
  

Proceedings of the Institute of Acoustics

FROM MONO AND STEREO, THROUGH QUADROPHONY T0 SURROUND -
A Review ofControl Room Requirements and Practices

Philip R Newell

Consultant

1. MULmIE-SOURCE CONSIDERATIONS

Dningthel970swm1d—widewemptsweremadctouytoiatmehtheeoneeptofqudmphony
asthesuecessortostereophony. Althoughstereownsmneeivedinthe 1930s,etleastinthe

formthatwenowsowidelyuseit,itdidnotwllbegintodevelopcommminllyunfilthelnte

19505, and itwasnotuntil the late l9605thatvirtually all musicrecordingswereavaflablein

stereo. Mommirremreleasedinstereofiomdremid‘éosonwambmfirpmsingles

condnuedmbeelmostunivetsallyreleasedinmono,evenintotheearly19705. Thereason for

themnfinuedmlmeofmomsinglesmspfineipaflyduewfliefnctlhatthesewuemelanin
promoters ofthe albums. and the bulk ofthe promotion was by airplay on AM, mono radio.

slaw.FMpoplflarmusicndio,mEmopeuleasgwunMwidelyhoadeastunfildre1970s
MbumsfiequmlywufinuedmhemleasdhmemWhmtheywuenleasedinbmh

momandstuemmeywereoflentheproduetsofsepnrmmixes. 'l'hemonoleleasewasnot

simplytheelecn'ical summation offltestuwmkasfltetelurk compatibility problems which

weshalllookntbelow.

Nowadays, stereo music reproduction systems are almostunivetsnl. Mono has perhaps now
been relegatedtorepmduetionbyaiarm—clock radium! little else. However, it took quite

some time forall the old. mono. “record players” andAM music radio stations to fell into

disuse,soduringdiefifleenyears,mmmitmokfotstereotoefieefivelyoustmonoose

serious listening format, dualitynndeompetibilityweteabsolute necessitiee Thereason for the
specific,monomixeswasbeeausetheeleetricalsummafionofthelefinndfiglnstereosignnls
didnoteonespondmthe-neousficsummetionofdiestereoespemeivedatthemofthe
Hm ThismathfirsgseemsmngerdreeleetfieaIMismmnlogmofdremusfic

soundmleveHSl’L). mfacnonardgonthecenuelinebetweentheloudspeakersinan

anechnricchamber,tlrevoltagesummationandSPLsmnmmion,fiomlefimdtiglmdgeqtme;

ptesumingofcomse,thntoneislisteningtoperfecflyflnearloudspeakem l-Iowevet,inmme

usudfineningwndifimnosuchdirectequivaleneeerdsts.

1.1 Panning Considerations
Even in aneehoic chambers, though. it is not only the lack of perfect loudspeakers which thwarts

our mono/ staeo eompanlrility, there is more to it. Firstly, the i‘netthat we haveM ears, which

cannot both be facing forwards and be absolutely on the centre-line at thee time, creates
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some imperfection in the summation Secondly, the acoustic phenomenon of mutual coupling,
bamthelwdspmkemmemselvesmdmafiequencydepmdemdimmsionmmewidm¢
fliestereocenn'eline. Themainsignifieanoeofthisisthatimageswhicharepannedfiomlefi
mflghufifluhibitdifiuingfiequencyresmnsesmmeflmgwdfiomdepmdmuponmeu
positionintlieoverall panorama Aeenuallypannedimage,reproducodviatwoloudspeakers,

willmtsormdthesameasfmmasingleloudspeaker,whethflthatloudspeakerhetheleftor
rightof the pair, or another single loudspeaker placed at the location ofthe phantom image.
Hmoethe‘hule",“Panfizst,equaliselate1’.

A third reason also exists which complicates the mono/stereo compatibility, and that is the

efi'ectofroomboundaries. The reflexions created bytwo loudspeakBmMconm‘huting to a

centrally panned, phantom image, will n_ot produce the same reflexion patterns as a single,

centrally planed, monophonic source. These aspects afict the overall, perceived response, not

only in terms of the reflexion patterns themselves, but also by the thither died ofthem loading
meloudspeakmmdhenoeinfluencingtheirompm.

Itshouldthusbeeasytoappreciatethatamixwhichisdonewhilstlisteningtoapairof
loudspeakemwhetherthemixbeinmonoorinstereo,especiallywhenthisisdoneinaroom

withany significant acoustic life, will have thepotential todiffer quite considerably fioma
mmomigmonitoredonasingleloudspeaker. Inthedayswhenmonowasstillofsiyiificam

importance,itwasalmostuniversalpmtioetomakeamonomixonasingleloudspeaker,and
nmonthestereomonitmswithallpan—potsoentralised. Theuseoftwoloudspealcersformono
(phantom)mixinghighlightedtheoldpan—potdilemma Apan-potwouldneedtobeédBdown,

Mommmiscemewsiflmifmnflimageswaemmflminflteirmhfivebflmcemthe

otherinsu'umeutswhenmixedintomono. Ontheotherhmdwhenlisteninginslereodnorder

mmaiminmemlnfivebahnmofammdhemgpamedfiomddemsidewhenpassingmrough

cente.the pan-potwouldneedtobeonly3d3downinitscentteposition. Atlastthisisthe

sitmtionwhichappliesinnon-anechoicmoms. Eatliercontrolrooms werepnerallymnre

acoustically live than most ofthe contml rooms oftoday, so a 45MB, compromise was ofien
chasm. Thismatta'wasdealtwifltatlengthinarecentAESconfiermcepaper‘. Ammdl970.

