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’“ International Conference on “Room acoustics: Design and science”

as: Topics

e This paper Is a tribute to M. Gerzon, who had
foreseen 3D impulse response measurements
and 3D Auralization obtained by convolution.

e The advantages (and disadavantages) of
employing measured IRs

e« Comparison between Auralizations based on
calculated and measured IRs
(e.g. Theatre “La Fenice”, Venice)

e Different approaches to 3D Auralization
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@$: Concept (Gerzon, 1975)

Measurement of B-format
Impulse Responses

Portable PC with 4-
channels sound board

B-format Imp. Resp

of the original room
signal (WXYZ) £

= B-format 4-channels

MLS or sweep excitation signal “ . B
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Convolution of dry signals
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Responses Speaker array in the

reproduction room
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@%®: The measurements of IRs:

1. In case something happens to the original
space (e.g.: La Fenice theater) they contain a
detailed “acoustical photography” which is
preserved for the posterity

2. They can be used for studio sound processing,
as artificial reverb and surround filters for
today’s and tomorrow’s musical productions

3. Several configurations of listening rooms could
be developed, by means of multichannel
auralization, for subjective tests
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@

Theatre la Fice, Venice

The first theatre was ralised In 1792 by Gian
Antonio Selva, after the burning of Teatro San
Benedetto

In December 1836 the theatre burned down again
and was rebuilt by G. and T. Meduna the year after

The theatre was closed in 1995 for maintainance; it
had to open again in February 1, 1996, but it
burned two days before (January 29, 1996)

A few weeks before the fire, L.Tronchin measured o
binaural impulse responses
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- Fenlce 12 wav - Cool Edit Pro
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@8: Impulse Responses of La Fenice

In 27 positions a
series of binaural
Impulse responses
(with gun shots)
was recorded

Each recording Is
consequently a
stereo file at 16 bits,
48 kHz

During
measurements the
room was perfectly
fitted, whilst the
stage was empty
(no scenery)
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as: Example n. 1 — La Fenice

Overture alle Nozze di
Figaro di Mozart
e Dry music

e Convolution with
experimental I.R. (pt. 12)

e Convolution with simulated
IR

Preludio al primo atto della
Traviata di G.Verdi
e Dry music

StOp - Convolution with
experimental |.R. (pt. 12)

- Convolution with simulated _
B 7€ N
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@8: Example n. 2 - Paris vs ...la petit Paris

T AT
LA BN

Stop
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@8:  Advanced IR capture and
rendering (@l waves| project)

- Description of the measurement technique

- Analysis of some acoustical parameters of
some theaters measured

- Description of the processing methods to be
employed for transforming the measured data
In audible reconstructions of the original spaces

- Description of the usage of the measured data
for studio processing, musical production and
for scientific Auralization tests
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Sound propagation in rooms
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Q¥ Measurement process
Noise n(t)
Not-linear, distorted signal
in_}put X() tlrgils\o/taerrkant w(t) > linear system output y(t)
KIX(t)] w(t)®h(t)

The desidered result is the linear impulse response
of the acoustic propagation h(t). It can be
recovered by knowing the test signal x(t) and the
measured system output y(t). It is necessary to
exclude the effect of the not-linear part K and of
the background noise n(t).

10-Sep-08 Farina, Tronchin, RADS



‘ International Conference on “Room acoustics: Design and science”

€8 oot signal: Log Sine Sweep

X(t) Is a sine signal, which frequency is varied
exponentially with time, starting at f; and ending at f,.

X(t) =sin
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s Deconvolution of Log Sine Sweep

The “time reversal mirror” technigue is emplyed: the
system’s impulse response is obtained by convolving the
measured signal y(t) with the time-reversal of the test
signal x(-t). As the log sine sweep does not have a
“white” spectrum, proper equalization is required

Test Signal x(t) Inverse Filter z(t)
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as: Test Signal — x(t)

< Untitled* - Cool Edit Pro
File Edit Wiew Effects Generate Analyze Favorites Oplions Window Help

5.0

0:00.000

6.0

6db @ (:02.054 48000 - 32-bit- Mona | 2.05 MB 1104 MB free:

File Edit View Effects Generate Analyze Favorites Options Window Help

421Hz @ 0:00.435 48000 - 32-bit - Mono | 2.06 MB 1104 MEB free:
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Q¥ Measured signal - y(t

[ Track 2 - Cool Edit Pro _ o] %]
File Edit View Transtorm Generate Analyze Favorites Options Window Help 1 I
0 s o = [ e | 2 | o e e o ] e 0 [T o [ - R %’

S N N oX G T IEN SN IET .
RN O0 FES

@,
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Completed in 1.64 seconds 48000 - 16-bit - Mono 551551 568.14 MB free

The not-linear behaviour of the loudspeaker causes
many harmonics to appear
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Inverse Filter — z(1)

2
(o]
Q
a

e Inv_filter.wav - Cool Edit Pro
File | Edit View Transform Generate Analyze Favorites Options Window Help

al

measured signal y(t) with the inverse filter z(t) [equalized,
time-reversed x(1)]
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as; Result of the deconvolution

B Multiple_IR.wav - Cool Edit Pro
File Edit WView Transtorm Generate Analyze Favorites Options Window Help

2 D R e | T e o e e | R

Stopped 43000 - 16-bit - Mono 1031550 5,05 MB free

S Impulse response is the linear one, are iy
Byl the harmonics distortion products of various orders
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as: Measurement Setup

= The measurement method incorporates all the
known techniques:

Binaural

B-format (15t order Ambisonics)

WES (Wave Field Synthesis, circular array)

ITU 5.1 surround (Willlams MMA, OCT, INA, etc.)
Binaural Room Scanning

M. Poletti high-order virtual microphones

= Any multichannel auralization systems
nowadays available is supported

L

L%

L

L

L

L%
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@%: Measurement Parameters

- Test Signal: pre-equalized sweep

e - ™ L anal

Start Frequency 22°H7
End Frequency 22 kHz "éJ
Sweep length 15 s
Silence between sweeps 10 s
Type of sweep LOG

o Deconvolution: e

44444444444444
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Transducers (sound source #1)

%%

- Equalized, omnidirectional sound source:
» Dodechaedron for mid-high frequencies
*  One-way Subwoofer (<120 Hz)

Dodech. LookLine D200

HHHHHHHHH

Frequency (Hz)

120.0
110.0
3 ["Lw,tot = 106.9 dB |
< 100.0
8
. —Unequalized ||
S 90.0 \\ — Equalized |||
o
a
© ]
c 800 | Lw,tot = 94.8 dB | N\
A
70.0
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@%! Transducers (sound source #2)

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

.

