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e Measurement:
- measuring the ‘Sabine guantitites’
- ‘measuring impulse responses
- state-of-the-art: array measurements
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abine’s m

. Phﬁzally ha-r_dl_y accepté_ble:
- concentrations of absorption (dressed
audience!)

- |.f.-resonances
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- L,=L, - 10logA/4
* Results unreliable in practice:
- model doubtful

- A difficult to determine
» Therefore: permanent attempts for improvement
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e At the critical distance, direct and reflected
sound are equally strong
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. Together:|

SPL

reflections <« — direct
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sten’s model for concert halls (ca
t ssumption: ta from

Beranek’s book (1962)
« m.f (500-1000 Hz) result for halls with full
audience: Ceq
61.075,
1V 1V

e Remember Sabine: T60==—= m=s
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SOUI(

A tion bet
receiver Is fully specified by the corresponding
Impulse response

» This approach asked for new models
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Mirror image source model (1)

o Approach to calculate impulse.responses
* pp' i!_ o ; p & B. ﬁ
» Reflected wave can be interpreted as the
direct sound wave of a source behind the .
reflector; cf. mirror image

 Infigure:
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Mirror image source model (2)

" mirror image source pattern of a pentagonal 2D
hall:

* gives insight
In spatial
distribution
of reflections!

30630 Mirror-images
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« For a<1(diffuse)): In(1-&) —»a ,or:
Eyring = Sabine!
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Ray tracing model (1)

o Also intended:to calculate impulse
~ responses . S
« wave fronts of source are ‘spatially
sampled’ into rays, which are traced on

their way through the room to build up the
Impulse response at the listener position

e In figure:

recejiver
sphere ~

PSS
#
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, since
hits receilver point Is zero...

* Only a statistical version of the impulse
response can be obtained

o. (Better) variant: cone tracing
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concepts

o “Full-wave modeling” (Lahivaara et al.,
2008)
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the right way and with crltlcal consideration!
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measured sim 1 sim 2
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- measuring the ‘Sabine guantitites’
- ‘measuring impulse responses
- state-of-the-art: array measurements
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Sabine’s RT measurement setup
w (L

L _
‘microphone’ was
Sabine’s ear! chronometer

- --.organ pipe I

from:

Sabine, Collected Papers

Fie. 1. Chronograph, battery, and air reservoir, the latter surmounted
by the electro-pneumatic valve and organ pipe.
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recorder — fed by (filtered) microphone
sighal — formed the standard equipment
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Reverberation curves

r“diffuse’ fiold

P (1) = Prs (O) €~
linear slope,
T60 =2 T30 etc

linear slope

coupled spaces,
double decay,
T60 undefined

early slope
determining EDT
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- hic
d
- omnidirectional
- repeatable
o Candidates as (alarm-) pistols, popping
balloons, pulse generator driven

loudspeakers,....) all have serious
shortcomings
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Example Dlemer S I\/ISC plstol

» | | P
' ?retty shortand

wide-band

e pretty rich of
energy

one unit = 0.2 ms T _ T bUt

e not omni-
directional

e not repeatable
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a. SM chirp) —
can be any other
appropriate signal
b.-deconvolved sweep

C. SWEepP response

d. deconvolved sweep
response

e. squared version of d

M |

2

i
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Individual Tmpulse responses:
- difficult to interpret
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Eyeopener: multi-trace I.I.
measured along mic array

29
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Array Recording

‘ offset

]
| TUDelft

time Laboratory of Acoustical Imaging and Sound Control
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First attempt (1996) in a smal
Delft lecture hall

= o~ sidewall
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e This way, with some approximations,
measurements at other array positions can be
simulated = one array measurement gives data for
complete hall!
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real array
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components with grazmg mudence on one
cross leg have close-to-normal incidence to
the other one — and vice versa.
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Cross-shaped array measurements
Concertgebouw Amsterdam

: ",.l iﬂi h_'” * .-J
Extrapolafion o different rectangular

arrays for reproduction by (old) TU Delft
WES system

Reproduction ®
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acoustical perception

e So: predicting perception from a local
measurement Is ‘gambling’
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Wave Iinterference

[+ 1
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noise: when i.r. are measured with high
signal-to-noise ratio, fluctuations decrease
for some parameters
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ere

- apply filter to 1.r. which takes perception
mechanism (masking etc.) into account

- average parameter values over Space
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spaciousnéss”, J. Acoust. Soc. Am. Vol.
110, pp. 947-954, Aug. 2001.
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do H neasure
along a circular array of positions (1
microphone on a rod rotating on a turntable)
IS much faster (12 min. for 1 source
position) and provides (almost) same
features
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oncertgebouw measurements

lllllll i

iversity of Technology

e
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Cylindrical harmonics

 They can be combined to simulate a
microphone with any directivity!
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Order 0+1 Order 0-2 Order 0-3 Order 0-4

o 9 ! !

Order 0-5 Order 0-6 Order 0-7 Order 0-8

! !
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In figure:
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