Ihissubjectofpan-potlnwswassomethingofsfiotpotato”,hutthedominationofstereowas
ahouttobecontealmostahsolute 'lhewidespreademergenceofstereoWblasters",FM

inexpemiveg-Stercophonic “music oentres",soonhegantomakethe

nlevameofmomwmpaflbflflydimiflshinimpomnoehecuuetheymundedmedeathhefl

ofthe mono “single”. -

2. EXPANSION INTO QUADROPHONY

In fact, it was about 1970, at a‘time when mono compatibility was still a relatively important

subject, that the erdsfing compatibility problems were compounded by the advent of

quadrophonim, whose aim was to envelope the listeners in sound. When compared to mono,
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stereophony had made an enormous impression in terms of realism and the involvement of the
listener in the music. This was one reason why the cheaper stereo music systems sold so
widely. For many people, the extra dimension of cheap stereo could only be ofl'set by the hi-fi
quality ofsome very expensive mono systems. It was subsequently widely expected (or, at least,
hoped for by the equipment marketing people) that quadrophonics would ofi'er a dimensional: '
boost ofthe same order, only this time, over stereo.

Of course, the problem which now loomed was that of quad/stereolmono compatibility.
Although doing a mono mix for a single release was still common enough practice, as, in facL
was the separate mono mix for an album, these were the days when many recordings were still
made Smack; or 16 at the maximum. Mixing was usually seen as a relatively quick process, but
it was soon to become a much more long and complicated process when 24-track arrived, and
this arrival was concurrent with the rise of quadrophonics. The concept of having to do three
separate mixes, for mono, stereo. and quad, from a 24-track master. was neither a satisfying
prospect for the musicians and producers, nor a financial practicality for the record companies.
If the multiple mixes cost too much money, then it would only be the potentially big selling
albums that would have the budgets to mix in quad, and this would limit the demand-for
domestic reproduction systems. Mass sales of systems would need a large inventory of
available recordings.

2.1 Lessma from Quadrophony
The launch of quadrophony was iii-conceived and badly handled. The marketing hype was so
great, and the general knowledge of psycho-acoustics was in such short supply, that record
producers were led into trying toget more out of quadrophony than the psycho-acoustics of the
processwouldpossiblysupport Theywerealsofacedwithabattlebetweenthe varioussystems
being used to put a four channel recording on to a vinyl disc. Eventually, a more practicable
system arrived, theAmbisonics system, made workable by the late Michaele and closely
related to the BBC's Matrix H system. However, by this time, so much money had been
invested in the older systems of encoding and decoding that the multi-national companies were
in a mood only to fight to the death for the superiority of their own systems. Subsequently, they
all died out. Dolby continued to work on the Dolby Stereo Surround system, for cinema use,
and subsequently on their improved Pro Logic system, but all of this was picture related
Quadrophony as a music-only format was efi'ectively finished by 1980.

2.2 The Coding Systems and Their Limitations '
To re-cap, there were two basic ways ofencoding four channels onto the two sides ofthe groove
of a vinyl disc: by phase encoding, or by the modulation of a 38kHz carrier frequency. These
options were not available for use on cassette tapes, though. as cassettes did not have the ability
to record as high as 38kflz. and nor did they, then, have the azimuth accuracy to allow stable
phase encoding In fact. both systems were fi'aught with problems on vinyl also. The modulated
carrier frequency discs could not be played by normal stereo pick-ups, as special picks-ups were
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required in order not to damage the very delicate groove modulations at the carrier frequency.

Thephaseencodeddiscsmahletobeplayednmonlyhynormalstereopick—ups, hutas

stereo compatible recordings, but unfonunately, the coding systems with the better stereo

compatibility were usually the poorer in terms oftheir quadrophonic moose, and vice-versa

These systems also had their own specific imaging areas which were out of bounds for

quadrophonic localisation ifstereo or mono compatibility was required.

For example, an image placed centre-rear in the SQ system. would be out of phase in stereo or
mono, and hence would be all but inaudible. What is more, the difl'erent systems had difl'erent

fold-down characteristics in their quad/stereo compatibility. A sound placed right-rear in SQ

wouldappearhalf-rightinastereopanorama.whilstinQS,itwouldappeartobewideofthe
right front loudspeaker. Mold-format quadrophonic releases, made from the same, discrete
four-track master, would therefore produce entirely difi‘erent stereophonic panoramas What

was worse, in some systems, if an image was panned to centre front in the quadrophonic array,
thenalthoughitwmfldstillremaincenne-fiomandatanappropriatelevelwhenplayedin

stereo, the signal would have a 90" phase shifl bemeen the lefi and right loudspeakers This

hckofmimphauwnmimageofienmducedmepmchmdmfldamfofflrefiomm
location. which so otten carries _th_e. most important information Mono compahhility suffered

similarly.

3. ADVANCES TOWARDS SURROUND-SOUND

Unflhaewehavebeendiscussingqumophomsysemswiththeamnganmshownm

Figurel,wherehythelistenersitsinthecenn'eoffourloudspeakemfacingthecenneofthe

fiontpair. The“Dolhy Stereo”system.concurrently withthedevelopment of Amhisonicgrev

orientedthefour channels Figure2showsthissystemlayout, wherehyadiscretecemrefi'ont

loudspakflisflmkedhyalefl/nglnfionmlpah.1hefmmhchmelisdivwedbuweenmo

loudspeakers. placedatthelefiandrightrearof the listener. Althougrtheserearloudspeakers

weredrivenhyamonosignaLtheirphysimlseparationhelpedtoinduceasenseofgreater

spaciousness. Unfortunately. this vastly more sensiblesystemanived toolatetore-kindleany

tntcrestinquadrophonyl‘romthe record companis.