.

2000 Hz

1000 Hz

250 Hz

4000 Hz 8000 Hz 16000 Hz
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@%: Transducers (microphones)

- 3 types of microphones:
¢ Binaural dummy head (Neumann KU-100)

o 2 Cardioids in ORTF placement (Neumann K-
140)

s B-Format 4 channels (Soundfield ST-250)

| Soundfield Microphone |

| Cardioids (ORTF)
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@®: Other hardware equipment

Rotating Table:
8 Outline ET-1

Computer and sound card:
Signum Data Futureclient P-1V 1.8 GHz
Aardvark Pro Q-10 (8 ch., 96 kHz, 24 bits)
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@8: Measurement procedure

- A single measurement session play backs
36 times the test signal, and simultaneusly
record the 8 mlcrophonlc channels

Auditorium-left.ses* - Cool Edit Pro T
Eﬁe@ WVW
El" Eﬁ m I ,,.E“ i .Qphom ;mp '_‘F‘PL‘H"P HIHI"!I'I'!BHWF"B r‘nnnn !!.'.HH = ) e w8 G D P
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@ Theatres measured
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@®: Uhara Hall, Kobe, Japan
x|f

L oK | e
Sawve to File...
Copy to Cliphoard
Store Reference Signal
Switch to Right Channel
Tuser limits:

(-5. dB. -15. dB)

Left Channel

Freq.(Hz) |~ 315 [~ 63 [ 128 [ 250 [T 500 [ 1k [ 2k [ 4k [T 8k [T 1Bk [® Lin [T A

Signal (dB) | 38.62 | 6315 | 7033 | 65.09 | 6961 | 71.06 | 7356 | 76.88 | 76.40 | 78.76 | 8291 | 82.44
Moise (dBy | 17.37 | 2472 | 2625 | 1620 | 1528 | 1854 [1971 [1771 | 2031 | 2834 | 3280 | 28.93
strenGth(dB) [-30.38 | 585 | 139 | -381 | 061 | 206 | 45 [ 788 [ 740 | 976 | 391 | 544
Ce0 aBy | 333 | 7oz | 0&4 | 216 | 501 | 477 | 402 | 651 | 864 | 1360 | 624 | B30
Cca0 ¢aBy | 481 | 867 | 469 | 483 | 783 | 637 | 573 | 811 [ 1164 [ 1792 | 568 | 858
D50 (%) | 6859 | 8345 [ 53711 [ 6219 | 7602 | 7501 | 7160 | B1.74 | 8797 | 9582 | 8080 | 81.02

Ts (ms) | 10203 | 5649 | 8294 | 7439 | 4593 | 5161 [ 53k2 | 3391 | 2370 [ 1508 | 3627 | 3617
EDT ¢s)| 136 | -- | 088 | 135 | 08 | 126 | 130 | 063 | 038 | 020 | 064 | 067
Teo (g9 226 | 128 | 106 | 138 [ 146 | 144 | 134 [ 114 | o | 035 | 122 | 124
rT20 | 097 | o088 [ 09 | 100 | 088 | 098 | 100 [ 099 | 093 | 088 | 100 | 1.00
T30 (g9 213 | 140 | 17 | 133 [ 134 | 143 | 134 [ 108 | 073 | 042 | 123 | 123
r T30 | 096 | 083 | 098 [ 100 [ 083 | 100 | 100 [ 100 | 083 | 098 [ 1.00 | 1.00
Tuser () | 161 | 121 | 118 | 142 | 174 | 172 | 151 | 122 | 061 | 027 | 126 | 131
r Tuser | 097 | 084 | 09 | 098 [ 086 | 093 | 093 [ 083 | 0883 | 094 | 098 | 083
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L | N\
as: Noh theater, Kobe, Japan
X

................ O K ................ elo
Save ta File..
Copy ta Cliphoard o
Store Reference Signal j
Switch to Right Channel =
Tuser limits: FI
(-5. dB. -15. dB)

1

Lett Channel

Fregq.(Hz) [ 315 [ 63 [ 125 [T 250 [T 500 [© 1k [ 2k |© 4k [© 8k [© 16k [®@ Lin [T A

)

Signal(dB) | 4161 | B1.06 | 7009 | 6651 | 6833 | 7162 | 7565 | PERE | 7781 | 80.23 | @362 | 8328

Noise(dB) | 1545 | 2046 | 1940 [ 1183 [ 1517 | 1723 [ 2332 | 1880 | 2099 | 2633 | 3014 | 2854

strenGth(dB) | 2739 | 795 | 109 | 243 | 067 | 262 | 6B5 | 758 | 881 | 1123 | 462 | 628 F

CE0 (dBy | -200 | 519 | 300 | 232 | 123 | -006 | 036 [ 029 | 354 | 869 | 240 | 187
)
)
)
)
(s)

|
20

|

ce0 (@e) | 157 [1058 | 783 | 617 | 363 | 207 | 304 | 369 | 831 [ 1393 | 562 | 483
D50 (%) | 3869 | 7677 | B6E1 | 63.07 | 5706 | 49.08 | 5207 | 5168 | 63.30 | 88.09 | 6348 | 5351
Ts (ms) [ 14348 | 6384 | 4994 | 5427 | 7370 | 7921 | 7489 | 6386 | 3804 [ 1781 | 5226 | 5860

EDT ¢s)| 159 [ 043 [ 070 | 079 [ 116 [ 1317 | 109 | 083 [ 053 | 054 | 083 | 083

2 T20 [ 163 | 143 [ 087 [ 083 [ 101 | 114 | 119 | 097 | 057 | 037 [ 103 | 1.05
~ | rT20 | 094 | 083 | 085 | 100 [ 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 1.00

T30 () 234 [ 168 [ 082 [ o8 [ o099 [ 11z [ 117 [ 085 [ 059 [ 037 [ 105 [ 1.06

rT30 | 094 | 097 | o088 | 100 [ 100 | 100 | 100 [ 100 [ 100 | 100 [ 100 | 1.00

Tuseris) | 107 [ -- [ 048 | 079 [ 108 [ 1317 [ 117 | 083 | 053 [ 036 | 092 | 097

rTuser | 097 | -- | 085 [ 099 [ 099 [ 093 [ 100 [ 100 | 083 | 088 | 1.00 | 1.00
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@®: Kirishima Concert Hall, Japan
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@%®: Kirishima Concert Hall, Japan
X|

oK Help

Sawve to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

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

Lett Channel

Fregq.(Hz) [ 315 [ 63 [ 125 [T 250 [T 500 [© 1k [ 2k |© 4k [© 8k [© 16k [®@ Lin [T A

