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INTRODUCTION

Controlandlisteningroomsareoftendesignedtoachievealargeinitialtimedelay gaphetween
the direct sound from the loudspeakers and the first early reflection. This allows the hsteners to
listen through the system to the acoustic s being recorded. A variety of ways [1-3] have
heedusedtaachievethisbasedaneitheramfionorspeciaflyshaped roomsorwalls. These
methods have avariety of advantages and disadvan in terms of absorption. region ofeffect.
and level of artefaias away from the optimum listening position They also have ' lications
for the wry of sound that can be achieved if the performer wishes to be present in wnnol
roomw ' heingreoorded. - '

Ihepurposeofthispaperistnshowhoweorrectlyplaceddifiusionstrueurtescanalsobeused
_ to provide an effective initial timedelay gap within control and listening rooms. This technique
‘ a dense series of low level reflections within the initial time delay . hence the title
of the aper. The treatment can offer advantages. both at the o timum lrsterung position and
away it. This can be particularly useful in smaller eontro rooms where it is sometimes
difficult to achieve the ‘ effect over a broad enough area for all the listeners involved. It
also offer acoustic advantages for performers within the control room.

The paper will first review current aches to controlling early reflections and will then look
athowdiffuserscanfulfilthesame ction. Itwillflrendiscusstheeffectofdiffuseraoathe
early reflection energy using a simpletheoretical model.

2 BACKGROUND

OneofthemainadvanoesintheaoousticaldesignofConuol andlisteningroomshasheenthe
realisation that. as well as'reverheration time. the time evolution of the sound in the room
iaimportant. Anidealisedenergytimccurveforaroomisahowninflgurelandithasthree
major features:

- A gap between the direct sound and first reflections. this happens naturally in most spaces
andgivesacueastothesizeofthe aee.‘l'he shouldnotbetolong.lessthan30ms.or
theearlyrefleetionswillheperoeiv rsechoes. omedelay.however. lsdesirahleaaitgive
someamace for the direct sound and so improves the clarity of the sound but a shorter gap
does 'intimacy" to the space.

- The presence of a high level diffuse early reflections which come to the listener
predominately from the side. that is lateral early reflections. This adds spaciousness and is
easier to achieve over the whole audience in a "shoe box" hall rather than a fan shaped one.
The first early reflections should ideally arrive at the listener within 10m: of the direct
sound. The f ency response of these early reflections should ideally be flat and this. in
conjunction wi the need for a high level of lateral-reflections. implies that the side walls of I
a concert hall should be diffuse reflecting surfaces with minimal absorption.
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~ A smoothly decaying diffuse reverberant field which has no obvious defects. and no modal
behaviour. This ishardtoaehieveinpneticesoacompromiselaoecessary inmostcases.
For acoustic music agentle bass rise in the reverbetant field is ofien desirable to
add warmth" to the sound but in studies this is usually less desirable

2.1 Reflection free 10m
These conditions $21M to the design ofeoncert hall and. to a lessu' extent. the design of thepart
of the studio that musicians play in. However for the sound engineers in the comm] room of
asmdio the ideal is an acoustic which allows them to 'Iistea duough' the stealth the original
acousticthatthe soundwasrecordedin. Unfortunately thereominwhich recorrhdsoundis
beinglistenedto isusnallymuchsmailerthantheoriginalspaceandthishastheefiectshownin
frgrneZ.Hercthefirstreflectionthelistenerhearsisduetothewall inthelisteningroemand
mtmemusdcspaaofmemummmhasbeenmwrdedfiecauseofmepmcedenceefieamis
reflecflcndominatesanrlthereplayedsoundis ivedascomingfiuma thesizeofthe
listeningroom whiohisclearly undesirable. atisrequiredisameans maldngthesonnd
fiomdteloudspeakenglphpearasifitiscomingfromalargerspacebysnppresaingtheearly
reflections from the n y walls. as shown in figure 3. One way of achieving this is to use
absorption [1]. as shown in figure 4‘ The effect can also be achieved by using angled or shaped
walls [2-3]. These methods can be called reflection free lone techniques because they rely on

the suppression of early reflemions in a particular area of the room to achieve an apparently
larger initial time delay gap. The idea is simple. by absorbing, or reflecting away. the first
refleaions from all walls except the furthest one away from the speakers the initial time delay
gap is maximised. Ifthis gap rs largeethan the initial time delay gap in the original recording
space the listener will hear the original space. and not the listening room.

