ 1545 [ 2046 [ 1940 [1183 [ 71517 [1723 [ 2332 [1880 [ 2099 | 2639 | 3014 [ 2854
[2733 | 795 [ 108 [ -243 [ 067 | 262 | 6ES | 768 | 881 [ 1123 | 462 | 628
[ -200 [ 519 [ 300 [ 232 [ 123 [-006 [ 036 [ o029 [ 354 | 869 [ 240 [ 167
[ 157 [1058 [ 783 [ 617 | 363 [ 207 [ 304 [ 369 [ 831 [ 1399 | 562 | 483
[ 3869 | 7677 [ 6661 [ 6307 | 5706 [ 4308 [m207 [5168 [ 6930 | 88.09 [ 63.48 [ R9A
[143.48 | 6384 [ 4994 [ 5427 [ 7370 [ 7321 | 7489 [ 6956 | 3804 | 1751 | 5226 | G8.60
[ 159 [ 049 [ov0 [o7s [ 116 [ 117 [ 109 [ 093 [ 059 | 054 [ 083 [ 089
[ 163 | 143 [ o87 [ o083 [ 100 [ 114 [ 119 [ o097 [ o057 | 037 [ 103 | 105
[ 094 [ 083 [ o095 [ 100 [ 100 [ 100 [1o0 [ 100 [ 100 [ 100 [ 100 [ 100
5| 234 [ 168 [ o082 [ o086 [ 099 [ 112 [ 117 [ 085 [ 088 [ 037 [ 108 [ 1.06
[ 094 [ o087 [ o098 [ 100 [ 100 [ 100 [ 1o0 [ 100 [ 100 [ 100 [ 100 [ 100
y[ 107 [ -- [o48 [o79 [ 108 [ 117 [ 117 [ 083 [ 063 [ 036 [ 092 [ 097
[ 097 | - [oos [ o939 [ o099 [ o093 [ 100 [ 100 [ o9 [ o388 [ 100 [ 1.00
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Kirishima Concert Hall, Japan
K

Ok, Help

Sanwe to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser limits:

(-5. dB.-15. dE)

Left Channel
Freq.(Hz) |~ 315 [~ 63 [ 128 [ 250 [T 500 [ 1k [ 2k [ 4k [T 8k [T 1Bk [® Lin [T A
Signal(dB) | 41.00 [ 6166 | 6766 | 6393 [ 6579 | 6849 | 7416 [ 7606 | 7893 [&11a [ 8337 [ 8300
Moise(dB) [ 1048 [ 2070 [ 1489 [1206 [1297 [1480 [1812 [1952 [ 2264 [2887 [ 3008 [ 2742
strenGthidB) [-28.00 [ -7.34 [ 134 [ 501 [-321 [ -081 [ 816 [ 706 [ 993 [1218 [ 437 [ 600
ce0 (oBy | 566 [ 288 [ -428 [-076 [ 067 [ 146 [ 382 [ 462 | 810 [1402 [ 592 | 582
ce0 @By | 770 [ 381 [ o057 [ o026 [ 345 [ 281 [ 470 [ &81 | 983 [18E2 [ 731 | 713
D50 (%) | 7863 [ 6600 [ 2718 [ 4563 [ 5387 [5831 [ 7065 [ 7433 [ 8660 [ 9619 | 7962 | 7964
Ts (ms) [108.82 [101.24 [16363 [13638 [ 8878 [ 9488 [ 6237 [5326 [ 2746 [ 1407 [ 4401 [ 4336
EDT ()] 107 [ 169 [ 242 [ 239 [ 181 [ 192 [ 139 [ 120 [o48 | - [ 09 [ 085
Ten (s 289 [ 228 [ 22z [ 189 [ 193 [ 198 [ 183 [ 166 [ 108 [ 063 [ 173 | 167
rT20 [ 087 [ o087 [ 089 [ 089 [ 100 [ 100 [ 100 [ 100 [ o088 [ 0% [ 100 | 100
Tan (s) [ 438 [ 283 [ 284 [ zo9 [ 192 [ 198 [ 187 [ 169 [ 113 [ 088 [ 187 [ 178
r T30 [ 083 [ 085 [ 089 [ 089 [ 100 [ 100 [ 100 [1o0 [1o0 [ oss [ 1o0 | 100
: Tuser (s) | 409 [ 199 [ 184 [ 161 [ 195 [ 204 [ 180 [ 167 [ 085 [ 029 [ 166 | 1Bk
"ﬁ | rTuser | 083 [ 087 | 088 |08 | 100 [ 100 [ 100 [ 100 [ 096 | 086 | 089 | 099