)
Signal(dB) | 41.00 | 6166 | 6766 | 6399 | 6573 | 6849 [ 7416 | 7e06 | 7893 | 8109 | 8337 | 83.00
Noise(dE) | 1048 | 2070 | 1489 [ 1206 [ 1297 | 1480 [1812 | 19562 | 2264 | 2887 | 3009 | 2792
strenGth(dB) | -2600 | 734 | -1.34 | 501 | 321 | 051 | 576 | 706 | 9383 | 12139 | 437 | 60O
CED (dB) | 566 | 288 | -428 | 076 | 067 | 148 | 382 | 482 | 810 | 1402 | 92 | 542
ce0 @B) | 770 | 351 | 057 | 026 | 345 | 281 | 470 | 581 | 983 | 1562 | 731 | 713

)

)

)

(s)

D50 (%) | 7863 | BBO0 | 2718 | 4563 | 6387 | 5831 | 7065 | 7433 | 8660 | 9619 | 7962 | 7964
Ts (ms) [ 10892 [101.24 [16359 [ 13638 | 89.78 | 9458 | 6237 [ 5326 [ 2746 [ 1407 | 440 | 4336

EDT ¢s)| 107 [ 163 | 242 | 239 [ 181 [ 192 | 139 [ 120 [ 048 | - | 096 | 035
T20 | 289 | 228 [ 222 [ 189 [ 193 | 193 | 183 [ 166 [ 109 [ 053 [ 173 | 167
rT20 | 097 | 097 [ 089 | 099 | 100 | 100 [ 100 [ 100 [ 0899 | 086 [ 100 | 1.00
T30 () 438 [ 263 [ 254 [ 209 [ 192 [ 1983 | 187 [ 169 [ 113 [ 058 [ 187 [ 1.78
rT30 | 093 | 098 | 083 | o983 | 100 | 100 | 100 [ 100 [ 100 | 089 [ 100 | 1.00
Tuserfs) | 409 [ 133 | 194 | 161 | 185 [ 204 | 180 | 167 | 085 [ 023 | 166 | 156
rTuser | 093 | 087 | 088 [ 099 [ 100 [ 100 [ 100 [ 100 | 08 | 086 | 0.99 | 099
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Sk

@%: Greek Theater in Siracusa
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 (0B [-16.75 [ 4548 [ 5260 [ 5754 [ 6013 [ 6556 [ 6896 [6972 [ 7593 [ 7778 [ 7921 | 76.76
Moise (dE) | 52.00 [ 4511 [ 2374 [ 2560 | 2859 [ 28687 [ 3095 [ 2568 | 2136 [ 2404 [5094 | 3613
strenGth(dB) | -85.75 [-2352 [-16.40 [1146 | -687 [ -344 [ -004 [ 072 [ 693 [ 878 [ 021 [ 176
ce0 aB) [ 1413 [ &) [ 327 [ a9 [1274 [ 1303 [ 1308 [1161 [1491 [ 1770 [ 1426 [ 1393
cao @By | &) [ &) [ 908 [127z [1570 [ 1584 [1601 [ 1484 [1888 [2295 [1780 [ 1733
D0 (3% [ 372 [111.27 [ 6797 [ 8073 [ 9485 [9526 [ 9531 | 9354 [ 9687 [ 9833 [ 8635 [ 96.11
Ts (ms) [94851 [-7336 [ 4537 [18758 [1236 | &27 | 747 [ 918 [ 507 | 260 [ 528 | 6.7
EDT () -- Jois Joee | -- | -- | -- | -- | -- | -- | -- | -- | --
T20 5| -- [oos [o70 [ o086 [ o065 [ o065 | 070 | 068 [ 081 [ 042 | 085 | 057
rT20 [ - [ oao Jo9s [ o9 [ 088 [ 093 [ o099 [ 099 [ o83 [ 098 [ 100 [ 1.00
Ti0 )| -- [oos [ 101 [ o074 [ o088 [o0s3 [ o094 [ o086 [ oe2 [ 037 [ 067 [ 077
r T30 [ - [ o8y Jooe [o97 [ o087 [ o097 [ o098 [ o088 [ o088 [ o098 [ 099 [ 048
Tuseris) | -- [ -- [ 073 [ 086 [ 044 [ o064 [ 074 [ 064 [ 047 [ -- [ 0B | 057
rTuser | -- | -- [ 093 [ o095 [o98 [ o095 [ o9 [ o098 [o8s [ -- [ o094 [ 094
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as;

Roman Theater in Taormina
X

Ik Help

Sawve to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

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

Lett Channel

Freg. (Hz) [~ 315 [ B3

)
Signal (dB) [ 3469 | 52.35 | 60.71 | 6411 | 6473 | 66.79 | 7313 | 75.76 | 76.99 | 7423 | 62.66 | B2.05
Noise (dB) | 37.40 | 2447 | 2302 | 24.00 | 2652 | 2536 | 2214 | 2145 | 2515 | 2960 | 3758 | 3162
strenGthidB) [-3411 | 1666 | -a29 | -489 | 427 | 021 | 413 | 678 | 483 | 523 | 3@ | 505
C50 (dE) [ 165 | 080 | 019 | 603 | 664 | &00 | 905 | 6.69 | 1245 | 1781 | 1060 | 10.21
ca0 (dB) | 218 | 556 | 1317 | 1241 | 1120 | 13.08 | 1479 | 1459 | 1656 | 27.a0 | 16.36 | 15.04
D50 (%) | 3952 | 5460 | 46.60 | 6027 | 62.85 | 8633 | 66.03 | 6656 | 9461 | 98.37 | 9142 | 1.2
Ts (ms) [337.99 | 63.05 | 56.80 | 43.40 | 40.82 | 23.66 | 1698 | 1933 | 11.01 | 457 | 1458 | 1496
EDT ()] -- | 074 | 063 | -- [ 038 |04 | - Jod45 | - | - [ - [ -
T20 ()] -- | 153 | 107 | 107 [ 115 | 084 | 071 | 058 | 033 | 024 | 050 | 052
rT20 - [098 [088 [ 094 [ 097 | 094 | 092 | 093 | 098 | 091 | 084 | 094
T30 ()] -- | 123 | 141 | 111 [ 122 | 108 | 083 | 076 | 046 | 0.22 | 075 | 0.74
r T30 - [097 [067 [098 | 099 | 087 | 0965 | 0965 | 095 | 098 | 094 | 0.94
Tuser (s) [ -- | -- | 018 | 044 | 053 | 043 | 032 | 032 | 036 | -- | 0.34 | 0.35
tTuser | -- | -- | 080 | 083 | 086 | 047 | 047 | 098 | 086 | —- | 094 | 0.95
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@S: Parma Auditorium, Italy
X|

Ik Help

Sawve to File...