3.1 Psycho-Acoustic Considerations for Surround

As is now well understood, the torn channel quad ofFigure 1 is hopelessly flawed. Stereo, Q

15$ is a very unstable illusion, whose psychoacoustic principles only work well when the

noseofthelistenerispoinfingdirectlyhemeentheloudspeakers Withtheloudspeakersfircing

the back of the head, not only is the perception of the high Muencies reduced, but the ability

tojudgethelocafionofinsnumentsinthepanoramaisalsoyeatlyreduced. Downthesides,
the essentially one-cared localisation is very poor, and materner unstable. Attempn were made

to improve localisation with the so-called “Logic” decoders. which employed gain riding

techniques. In some of the phase encoded systems, the basic channel separation was as little as
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3dB, and without the logic decoders, their imaging was so poor as to be almost worthless. We
therefore had poor encodeldecode systems working on basic principles that were poorly
understood Looking back, it is quite remarkable how many people believed that quadrophonic
localisation was dependent upon the position ofa pan-pot. and not on human psycho-acoustics.

Even for people working on the mixing of discrete four-channel recordings, and even in
specially designed quadrophonic control rooms. stability was still poor. It was essentially only
stable for a person sitting in the geometrical centre of the loudspeakers with their head in a
clamp. Attempts to position sounds centre-overhead would be very difi‘crently perceived by any
two people sat side by side at the mixing console. Artistes became very disillusioned when they
found that what had promised to offer so much, delivered so little. What they were hoping for
turned out to be an unattainable carrot on the end ofa stick. frustratingly close, but just out of
reach. The psycho-acoustic lessons learned from quadrophony still apply to surround, but
perhaps, this time, We can use ourknowledge to avoid demanding too much, and hence
sufl'ering further disillusionment. We have also learned that four loudspeakers, one in each
comer ofa room, is n_ot the way to go. Figure l is for history only.

4. CONTROLROOM LIMITATIONS

The compatibility between quadrophonic control rooms was another big problem, not to
mention the compatibility from the control rooms to the domestic lisrener. Back in the days of
mono. control room compatibility was not a major issue. Even wh control rooms had only the
most rudimentary acoustic treatment, any probl in the overall response could usually be made
acceptable by the judicious movement of either the loudspeaker. or the listening position Once
stereo arrived, so did the problem of finding control rooms which not only sotmded good, but
which produced stereophonic results which travelled well to the outside world. It was as though
the compatibility problems increased by the square of the number of loudspeakers. Obviously,
with stereo, the two loudspeakers must be moved as a pair. and individual positioning for best
sonic results is not feasible. The listmer also‘must remain within more defined limits, so
flexibility of movement was much less than had been enjoyed in the days of mono. However.
the benefits of stereophony were enormous, so work proceeded in the direction of finding
solutions to the problems. _

At the time of the advent of quadrophony, the state of development of stereo control room
acousticswassu‘ll initsinfirncy, andwasgenerallynotgood. Acoustic“design" waslargelyan
empirical process. Even the first, specifically designed quadrophonic control rooms were ofien
mirror images ofthe front halves of the better stereo rooms. Unfortunately, some of these better
stereo rooms were only better because of the acoustic design of their m halves. 'l'helow
fiequency build-up in some of the quadrophonic rooms Which were based on the above principle
was such that there was great ditficulty in achieving consistent musical and timbral balances.
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Serious quadrophonic control room design took place mainly between 1973 and 1979, but

generallywithonlylimitedsuccess,anditisinterestingtonotethatthemmepsycho—

acoustically advanced concepts of stereophonic control room design did not really begin to

blossom until after the limitations of quadrupth performance had been removed. in the early

19805.

4.1 Phantom Image Fragillty

A pair of papers '1 presented to the September 1997, 103rd Conference of the Audio

Engineering Society (ABS) addressed the subject ofthe requirements for optimal stereophonic

monitoring. The complexities of mutual coupling. were also dealt with at some length. They

set out the somewhat fragile requirements for the establishment of the consistent reproduction

of stereoch phantom images. Response disturbances due to listening position. loudspeaker

position, room boundaries, the acoustic coupling between the two loudspeaker systems

themselves, aid the coupling of the room to the individual loudspeakers, all conspire to leave

conventional stereo on very unsound foundations. Although it can work extremely well tmder

close to ideal conditions. it is not. inherently. a robust concept. When quadrophonlcs attempted

wmneasemmm,menmhaofphMmsomdsmges,hisflnlewmdmthathflmmdmedon

the rocks of its own complexity. By the end of the quadrophonic era. many mixing engineers

andprodumhndseflledfmasmmfionmlstage.udthoflyambieme.mtheoddspedfl

efi‘eet, emerging from the rear. Their hard earned lessons still largely apply to the surround

concepts oftoday.

Somewhat ironically, this technique was also ideal for the excellent Ambisonics coding system,

andmatchedwelltheoonceptofDolby StereoSurmund(whichledthewaytotheDolbyDigiml

Sin-round System, now so widely used in cinemas) but the lack of the availability of a discrete.

stable. convenient. four-channel storage medium for consumer use was perhaps the final nail in

thequadrophoniecoflin MaybethiswasjustaswelLasitallowedacleaner re-startofserious

interest in surround sound in the 1990s During the intervening decade, digital multi-channel

consumersystemshadbeeomeareality. andthecinemaindusuyhadhadtimetodevelop its

ownsurroundsoundpractices Indeed. ithadbuiltupaveryconsiderahlebodyofexperience in

Itseemedasthoughwefinallyhadsomenewand

muchmorepraetieableprospectsformulti-channel listeningwithinourreach

5. PREPARING FOR AUDIO-ONLY SURROUND

We now have an excellent opportunity to develop surround ready for an audio-only format.

Until now, surround has been almost exclusively an adjunct to a picnue, whether that picture

has been video, television, or film. Whenever sound is accompanied by a visual image. the

visual aspects tend to dominate the senses. [n the better of the current surround productions, the

soundtracks are of the highest quality, but these tend to be done in very expensive, suitably

large. film or video studios These studios usually have a wealth of dedicated. highly trained
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staff, such as was the case in a significantly large proportion of sound studios twenty years ago.
It is. perhaps, an interesting contrast to think ofwhat will happen When surround audio-only hits
the mass market.