T, =1.93s



Greek Theater In Siracusa

)8 Help

Sanwe to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser limits:

(-5. dB. -15. dE)

Left Channel
Freq.(Hz) | 315 [~ 63 [ 128 [ 250 [T 800 [ 1k [T 2k [T 4k [T 8k [T 1Bk [T Lin [®@ @A
Signal (dB) [1675 | 4545 | 5260 | 5754 | 6013 | 6556 | 6896 | 69.72 | 7593 | 7778 | 7921 | 78.7G
Maoise [dE) [ 5200 | 4511 | 2374 | 2560 | 2859 | 2997 | 3095 | 2568 | 2136 | 2404 | 5094 | 3613
strenGth(dB) |-8575 |-2352 [-1640 |-1146 | -887 | -344 [ -004 | o072 | 633 | 78 | 021 | 1.76
CE0 [dB) [-1a13 | &0 | 327 | a;m [q1274 | 1303 | 1308 [ 1161 [ 1491 [ 1770 | 1426 [ 1393
C30 (dB) [ 140 | 14 | qo8 |1272 | 1570 | 1584 | 1601 | 1494 | 1859 | 2295 | 17.80 | 17.33
DeD (%) [ 372 11127 | 6797 | 9073 | 9495 | 9526 | 9531 [ 9354 | 9687 | 3833 [ 9638 | 96.11
Ts  (ms) [94951 | -7336 | 4537 [187% [1236 | 827 | 747 | 918 | 507 | 250 [ B28 | 571

EDT (5] — 018 | 066 | — | — | | | | | |
T20 (=) | -- | oos | o70 | o0& | o065 | 065 | 070 | oes | o061 | 042 | 085 | 057
r T20 [ - | o090 [ o938 | o9 [ o938 | o9 [ o939 | o9 [ o099 | o098 [ 100 | 1.00
T30 | -- | oms [1m | o774 | 088 [ 093 | 094 | 08 | oe2 | o037 | 067 | 077
r T30 | -- | o8 [ o9 | o9 [ o097 | o9 [ o098 | o9 | o4 | 099 | 049 | 098
Tuser(s) | -- | -- | 073 | o086 | 044 | 064 | 074 | 064 | 047 | -- | 08B | D57
t Tuser | -- | -- | o83 [ o9s [ o098 | o9 | o8 | o883 | o095 | -- | 084 | 094

T, =0.65s



Roman Theater in Taormina
X

)8 Help

Sanwe to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser limits:
(-5. dB. -15. dE)
Left Channel

Freq.(Hz) | 315 [~ 63 [ 128 [ 250 [T 800 [ 1k [T 2k [T 4k [T 8k [T 1Bk [T Lin [®@ @A
Signal (dB) | 3489 | 5235 [6071 | 6411 | 6473 | 6879 | 7313 | 7575 | 7899 | 7423 | 8286 | 8205
Maoise [dE) [ 3740 | 2447 | 2302 | 2400 | 2652 | 2538 | 2214 [ 2145 | 2515 | 2960 | 3759 | 3162
strenGth(dB) [-3411 |-1665 | -829 | -483 [ -427 | -021 | 413 | 678 | 949 | 523 | 386 | 505
§ CE0 [dB) [ 185 | og0 | -019 | 609 | 684 | o0 | 905 [ 889 | 1245 [ 1781 [ 1050 | 10.21
C30 (dB) [ -218 | 556 [ 1317 |1241 [ 1120 | 1309 | 1479 | 1459 | 1858 | 2780 | 1638 | 15.94
-_:— DeD (%) | 3952 | 5460 | 4883 | 8027 | 8285 | 8633 | 88493 [ 8856 | 9461 | 9837 | :182 | ;129
> Ts  (ms) [337599 | 8305 | 5880 | 4340 | 4082 | 2368 | 1838 [1933 | 1101 | 457 | 1459 [ 1496
EDT (5] -- [074 [o063 [ -- o038 [o49 [ -- Joas [ -- [ - | -- [ --
T20 (=) [ -- | 1853 | 107 [ 107 | 115 | o084 | o7 | os3 | 033 | 024 | os0 | 052
r T20 [ - | o9 [ o8 | o094 [ o897 | o094 [ o032 | o093 [ o038 | o9 | o84 | 094
T30 | - 123 [ 111 | 111 | 122 [ 108 | o83 | o078 | 046 | o22 | 075 | 074
r T30 [ -- | o097 [ o097 |09 [ o939 | o9 [ o3 | 09 | o3s | 098 | 044 | 094
Tuser(s) | -- | -- | 018 | 044 | 089 | 043 | o032 [ 032 |03 | -- | 034 | 035
t Tuser | -- | -- | o88 | 083 [ o096 | 097 | o087 [ o983 | o8 | -- | 084 | 095