Copy to Cliphoard

Store Reference Signal

j Switch to Right Channel

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

Lett Channel

Fregq.(Hz) [ 315 [ 63 [ 125 [ 250 [T 500 [© 1k [ 2k [© 4k [© 8k [T 18k [T Lin [@ @

)
Signal(dB) | 4084 | 57.24 | 6880 | 6626 | 6720 | 7003 [ 734 | 7409 | 7RE0 | 7502 | @252 | 81.08
Noise (dB) | 2040 | 2631 | 2357 | 2489 | 2264 | 2025 [ 1991 | 1727 | 2354 | 2046 | 3316 | 2811

strenGth(dB) | 2616 |-1176 | 020 | 274 | 180 | 103 | 441 | 509 | 850 | BO02 | 352 | 408
CE0 (oBy | 238 | 231 | 527 | &8 [ 130 [ 121 1293 [ o009 | o423 | 819 | 233 | 204
Cce0 (@e) | 435 | 033 | -023 | 084 | 044 | 220 | 245 | 147 | 637 | 933 | 397 | 348

)
)
)
(s)

D50 (%) | 6336 | 370 | 2292 | 2329 | 4257 | 6689 | 5736 | G051 | 7287 | 8682 | 6312 | 6153
Ts (ms) | 14530 [158.46 [156.87 [ 13871 [12280 | 98.06 | 9493 [10007 [ 4410 [ 15493 [ 630 | 76.79

EDT (s)| 225 [ 184 | 198 | 164 [ 279 [ 195 | 206 | 181 [ 101 | -- | 149 | 161
T20 [ 312 | 276 [ 275 | 248 | 208 | 237 | 235 | 198 [ 120 | 056 [ 205 | 208
rT20 | 093 | 099 | 087 | 0983 | 100 | 100 | 100 [ 100 [ 100 | 086 | 100 | 1.00
T30 () 553 [ 277 | 266 [ 266 | 2o | 242 | 232 [ 189 [ 124 [ 060 [ 220 [ 274
rT30 | 091 | 093 | o83 | 100 [ 100 | 100 | 100 [ 100 [ 100 | 088 | 100 | 1.00
Tusers) | 336 [ 214 [ 198 | 216 | 200 | 230 | 240 | 180 [ 137 [ 18 | 18 [ 141
rTuser | 098 | 088 | 087 | 099 [ 098 [ 093 [ 100 | 100 | 100 | 083 | 099 [ 1.00
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@®: Rome Auditorium, 700 seats
X

Ik ‘ Help

Sawve to File...

Copy to Cliphoard

Store Reference Signal

Switch to Right Channel

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

Lett Channel

Fregq.(Hz) [ 315 [ 63 [ 125 [T 250 [T 500 [© 1k [ 2k |© 4k [© 8k [T 18k [T Lin [@ A

)
Signal(dB) | 3750 | 5810 | 6958 | 6765 | 63.29 | 7045 | 7474 | 7803 | 76E3 | 7434 | 8348 | 82E2
Noise(dB) | 1710 [ 1318 | 2326 [ 1921 [1871 | 1664 [ 1807 | 2072 | 2168 [ 1977 | 3042 | 26.83
strenGth(dB) | -3150 |[-10890 | 058 | -135 | 029 | 145 | 574 | 903 | 763 | 534 | 448 | 562
CE0 (oBy | -090 | 327 | 060 | 207 | 0719 | 067 | 273 [ 541 | 523 | 1280 | 445 | 432

)

)

)

)

(s)

ceo (@e) | 061 | 38 | 254 | 312 | 219 | 220 | 384 | 693 | 753 | 1700 | 604 | 585
D50 (%) | 4481 | 6798 | 5345 [ 61.70 | 6111 [ 5386 | 6524 | 7767 | 7706 | 95.02 | 7358 | 7293
Ts (ms) [181.27 [10751 [11162 [ 10003 [10851 [10434 [ 8108 | 4846 | 3377 [ 1622 [ 5702 | 58.14

ECT (59| 263 | 243 | 162 | 174 [ 19 | 195 [ 151 | 098 | 074 | 035 | 111 | 114
TZ20 | 3176 | 236 [ 175 | 2o0o | 204 | 190 | 185 [ 149 | 093 | 044 | 172 | 168
rT20 | ng? | na8 | 093 [ 100 [ 100 | 100 | 100 [ 100 [ 100 | 096 [ 100 [ 100
Ti0 (s 318 | 244 [ 174 | 183 | 206 | 191 | 182 [ 162 | 094 | 047 | 175 | 172
r T30 | ngs | o83 | 093 [ 100 [ 100 | 100 | 100 [ 100 [ 100 | 093 [ 100 [ 100
Tuser (s) | 291 | 277 | 200 | 214 | 205 | 215 | 182 [ 149 | 093 | 023 | 164 | 180
r Tuser | 096 | 033 [ o097 | 093 | 089 [ 100 [ 100 [ 100 | 100 | 087 | 100 | 1.00
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" International Conference on “Room acoustics: Design and science”

@®: Rome Auditorium, 1200 seats
|Acoustical Parameters according to1503382 =

Ik Help

Sawve to File...

Copy to Cliphoard

Store Reference Signal

= Switch to Right Channel

"

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

ol i

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
y Noise(dB) | 1469 [ 1318 | 2003 [ 1976 | 2160 | 1802 [1516 | 1533 | 1461 [ 1890 | 2870 | 2438
| strenGth(dB) | -2732 |-1317 | 546 | 538 | -214 | 045 | 313 | 506 | 673 | 625 | 257 | 377
CED @By | -002 | 032 | 184 |07 [ o121 | 284 | 333 | 365 | BRE | 1458 | 5R2 | 45

)

)

)

)

(s)

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

EDT ¢s)| 088 [ 153 | 191 | 185 | 140 [ 140 | 146 | 080 [ 054 | -- | 081 | 041
T20 [ 260 [ 196 [ 175 [ 184 [ 210 | 183 | 177 [ 129 [ 08 [ 033 [ 185 | 154
rT20 | 093 | 085 | 100 | 100 [ 100 | 100 | 100 [ 100 [ 100 | 088 | 099 | 1.00
T30 () 343 [ 213 [ 179 [ 198 [ 217 [ 195 [ 179 [ 138 [ 083 [ 039 [ 168 | 167
rT30 | 096 | 098 | o083 | o983 | 100 | 100 | 100 [ 100 | 100 | 083 [ 100 | 1.00
Tuseris) | -- [ 118 [ 167 | 194 | 189 [ 184 | 165 | 123 | 073 [ 026 | 134 | 1.33
rTuser | -- | 08 | 089 [ 098 [ 099 [ 093 [ 100 [ 093 | 100 | 085 | 099 | 099
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" International Conference on “Room acoustics: Design and science”

