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INTRODUCT ION

The acoustica of auditoria has intrigued many people since classical times
and there have been many principles of acoustic design expounded — some-
timee based on less than rigorous scientific evidence. Over the last two
or three decades 8 plethera of criterla has confronted acousticians atiempt
ing to design suditoriz, but thie has brought the danger that some very
simple requirements are overlooked.

BERIEF HISTORICAL REVIEW

Lord Rayleigh'e pioneering work on the theory of sound provided an excell=
ont basis for modern mcouetlcs. Following this, W.C.Sabine's painstaking
applied research st the beginning of thie century did much to diacredit
the "wire-stringing" school. Cthere such as Eyring, Fletcher, Knudsen,
Bekesy, Meyer and Cremer, to mention tut a few, gradually bullt up & cred-
jvle theoretical basis for auditorium design - taking into account the
charecteristics of human perception as well as the physics of sound prop-
agation. At the same time instruments for making precise objectlive meas-
uremente of sound flelds became asvailable. However, few large auditorie
were built in the first half of the twentieth century.

The advent and development of movies in the 1920'e and 1930'e had a prof=-
ound effect on auditerium design. Acoustically neutral auditoria were req-—
uwired in which the recorded sound effects of the ¥Wild West would seem egua-
11y realistic as those of & living room. Thils was achieved by making the
theatres acoustically dead. The emphasis on pictorial representation

meant that cinemas were bullt with steeply raked stalls and stepped balc-
onies. In addition, the more-than-life-sige dimenelons of the pictures
projected on the screen and the use of ammplified sound enabled very large
sudisnces to be sccomodated — with good vision and sound even at the rem—
ote upper gellery seats,

It ig not surprising that when the next weve of auditorium tuilding toock
place in the Western world in the 1950's, the erstwhile "cinema” archit-
ects and their mscousticzl consultante placed much emphasis on reverberaiion
time as a criterion for goed design. Some of the resulting suditoria

were radically different to the earlier traditional models, and, not surpr-
isingly, so was their sound. The London Festival Hall 1s a well-known ex—
ample of this periocd, end, as Beranek (1) pointed out "most of the experi-
ments of the first half of the twentietk century had to be run in the

Royal Festival Hell. And much was unknowr."

REW ACQUSTIC CRITERIA

The most publicised attempt to quentify subjective aooustic criteria was
that undertaken by Beranek when asked to act as oconsultant for the new
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Philharmonic Hall at New York's Lincoln Center. The results of his survey of
over fifty concert halls, opera houses and theatres, mainly in Europe and the
Americas were published (1), together with the criteria he had derived from
his own and others! critical listening experisnces. Unfortunately, many of
Beransk's ldems were rejected along with the destruction of Philharmonic
Hall's interior. '

The controversies surrounding the Roysl Festival and Fhilharmonic Halle
greatly encouraged research into &ll aspects of auditorium design. In part-
icular, investigations were made into the detailed perception of sound fields
by both experienced and naive listeners. As & result of these studies, many
new criteria have been proposed, some of which will now be discussed.

EARLY DECAY TIME

Jordan {2} proposed Barly Decay Time (EDT) as a criterion. This is determin-
od from the slops of the firat part of the dacay curve ( from O to - 10 dB)
and is thought to be more representative of the subjective impression of
reverberation. Aw & design tool, however, EDT suffers from the same problems
as Teoitself.

SPATIAL RESPONSIVEKRESS

Marshall (3) investigated the reflection sequaences in two idealised halls and
ghowed that in & wide hsll, all lateral reflections are masked by the over-
head Teflection, but this is not the case for a nsrrow, high hall. He
concluded that an auditorium should have "Spatial Responsiveness” which he
attributed to the presence of many lateral reflections. However, Seraphim(4)
had previously shown that relatively few of the numeroua reflections which
are present ina auditorium need to be included i a room's impression is to
be simulsted electroscousticslly, because a Tew strong componente will mask
the remsinder.

VOLUME

Lawrence(5) discussed & similar mncept to 3patial Hesponaiveness, which ehe
termed "Volume", which is related to the perception of reflected sounds
coming from many different directions. Referring to Lochner and Burger's
work (6) it was pointed out thst whether or not 2 reflection will be perceiv—
ed depends on the relative levels of the direct sound and other reflected
sounds, In addition, side—wall reflections will suffer connidersble atten—
uation through diffraction and absorption at grazing incidence, within the
body of an audience, and they will tend to be magked by reflections coming
from the ceiling, which are less attenuated. Thue a liptener will have
difficulty in perceiving lateral reflections unless they errive before those
coming from overhead.