Parma Auditorium, Italy
g

)8 Help

Sanwe to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser limits:
(-5. dB. -15. dE)
Left Channel
Freq.(Hz) | 315 [~ 63 [ 128 [ 250 [T 800 [ 1k [T 2k [T 4k [T 8k [T 1Bk [T Lin [®@ @A
Signal (dB) | 4084 | 5724 | 6880 | 6626 | 6720 | 7003 | 7341 | 7409 | 7750 | 7502 | 8252 | 81.08
Maoise [dE) [ 2040 | 2631 | 2357 | 2489 | 2264 | 2028 | 1991 [1727 | 2354 | 2046 [ 3316 | 28.11
strenGth(dB) [-2516 |-11.76 [ -020 | -274 [ 180 | 103 | 441 | 509 | 850 | 602 | 352 | 408
CE0 [dB) [ 238 | 231 | 527 | 518 | 130 | 121 | 123 | oog | 429 | 819 [ 233 | 204
C30 (dB) | 435 | -033 [ -029 | -084 [ 044 | 220 | 245 | 147 | 637 | 933 | 347 | 3.49
DeD (%) [ 6336 | 3701 | 2292 | 2329 | 4257 | 5689 | 5736 [ 5051 | 7287 | @682 | 6312 | 6153
Ts  (ms) [14530 [159.46 |155.87 (13871 [12280 | 98.06 | 3433 [10007 | 4410 | 1593 | 63.01 | 75.79
EDT (=) [ 225 | 184 | 198 | 164 | 279 | 1958 | 206 | 181 | 101 | -- [ 143 | 187
T20 (=) [ 372 | 276 | 275 || 248 | 208 | 237 | 235 [ 193 | 120 | o0& [ 208 | 208
r T20 | og3 | o9 [ o897 | 09 [ 100 | 100 [ oo | 100 [ 100 | 096 [ 100 | 1.00
T30 | ER3 | 277 | 266 | 266 | 208 | 242 | 232 | 199 | 124 | oeD [ 220 | 214
r T30 [ og1 | o9 [ o83 | 100 [ 1oo0 | 100 [ 100 | 100 | 100 | 098 [ 100 | 1.00
Tuser (g | 33 | 214 | 193 [ 216 | 200 | 230 | 240 [ 190 | 137 | 138 [ 180 | 1.9
t Tuser | ogg | o9 [ o097 | o9 [ o8 | o9 [ 100 | 100 [ 100 | 093 | o049 | 100




Rome Auditorium, 700 seats

)8 ‘ Help

Sanwe to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser limits:

(-5. dB.-15. dE)

Left Channel
Freq.(Hz) |~ 315 [~ 63 [ 128 [ 250 [T 500 [ 1k [ 2k [ 4k [T 8k [T 1Bk [ Lin [®@ A
Signal (dB) | 3750 [ 5810 | 6358 | 6765 [ 6329 | 7045 | 7474 [ 7803 | 763 | 7434 [ 8348 | 8ze2
Moise(dB) [ 1700 [ 1918 [ 2326 [19.21 [1871 [1664 [1807 [2072 [2168 [1877 [3042 | 2683
strenGth(dB) [-3150 [-1080 [ 088 [ -138 [ 029 [ 1458 [ 574 [ 903 [ 763 | 634 [ 448 | 562
ce0 (e [ -090 [ 327 [ o060 [ 2o¢ [ 019 [ 067 [ 273 [ 541 | 528 [1280 | 445 | 432
ce0 @By | 081 [ 381 [ 284 [ 312 [ 219 [ 220 [ 384 [ 693 | 763 [1700 | 604 | B8R
D&0 (%) | 4481 [ 6798 [5345 [6170 [ 5111 [5386 [ 6524 [ 7767 [ 7716 [9502 | 7368 [ 72499
Ts (ms) [181.27 [10751 [11162 [100.03 [10851 [10434 [ 8108 [ 4846 [ 3877 [1622 [&702 [BE14
EDT ¢s)] 263 [ 243 [ 162 [ 174 [ 18 [19 [ 18 [ 088 [ o074 [ 035 [ 111 [ 174
Ten (e[ 316 [ 23 [ 178 [ zoo [ 204 [ 190 [ 185 [ 149 [ 083 [ 044 [ 172 | 188
rT20 [ 087 [ 085 [ 089 [ 100 [ 100 [ 100 [ 100 [1o0 [ 1o0 [ ose | 1o0 | 100
Tan (e[ 318 [ 244 [ 174 [ 189 [ 206 [ 191 [ 182 [ 182 [ 084 [ 047 [ 1758 [ 172
r T30 [ 085 [ 089 [ 089 [ 100 [ 100 [ 100 [ 100 [1o0 [1o0 [ oss [ 1o0 | 100
Tuser (s) | 281 [ 277 [ 2o0 [ 214 [ 205 [ 218 [ 182 [ 149 [ 083 [ 023 [ 164 | 160
rTuser | 086 [ 089 [ 087 [ 089 [ 089 [ 100 [ 100 [1o0 [ 1o0 [ os? [ 1o0 | 100