@®: Rome Auditorium, 2700 seats
xJr

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
cs0 ¢oB) | 063 [ -267 [ -951 [ -467 [ 188 [ 017 [ 285 [ 221 [ 604 [ 1450 [ 335 [ 376
cao By | 111 [ 458 [ 106 [ 118 [ 4658 | 447 | 596 | 604 [1008 [ 2045 | 695 | B&7
D50 (%) [ 5305 [ 3808 [1007 [2545 [6103 [ 4902 [ 6425 [ 6245 [ 8007 [ 9657 | 6639 | 67.44
Ts (ms) [17638 [10812 [169.95 [12701 [ 8420 | 9407 | 6634 [ 6119 [ 2713 | 514 [ 5267 | 54.43
EDT (s3] 265 [ 083 [ 213 [ 1@ [ 158 [ 176 [ 144 [ 104 [ o074 | -- [ 111 [ 107
T20 s | 284 [ zes [ 223 | 227 | ese [ 252 | 237 [ 188 [ o088 [ o040 [ 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
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’I‘ International Conference on “Room acoustics: Design and science”

@%: Bergamo’s Cathedral, Italy

X|

0]8 Help

Sawve to File...

Copy to Clipboard

Store Reference Signal

Switch to Right Channel

Tuser limits:
i-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 [@ &

Signal (dB) | 6557 | 69.05 | 7403 [ 7418 [ 7397 [ 7553 [ 7915 | 7720 [ 7913 [ 7728 | 8583 | 8519
Moise (dE) | 3861 | 3366 | 3817 | 3088 | 3426 | 3845 | 2924 [ 3085 | 3473 | 3942 | 4563 | 4237
strenGth(dB) | -3.43 | 005 | 503 | 618 | 497 | 653 [1015 [ 820 [1013 | 828 | 683 | 818
(
(

)
)
)
)

y[ 303 [ 185 [ 054 [ 463 [ 377 [ 362 [ 466 [ 133 [ 024 [ 538 [ 215 [ 248
dg) [ 719 [ 224 [ 042 [-392 [-273 [-235 [-308 [-068 [ 124 [ 709 [ -096 [ -176
)
)
)
)

o
mn|

D0 (%) [ 1097 | 6049 | 4688 | 2662 | 2954 | 3028 | 2550 | 3874 | 4859 [ 7756 | 3785 | 36.08
Ts (ms) [513.50 [170.85 |200045 |258.34 [22313 [188.11 [188.95 [137.04 | 87.39 | 31.25 [161.106 [151.22

EDT ()| 622 | 381 | 378 | 350 | 336 [ 2739 | 266 | 220 | 147 | 120 | 2B2 | 238
Teo ()| 470 [ 488 [ 408 | 334 | 295 [ zao [ 2zs2 [ 213 | 144 [ 083 | 304 | 281
rT20 | 099 | nas | 093 [ 100 [ 1o0 | to0 [ 100 [ 100 | 1o0 [ oS3 | 100 | 100
T30 (| 453 | 465 | 391 | 338 | 305 | 280 | 254 | 211 [ 146 [ 086 | 331 | 258
r T30 | 099 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100 | 100 [ 100 [ 100 | 1.00
Tuser () | 573 | 400 | 365 | 3439 | 322 | 294 | 248 | 218 | 138 [ 098 | 289 | 247
t Tuser | 097 | oas | 093 [ 099 [ o&3 | 100 [ 100 [ 100 | 100 [ 088 [ 100 | 1.00

10-Sep-08 Farina, Tronchin, RADS



International Conference on “Room acoustics: Design and science”

Sk

@=: Teatro Valli, Reggio Emilia, Italy

0]8 Help

Sawve to File...

Copy to Clipboard

Store Reference Signal

Switch to Right Channel

Tuser limits:
i-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 [@ &

Signal (dB) | 33.24 [ 5079 | 6347 [e6610 [6838 [ 6796 | 7318 | 7632 | 7964 [ 8210 [ 8365 | 83.26
Moise (dB) | 13.25 | 3282 | 2481 | 2347 [2370 | 2112 [ 2184 [ 2182 [ 2302 | 2994 | 3588 | 3056
strenGth(dB) | -35.76 |-18.21 | -553 | 280 | 062 | 104 | 418 [ 732 [ 1064 [1310 | 465 | 626
(
(

)
)
)
)
dg) [ 185 [ 178 [ 572 [ 174 [ 052 [ 271 [ 506 [ 140 | 162 [1018 | 294 | 263
dB) [ 361 [ 197 [ 583 [ 728 [ 737 [ 557 [ 758 [ 606 [ 820 [1701 [ 846 [ 778

)

)

)

)

|
|
|
|
D50 (%) [ 56881 [86.81 [2112 [4047 [5300 [65.08 [7624 [5783 [59.23 [81.24 [6631 [6d72
Ts (ms) [147.19 [136.86 [101.13 [ 7380 [G56.28 [G6.96 [ 4484 [6236 [4952 [17.35 [ 4561 [ 49.03
[ [ 208 [101 [ 07
I |
|
|
|
|
|

EDT s | 071 | 137 | 094 [ o9z | 067 | -- [ 060 | 07
T20 ()] 270 [ 242 [ 198 191 | 168 [ 164 | 147 [ 130 | 098 | 060 | 128 | 1.24
rT20 | ngs | 084 | 098 093 [ 1on0 [ 1oo [ 1o0 [ 100 [ 100 | 083 [ 100 [ 100
T30 | -- | 1834 [ 278 192 [ 168 [ 188 | 1688 [ 137 [ 103 | 067 | 138 | 134
T30 | -- J o035 [ 093 o0 [ 1oo [ 1o0 [ 100 [ 100 | too [ 087 | 100 | 1.00
Tuser () | 412 | 341 [ 181 164 [ 146 [ 147 | 1368 [ 130 [ 107 | -- | 122 | 123
t Tuser | 083 | 0as | 098 093 [ nas [ 100 | 100 [ ose | 0@ | -- | 098 [ 049
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International Conference on “Room acoustics: Design and science”

Sydney Opera House
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Ok

International Conference on “Room acoustics: Design and science”

<
@%®: Sydney Opera House — opera theatre

X|

Help

Save to File...

