AURA - Analysis Utility for Room Acoustics

Merging EASE for sound reinforcement
systems and CAESAR for room acoustics




Overview

e Introduction
e Look at EASE 4.0

e New room acoustical simulation in EASE
— Algorithms




Application of computers Iin
sound system design

o until 1965
mainly in selected cases In research centers by
means of huge computers

e 1965 -1980
Using computer chips of integrated-circuits




Application of computers in
sound system design

1983, CADPL1, graphic CAD for MS-DOS based program by JBL, Version 1.0

1984, CADP1, graphic CAD for MS-DOS based program by JBL, Version 2.0

1986, BOSE-Modeler, first full graphic CAD Maclntosh-based program
Version 1, 1986 by K. Jacob, T. Birkle/Bose/USA

1986, CADP1, upgrade of program for VGA resolutions. First use of color
for displaying variations in coverage. by Bruce C. Olson, last version 4.53

1987, Acousta-CADD, first full graphic CAD MS-DOS based program
Version 1 by A. Muchimaru Altec Lansing/USA
1988, Nexo-CADD, full graphic CAD MS-DOS based program




Application of computers Iin
sound system design

1993, EASE Version 2 and updates

1996, Acousta-CADD
Production terminated

1996, ULYSSES, by IFB/Germany (P. Hallstein)
Version 1, now windows version 2.41

1997, CADP2




Room Acoustics Programs

1988, CATT-Acoustic, by Dalenback/Sweden
Version 1, now version 7.3

1991, ODEON, by Naylor & Rindel/Denmark
Version 1, now version 4.2

1994, RAMSETE, Farina/ltaly,
Version 1, now version 2.XX




Past

State of the art

Room acoustical simulation
t Calculation

time .
Room-acoustical
simulation




State of the art  |[future ...
Room acoustical simulation

t Calculation

time Joint room- and electro-
acoustical simulation
CAESAR + EASE
AURA




basics,
Room acoustics |assumptions

Sound propagation in rooms is described by
Impulse responses (source-to-receiver)

The room Is considered as LTI system. Impulse responses
contain all acoustic information

Impulse responses can be processed to obtain single
number quantities (T, C, LF, ...)




Synergy

EASE + CAESAR

EASE - ADA CAESAR - ITA
» Electro acoustics o 15 years experience
o Speaker database e Proven in two round robin
e Directivity DLL tests
e 3D-visualization e Room acoustical parameters

— ray tracing
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Rough or corrugated surfaces
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Source and room editor




Magnitude and Phase balloon

IEASE 40 /EASE Hall/ 1611, 2000 230626 7 ADW

BEEaEIEEES0aEEEEE

TEASE 40 JEASE Had 7 Y618 2007 221015 7 ADA Ascussie Daton At Wekaans Ahaad



Magnitude and Phase balloon

Souech SPEASER 7
Honu . LOUGSPLARER, inc. Rl
ABanuation Deta schuer; LOUDHLARLR Inc.
5* Alkernsgion ta "‘“'D"'
Pt Bakoon |
o B om 150 M 16871

Fiied Badoen

Fray 5000 W

c EASE 40/ EASE 16/ 16102000 ZX0EET J ADA Acounts Devign Aher! Woligang Atmert

IEASE 40 /EASE Hal 1611 X




Line Array Simulation

Source: Intelltoxdc

) EASE 4.0 / Test / 16.11.2001 23:32:07 / ADA Acous Manufacturer: Duran Audio
Computed Direct SPL Balloon
Interfarence :
Interference Sum
Bandvadth: 1/3 Octave
Map Radiuz 20m
Faint Balloon :
Freq 1000 Hz

30 Perzpective

t Wolfgang Ahnert
Direct SPL [dE
hd

Speed OF Sound: 342,000
Hurnidity: £0.000
Opening Angle; 8.000
Elevation Angle: -2 000
Focuz Distance: 20.000

g L

[c] EASE 4.0 /EASE Hall / 16.11.2001 23:40:32 / 404 Acoustic Design Ahnert Wolfgang &hnert