Rome Auditorium, 1200 seats

Help

Sawve to File...

Copy to Cliphoard

Store Reference Signal

' Switch to Right Channel
Tuser lirmits:
(-5. dB. -15. dEj
Lett Channel

Fregq.(Hz) [ 315 [ 63 [ 125 [ 250 [T 500 [© 1k [ 2k [© 4k [© 8k [T 18k [T Lin [@ @
Signal(dB) | 4168 | 5583 | 6354 | 6362 | 6EBE | 6945 [ 7219 | 7406 | 7573 | 75.26 | @157 | 8007
Noise(dB) | 1469 [ 1318 | 2003 [ 1976 | 2160 | 1802 [1516 | 1533 | 1461 [ 1890 | 2870 | 2438
| strenGthidB) | 2732 |-1317 | 546 | 538 | -214 | 045 | 313 [ 506 | 673 | B25 | 257 | 317
CED @By | -002 | 032 | 184 |07 [ o121 | 284 | 333 | 365 | BRE | 1458 | 5R2 | 45
ceo @) | 397 | 265 | 257 | 319 | 453 | 505 | 458 | 572 | 942 | 1934 | 760 | 651
DE0 (%) | 49.33 | 5182 | 5878 | 4591 | 5684 | 6581 | 6828 | 6983 | 81.90 | 9663 | 7810 | 7387
Ts (ms) [ 11818 [10665 [ 11236 [10872 | 77.08 | 7100 [ ee21 [ 6380 [ 3077 | 837 [ 4190 | 4813
DT (g9 088 | 159 [ 191 [ 185 | 140 | 140 | 146 | 090 | 084 | -- | 081 | 0@
T2IZI (g)| 260 | 196 | 175 | 184 | 210 | 183 | 177 | 123 | 08 | 033 | 168 | 154
rT20 | 093 | o9 [ 100 | 100 [ too | 100 [ too | 100 [ 100 | 098 [ 089 | 1.00
Ti0 (s 343 | 213 [ 173 | 196 | 217 [ 195 | 179 [ 138 | 083 | 039 | 168 | 167
r T30 | 09 | o9 [ 093 | 099 [ 100 | 100 [ too | 100 [ 100 | 099 [ 100 | 1.00
Tuser(s) | -- | 119 | 167 | 194 [ 199 | 194 | 165 [ 123 | 073 | 026 | 134 | 138
r Tuser | -- |09 | o939 | o9 [ o093 | o099 | 1o0 | o999 | 100 | 085 | 083 | 099




Rome Auditorium, 2700 seats
X

Ik Help

Sawve to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser limits:

(-5. dE. -15. dB)

Left Channel
Fregq.(Hz) [ 315 [ 63 [ 125 [ 250 [T 500 [© 1k [ 2k [© 4k [© 8k [T 18k [T Lin [@ @
Signal (dBy | 4058 [ 5881 [6622 [ 6473 [ 6666 [6814 [ 7238 [ 7332 [ 7461 [ 7303 [8075 | 7952
Moise (dE) | 19.20 [ 1822 [ 2228 [207z2 | 1869 [1532 [1460 [ 1969 [ 1764 [ 2156 [ 2976 | 25.03
strenGth(cB) [ -2842 [ 819 [ 278 [ -427 [ -232 [-086 | 338 [ 432 [ 561 [ 403 [ 175 | 252
CED (B | O | 267 | 951 [ -467 | 195 [ -017 | 255 | 221 | 604 [ 1450 | 338 | 316
Ce0 (dB) | 1 [ 458 [ 116 [ 118 | 485 [ 447 | 596 | 604 [1009 [ 2048 | 698 | 687
D50 (%) | 5305 [ 35.08 [ 1007 | 2545 [&1.03 [ 4902 | 6425 | 6245 [ 8007 [ 9657 | 6839 | 67.44
Ts (ms) [17638 [10812 [169.95 [12701 [ 8420 | 9407 | 6634 [ 6119 [ 2713 | 514 [ 5267 | 54.43
DT (5 265 [ 083 [ 213 [ 181 [ 188 [ 176 [ 144 [ 104 [ 074 [ -- [ 111 [ 107
Tzu )| 284 | 269 | 223 [ 227 [ 286 | 282 [ 237 [ 188 [ o0s8 [ 040 [ 213 [ 218
rT20 [ 099 [ o089 [ o098 [ 100 [ 100 [ 100 [ 1o0 [ 1o0 [ o888 [ o098 [ 099 [ 1.00
Tio 5| -- [ 2Bt [ 213 [ 229 [ 263 [ 288 | 237 [ 186 [ 1058 [ 045 [ 224 | 223
r T30 [ - [ 1o0 [ 100 [ 100 [1o0 [ 100 [ 1o0 [ 100 [ o83 [ o093 [ 100 [ 1.00
Tusers) | 309 [ 286 [ 248 [ 234 [ 231 [ 288 | 244 [ 176 [ o078 [ 047 [ 184 [ 191
rTuser | 096 [ 092 [ o038 [ o093 [ o093 [ 100 [ o093 [ o939 [ o096 [ o093 [ 097 | 098