Copy to Cliphoard

Store Reterence Signal

Switch to Right Channel

Left Channel

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

Freq.(Hz) | 315 [T B3 | 126 | 250 | 500 | 1k | 2k [T 4k [T 8k [T 16k [T Lin [@ A
Signal (dB) | 49.24 [ 5440 [5863 [6696 [6831 [7203 [ 7513 [7658 [7923 [7834 [8352 | 6343
Moise (dB) | 2642 [ 2249 [2887 [2796 [ 2681 [2735 [ 2888 [ 30165 [36524 [4275 [4227 [ 4017
strenGth(dB) [-19.76 [-1460 [-1037 [ 204 [ 031 [ 303 [ 613 [ 758 [1023 [ 934 [ 452 [ 643
Ce0 (o) [ -390 [ 588 [ 407 [ 365 [ 522 [ 278 [ 123 [ 620 [ 849 [71308 [ 686 [ 538
cal (oEy [ -095 [ 644 [ 487 [ 430 [ 601 [ 389 [ 247 [ 736 [1o2z [1621 [ 706 | B5S
D50 () [2892 [7946 [ 7183 [6983 [ 7688 [6549 [5704 [6067 [&753 [8531 [7a41 [ 7762
Ts (ms) [17344 [ 7367 [ 6581 [G186 [ 4145 [6067 [ 6927 [3133 [1773 [ 663 [3246 | 3548
ECT (5[ 1681 [ -- [ 138 [ -- [ 186 [ 139 [ 144 [ 148 [ 119 [ -- [ 145 [ 145
Ten (o) [ 183 [ 148 [ 111 [ 103 [ 116 [ 122 [ 128 [ 124 [ 089 [ 088 [ 118 [ 121
rT20 [ 0893 [ 087 [ o898 [ o099 [ o083 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100
Tan (s [ 235 [ 1w [ 122 [ 1a0 [ 113 [ 126 [ 132 [ 124 [o9e [ os8 [ 122 [ 1.24
r T30 [ 0897 [ 087 [ o898 [ 089 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100 [ 100
Tuser () | 179 [ 203 [ 142 [ 110 [ 118 [ 128 [ 117 [ 130 [ 104 [ 065 [ 122 [ 1.23
rTuser | 096 | 086 [ 093 [ 095 [ o9 [ 099 [ 100 [ o093 [ o093 [ o098 [ o939 | 099

10-Sep-08
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’I‘ International Conference on “Room acoustics: Design and science”

e Sydney Opera House — concert hall

Ok ‘ Help

Save to File...

Copy to Cliphoard

Store Reterence Signal

Switch to Right Channel

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

Left Channel

Freq.(Hz) |~ 315 [T B3 | 126 | 280 | 500 | 1k | 2k [T 4k [T 8k [T 16k |@ Lin [T A

Signal (dB) | 47.96 [ 5402 [ 6073 [ 6465 [ 6668 [6788 | 7182 [7409 [7729 [7528 [ &1.04 | 8040
Noise (oB) | 26.93 | 2428 | 2863 | 2657 | 2940 | 3153 | 2973 | 2961 | 2961 | 3473 [ 3943 | 3793
strenGth(dB) | -21.04 [-1498 | 887 | 435 | -232 | -102 | 2892 | 509 | 829 | 628 | 204 | 340
( |
( |

CED (B | 164 | E:28 248 | 481 [ 538 | 191 | 248 | 7BE6 | 1170 [17281 | 746 | 77
ce0 ey | 235 [1009 [ 148 [ 585 | 615 | 280 | 340 [ 873 [1371 [ 2143 | 848 | 816
D50 (%) | 5936 | 8093 | 3612 | 7516 | 7753 [ 6064 | 6391 | 8538 | 9366 | 98.37 | 8477 | 8391
Ts (ms) 17515 | 5966 [14327 | 59.08 [ 5170 [ 9717 | 8517 [ 3095 [1133 | 433 [ 33068 | 3531
EDT (s) | 265 | 046 [ 1@ [ 171 | 2oo | 267 | 267 [ 147 | -- | -- | 184 | 178
Teo sy | 466 | 187 [ 17a [ 211 | 2og | o229 | 230 | 192 [ 119 [ 047 | 206 | 270
rT20 | 089 | o087 | 0% | 098 [ 100 | 100 | 100 [ 100 | o8 | 093 [ 100 | 1.00
Ta0 5| -- [ 413 [ 173 [ 195 | zo7 | 226 | 232 [ 187 | 126 | 063 | 213 | 217
r T30 | -- Jo8s | o9 [ 099 [100 | 100 | 100 [ 100 [ 100 [ 095 [ 100 | 1.00
Tuser(s) | 226 [ 144 [ 227 [ zo6 | 2o | 227 | 225 [ 18z | o@d4 | 102 | 138 | 204
r Tuser | 097 | 082 [ 09 [ o098 [ 100 [ 100 [ 100 | 099 [09 | 082 [ 099 | 093

10-Sep-08 Farina, Tronchin, RADS



International Conference on “Room acoustics: Design and science”

Sk

@®: Sydney Opera House — the studio
X

Ok Help

Save to File...

Copy to Cliphoard

Store Reterence Signal

Switch to Right Channel

™ Tuser limits:
(-5. dB.-15. dB)

Left Channel

Signal (dBy | 49.27 | 5555 [ 57.72 | 6265 | B697 | 7052 | 7305 | 7405 | 7754 | 7RE1 | 8167 | B1.49
Noise (oB) | 2664 | 2370 | 2930 | 2366 | 2031 | 1840 [ 1720 [1827 [1995 | 2505 | 3483 | 2723
strenGth(dB) | -19.73 [-1345 [-11.28 | 635 | -203 | 152 | 405 | 505 | 854 | 881 | 267 | 449
(

(

CRO (dBy | 278 | 319 [ 146 | 644 | 924 [1057 [ 1063 [ 1235 | 1483 | 1840 [ 1247 | 1256
ca0 (oEy | 617 [ 805 [ 533 | 923 [1109 [1338 [1312 [1523 [1830 [ 2310 [ 1632 | 1536
D50 (3%) | 6546 | 6758 | 5830 [ 8151 [ 8935 | 9193 | 92715 [ 9450 [ 9682 | 9857 | 9465 [ 9475