The sound recording industry has entered a phase whereby such luxurious conditions can only
usuaflybeafl‘ordedbysomeofflreverymparfistes. Byfarthemaiorityofcurrentstereo
productions are done in rooms with minimal acoustic neatment, and which are operated by what
amount to little more than skeleton staffs. Already, there are around 100 Dolby surround
encoding systems in studios in the UK alone, but the majority of these are in rooms which have
beenadapmdmsummdmrkmflierthanhavingbeenopfimallymmrit These
conditions would seem to be arbitrary, at least. in terms of their ability to work to the highest
standards, or to achieve optimal compatibility, either between themselves or to the domestic
destination for the end product Most of them are primarily stereo rooms, with add-one to
upgrade for surroimd. Let us then look at the needs for a purpose designed surround room, with
full stereo compatibility. and which can be achieved within a realistic budget in terms of the
state of the current audio-only market.

6. THE BASIC SURROUND LOUDSPEAIERFORMAT, AND FUNDAMENTAL
MGPRACTICES

It is now emerging that the so-called 5.1 surroimd system is here to stay for the foreseeable
fimne. 1hissymemploysthree,fufl-bmdwimhfiontloudspeakem.malefi.eenne,and
right configuration There are also two hill-range channels for the lefi and right rear
information, and a further channel, usually of limited bandwidth, for a single sub-woofer. Most
modern stereo control rooms are symmetrical about their fiont—to—back axis, but are
asymmetrical about their side-to-side axis. This amusement is perfectly suitable for surround,
when, inallthecmrentworldngpracfices,the frontal sound stage is predominant However, it
should be remembered that it is M suitable for the old quadrophonic concept ofa wrap-around
sound stage. We shall discuss this in more detail, later. _

6.1 The Importance ofn Discrete CentreFront Loudlpeaker
One of the peat benefits ofthe 5 and 5.1 channel surround formats is that they use a discrete
centre-front loudspeaker. It was the use ofa centret'mnt channel which gave Dolby Stereo its
great advantage over the old quadrophonic formats. Probably the greatest warlmess of two-
channelstereoistheinstabilityoftheeentral image,whichinthemsjorityofcasesisthe
location for the main performances, such as vocals. The centre phantom position is also usually
the location for bass druins and bass guitars, which are two of the instruments which sufi‘er most
from room to room inconsistency problems. However, if these instruments are positioned in the
discrete centre channel, not only does the stereo panorama remain more stable for different
listening positions, but also, the room to room timbral difference problems are greatly reduced
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(See Reference'). Effectively, a single centre front channel is a mono source, and as mentioned

previously, compatibility problems were much less evident in the days ofmono control rooms.

The centre channel is ofcritical importance ifthe full benefits ofaurrotmd are to be realised It

is the key to greater image stability and also offers better fidelity. It thus makes no sense to

compromise in any way the quality or the output capability of centre monitoring loudspeakers.

Unfornmately, current practices often do just this, by using a smaller central loudspeaker in

order to more easily accommodate a control room window or a set of video monitors There

seems to be made a fiequent assumption that the centre channel is dialogue only, but this greatly

wastesthepotentialofthethreechannel frontal stereo. Formsonsofmrmralcouplingbetween

the loudspeakers, a single woofer cabinet in the centre position will not be timbrally identical to

either a physically identical [eh/right pair, supporting a phantom centre, or to dual woofer lefi

and right loudspeakers, either singly, or in pairs. Equalisation decisions will tend to be

influenced by this fact and they may not be appropriate when reproduced on other systems.

The critical nature ofthe centre front image, which may place vocals, bass guitar, bass drums,

andomamsnmnenmmonecennnlloudspeakerfiswenmmreamnwbytbatloudspwka

should be ofequal size to the lett/right pair. In fact. rather than having a centre loudspeaker of

onlyhalfthelowfi-eqnencypowerhandling(asinthecaseofasinglewoofercentre

loudspeakerinbetWeenadouble wooferpair)thepowergoingintoacennalloudspeakerwill

beatleastdoublethepowergoingintoeachot‘alefilrightpairwhenproducingapbantom

image at the same total SP1. It may even be slightly more, as the pair would develop a little

extralowliequeneyoumtnbyvirtueofthe doublingoftheradiatingarea(orquadmplinginthe

case of a double woofer lett/riyit pair used with a single mofer centre), and the influence

whichthathasonthemutualcoupling. ThinkaboutiLabassguitarreproduccdbyasingle

woofer centre channel will sound quite different to a phantom centre image of a bass guitar

reproduced by the four woofers ofa dual woofer, [eh/right pair.

6.2 The Use of Sub-Wooten
Inthehigbestqualitystereoreproduction,theuseofseparate,monosub-vmofersbasnot,in

general, been well received Unless Q the loudspeakers are very carefully positioned. there can

be arrival time mismatch and consequent transient smearing problems Nevertheless, in

problem situations, and by judicious siting of the cabinets, the use of a mono sub-mofer can

' sometimes make the difl‘erence between a monitoring situation being workable, or not. As with

mono-onlycontrolroomsifthelowfiequencymsponseisunevemasinglesomcecanbere-

located for an improved overall response much easier than a pair of sources. However, when

onenrpandstomuldplesomascanbethecasewithsurrouadifthingsaresorouted, thena

single source of low frequenciescan become a definite advantage. In the majority of cases, the

price which one pays in stereo, is more than made up for by the extra spaciousness available

from surround.
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With a single source of the very low frequencies, say below 80 or [001-17. there is far less
potential for the development ofroom problems. Again, as in the days ofmono. a singie source
also makes the mom to room compatibility problems less serious, as there me less position
dependent variations or complex idlerfa'eace patterns. The ideal siting for a sub-woofer is in
the front wall, but it should usually also be positioned ofi‘-centre. This avoids driving the room
symmetrically, so the lefi and right spaces (“halves”) into which the woofer delivers its power
will he difi'erent in terms ofdieir modal fi'equencies. The modes will therefore tend to overlap,
ratherthansupetimposeasmirrorimagesatidenticalfiequeneies 'l'hetechniquelendsto
produce somewhat more peaks and dips in the overall response, but they have less amplitude
deviation than the‘superimposed modes ofasymmetrieally driven room, and are thus less
audiny ofi'ensive.