T, =2.56s



Bergamo’s Cathedral, Italy
x|

04 Help

Save to File...

Copy to Clipboard

Store Reference Signal

Switch to Right Channel

Tuser limits:

(5. dB. -15. dB)

Left Channel
Freq.(Hz) |[© 315 [C B3 | 125 |© 280 | 500 [© 1k [T 2k [T 4k [T 8k [T 1Bk [T Lin |@ @
Signal (dE) | 6557 [ 6805 [7403 [ 7418 [7397 [7553 [79165 [7720 [7913 [7728 [&583 [ 8619
Moise (dB) [ 3861 [ 3366 [ 3817 [3088 [ 3426 [3845 [ 2924 [3066 [3473 [3942 [ 46569 [ 4237
strenGth(dB) [ 343 [ 005 [ 503 [ 518 [ 497 [ 653 [71075 [ 820 [1013 [ 828 [ 683 [ 8718
ce0 (e [ -809 [ 185 [ 064 [ -483 [ -377 [ 362 [ 466 [-183 [-024 [ 538 [ 215 [ -248
can (e [ 719 [ 224 [ 042 [-392 [-273 [-235 [ -308 [-06& [ 124 [ 709 [ 086 [ -116
DE0 () [ 1097 [ 6049 [ 4688 [ 2562 [2954 [3028 [ 2650 [3674 [ 4859 [ 7756 [ 3785 | 3608
Ts (ms) [51850 [170.85 [200.45 [26834 [223718 [18811 [188.95 [137.04 [ 8793 [ 31268 [16116 [151.22
ECT (5[ 622 [ 381 [ 378 [ 380 [ 33 [ 278 [ 2ee [ 220 [ 147 [ 120 | 262 [ 23a
Ten sy ] 470 [ 458 [ 405 [ 334 [ 285 [ 280 [ 252 [ 213 [ 144 [ 083 [ 304 [ 251
rT20 [ 093 [ o83 [ 083 [ 1o0 [ 100 [ 100 [ 100 [ 100 [ too [ osa [ 100 [ 1.0
Tao (s | 453 [ 465 [ 381 [ 338 [ 308 [ 2a0 [ 254 [ 211 [ 146 [ o086 [ 33 [ 258
r T30 [ 099 [ 100 [ 100 [ 1oo [ 100 [ 100 [ 100 [ 100 [ too [ too [ 100 [ 100
Tuser () | 673 [ 401 [ 365 [ 349 [ 322 [ 294 [ 248 [ 278 [ 138 [ o098 [ zga [ 247
rTuser [ 097 [ 088 [ 039 [ 089 [ o089 [ 100 [ 100 [ 100 [ 100 [ o9 [ 100 | 1.00

T, =2.95S



Teatro Valli, Reggio Emilia, Italy

I Help

Sawve to File..