Ts (me) [10432 [6334 [7258 | 3749 | 1927 | 1484 | 1486 | 84z | 646 | 241 | 6.0 | B.66
EDT () 088 | 062 | 106 J o8 | —- | —- | — [ - [ - [ - [ - [ --
Te0 (s)[ 167 | 096 | 147 | 083 | 076 | 068 | 068 | 061 | 060 | 037 | 063 | 061
rT20 090 [ 096 [ 09s [ 098 [ 049 | 043 | 099 | 100 | 048 | 089 | 1.00 | 1.00
T30 ([ 163 [ 128 [ 144 [ 083 | 074 | 070 | 068 | 06a | 049 | 036 | 06a | 064
r T30 093 [09s [ ooa [ 099 [ 100 | 100 | 100 | 100 | 100 | 100 | 1.00 | 1.00
Tuser(s) [ 087 | 054 [ 120 [ 078 | 074 | 057 | 060 | 067 | 041 | -- | 054 | 053
rTuser | 087 | 099 | 099 | 098 | o9a | 093 [ 098 | nga | o83 | -- | 083 | 099

10-Sep-08 Farina, Tronchin, RADS



’I‘ International Conference on “Room acoustics: Design and science”

e Teatro Regio in Parma (Italy)

I Acoustical Parameters according to ISO3382 X
— oK, ‘ Help — A
e ‘,"
Save ta File... 4
2 Copy to Cliphoard
Store Reterence Signal ‘ : I
- — |
. Switchto Right Channel 1 1 =
Tuzer limits: | FI
(-5. dB. -15. dB)
ﬁ Left Channel ﬁ I I
|
E;-‘ Freq.(Hz) [~ 315 [T 63 [~ 125 [~ 280 [ 500 [C 1k [T 2k [T 4k [T 8k [T 16k [T Lin [@ & =
\ Signal (¢B) | 4860 [ 5348 [ 5725 | 6089 |6681 |6976 | 7243 [ 7161 [ 7165 | 6916 | 7855 | 7863 N
Moise (dB) | 2521 1888 [ 1332 [ 1941 [1937 [ 1686 | 1438 [1367 [15588 [2160 [ 28726 | 2am
strenGth(cB) | -2040 [-1652 [-11.75 | -1 | 219 | 076 | 343 | 281 | 265 | 016 | 045 | 163 I—
ce0 (e | 548 [ 137 [ 023 [ 025 [ 077 | 046 | 123 [ 225 [ 693 [11a4 | 257 | 24
CA0 (¢By | 370 | 280 | 348 | 182 | 426 | 261 | 324 | 488 [1051 [1560 | 483 | 469
DE0 (%) | 2216 [ 5781 | 5130 [ 5145 | 5444 | 5267 | 5736 | 6267 | 8333 [ 9286 | 6440 [ B3EG
Ts (ms) | 20212 [12381 [10250 | @664 | 6718 | 76.24 | 6754 | 5241 | 2087 [ 1071 | 5318 | 54.42
ECT (=) 226 | 179 [ 164 | 118 [ 109 [ 120 | 136 | 196 [ 063 [ o038 [ 132 | 113
Teo =) | 294 [ 281 [ 186 [ 121 [ 111 [ 107 | 088 [ 087 [ 068 | 047 | 1m0 | 047
rT20 | 083 | o039 | o088 | 083 [ 100 [ 100 [ 100 [ 100 [ oes [ o9s [ 100 [ 1o
T30 (s | 288 | 217 [ 165 [ 133 | 1318 | 105 [ 100 | o087 [ 065 | 042 | 107 | 099
r T30 | 096 | 08 [ o093 [ o099 [ 100 [ 100 [ 100 [ 100 [ 099 [ o0& [ 100 | 1.00
Tuser (sj| 195 | 245 | 136 | 097 | 1317 | 105 | 084 [ n8s [ no&s | 040 [ 102 | 049
t Tuser | 096 | 086 | oBs | 098 [ 100 | 100 | 099 [ o&s | 098 | 098 [ 089 | 049

10-Sep-08 Farina, Tronchin, RADS



‘ International Conference on “Room acoustics: Design and science”

@S¢ Acoustical Parameters (1SO 3382)

Reverberation Time T,

Clarity Cg:
Definition D:

Center Time Tq:

10-Sep-08 Farina, Tronchin, RADS



Strength:

|JACC:

LF:

10-Sep-08

‘ International Conference on “Room acoustics: Design and science”

@8 Acoustical Parameters (1SO 3382)

G=SPL-L,+31 dB

J.hd ’C+t

\/jhd )-dr- jh T+t)-dt

—o0

p(r)=

80ms

jh rdr

LF Sms

80ms

[ 1 (c)-dz

80ms

Ihy -hy(t)-dt

5ms
LFC = 80ms

Ihwz(r)-dr

Farina, Tronchin, RADS



International Conference on “Room acoustics: Design and science”

Analysis of spatial attributes

lace dtl
‘ (0] | Help _OK
IACC: 0.34427 10.219 [me]
Saveto File.. ol Clipboard

Tau IACC 0.0 [ms]

Copy to Cliphoard

Acoustical Parameters according to IS02382 X| X

W AT 0.010417 [ms] 25.448 [mg)
Store Reference Signal Righi
Tsuh
Switch to Right Channel
14649 [g] 1.4458 [g]
Tuser limits: Left Right
(-5. dE. -15. dB)
Left Channel

Freg. (Hz) [~ 315 [T 63 [T 125 [ 280 | B00 [T 1k

Signal (dB)
Moise (dB) [ 5.47 [ 1564 [1587 [1910 [ 1634 [ 1156 [ 1442 [11.43 [1225 [ 1563
strenGth(dB) [-33.70 [1552 [1005 [ 725 [ 122 [ 042 [ 384 [ oo [ o081 [ -453
ce0 (dE) [ 200 [ 040 [ 543 -228 [ -303 [ 134 [ -0o8 | 248 | 382

{dB)

)

]

]

]

4 [C ek ek tn [ A Lateral Fraction X|

3630 [ 6348 [5895 [61.75 [G778 [6942 |[7284 [ 71.00 [6a81 [64m | 7836 | 7803
2544 [ 21.01
-06d [ 103

082 | -0.85 Cliphoard
158 [ 1.35

can @ [ 420 [ 133 [ 1.4 115 [ 016 [ 088 [ 174 | 537 | 925

[
[
[ [ [
[ [ [
D50 (%) [ 6134 [ 4771 | 2z27 | (3706 | 3325 | 4235 | 4954 | 6373 | 7065 | 4530 | 4513
Ts (ms) [ 15256 | 14612 |150.74 | 160.39 | 12506 | 126.79 [123.61 | 93.17 | 4644 | 2661 [103.75 [105.73 LF: 013835
EDT (s) [ 214 | 247 | 205 | 267 | 183 | 189 | 21z | 170 | .08 | 081 | 1.5 | 187
Ten (s) [ 324 | 264 | 266 | 223 | 209 | 223 | 247 | 185 | 103 | 056 | 211 | 210 . ’W
vTe0 [ 100 | 098 | 180 | 100 | 100 | 100 | 1.00 | 100 | 100 | 083 | 100 | 1.00 :
Tao (s [ 426 | 304 | 261 | 230 | 217 [ 226 [ 217 | 141 | 114 [ 057 [ 215 | 213
yT30 [ 096 | 098 | 100 | 100 | 100 | 100 | .00 | 100 [ 140 | 100 | .00 | 1.00 LFC: 0.093835
Tuser (s) [ 351 | 237 | 277 | 246 | 213 [ 219 [ 213 | 174 | 103 [ 042 | 202 | 200
rTuser | 098 | 095 | 099 | 099 | 089 | 700 | 1.00 | 700 [ 100 [ 083 | .00 | 100
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International Conference on “Room acoustics: Design and science”

