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Summary and Introduction

The listening room is the final link in the sound reproduction chain arxl vhilst
over the past decade or so, and more notably over the past 2-3 years, major
improvements have ocourred to hoth the electronic and electro-acoustical
aspects of the signal chain (e.g.intrcduction of the campwct digital dise), the
listening room and the effact it can have on sound reproduction has tended to
he forgotton or ignored. ‘

Although major improvoments have taken place over the last few years in the
field of studio and control room design, little is know about the conditions
unrder which most fcords, discs or tapes are heard - although frequently the

- - damestic reproduction equipment may be of superior ¢ualify to that found in the

recording studios - particularly where monitor loudspealicrs are concercd.

A pilot research project has bean carried out by the author into the acoustic
conditions of typical domestic listenin rooms, the way in vhich loudspeakers
interact with such envirowments amnd methods of controlling or overcoming such
effects. The aim of this brief paper is to highlight some of the more
' interesting effocts observed to date and raise for discussion a murber of the
more fundamental aspects which have arisen from the investigation. The
concept, measurement and meaningfullness of reverberation time in typical
damestic rooms in particular is raised, as is the need for some suitable
abjective method of measurement and assessment of such recoms,

There 1s a wealth of evidence showing that the listening roam very much affects
our subjective assessment ard appraisal of reproduced sound quality. Indeed it
has been shown that a given listening room can alter a listener's preference of
one loudspeaker over that of another, whilst a second tocm may reverse this
{roller 1975). '

It is well knowm, particularly in the more expensive echelons of hi-fi, that a
loudspeaker system once installed in the home can give a very different quality
of reproduction to that heard in the dealer's demonstration room or studio.
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Rased on research to date, it is the author's belief that far listeners
actually achieve optimal performance from their lowdspoaher systans, hen it
is considered that today €250 to £1500 is typically spont on a good pair of
hi-fi loudspeakers and that the total value of a typical good cuality souwl
reproduction system ray cost anything freri E750 up to : soveral thousand pounds,
it seocns illogxcal ot to take the listening roam 1n§9 account anl realise the
full potential of such a system, 7 o

Many people do not realise, or helieve, that the listening room can anl does
fundamentally alter the sound they hear. Yet a typical demestic listening room
will affect the frequency of tonal balance of the reproduced sound, introduce
colouration and loss of definition and affect and degrade the steree image.
Nefore discussing in-detail some of the measured data and ohserved effects, it
is worth noting that a modern high quality "hi-fi' or monitor lowispeaker may .
be achieving a frequency res ;ponse performance within +/- 243 or cven +/- 1.5 43
over the range GOtz to 20Kz and loudspeaker pair matching within 0,513, These
targets are not lightly set (or achioved), it arce roeuired in order to achieve
accuracy of reproduction and subjective approval.

Taking such a loudspeaker and repeating the fregquency response measurement in a
typical listening roam would he likely to reveal a responsc result of +i0,
1543 - a variation of 25 dib over the above frequency range. A 1/3rd octave
analysis, although perhaps more akin to hummn froquency halanca/spectral
assessinent, would still reveal at least a 15 dD) variation impulse or tonc hurst
measuraments would reveal commarable orders of magmitude of 'distortion' in the
time domain. )

It is not unreasonable to assume that such gross distortions of the frecuency
and time responses go same substantial way to explaining observed subjective
assessment.

Although 'in-room' frequency response graph locks, and is, highly complex, it
is possible to strip away the unnecassary detail and gain‘ an wxlerstanding of

© what is going on. It is, however, easier to build up the pattern from knewn
interactions and extrapolate. To facilitate this, it is useful to divide the
problem into three separate regimes.
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1 The acoustics of the listening room as characterised by its revarberation
time and stanling wave pattern etc.

2 Loudpeaker-room interactions - boundary enhancemznt, standing waves and early
reflection offects.

3 Listener- loudspeaker- room offects.

Domestic Room Acoustics

Little data is available regarding the acoustics of domestic rooms, the author
being avarc of only two references vhere reverberation time data is given.
(Jackson 1971 aml Gilford 1959/1972). But even the data here is in poor
agreemcnt.  Although a reverberation time of 0.5s is often referred to, e.q, in
NS testing procedures, this is for the unoccupied condition, A survey has
therefore boen undertaken to provide further data, Although still in its early
stages, a rather different pattern of reverberation time charactoristics is
enerying. Gilford's data, for example, shows a reverheration time
" characteristic varying from around 0,5s at 63Hz to 0.3s at 8lliz. The moro
recent data inlicates much poorer control, heing typically 0.9s at 63112 falling
sharply to around 0.3s at 8Kz, The increase in reverberation time at low
frequencies is due to the presence of strong standing waves fourx]l to be typical
of all roams investigated to date. Several strong, isolated modes generally
occur, often with maximum subjective coloration in the regions of 60 and 120:z.
A survey or room size shows by far the most common dimensions to he 12 x 15 x
7.5 feet. In rooms of such canparatively small dimensicn, theory suggests
(e.g. Schrosder), that hass frecquency problems will exist up ta arcund 450 liz
when a continuous spectrum is formed. This would certainly scam to be the
case. 'In room' sound pressurc level variations of 10-15 B occur within a
given 1/3 octave band up to at least 250 Iz in practice.

Measuring low frequency reverberation or decay curve characteristics in .such
reans posed a number of problems which are only really exposerd when an
electronically rather than mechanically produced decay curve recording is
employed. Examination of low frequency decay curve data often shows there to
be a considerable ‘overhang' or time delay after the cessation of the
excitation sound; before the decay begins to develop. Delays of 100 to 20 1S
are cammon ~ though are not observed when using a pen level recorder in
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conjunction with random noise excitation. Inergy storage for this periad of
time is of significant importance and is likely to substantially affect
subjective assessment of bass response and loudness - particularly when the
inteqgration time/loudness weighting characteristics of our hearing mechanism
are considered.Bssentially, it may be said that the-size (and to an extant the
physical construction) of the listening roam determines the low frequency
acoustic performance, whilst the furnishings determing tho mnid- arvi
high-frequency response,

Flutter echoes were found to occur in many of the rooms surveyed - large
patches of hard reflecting upper wall surface or window arcas heing
responsible, In many instances it was founr? that such flutter echoes addoed
little to the overall slope of the reverberation docay curve, but again,

affected the pre-decay response and had considerable subjective impact,
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