Copy to Clipboard

Store Reference Signal

Switch to Right Channel

Tuser lirmits:

(5. dB. -15. dB)

Left Channel
Freg.(Hz) [T 315 [T B3 [T 125 [T 280 | 500 [© 1k [T 2k [T 4k [T 8k [T 16k [T Lin [@ @A
Signal (dB) [ 3324 [ 5079 [6347 [6610 [6838 [6796 [ 7318 [ 7632 [ 7964 [8210 [ 8365 [ 8326
Moise (dB) [ 13.25 [ 3282 [ 2481 [2347 [2370 [2112 [2184 [2162 [2302 [2984 [3588 | 3056
strenGthidB) [-35.76 [-1821 [ -663 [ -2zao [ -062 [-104 [ 418 [ 732 [1064 [1370 [ 465 | 626
ce0 By | 165 [ 118 [ 572 [ 74 [os2 [ 271 [506 [ 140 [ 162 [1078 [ 294 | 263
can ey [ 3817 [ 197 [ 583 [ 728 [ 797 [ G667 [ 7688 [ 606 [ 820 [17m [ 846 [ 778
DE0 (%) [ 5881 [8681 [2112 [4011 [5300 [ 6509 [ 7624 [&799 [6a23 [81.24 [e631 [ 6472
Ts (ms) [14719 [13686 [10113 [ 7380 [6628 [G5696 [ 4484 [G236 [ 4362 [1735 [ 4561 [ 4903
ECT (9 -- [ 208 [ 101 [o7z [o7 [137 [094 [o0s2 [ 067 [ -- [ 06D [OA
Ten (g | 270 [ 242 [ 186 [ 191 [ 155 [ 154 [ 147 [ 130 [ 098 [ o050 [ 128 [ 1.24
rT20 [ 095 [ 084 [ 088 [ 099 [ 100 [ 100 [ 100 [ 100 [ too [ o9 [ 100 [ 100
Tao (s | -- [ 184 [ 216 [ 192 [ 168 [ 188 [ 188 [ 137 [ 103 [ 067 [ 138 [ 1.34
r T30 [ - [ o085 [ 093 [ 1oo0 [1o0 [ 100 [ 100 [ 100 [ 1oo [ o7 [ 100 | 100
Tuser () | 412 [ 341 [ 181 [ 1864 [ 148 [ 147 [ 138 [ 130 [ 107 [ -- [ 122 [ 123
rTuser | 089 [ 038 [ 035 [ 089 [ o088 [ 100 [ 100 [ o9s [ o9 [ -- [ o9 | o9s




Sydney Opera House




Sydney Opera House — opera theatre

Acoustical Parameters according to 1S03382 X

Ik Help

Sawe to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

Tuser limits:

(-5. dE, -15. dB)

Left Channel
Freq.(Hz) [~ 315 [T 63 [ 126 [~ 280 [ 500 [© 1k [T 2k [T 4k [T sk [T 16k [T Lin [@ A&
Signal (0B) [ 4924 [ 5440 [5863 [ 6696 [6931 [7203 [ 7513 [ 7658 [7923 [7834 [8352 [ 8343
Moise (dB) [ 2642 [ 2249 [2887 [2796 [2681 [2735 [ 2888 [3015 [36524 [4275 [4227 [ 4017
strenGth(dB) [-19.76 [-1460 [-1037 [ -204 [ 031 [ 303 [ 613 [ 788 [1023 [ 834 [ 482 | 643
Ce0 (oBy [ -390 [ 588 [ 407 [ 365 [ 622 [ 278 [ 123 [ 620 [ 849 [1308 | 586 [ 5.38
ca0 (oEy [ -095 [ 644 [ 467 [ 430 [ 601 [ 389 [ 247 [ 736 [1022 [16.21 [ 706 | BES
Ds0 (%) [ 2892 [7948 [ 7183 [6983 [ 7688 [ 6649 [6704 [8067 [8789 [4531 [7o41 [ 7752
Ts (ms) [17344 [ 7367 [ 6581 [5186 [ 4145 [6067 [ 6927 [3133 [1773 [ 653 [3246 [ 3548
ECT ([ 181 [ -- [ 138 [ -- [ 186 [ 139 [ 144 [ 148 [ 119 [ -- [ 145 [ 145
Ten (s [ 183 [ 148 [ 1m0 [ 103 [ 118 [ 122 [ 129 [ 124 [ 095 [ o088 [ 119 [ 1.21
rT20 [ 0899 [ 087 [ o898 [ o099 [ o089 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100
Tan (s [ 238 [ 176 [ 122 [ 110 [ 113 [ 126 [ 132 [ 124 [ o096 [ o088 [ 122 [ 1.24
r T30 [ 087 [ 087 [ 088 [ 083 [ 100 [ 1o0 [ 1oo0 [ 100 [ 100 [ 100 [ 1oo [ 100
Tuser () [ 179 [ 203 [ 142 [ 110 [ 1318 [ 128 [ 117 [ 130 [ 104 [ 065 [ 122 [ 1.23
rTuger | 096 [ 086 [ 033 [ 085 [ o3 [ 099 [ 100 [ o093 [ o093 [ o098 [ o939 [ 099




Sydney Opera House — concert hall

Ok, ‘ Help

Sawve to File...