Unfortunately this effect can only be achieved over a limited volume of the room. unless the
room is made anechoic. which is undesirable or very large. which is omen If the
techniqueofusingshapedwallsisusedureaneohenfimhurattheareaawayfmmtheoptimum
listening area has stronger early reflections than normal because the act of directing the
reflections away from one area of the room concentrates them in otha areas. It must also be
achieved while satisfying the need for even diffuse reverberation and therefore the rear wall in
suchsituasionmustofienhavesomeexpheitformofdifinsioastrucmnoalttomnethia. The
inltialtimedelaygapindielisteningareashouldbesslargeaspossiblethutlselearlylimitedby
thetimeittalteasoundtogettotherearwallandbacktotheliateaer.ltleallythisgapshotrldnct
be much greater than 20m or the reflection will be percein as In echo. In most practical
rooms this requirement is automatically satisfied and initial time delay gaps in the range of Eros
to 20m can be achieved.

2.2 Absorption level required for reflection free sons.
in orderto achieveareflectioo he rose itis necessary tosuplptfisearly reflections. butbylhow
much? Figure 5.mm [4]. shows a graph of the a evel that an early reflection as to
beinordertodismrbdteditectionofastereoimage and romdtiswecaaseethatthelevelof
the reflections must be less than about l5dB to be subjectively inaudible Allowing for some
reduction due to the inverse square law. this implies that there must at least "MB. or a =0.9 of
absor'pltion on the surfaces contributing to the first reflections However it is important to realise
that is technique is only applicable at mid to high frequencies where small patches of
treatment are significant with respect to the wavelength.

L3 The level of early reflections relative to the direct sound.
The intensity of the dim sound is given by:
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W
Imus—d =07?

where [and = the sound intensity (in Wm”)
Q = the directivin ofthe source (compared to a sphere) - (1)

WM= thepcwerofthesource (in W)

andr=lhedistanoefromthesouroe(inm)

Equation 1 shows that the intensity of the direct sound reduces as the square of the distance
hornthcsorrrce.inthessmewaynsasoundinfreespace. '

The intensity levels of the early reflections are affected by both the distance and the surface
from which they are reflected, 11m intensity of the early reflections, in the absence of
Absorption. can be calculated from the extra path length due to the reflection and using that
distance in place of r in ’on (I). considering the 'lmage' of thel . also shown
in figure 6. and by using agoras' rem. Given the intensity level at Im the Intensity of
the early reflection can be calculated because the reflected ane will also suffer from an inverse
square law reduction in amplitude:W .

1,6,“, _W (2)

Because there is a direct correspondence between. delay. distance from the source, and the
reduction in intensity due to the inverse square law we can lot all this on a common graph. as
shown in figure 7. which shows the maximum bounds o the intensity level of reflections.
providing there are no focusing effects.

Ingeneral most surfaces ubsorhsomeofthesoundenergynndso the reflection is weakenedby
the reflection. Therefore the level of direct reflections will be less than that which would he
predicted by the inverse square law due to surface absorption. The amount of energy. or power,
removed by agiven area of absorbing material will depend on the energy, or power. per unit
areastrilringit.Asthesmmdintmsifiisamenmofthepowerperunltmeathia'meansdratdie
intensity of the sound reflected is in proportion to the absorption coefficient. flat is:

lntenrr‘ryw = Intensity“ x(] - a) (3)

Because a multiplication of sound levels is equivalent to adding the decibels together. equation
Seanbcexpmseddirectlyintermsofthcdecibelsas:

1*,“ = I”... + lOlog(l — a) (4)
Which can be combined withs.fiuatiou 2 to give a means of calculating the intensity of an early
reflection from an absorbing ace:

1",,” = r,_ —20log,°(Przrlr length)+ lolog(l — a) ' (5)
me the above equations it is clear that the intensity reduction of an specular early reflection is
inversely proportional to the distance. and hence the time. squared.
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THE SOUND INTENSITY FROM A DIFFUSING SURFACE

Diffuse surfaces on the other hand scam sound in other directions than the specular [5-10]. In
the case of an ideal diffuser the scattered energy polar pattern would be in the form of

hernisphae. In the ease of a 'eal diffuser which only scatters in one dimension then the polar
patternwouldbeinthefomo Icylinder. Iheeffectofthiscanbecalculanedhytnodellingthe
scattered energy as norm whose initial intensity is given by the ineidentenergy. Thus. for an
ideal scatterer. the intensity ofthe reflection is give hy the product ofthe equation describing the
intensity from the source and the one describing the sound intensity radiated by the diffuser.