6.3 Layout Considerations
Inorderto avoid arrival time problemsthethreemainloudspeakers shouldbemounted onan
mofadmlewimiueennepoimjustbehindthemaimuificallisteningposition Thesub-
woofer ahouldalsobepositionedonthisare. typically about halfwayhetweentheeentre and
either the left or right loudspeakers The monitor wall should be as rigid as possible, and,
ideallynheamplifiers shouldbemotmtedbehindfliewalLsimanedascloseaspowhletothe
loudspeakerstoallowtheuseofthemhrimumlengthofloodspeakercahle. Aloudspeakerwall
ismwflmostmivemflquuimdfordmmamiidnggdpafammmdflusgoodmefiee
shouldaoendmanysefimnnround,musie-onlysmdios

Theprecticeofeompmmisiagtheeenualloudspeakerforthebenefitot‘havingbetterforward
visionintodresmdiocanheresolvedbytheeonshucfionofmix-onlymoms. Thiswascommon
enough25yearsago,althoughtheneoessaryequipmenttosetupsueharoommsmuchlessin
thosedays Nowadnygtheeostofsettingupmix-onlyroomsforstereoisnotfirrshortofthatof
afiillreeording fneility.andthe economics have tendedtofiwourthe commotion of multi-use
rooms However,thefilmindusuymelyrwordsmdmixesindnsamemoms,nsfltedifi‘edng
needsarewellreoognised. Inthisinstanoeitisthemusicianswhophxtothepienneduringthe
mding(vfihamhmemdio),mdmembdngpusomlwhomixwthefirflsiupicune
(ortheteahouts)inthemixingrooms(dubhingtheatres). I'heydonmreemdinsmounisothe
reoordingsmdioseanhavealarge,fiontnl,oontrolmomwindow,iftheysodeaire,andaless
than optimal centre monitor loudspeaker for any quick-reference purposes High quality
momdmhdngonfieoflmhamwkformedfingdifiaengmdeomlmomwindowsdo

. notoomplywiththeseneeds

6.4 Different Dynamics and Sensory Interconnection
Surround mixing for cinema. video or television. all have difl'erent mixing techniques, as the
mmdlmlofmemfldreappmpriatebalnnoe,mustrelatenotonlytotheactionsonthe
picture, but also to the picture size. For example, a picture of a moving battle hank. filling the
full frame of a television monitor. at a close distance to the viewer, would tend to demand its
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own“nntural"level. Animageofadismmmnkonalugecmemascreenbuthavingtheseme

apparent, physical image size of that which was mil-frame on the closer television screen,
wouldalsoccllforthemesound level. SeeFigure 3. However,afull-finme picture ofthe
mknnalnrgecinmnscreen(withthetnnknppearingenormaus)wouldcnflforamuchhigher

soundlevel. Wehavevuysunngimpressionsinourmindsofthesimofsomethingm
recognisg-mdwemrelntethesizeofitsimagemthedimncefi’omus. Weinstinctively
knowwhatsoimdlevelwewouldupecttohearfi'omthenpparentsizeofsuchavisual
impression 0bviously,thnngh.life-likesizerequires life-like dymmicnnmandthesednys,

formfimumwuaflimpacgthmispmciselywhntfliecinempafmmancesmseekingm
deliver.

  

Of comse.infl1elisteninglviewing room the peaksound levels associated with: large screen

wouldbemuehhigherthanthoseassocintedwithamnllpictme,suchasofthesizethatcomd

reasonshiybeexpectcdinhnme cinemas. InaDolby Digital Surround cinema presentation, the

theauemiseflwrwmdbeammdasmhwiththepeakleveisbeinguverllOdBA This
yieldsa'ISdBusabledynamici-nnge lnndamcsficenvironmenuboththescreensizemthe

neiglihmmayonlybeabletosuppmapeaklmiofmdBAaniwhmismommanyhomes
will have higher noise floors due to trnfiic, weather, other residents, refi'igemols. washing

maehines,orahostofcthernoisesomces. Insuchcimummneesnoisefloorof-‘lodBAwitha

peaklewlcfmdBAmuldyieldausahledynemicmgeofonlySOdBJSdBlessthanthe
opfimalmixforthesamefilm. Becauseoffllecompltyoftheinhemcficnsofmusic,

diflogugandefiectagggivingduerespccttcfliefidefityofrfltesomdnacksimple
cmpressimmderqaensimwchniquwwiflbemlflmlymyieldmemostpleasmgresmmfrom
inter-systemexchnngcccfscundmk Forthebestresulu,sepamemixesarenecessaryfor