@S: Polar diagrams of IACC and (1-LF)

IACC Auditorium Parma - Sorgente a sx (1-LF) Auditorium Parma — Sorgente a sx

Auditorium 1-LF IACC
Parma 02728 0.266
Roma 0.676 0.344
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“ International Conference on “Room acoustics: Design and science”

S

Auralization by convolution

The basic method consists In
convolution of a dry signal with a set of
Impulse responses corresponding to the
required output format for surround (2
to 24 channels).

The convolution operation can
nowadays be implemented very
efficiently on a modern PC through an
ancient algorithm (equally-partitioned
FFT processing, Stockam 1966).

10-Sep-08 Farina, Tronchin, RADS




" International Conference on “Room acoustics: Design and science”

@

Auralization types

Stereo (ORTF on 2 standard loudspeakers at +/- 30°)

Rotation-tracking reproduction on headphones
(Binaural Room Scanning)

Full 3D Ambisonics 15t order (decoding the B-format
signal)
ITU 5.1 (from different 5-mikes layouts)

2D Ambisonics 3 order (from Mark Poletti’s circular
array microphone)

Wave Field Synthesis (from the circular array of
Soundfield microphones)

Hybrid methods (Ambiophonics)

10-Sep-08 Farina, Tronchin, RADS



" International Conference on “Room acoustics: Design and science”

§
- ORTF Stereo

S

9@)

2 Microphones
2 Loudspeakers

Playback occurs over a pair of loudspeakers,
In the standard configuration at angles of +/-
30°, each being fed by the signal of the
corresponding microphone

10-Sep-08 Farina, Tronchin, RADS




’“ International Conference on “Room acoustics: Design and science”

as: Binaural (Stereo Dipole)

Original 2-channels recording of the signals coming from N sources

A 4

Cross-talk
canceller

X

Reproduction occurs over 2 loudspeakers angled at +/-
10°, being fed through a “cross-talk cancellation” digital
filtering system

10-Sep-08 Farina, Tronchin, RADS



International Conference on “Room acoustics: Design and science”

Binaural (Stereo Dipole#2)

| convolver |
Xi —»—_» i
Binaural 7 ®f"
stereo signal _ ®f | ‘(‘Y‘
] >
Xr+—’ ®frr _’GY')
lyl Yr
R
hIr hrI
hII hrr
P i Pr
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International Conference on “Room acoustics: Design and science”

Binaural (Stereo Dipole#3)
I = (hrr )® InvDen
il ( hy, )®InvDen

£y = (= h,;)® InvDen - Con [C(a))]

£, = (hy; )® InvDen InvDen(a)) 3 Conj[C (a))i C (a))+ 8((0)

C(a)):FFT(hll)'FFT(hrr)_FFT(hlr)'FFT(hrl)

InvDen = Inszlter(hH & h,,,, hl,, & h,,l)
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€%  Binaural (Dual Stereo Dipole)

Scheme advantages:
= 3D sound reproduction
= Rotating of the head

= The cross-talk filters
could equalise also the
loudspeakers

disadvantages:

Low fr S
Subwoofer //

= Coloration outside the
“sweet spot”
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@S¢ Binaural (Dual Stereo Dipole#2)

Frontal
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aF: Ambisonics 3D 1St order

&

Ambisonics decoder [——»

T

> B-format 4-
channels signal Speaker array in the
SoundField Microphone (WXYZ) reproduction room

Reproduction occurs over an array of 8-24 loudspeakers,
through an Ambisonics decoder
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Q¥

Rooms for Ambisonics 3D 1St order

University of Bologna

=l — e
University of Parma
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Willlams MMA

Schematic of the setup
C : Cardioid, 0°

L, R : Cardioid, + 40°

LS RosEakd|oldss 4202
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Q¥ ITU 5.1 surround
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Schematic of the setup
G Eardiplas0s

L, R : Cardioid, + 90°

|sS ARS="Cardieid=r=150%

Farina, Tronchin, RADS

RS




" International Conference on “Room acoustics: Design and science”

Tk ITU 5.1 surround

C
OCT T .

Schematic of the setup 73 em
C : Cardioid, 0° i sem
L, R : Super Cardioid, + 90° I
LS, RS : Cardioid, + 180° LS’;’ \ Rs
| ' e
Toem

& Visual Virtual Microphone
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@=: Virtual high-order microphones
(M. Poletti)
One of the two ORTF cardioid is .
employed, which samples 36 v
positions along a 110 mm-radius /0%)
circumference

0

From these 36 impulse responses it
IS possible to derive the response of
cylindrical harmonics microphones |~ :
(2D Ambisonics) up to 5th order.

180
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Q¥ . .
Wave Field Synthesis (WFS)

Flow diagram of the process
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@®: Hybrid methods (Ambiophonics)
Ambiophonics 3D (10 loudspeakers):

Up Left

Rear Left
Up Right 7

Front Left
Rear Right
-
‘\ Down Left
>~ 2
Front Rightl l
Down Right
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Q¥

Hybrid methods (Ambiophonics#2)
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as;

s sound sources used for IR measurements

Conclusions

The spatial informations have to be accurately sampled,
making it possible to store, analyze and preserve these
“3D acoustical photographies” of existing musical spaces
for the posterity

Many different kinds of impulse-response measurements
are required for different 3D auralization methods: a
proper set-up should include all different approaches

Once the impulse responses are stored Iin suitable
multichannel formats, they become available for surround
productions with today technologies (ITU 5.1, 1st order
Ambisonics) and future, more advanced methods (high
order Ambisonics, WFS, Ambiophonics)

The only point which requires substantial enhancements
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@S:  Future enhancements

- Sound source for realistic
emulation of an human singer
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Future enhancements

7 Omnidirectional sound source with
enhanced power frequency response

Dodech. LookLine D300 + Sub Audio Pro B2.27
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