Forthegeomeu'yshowninfiguiesthisisgivenhy: -

W 2

’wm =[““me)“L—mz] (a,
Foratwodimensionaldiffuser. ’I‘hefactanindteseeondtermrepresentsdtefactthatdifhlser
only radiates into half ahemisphere Foraone dimensional diffuser. which radiates into nhnlf
cylinderequation(6)beeomea:

W 2
:1 _m __. '«m [WNW] m

Forthe geometry shownint'tgutesequationshndsreduceto:

W
1w#=__m___‘ (3)

Im“=___m__1 ' (9)

For the one dimensional ease

Equations (8) and (9) show that diffusion ofiers a twofold advantage over a s ular reflection.
Firstiythmeisan initialdropinintensigduetodtefnctthattheenergyinci tonthesurface
is being re-radiated into directions 0 er than the specular. Secondly there is a stronger
reduction in intensity as a function of distance due to the Ive-radiation pattern. The effect of this
Ls more obvious if we consider the ratio of the early reflection to the direct sound which is given
y:

(lo)
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in decibel form this becomes

lwm‘, = rotogo‘) — IOIog(P +4.?) - (H)

For thetwo dimensional diffuse: the ratio ofthe early reflection to the direct round becomes:

1

twang, =101og(r’)—2Dlog[(%) +d’]-101og(2n) m)

In decibel form and this can be further simplified to:

1mm,“ =munch—1wmug)I +d’)—w

For the one dimensional diffuser the commending equations are: (13)

l—wmoi=1°l°3(r’)-20|og((%)j +d‘]— lOlog(It) (14)

And
.. ,WMM = [Olog(r3)—2OIOE[(’2")1 +d’]—5d3 ([5)

Comparing equation (11) with equations (15) and (13) shows that a the reflection from a
diffuserhasaneaoesslossof5dBor8d3,i-lependingonwhetherthediffusetisoneortwo
dimensional. Furthermore there is a faster rate of sound intensity reduction with distance
comparedtothes “mummghmueisabmkovenpolntasonegetsclosetothe
diffiumgmflammmleifrflm andd=15mthenthelevelofenrlytodireuenergyfor

at, one ’ ' difl'nser, andtwo dimensional diffuser, would be -3dB. -8.6dBand
-ll. respectively If d=2m the ratios become 45dB. -ll.4d3 and -l4.4dB respectively.
This level 0 puformanoe approaches thatofan absorber of $0.9 but withoutwhen.

DISCUSSION

So diffusion can result ina reduction of the amplitude the early reflection from a given point
However there will also be more reflections. due to e diffusion. arriving at the listening
position from otherpointa on the wall, as shown in figure 9. Surely this negates any advantage
ofthetechnlque? Acloserinspectionoffignre9 revealsthatalthough more-rem reflection
padrsmthelrsteningpointduyanauofdifitlengdraandhenoedmedday. ennore
mephasemfleefiondrfiusimsuumwflladdmudifimflumporflsprudmmenfiecdons.
As a consequence the initial time delay will be filled with a dense set of low-level early
reflectioasinaaeadofasparsesetofhigher evclones.asshowniafigule lo. Theeffectofdiis
is a large reduction of the comb filtering effects that high level early reflections cause. This is
due to both the reduction in amplitude due to the diffusion and the smoodtiag of the comb
filtering caused by the multiplieit of time delays present in the sound arriving from the
diffuser. As these comb filtering e are thought to be responsible for 'ons of the

. stereo image [] one should expect improved performance even if the level of the early
reflections are slightly higher than the ideal. The fan that the reflections are diffuse also results
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in an absence of focusing effects away from the optimum listening gifion which should result

in u more gradual degrudution of die listening environment away in the optimum listening

position

CONCLUSION

Amuhodofeohievingmequivalentefiecuoereflecfionfieezoneushgdiffimion.insteadof
shnpeorgeometry.heuheendesuibed. Indiiamdmi theinitialtimedelaygapisfilledwith

demelow-levdmfledimdnemtheefieuonhe' ‘ononthewalehichredueethecomb

filledngefieettimwouldotherwiseocwr. Duetothedifiusiondreperformaneeislesscritieal

ofthelrmner‘spooifinnintheroom.
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Figure 3 Maximising the initial time delay gap by supplessing early reflections.
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Figured Achieving arcflecticnfiee musingahsmption.
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Flame 5 The minimum amount of nfleflion suppression nquixed for a reflection free zone
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Figure 6 The geometry for calculating theintensity of an early reflection.
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Figure'l The maximum bounds for early reflections assuming no absorption or focusing.
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figures '11.: geomury for calculating the Figure 9 Addllionnl early reflection parhs
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Figure 10 The initial lime delay gap due to diffusion of early reflections.
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