WW

OnthecfllerhmiwhenwemmidathefonhwmmgmusiwnlysmomMsuchpicmm-

telntedresu'icfionswillapply. hwouldseemtobelcgicalthndtectmentphflosophyofmifing

smmundsomdspeeificallyforits intendcdmarketshould continue. Theexucdirnension of
mmdmmdisupableofpmdwingpowufidandnewmmfimbmforflaemfimum
audio-onlyefiecgeverydifierentmixmyberequimdthnnwouldbeopflmnlifthesamemusic
werepicnnerelnted (dominated?) Mmio-onlymixingwillpmbably follcwtheexistingmereo

techniquesofmfemnchgwhrgemdmfllondspeakendmingthemixingpmcess. The

ovemlldynamicrunyofthemusiccanthenbechosentofindnbest-fitacmssamngeof
listeningcondifionsandlevels. 1
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6.5 Optimisationot'MrMonitors
Thespecificatiom fortheactualsurround (rear) loudspeakerscreatesomc dilemmas Inorder
wautethemnstdifisesomdfieMsmwthlywvefingthewholeatrdimthcdnem
industryhasgenemllyoptedfortheuseofalargenumberofloudspeakers. Thisworlrswellin
einemnsbmltmmenppromiMemuSficguidefincgwhmalmgeMmcemustbegimm
impression of the generalnmhience without any member of the audience localiaingthesoumi
somcetoanyspecificloudspeaker. ILsay.asinglepairofrearloudspeakerswuetobeused,
andflresomdflnckwuewbeopfimnflybalaneedfmapmonmmemneoffliednmmen
npersoninthefiontmwmfldhearammflyfiomdominsudsomddismhufimwhilata
person sitting attire rear, close to one loudspeaker ofthe surround pair, would hear a totally
exaggeratcdlevelofrearinfonnation Thispmblenmlugeaudiwmmnomybeaddressed
bytheuseof many. spaciallydistribtned loudspeakers.

In'ahometheahethesimationisverydifl‘erent Potentiallevelimbalancesovertbelistening

ammontsoyeaLnoriathesizeoftheeudiencewhichmustbeevenlycovemd. Whntis
mhmmofficflmmndinmexmmnyeatudewofwflabifityflrmm
purposedesigncdcinemas, sodilmts of excessive rigidityare meaningless. 'I'hese domestic

condifimmnlsotheoneswhichwiflgenemllyapplymmusic-onlystmound. Inorderto
introduceamoredifi’user’reldinthehnmesimafiomTl-Dchaarecommendedtheuseofdipole
hudspeakmsfiortherwpak,ndthdreirmhaxesnnmingparnflelmdtesidewalls Thisisa
mproducfionmwmmcndafiomthoughmdnotsomeflungimmdedfmuseinmifingmoms Its
mnmmmwithmloudspukmnmediflimeeflemafmemmfiplehudspcahmofme
eincmasystems. Doubflessflresetypesofsystzms,ifpmchasedforhomeeinemuse.unflalso
beusedfiormusiooflymoducfiomwhichleadsmthequesfionasmwhnisthcbest

monitoring philosophyto follow in music-only mixing rooms. The timbml difi‘erences. together

wififlrediflerunsparfidpemepfionbetwemasmglepauofsummdloudspeakmmda

mulfi-speahamgementcsnbequitegreat. Ifdefinitionisrequiredintherearcbannels,then

undoubtedlytlresinglepailispreferable

We do seem to be faced with a situation. though. whereby recommendations as to the optimal

Wemgememmayhauwrymfimmmmicoflymleasesifdifiemmmmgs

are mixed according to difl'erent concepts of what surround should be.- However. as with
convanional stereo. (thoughnot necessarily with conventional thinking on the subject), it would

seem to be better to standardise. as closely as possrble, the recording monitoring conditions.

Whatismoreitwouldalsoseem sensible todiseussconvenfions for
such that the choices made in the home listening environment are at least consistently
appropriatefmmonerecotdinstonnmher. Thisrequiresnconsistentappmachtomixing

techniques, the layout of the loudspeakers, and the bandwidths of the various channels. We

ctnrentlyhavethepotentialtomakeourselvesabigmess forflrefirhnesocarefitl nndwide-

ranging discussion of surround concepts,M won seem to he a prudent course to follow.
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6.6 Desirable Loudspeaker Bandwidth and Associated Mixing Considerations
The discrete digital surround systems for domestic use will. almost certainly, provide five full
audio bandwidth channels, plus a selectable sub-woofer fneility. It would thus appear that what
we need is a layout, as shown in Figure 4, with five identical monitoring loudspeakers, plus a
mbwoofer system. Some of the older, surmqu systems, using analogue mounting, delivered
only limited bundnddth signals into the surround loudspeakers, but there is absolutely no
problem in either mixing or reproducing such encoded music on full-range loudspeakers, in fact,
it is desirable. The hand takes place in the electronics ofthe coding system, and ifthe
mix is monitored through the matrix, then the “lyrics imposed by oompolmding the electronic
hsndm‘dth restrictions by arbitrary loudspeaker roll-nits will be avoided. The performance
through a whole range of possible limited bandwidth loudspeakers in home use, with their wide
difi'erenoes of sonic Ghmflerisfics, moot be pie-judged on some arbitrarin chosen, limited
bandwidth, mixing monitors. It would seemto be a minimum (obvious?) requirement that we
should consistently monitor what we are intending to sell.

Some ofthe older, and, indeed, some ofthe current mixing philosophies do not put any falls
rungesignsls simultaneouslyinthe front andmarioudspenkers, Thisispnrtlyindeferenceto
theoldersystemswhiohoauldnotoopeverywellwithsuehnsurteafnfiimbutitisalsothe
result oftite lessons learned from qlmdmphomesasdescribed earlier. incinemnusefihereg
occasiouwhmnsingietirflbsndwidfisigndflbemnedtoalttoudspenkm
simulmneorrsiy,suehuwhenanexplosiouisfedtomefililssstemtomltemardmmnefi'ectof
thetotalpaweroutputeapfility. ‘I‘hereareulsotimwhenthingseouldhepannedlroundthe
mombymeansof five-channel “joystick” pompous Howeverjristypeofpanningisusuafly
remiemdmspeoinlefiecmtmdsbouldnotbeover-used. Ofmmmmsmmfimsueflmmt
alwayspieturerelated,undsredone ufiercarefitloonsiderationbyexperiencedengineers.