BINAURAL SIMILARITY

Recently, Schroeder (7) has suggested Binaural Similarity &s a criterion.

It is related to the correlation function of the first 80 ms of the impulsze
response & the two ears and should idesily have a velue of gero. It too is
related to the directionsl distribution of reflected sounde - #ince plane
ceiling reflactiona will produce rather wherent signals at the Wo ears,
vhilst lsteral reflections should not. However, Schroesder suggests thet the
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problem of coherent ceiling reflections m&y be overcome if spacially modelled
diffusing surfaces are used { quadratic residue differences).

FURTHEER CRITERIA

Other suggested oriteria include the Modulation Transfer Function {8), related
to the effect of reverberation on the envelope of the original signal,
Horpamkelt, or Hearingness (9), dependent on the spread, multi-source naturs
of an orchestra and various Musicien's Criteria (1, 2). Design guidelines

to achieve such ¢riteria are not readily available.

SIGHTLINES AND SOUNDLINES

In nearly all the research which has been carried out inte the perception of
reflection seguences, etc., the first sound thet is received, i.e. the direct
sound has hoen teken for granted. Yet the direct sound, travelling from
gource to listensr has suffered less distortion and less attenuation than any
other component received. Provided that the {now) well-known low-freguency
interference affect is avoided, the direct sound should include almost the
complete sound spectrum from each source, in the correct temporel sequence,
so thet musical transients can be perveived. (It ls these transiente which
gld ligteners to differentiate beaiween the sounde emitted by the various
instruments. )

There will be eome distortion of the direct sound, due %o instrumente' dir-
ectional characteristics, and high-freguency absorption by air, as well as

a reduction in oversll level, determined by the distence between murce and
listener. It is known thet the position of the source ie fixed by the anplit-
ude and time difference at the two ears of the first signals received;
reflections erriving within ® certain period are masked subjectlvely by the
direct sound, but their energies are integrated with the direct sound and
incresse the oversll loudness {10). HReflections coning after this period,
probably of the order of 30 ms, are nresumably the ones that contribute to
the room's overall acoustic impression. The perceptibility of these "surround
refleoctions then depends on thelr relative levels, delsys and directions.

Whether or not direct sound will be received depends on whether there is a
clear ling-of-sight between the listeners and the souné sources. Human eyes
and ears are conveniently loocated at about the same lev:l in the head!
Naturally, some low=frequancy direct scund will also be received by diffract-
ion in out-of-sight loceticns. Thus the provisiun of direct sound for sll
listeners is relatively simply achieved, if the design of the seating sres

is determined using three-dimensional geometry. It is necessary to take

into account the distribution of the orchestra as well, and this implies

& stepped platform if the instruments further back are nct to be shielded by
the ones in the front.

Cremer's axcellent paper on audisnce distribution traced the development of
theatre design from Epidaurus to the Berlin Philhaermonic Hall (11). He
showed that not only acoustica btut soocial philosophles have shaped our
auditoria. In many traditional concert halle and opera housee, and indeed in
pome built quite recently, there are many seats with restricted or no view
of the performing ares ( &nd thus with no direct sound). Such suditoria
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have good and bad seats, normally with a priecing policy to suit. However,
if Cremer's "terraced" seatins system is used s a guideline, a1l members of
the sudience should Treceive good direct sound aswll & a good view of the
performers.

CONCLUSION

Undoubtedly there has been much progress inaditorium design in recent years,
elthough Bn agreed get of criterism { asccompanied by design guidelines), that
can be used to guarantee an auditorium will be accorded general critical
approval is not yet available. The exact number and sequence and distrib-
ution of reflections required ism still to be determined, and extensive list-
ening tests sre needed to obtaln consensus on what comprises "excellent”,
"good" and "medlocre" acoustlics.

Hovever, it is & simple matter to determine whether or not listeners have a
clear view of the performers, both at the desisn stage and in the completed
guditorium. Since it is the direct =mound that determines perception of
gsource locotion snd also the perception of reflected sounds, it needs far
more attention than appears to have been the case in some auditoria,

Cinema, stereo and television have accustomed people to high standards of
sight and sound ~ if they are to continue to visit suditoria to enjoy the
additional experience of being presentat a live performance, they will expect
to enjoy ldeasl sight and sound conditicns {rom all parts of the auditorium,
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