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SMALL SCALE MODELS AND COMPUTER TECHNIQUES AS DESIGN AIDS FOR
AUDITORIA.
A+ He Marshall, The University ef Vestern Australia.

l. INTRODUCTICHN 3

Fer at least 40 years scale models have been commonplace in the
study ef Auditorium acoustics, and for about 10 years the possibile
ity of mathematical modeling by digital computer has been recognised.
(1)

Since 1967, both techniques have been used in the acoustics
laboratery in the University of Western Australia as design aids for
the production of real buildings as well as fer student designs in
the School of Architecture. This paper deals withb some aspects of
this experience.

1.1 Blecks of equipment at the University of Western Australiae.

There are three major blecks ef equipment in the acoustics
laboratory which are used for the design and analysis of auditoria.
These cemprise equipment for &

{a) Model measurements of spark generated reflection sequences.
(b) Analogue simulation of reflection sequences in an anecheic
room, using direct sound, three independantly varlable

delays and six dependent variable delays, and an EMT
reverberation plate. A PDP-11 computer is at present being
interfaced te this simulater to control the presentation ef
the sound fields.

{¢) Digital analytical processcs.

2e¢ SCALE MDDELS 3

Scale models of auditoria range extensively in size, elaborat-
ien, and in the claims made for them by their constructers. At
their simplest they may be used, as we have used them, to measute
the time spacing of reflections at a particular seat in an muditer-
jum, or te trace rays optically. At their most complex, with the
use of time-scaling tape recorders it is claimed that they may be
used to predict reliably reverberation time, early decay time, and
even to permit the accurate simulation of feom conditions se that
susic recorded with scaled time in the model is recognisably the
same as that recorded in the real room. (2) Apart from the eenszid=-
erable technical difficulties involved (suitable air conditions,
accurate scaling of boundary and audience abserption) such sephiste
icated models have one major disadvantage in a design process. Te
function at all they must be large (1/10 te 1/15 full size). Their
censtruction then becomes a significant percentage of the total
building cest _and ia not pessible at all until the building designs
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are gubstantially complete. Having constructed such a model, the
designers® cheice of further designs is prejudiced by its very
existence., In ather words the construction of an elaborate medel
implies that the acoustical and other design problems are already
solved of @t least decided and if that is the case it is difficult
te see the point of the model.

3s SCALE MODELS FOR MEASUREMENT OF REFLECTION ARAIVAL TIMES :

By comparison, the cost of a medel suitable to measure reflect=
jen arrival times is trivial, the time scaling is easily performed
on an pscilloscope, and the model can be easily altered and adapted
to make corrections. We normally use models of §" er 1" = 1'0"
scale = these being the scales customarily used on architects draw-
ings and close to their metric eguivalents 13100 and 1150,

3e1 Equipment.

The sound source is a spark discharging between electrodes and
controlled by a generator with a variable spark rate. The sound is
detected by condenser microphones, either these made in the laborat-
‘ery to @ design develeped at Goettingen, (3) or 3" or 3" Eruel &
Ejaer microphones. A simple high pass filter is used to combat
traffic noise from'a pearby highway. It is found that a low freg-
uency cut=off pbout 9 4B per ectave below 10 kHz is adequate for
this purposs. The impulse response of the Bruel & Kjaer 1/3 ectave
filters in the spectrometer itself is found to obscure details of
the reflection sequence. The reflection sequences are displayed on
a dual trace storage escilloscope triggering on the stray E.M. radise
tien frem the spark. By storing an initinl sequence en the upper

half of the screen and then viewing it dynamically on the lower, the-

effect of alterations te the medel may be sbserved directly. Indive
idupl components of the trace are identified by absorptien with a
cattonwool probe.

4, ANALYSIS :

The objective of the mezsurements is the determination of the
audibdlity of various cemponents of the reflection sequence, One
must take imte account both the probablg attenuation in transit from
the seurce, and the psychephysical data which are available.