Unfommateiy. one: music-only sm'mund enters the domain of the project-type studio, and
reaches full there seems to be little douhtttm “ ‘ '0” reasons may lead to
fixed W in surmmd locations; or even in overhead locations, but the lessons of
quadrophonics shouldn_ot_be forgotten there are prices to be paid former! things. The psycho-
moaksofphamomimsgeqmmllperceivedomymflnfionmlsmmdsmgemdphnnmm
imagesurernoreprmmtoroom~toaoom timhral difl'erenoesthanimagesioennedindisetete
loudspeakers. Thenewsurround systemsofi‘eranexoellentseopefor productiom ofgrest
dynamism and impact, with only minimal reiianee on phnntonr imagery, although the
“wufinms”ofphnmamhmgerymbeusedmgreatefiieetmensenseofspadomssis
the aim. However, they still cannot support the unsupponnble, and the psycho-amustic
limitations should be respected, or else the errors of quadrophonios will surely be repeated.
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6.7 Further Options for Sub-Woofers

Staying with the subject of the number of sound sources, we can now consider the application of

sub-woofers in the context of surround Except when seated in the geometrical centre of the

loudspeaker placement, ad under free-field listening conditions, the low fiequency linearity

will be more consistent from room to room, rind more consistent at difierent positions in any

one room. if all the sub-bass is derived from one source. It appears that the new surround

systems will allow various options in terms of sub-woofer feeds, which can be selected

according to taste or for an appropriate purpose. This should prove to be a useful facility.

However, there are certain types of recording techniques and certain types of music. such as

using spaced microphones on pipe organs in churches, where discrete bass sources can have

greatly beneficial efi'ects in terms of realism. The ideal music surround mixing room would

therefore appear to need five full-range monitors, In this context, by full-range, I mean capable

as going almost as far down, even if not quite so far down, as the sub-woofer. The sub-woofer

response should extend as smoothly as possible from 100Hz down to around 201-12. or even

below, and the main systems should respond down to at least 25H: before any serious roll-offs

set in. This is the only way to allow either 5.1 channel, or the option 5 channel monitoring, (as

some proposed formats would appear to require) on the same monitor systems.

7. ACOUSTICS FOR SURROUND MIXING

All of the above requiremens call for well designed control rooms if detailedfl representative

monitoring is to be achieved As mentioned previously, modem stereophonic control rooms

tendtohavedifi‘erentacousticcharacteristicstotheirfi'ontandrearhalves.buttendtobe

symmetrical in the lefi to right sense. Two prominent philosophies are the “Live End, Dead

End” (LEDE) and “Non-Environment” approaches. Within their own concepts, there is nothing

to suggest that either one is not capable of Supporting surround monitoring. though certain

consideration should be home in mind

In the LEDE approach, the front half of the room is treated with absorbent materials to suppress

earlyreflerdousandtherearoftheroomisdesignedtopmvide someaeousfichfethough

usually of a very diffused nature with a few selected late reflexions in some instances. The

“Non-Environment” approach seeks to remove the room fiom the monitoring equation as

completely as possible, but prevents the rooms from becoming oppressive for its occupants by

providing a hard front wall. Actions and speech within the room are acoustically livened by the

reflexions from the front wall, and by a hard ' floor, (which is often common to both the

techniques being discussed here). The front wall cannot affect the monitoring, however, as the

loudspeakers are set into it, and all the sound travels away from the wall. '

If either of these techniques were to be employed for a dedicated surround mixing room, then

each would suffer from the fact that the rear loudspeakers would be facing a solid monitor wall.
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This wall is reflective at all frequencies in the Non-Environment rooms, and at low-mid to low
frequencies in the LEDE rooms The Non—Environment approach could benefit in such
circumstances fiom having a highly diffusive, and less reflective fi'ont wall, such that reflexions
lion: the rear monitors would not excessiwa interfere with the perception of the that monitors.
The LEDE would be less coloured in terms of rear monitoring if low frequency absorption was
providedinthet‘rontwalLbutthiswouldupsettheacousticloadingonthefiontmonitcrs,
which would possrhly need more low frequency drive. The use of a difl’usive front wall would
probablyrendertheroomstoolively. Bothconceptssufferfromthe factthatthefrontwall will
be reflective at low frequencies, and so will reflect any low frequencies emanating from the rear
loudspeakers They would thus suffer fi'orn LF irregularity in the rear monitor response. In
practice, however. these problems may not be too great as long as the room limitations are taken
intnaccountbythemixingpersonnel. 'l'heroomscansupportsmroundas longastherear
channels carry only ambience and efl‘ecu. The old quadrophonic concept of wrapping the
instruments around the listeners is still only consistently supportable in anechoic conditions.

In cinemas, the screen is reflective at middle and high frequencies, and the monitor wall, behind
the screen, will he reflective at low frequencies. In homes. the front wall will almost certainly
be reflective, at least at some fiequencies We thus have a common situation whereby the float
humofthefiswningmvuomemfindgrutdifficdtymwapfingdremselvesmrwdvhga
dhcctimpaetfiomthemrmonimmandthattherearwalltechniquesareunsuitahleforthe
physical mountingand acoustic loading ofthe main monitors. This..as was stated earlier, was
one of the gross errors made by the designers of the earlier quadmphonic rooms. Face to face,
neithumofiomhalmnortworearhalves, ofany curmtcontrol room philosophy will
produce a good room, even for stereo, and these problems can only be compounded when the
roomsaredrivenfromeachendsimultaneously. IngeneraLtherearmllsofmodei-neontml
rooms are there to control sound, not to generate it. so they are not ideal as bafl‘le extensions.
Asinthecueofthe fiomwaflsdrebaflleextemionconcepthelpsto more linear-ilyloadthe
loudspeakers mmmted in them, and hence help to contribute to an overall more linear response
intheroom. Moderncinemadesignsusuallycaflforanabsorpfiverearwafl,andsoshmedie
same problems.

