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Summary ard Introduction

The listening room is the final link in the sound reproduction chain and whilst

over the past decade or so, and more notably over the past 2-3 years, major

improvements have occurred to both the electronic and electro-accmstiml

aspects of the signal chain (e.q.intrcxluctia1 of the compact digital _disc). the

listening room and the effect it can have on sound reproduction has tended to

he forgotten or ignored.

Although major improvements have taken place over the last few years in the

field of studio and control room design, little is know about the conditions

under which most rcords, discs or tapes are heard - although frequently the

domestic reproduction equipmentmay be of superior qualify to that found in the

recording studios — p1rticu1arly where mnitor loudspeakers are concerned.

A pilot researdi project has hem carried out by the author into the acoustic

conditions of typical danestic listenin rooms, the way in Which loudspeakers

interact with such enviramlents and methods of controlling or overooning such

effects. The aim of this brief paper is to highlight sane of the more

I interestim effects observed to date and raise for discussion a number ofthe

more fundamtal aspects which have arisen from the investigation. The

concept, nmsuramnt and maningfullness of reverberation time in typical

danestic mans in particular is raised, as is the need for some suitable

drjective method of measurenent and assessment of such rooms.

There is a wealth ofevidence showing that the listening roan very much affects

our subjective assessmentand appraisal of reproduced sound quality. Indeed it

has been sham that a given listening roan can alter a listener's preference of

one loadspeaker over that of another, whilst a second roan may reverse this

(Holler 1975). ‘
It is well lmovm, particularly in the nore atpensive ecmlons of hi-fi, that a

laldspeaker system once installed in the home can give a very different quality I

of reproduction to that heard in the dealer's demnstration room or studio.
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Based on research to date, it is the author's belief that few listeners

actually achieve optimal performance from their lmxlspoaizer systems. When it

is considered that today £250 to 51500 is typically spent on a good pair of

hi-fi loudslmkers and that the total value of a typical good quality mid

reproduction system may mst anything frmi E750 up to several thmisam pounds,

it seems illogical not to take the listening room into account _an.1 realise the

full potential of. such a system. 7 _

Many people do not realise, or believe, that the listening room can and does

fundamentally alter the sound they hear. Yet a typiml domestic listening room

will affect the frequency of tonal balance of the reproduced sound, introduce

oolouration and loss of definition and affect and degrade the stereo image.

Before discussing in-detail some of. the measured data and observed effects, it_

is worth noting that a modern high quality 'hi-fi' or monitor loudspeaker my 4

be achieving a frequency response performance within +/— 2dD or even +/— 1.5 an

over the range 60”: to 20K1lz loudspeaker pair matching within 0.5117}. These

targets are not lightly set (or achieved), hit are required in order to achieve

accuracy of reproduction and subjective approval.

Taking such a loudspeaker and repeating the frequency response measurement in a

typical listening roan would he likely to reveal a response result of +10,

—15dB - a variation of 25 dB over the above frequency range. A 1/3rd octave

analysis, although perhaps more akin to human frequency balance/spectral

assessment, would still reveal at least a 15 d1] variation impulse or tone burst

measurements would reveal comparable orders of mgnitude of 'distortion' in the

time danain.

It is not unreasonable to assume mat such gross distortions of the frequan

and time responses 90 same substantial way to explaining observed subjective

assessment.

Although 'in-room' frequeno/ response graph looks, and is, highly complng it

is possible to strip away the unnecessary detail and gain an understanding of

’ what is going on. It is, however; easier to build up the pattern from known

interactions and actrapolate. 'lb facilitate this, it is useful to divide the

problem into three sepamte regimes.
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1 The acoustics of the listening room as characterised by its reverberation
time and standing wave pattern etc.

2 Ipudpeaker—roon interactions — bomdary enhancement, standing waves and early
reflection effects.

3 Listener- lourlspoaker- room effects.

Danestic Room Acoustics

Little data is available regarding the acoustics of domestic rooms, the author
being aware of only two references where reverberation tim data is given.
(Jackson 1971 and Gilfond 1959/1972). But even the data here is in poor
agreement. Although a reverhcratim time of 0.55 is often referred to, e.g. in
11’; testing procedures, this is for the unoccupied condition. A survey l‘k’lS
therefore been undertaken to provide further data. Although still in its early
stages, a rather different pattern of reverberation time characteristics is
emerging. Gilfonl's data, for example, shows a reverberation time
characteristic varying frcm around 0.55 at 63112 to 0.35 at 8!:112. The more
recent data indicates much poorer control, being typically 0.95 at 63112 falling
sharply to around 0.35 at BKHz. The increase in reverberation time at low
frequencies is due to the presence of strong standing waves found to be typical
of all rooms investigated to date. Several strong, isolated modes generally
occur, often with mame subjective coloration in the regions of 60 and 120112.
A survey or roan size shows by far the mst oonmon dimensions to be 12 x 15 x
7.5 feet. In rooms of such conparatively small dimension, theory suggests
(e.g. Schroeder), that bass frequency problems will exist up to around 450 Hz
when a continuous spectrun is formed. This would certainly seen to be the
case. 'In room' sound pressure level variations of 10—15 an occur within a
given 1/3 octave hand up to at least 250 Hz in practice.
Measuring low frequency reverberation or decay curve characteristics in .such
roans peed a number of problczns which are only really uposed when an
electronically rather than mechanically produced decay curve recording is
anployed. Eaminatim of low frequenqr 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 11‘;
are canton - though are not observed when using a pen level recorder in
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conjunction with ramian noise excitation. Emergy storage for this period of

time is of significant importance and is likely tosubstantially affect

subjective assossment of bass response and loudness - particularly when the

integration time/loudness weighting characteristics of our hearing mechanism

are considerod.Essentially, it may be said that the-size (and to an extent the

physical construction) of the listening rocm determines the 10» frmuexmy

acoustic performance, whilst the furnishings detemine the mid— and

high—frequency response.

Flutter echoes were fomld to occur in nany of the roast: surveyed — large

patches of hard reflecting upper wall surface or win-low areas being

responsible; In many instances it was found that such flutter echoes added

little to the overall slope of the reverberation decay curve, but again,

affected the pro—decay response and had considerable subjective impact.
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