4.1 Echoes.

Late reflections are easily detected en the trace and may be
considered in terms of the various ¢riteria fer mcceptibility fer
echees of speech or smsice

4.2 Masking.

A basis for the aceustical design of halls has been describedd4)

A procedure has been evelved for pletting the reflections em a
1eg time scale and for applying the data of Watters & Schultz (5)
and Schubert (6) te the resulting sequence. This procedure will be
reported io detaill elsewhare. The precess is tedious and time
consuming and one is limited by the number of micrephone positions
which are accessible in the medel. It is not easy te lecate beth
source and receiver pesition accurately in a small scale model which
is cemplex in shape. The main liwmitation however is the difficulty
of including in the analysis the Schubert data on the effect of
angle of incidence.{azimuth) upon the thresheld of audibility. The
sscilloscepe trace dees net, of ceurse, include this information, and




it is very difficult te measure it in a model with the equipaent we
have. Directional miniature micrephones would possibly be the
answer te this problem, but wmanipulatlon within the model, which is
not easy with the simple micropheones we use, would then be even more
difficult. No particular account is taken of diffraction effects in
the model, though in its design and comstruction and in the auditor=
jum itself the sizes of elements are in part determined by these
considerations.

443 Conclusions.

In spite of these difficulties the technigue has much te commend
it. It promotes comprehension of the distribution of reflections in
spece and time in a form which is partitularly useful to the design-
er of the roos. One can examine the conditions for good speech
intelligibility at sight (one or mere strong reflections prier. te -
35 MS after the direct), and ore can easily determine the surfaces
which must be made absorbent to gveld cnwanted late reflectiona. In
Concert Halls, subjact te the iimitations noted in the previous
paragraph one can study the reflection sequences sufficiently accur-
ately to set up the principal components of the sound field on the
simulator, and te experience planmed changes in these principal
components, corfesponding to changes in room sucfaces. These tech-
niques have been used with success in the design of an 800 seat
School Hall and are.being used in the design of both the Christchurch
(K.Z.) Tesm Hall = a 2500 seat auditorium and the Perth Cencert Hall
= 8 symphony hall for 2000.

The usefulness of the equipment in the lectures and laborateries
of the acoustics courses offered at the University is of course
considerable.

5, DIGITAL METHCDS :

It will be spparent that apart from the qualitative and conceptw
wel benefits of a model study, all the above process could he model-
ed mathematically and are amenable to a computer approach., A recent
study (7}, which will be reported in detail elsewhere, permits any
pall to be modeled in this way.

The progremme computes 3 direct and reflecticn transit times
: to every seat from any choseu source
pesitien. .

s Indicates obstructien of the direct
geund and se the adequacy of sight-
lines.

t Tests each reflection for obstructims.
3 Orders the reflectiens temporally.

t Cemputes their sound pressure level
relative to the direct seund and
angle of arrival relative te the
median plane of the observer's head.

1 Applies the masking data we have
(frem Schutert) fer laterml reflect=
iens relative to the frental seund
which precedes them.
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1 Displays plans of the seating
blecks with a plot of seats
which do not fulfil the criter=
ia, tegether with the computed
reflection seguence and masking
fer any selected seat.

The length ef the computation and the speed of the PDP=5, 48K
computer in this University limit the degree to which direct design
interaction is pogsible here, but it is obviously a small step on a
larger machine to use this programme to desigm a hall directly. The
programme has recently been further generalised to include comparis-
on of late reflections with the echo criteria mentioned earlier. It
is far easier to modify a ball design by changing data en the
coordinates of a plane than it is to change even a simple model.
Scale models are however still useful.

The associated print out enables one te set up reflection
sequences on the simulator and associated model studies permit both
an easy check of the computation, and rapid visulation of the modif-
ications one might wist te make to the room. FPresent use of the
programme indicates that it is usually unnecessary to consider every
seat in a large auditorium as faulty Sequences usually occur in
blocks.

As further psychophysical data becomes available it will be
incerporated in the programme. The dependance of masking upon
motif,(4) and the uncertainties which will always surreund the
placing of particular instruments on the podium, however, indicate
that greater precision in the technique itself is unlikely to be
usefule
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