Alhctwhichmustbe facedwithsunoundmonitcrin; andthiswasalesscnleamedatgrettcost
by the people making the old quadrophonic mixes, is that symmetrical monitoring is not
possible in any room other than an enormous anechoic chamber. Mixing techniquesm take
thisfactintoaccormtifthebestresultsandthemostconsistemefi‘ectsaretoberealisedfi'cm
surround. The float sound stage should dominate, with central solmds routed to the centre
loudspeaker, and not panned across lefl and right as phantom images Where possible, unless
there are strong reasons to the cannery, the lower bass frequencies, especially of any frontal
phantom sources. should be routed to the mono sub-woofer, and what appears in the surround
should normally be limited to ambience and cheats.
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7.1 Decay Time Considerations

For purposes of quality control. the decay time of the room should he very low in order not to
mask or confuse the monitoring In the LEDE v.5. Non-Environment debate, at least as it relates
to stereophonic listening rooms. the argument for the LEDE is that the perception of the music

has more of a spacial dimension, and relates more to domestic listening conditions' The ‘

argument for the Non-Environment philosophy is that it facilitates yeater in-depth monitoring,
allowingperformingorreoordingflawstobedetcctedatnneaflyslage.beforereanhingthe final

CD. The claim is also made for greater room-to-room, and system-to-system, monitoring
consistency. lnthe context oftheir adaptation to surround monitoring it would seemthat as the

ambient information can be incorporated into the S-channel surround system, there would be no
needtotrytoenhancethe listeningspaoe acoustically,sonvetylowdecaytimewouldappearto

be desirable. This will allow better judgement ofthe amount of ambient information, and it also

allows superior monitoring of the low level signals and any problems which lurk therein

Whatever limitations that the Non-Environment rooms may be perceived to have in stereo,

would am! to be ofno consequence in surround.

The advocates of the Non-Environment approach3 have long argued that listening room

enhancement should be left for the final reproduction rooms. and that the quality control

function of the control room monitoring should not he communised solely for the benefit of

listeningpleasure. OnmeomerhmdtheadvocatesofIEDEmaintaindratasenseof

spaciousnessisaneoessaryingredientfortherealisficappmisalofmusic. To somedegree. it

musthesaidcataintypesofmusicorrecordingtechniquessrdtcermmtypesofmomsbut

personaltastesandexpericnccsalso comeintotheequation Irrthecaseoftheirupplicationto

surround. however, the all encompassing nature of surround signals renders the above argument

somewhat academic. Low decay time and few reflexions would seem to be the requirement.

The Non-Environment technique has already been applied. very successfirlly, in film mixing

studios forDolbyDigital Surround, inmanycotmtries,andthe transferofthemixes intothe

cinemas hm been very successful indeed.

8. SOME CONCLUSIONS

As is the case in most conventional stereophonic mixing rooms, it would seem pnrdt to

provide a more typically domestic sized reference in control rooms used for music-only

Sin-round mixing. leery, foil-range monitors. in a good monitoring room, would appear to be

mandatory if the highest level of quality control is to be made possible. As an alternative

reference. a small, domestic surround system. say with five satellites and a sub-woofer, could he

placed at relatively close range. around the mixing console. Between the two systems,

assessments could he made of dynamic range compatibility, spacial compatibility, timbrnl

compatibility and musical balance compatibility. This is about as far as one can go with a

domestic reference, as the problem of decrceing what is “typical” in worldwide domestic

situations is even more complicated with surround than with stereo. There are more mutual
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coupling problems between the loudspeakers themselves, and more complexities of room
coupling There is also a peat range of domestic room acoustics that will be encountered, and,
what is more, different manufacturers of domestic equipment are busily marketing their own
concepts for their own advantages. There is currently a choice of full bandwidth or limited
bandwidth surround (rear) loudspeakers; there is the dipole option, and there is the option to use
multiple surround loudspeakers, as in the cinema systems. All of these possibilities, it must be
realised, will produce some very different results in the compatibilities mentioned in the
previous paragraph To whatever degree is realisahle in practice, it would seem beneficial, to
all concerned, to try to establish control room conwa and working practices which will help to
ensure a relatively consistent concept of frequency balances and spacial distributions which will
best relate to home realities, yet will still retain both their recording quality and their artistic
integrity. Ifthis is n_ot done, and the studios simply tend to follow the end-user market, then,
surely, only chaos will follow.

After considering all the topics tmder discussion here, it will probably have become apparent
thatifthebestresnltsaretobeglamedfromthe full potential ofsmround,thenmerelyadapting
former stereo control rooms to surround use, by the installation of ad hoc extensions to the

monitorsystems, islnrdlythewaytogo. Goodsurroundrooms'needMgassurrmmd
rooms. Mixing practices need to take into account the problems of the psycho-acoustics of
phantom image localisation and their stability problems, Surround sound mixes being
performed by untrained personnel run the risk of producing disappointing results if they fail to

translatefiomthcmixingenvironmenttofliewidelyvariableconditionstobefoundindomestic

reproduction environments. Surroimd is not the simple concept that it may initially appear to
he. Much will be lumed once the widespread development of surround mixing facilities is

realised, but. as we have already learned so much fi'om the quadrophonic fiasco, it would seem

wastefitlnottorememberthelessonsWhichituugnatsuchgreatcost,assomanyofthem

have great relevance to the merging practices of surround sound. Careful planning of future

surround facilities could yield a very exciting future.
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