Copy to Cliphoard

Store Reterence Signal

Switch to Right Channel

Tuser lirmits:
-5. dB. -15. dB)

Left Channel

Freq.(Hz) [~ 315 [T 63 [ 125 [~ 280 [ 500 [ 1k [T 2k [T 4k [T 8k [T 16k [@ Lin [T A

Signal [(dB) | 47.96 | 5402 | 6013 | 6465 | 6668 | 6798 [ 71.92 | 7409 | 7729 [ 7528 | 81.04 | 80.90
Moise (dB) | 26.93 | 2428 | 2863 [ 2657 | 2940 | 3153 | 2973 [ 2951 [ 2951 [ 3479 | 3349 [ 37493
strenGth(dB) | -21.04 [-1498 | 887 | 435 [ 232 [ 102 | 292 | 509 [ 828 | 628 | 204 | 340
( !
( !

Ce0 (dB) | 164 | B.23 248 | 481 [ 538 | 1@ | 248 [ 766 [ 1170 [1781 | 748 | 737
CA0 (¢By | 235 [1009 | 149 | 585 | 615 | 250 | 340 | 873 [137m [ 2143 | 848 | BI6
D50 (%) | 5936 [ 8093 | 3612 [ 7506 | 7753 | 6084 | 6391 [8538 | 9366 [9837 |8477 | 839
Ts (ms) [17515 | 5966 [143.27 | 59.08 | 5170 |a&717 | 8517 | 3095 | 1133 | 433 | 3308 | 3531
ECT (=) | 265 | 046 [ 181 | 17 | 200 | 257 | 257 [ 147 | - | -- [ 164 | 178
Teo =) | 466 [ 187 [ 17 [ 21 | 2og | 223 | 230 [ 1@z [ 119 [ 047 | 206 | 210
r T20 | 089 | o7 | o098 [ 083 [ 100 | 100 | 1om [ 1oo0 | o9s | 083 [ 100 | 100
T30 (0] -- | 413 [ 173 [ 198 | 2zo¢ | 226 | 232 | 197 [ 126 | 0k3 | 213 | 277
T30 | -- | o8 [o093 [o099 [ 100 [ 100 [ 100 [ 100 [ 100 [ o085 [ 100 [ 1.00
Tuser () | 225 | 144 [ 227 | 208 | 2o09 | 227 | 225 | 192 [ o084 | 102 | 198 | 204
t Tuser | 097 | 08z | 097 [ 098 [ 100 | 100 | 100 [ o0& | 096 | 092 [ 089 | 049

T, = 2.04 s



Sydney Opera House — the studio
x|

(] 4 Help

Save to File...

Copy to Clipbhoard

Store Retference Signal

Switch to Right Channel

™ Tuser limits:
(-h. dB.-15. dB)

Left Channel

Signal (dBy | 49.27 | 5555 [ 5772 | B2E5 | BBS7 | 70562 | 7305 | 7405 | 77R4 | 7RE1 | 8167 | 81.43

Moise (0B) | 25.54 | 2370 | 2930 | 2356 | 2031 | 1840 | 1720 | 1827 [1995 | 2505 | 3453 | 2723

strenGth(cB) [ -19.73 [-1345 [-1128 | -635 | 203 | 152 | 405 | 505 | 854 | 881 | 267 | 449
(

(

ce0 ey | 278 [ 319 [ 146 [ 44 [ 824 [ 1057 [ 1069 [1235 [1483 [1840 [1247 | 1256
cen ey | 617 [ 805 [ 533 [ 823 [1109 [1339 [1312 [1523 [1830 [ 2310 [1532 | 1536
D50 (%) | B5.46 [ 6758 | 6830 [ 8151 | 83935 | 9193 | 9215 | 9450 | 9682 | 9857 | 9485 | 9475

Ts (ms) [10432 [ 6334 [7288 [ 3749 [1327 [1484 [1486 [ 842 [ 546 [ 21 [ a70 | 566
EDT () 088 J o2 J 116 Joss | - | - | - | — | - | - | - | --
Teo qg) | 167 [ 086 [ 147 [ 083 [ o076 [ ogs [ oes [ o081 [ 080 [ 037 [ 063 | 0@
v T20 | ogn | o8 | 09 | o@8 [ o&9 | o098 | 094 [ 1oo | o9s | 088 [ 100 | 1.00
Tao ¢y 183 [ 123 [ 144 [ 083 [ o074 [ o070 [ oes [ 063 [ 049 [ 036 | 068 | OB4
r T30 | 093 [ o8 [ o098 [ 08 [ 100 [ 1o0 [ 100 [ too [ 100 [ 100 [ 100 [ 1.00
Tuser(s) | 097 [ 054 [ 120 [ o078 | 074 | o057 | o060 [ 057 | o4 | -- | 054 | 053
rTugser | 097 [ 089 [ o099 [ o098 [ n@s [ o4 [ o098 [ oos [ oms | -- [ 093 [ 0499