Line Array Simulation — Direct SPL

Drirect SPL [dE
Maw 123,06
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[c] EASE 4.0 / Test A 16.11.2007 22417:44 F ADA Acouztic Design Ahnert ' olfgang Ahnert



Line Array Simulation — With Baffle

Drirect SPL [dE
Maw 123,06
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o] EASE 4.0 / Test_shadow / 16.17.2001 22:21:23 / ADA Acc 1%12
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[c] EASE 4.0 / Test_shadow /16172007 22:2259 £ ADA Acaustic Dezign Ahnert Walfgang Ahnert
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Texture Mapping in EASE

=
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Room acoustical computer simulation

Objective single number quantities
%;%i“ -*-.‘.,;,
CAD model + |
material data / - W
\! l Simulation P
2 algorithm
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Calculation #1  (Single Map)
File: E:~EASE40 Beta“~FProject=z40~Wihnhert~O0FPHT~Mapping~Privacy Index - Audience.emnp

Direct & Statistical Field Mapping, 12762001 1:24:29 AM
Shadow : On

Interference

Interference Sun

(Spealer Phase used)

Bandwidth @ 1.3 Octawe

Hoi=ze : On

Freg[H=z] Hoi=e[dE] ET[=]
1000 31.00 n.24
Seats: 1]
Area Data Points: 22250 I
Face Data Point=: 1]

Map= awailable:
Privacy Index

Loudspeaker = PERES
Pozition[mn] = = 1.2 v ==Y .6d = = 1. 23
Direction["] h =0 v =01 =1

Spealer = MAHNH HORMA

Delav[m=s] = 0

Freqg[Hz] Lewvel[dB] FPhasse[deg]
100 49 .00 0.on

125 49 .00 0.00
160 51.00 0.o0
200 £3.00 0.00
250 55.00 0.00
31t Ee. 00 0.00
400 £7.00 0.00
500 58.00 0.00
E30 EL .67 0.00
800 53.33 0.00
1000 51.00 0.o0
1250 49 67 0.00
1600 44 .33 0.00
2000 47 .00 0.00
2500 45 67 0.00
3150 44 33 0.00
4000 43.00 0.00
5000 41 .33 0.00
6300 39.67 0.o0
egoo ag. oo 0.00
10000 3g. oo 0.00

ADA



Room acoustical computer simulation

Objective single number quantities
%;%i“ -*-.‘.,;,
CAD model + |
material data / - W
\! l Simulation P
2 algorithm




Impulse response calculations

Image Source 5721
second order

Image Source §°12
second order

Image Source 52
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Image sources

wall 1

e Geometrical
construction

S R
o Audibility test

l * Very expensive

for high reflection
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Ray tracing

ray source ¢—— | distance law: ray density
v

wall reflection |4

v source
detection

detector




Hybrid models

e “Forward audibility test of image sources”

e Rays (cones, ...) hitting a receiver can be addressed to audible
Image sources

« Dialects: Tracing of cones, triangular beams, pyramids, ..
e Higher Order possible but some mirror images are missed
« Parameter : spatial resolution = calculation time




Echogram

» Recording of counts and energy In time
histograms

tray = rray/ C

|

”'0” 00 j OO




Energy time curve
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Auralization — Real-Time
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SPL vs. Delay at 1000 Hz
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Limitations of computer models

uncertainties sound field modeling
acoustically correct model of
the room?

conflicting demands!

diffraction? focusing?
material data

complex surface impedance?

scattering coefficient?

Factors causing

Surface Impedance

Sound Field

Auditorium




Advantages of EASE 4.0
computer models

e General items
— Time of calculation
— Import and export to and from other CAD programs
— Virtual acoustic
— Combination of statistical and wave model calculations

e Qverall simulation
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