T, =0.76s



Teatro Regio in Parma (ltaly)

l Acoustical Parameters according to 1S03382 X
oK, ‘ Help — A
e A ‘—:1
Save to File.. 7
2 Copy to Cliphoard -
Store Reference Signal ‘
a &
- Switch to Right Channel ] |4y
Tuser limits: |
(-5. dB. -15. dB)
ﬁ Left Channel _ g
. |
Freq.(Hz) [~ 315 [T 63 [ 125 [~ 280 [ 500 [© 1k [T 2k [T 4k [T 8k [T 16k [T Lin [® A
Signal (cB) | 4860 | 5348 | 5725 | 6089 | 6681 | 6976 | 7243 | 7161 | 7165 | 6916 | 7855 | 7863
MNoise (dB) | 25.21 [ 1888 [1332 [ 1941 [1937 [1696 | 1438 [ 1367 [1559 | 2150 [ 2876 | 24.00
strenGth(dB) | -2040 [-16582 [-11.75 | 811 [ -219 | 076 | 343 | 281 | 265 | 016 | -045 | 183
Ce0 (dBy | 546 [ 137 [ 023 [ o025 [ 077 | 046 | 129 [ 225 | 699 [1114 | 257 | 241 - { S
Ca0 (¢8| -370 | 280 | 348 | 182 | 426 | 261 | 324 | 488 [1051 [1560 | 483 | 469
D0 (%) | 2215 | 6781 | 5130 | 5145 | 6444 [ 6267 | 6736 | 6267 | 8333 | 9286 | 6440 | 6356 ﬁ
Ts (ms) | 20212 [12381 [10250 | 8664 [ 6718 | 7624 | 6754 [5241 | 2087 | 1071 [ 5318 | 5442 |
ECT (s3] 226 | 179 [ 164 | 118 [ 109 [ 120 | 136 | 196 [ 063 [ o038 [ 132 [ 113
Te0 sy | 294 [ 251 [ 186 [ 121 [ 111 | 107 | 088 [ 087 | 068 | 047 | 1o | 047
r T20 | 083 | 089 | o8 | 083 [ 100 [ 100 [ 100 [ 100 [ o9a [ o9a [ 100 [ 100
Tao ¢z | 288 [ 217 [ 165 [ 139 [ 118 [ 105 [ 100 [ 087 | oes | 042 | 107 | 049
r T30 | 086 | o3 | o089 | o083 [ 100 [ 100 [ 100 [ 100 [ oes [ o9d [ 100 [ 1o
Tuser (9 | 195 | 245 [ 136 [ 097 | 117 [ 105 | 094 | 035 [ 085 | 040 | 102 | 099
t Tuser | 096 | o086 | ogs | 088 [ 100 | 1o0 | 094 [ o@s | o09s | 0@8 [ n@a | 044




Auralizzazione

o In ogni caso, la base del metodo € la
convoluzione di segnali “asciutti”
(anecoici) con risposte all'impulso
preparate nel formato “surround”
prescelto (da 2 a 24 canali).

o Tale operazione di convoluzione puo
0ggi essere realizzata in tempo reale
anche su un PC molto economico,
purche dotato in uscita di una scheda
audio multicanale

AES lItalia — Workshop 2003 sulle tecniche di ripresa - Adria



Sala di ascolto “surround”

| segnali ottenuti tramite convoluzione vengono
riprodotti su un complesso sistema di altoparlanti,
In una sala acusticamente molto sorda



Ascolto n. 1 — La Fenice

Overture alle Nozze di Figaro
di Mozart
Brano anecoico

O
¢ © Convoluzione con I.R.
sperimentale (pt. 12)

. 0 Convoluzione con IR
simulata

Preludio al primo atto della Traviata
di G.Verdi

¢ e Brano anecoico

. @ Convoluzione con I.R.
sperimentale (pt. 12)

¢ ® Convoluzione con IR simulata




Ascolto n. 2 — Teatro degli Arcimboldi - Mozart

e Platea, senza pannelli




Ascolto n. 3 — Confronto Parigi - Parma

’ o Cité de la Musique, Parigi

e Auditorium di Parma
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