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An^swcrs k¡ a numher (d ímportanl questiorß about the
S tereosurround A udk¡ P roduction It'ormat.

þiiq:l"erv)þ{!x',j"{iiiirì;ri . 'l.i:r ,i.',,' {,lri!i.}.!t:4i¿t 1',iiÍ-;r:{}ri{.'r:lrf ïr¡fis
Ilrief dLsc¿es.s¿orr^s on mísconceptíot*s øbout the capabílítíes, opplícatíons, and

benefits of the Steraosurround Audío l>roductíon l,'ormat.

Srltrsio*t. {l'¡'txrsl{';,!,r.ri ',|i \'î.:lrrru l:'i-o ¡i'i;tr,rlil ¡rr .,\,!t$*TË,-"¿rt is¡lrs t¡l'- tlrt:
St¡.rrule ¡n¡lr":'i¡tr¡lE.n ,ir¡.rclír¡ Iroi"r itt¿re,'üi-r¡¡a []r¡ru¡l¿r{.

A technícol descríptíon cf the Slereosurround Audío Production Iìormat
ba:sed on papers presented at the Au.dío En¡qíneerin¡1 Sæíetg

and Lhe Notktnal Assocíatíon of Broadca^sters.
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\\¡h¿rt. is t.hc St,r:rcosrur'<xrn(l'u ,\rrrli<l I)rodtrr:1.ïr)rl I''tlrltt¿tt,o/
'fhe SLerer¡surround Autlk¡ Productktn lìormut Ls a pru:Licul, I)olb¡¡ SLereoø

compatible 4-24 matríx encule,/deuxle process d.eríued frr¡m motion pícture audío
Lechniques thot alk¡ws thc .t1eneratiott of a more realLstíc sound lìeld usíng þur
dLscrete-Iíke reproducLktn cltanneLs thut cru¿ be tran^smítted or sLored c¡n two conuentíonal
uulío channeLs.

II<¡u' many c()rrsurllerîi c:Lrl crriot. pruduct.iclns in tllc Stcreosrrr::ouncl
f<lnn¿r1.?

Tda.A, there øre oûer 3 míIlk¡n Stereosurround formot-compatíble dect¡ding deoíces ín
cotLsumer homes. 'l'hese range from inexpen^síue o.dd-on deoices þr exLsting stereo s1¡stem^s,
to teletsísir¡n receíuers wilh huílL-in surrt¡und sound, to elaboratc component llome
'I'heater s¡4sl,em^s that rioal tlrc besL motion picture theaters.

\\rh¿tt ¿rrc thc llcnclìls firr crxrsuurcrri rvho h¿n'c ¿r (.lr'o sllctú<cr s{crco
s1'sl.crn, or sinqlc s¡lciútcr rlt()Il¿ttll'¿tl svstcttl'/

Productio¡t^s in tlæ Stereosur¡'owul formaL ofler conuenLiottal slereo lLsteners a wider,
fuller sound ímuge tlutn ís possible with conoentíonal stereo prultrction lnchniquns.
Slnreosurround þrmat prulrrctírnt^s o,Lx¡ cLssure a higher pruluclion qualíQ4 for eoerll
ILslnner ínclutlin¡¡ tht¡se with mr¡naural sgstem^s.

\\rhat are lhc cosls of'prorlrrcin¡¡ irr thc Stcrcosurrotrrrd fìrrnr¿rl.?
Assumíng Lltat Stereosurct¡und formaL producLíon equípmertL Ls beín¡¡ added k¡ an

axLstín¡¡ two chtuutel ¡truÍucLíon furiliLy, LIrc ctxts ure quíte low cott^sidering¡ the suúc
bene/ìt to be gaíned. T'p¡pí<:al ct¡sLs ran.r¡e from about 8I2,OO0 to 880,000 dependíng uprnt
Lh.e sophLstk:atiott of tlrc ¡trrxlucLknt rnuútoríng¡ amplí/er4oulspaukar sq4stnm. Oncc Lhe
prrxlurtíon equípment Ls ín place, Lhere are no addítíonal production cr¡sLs uníque b this
frn'ntat. No additíonal pruluctkn sLa/J'or micropltoncs are requír<'tL.

Is the St¡:rc<>sum<)urtd f<lt'ttt¿tl. fìcltl ¡rrovcn'/
f/trS'J The Steret¡surround proLess hrrs been used in u wide uariet¡¡ of líue, líoe-to-Lape ,

and post-prrxluctíott proqrum^s. 'flrcse ínclude two complete seu^sons rf Chícago Cul>s
bu^sebull on SupersLatk¡tt WGN, Super llowl XXIV, NIIC-I'Vts Saturdal¡ Nig¡ht l,iue arul
Noes|..¡ llop¡s serícs, Llrc 1989 aruL 1990 Grammg AwartLs proqraïLs, Lhe NCAA lrinal Itour
Plauofls on CIIS-'I'V, antl manll other sporLs and enLertaínnrcnt euents anrl corporat,e
prultrctiott-s fitr suclt contpaníes as Coca-Colo" Volkswo(Jen, and McDottukl's.
Sterec¡surround wras used in I¡M Su¡terstuLit¡n WItM'l's brr¡adca^st rf Llrc GronL I'urk
Sp1rnpltort¡¡ts lìourLlt o/',lul¡¡ CelebruLion uíred líoc from Chict4¡o. In Lhe reutnlín¡¡ studio,
iL hoes l¡een enútraced b1¡ Ncw Yt¡rkts l\twer Skttiott and was re,<:enLlg used ín'l'elarc's
prulucLiort rl'Lhe "Spícs"' laLesL contpan:t dLsc release. In uII rd Llrcse díuerse upplicuLktn^s,
Slcrer¡surt'ound has prouert iLsel/'to he relíable arul sLraíg¡hLfitruord kt use wlúle at the
same tíme sig¡ní/ìcuú\1¡ urltling¡ tt¡ Lhe excítemenL of Lhe audío ¡trrxlu:tiort,

II<lw str()ng is thc firtnre lirr thc Stcrcosrrrrourrd procluct.i<lrr fìrnnat?
The SLerer¡surcound formaL h,as l¡een deueloped Lo alkru Lhe pruxhu:Líon of both

audír>onl¡¡ and audítfor-uideo progroffLs wíLh sígní/ìcuntlq¡ ímproued spatíul realíL.t¡. It Ls

compatíble wiLh a uaríetg of r:xisLíng mullí-channel decoding hardwrtre (Dolbg Stereo,
Dolb¡¡ Surrc¡und@, Ultra Stereo@) us well us twr¡ speuker steret¡ und síngle speaker
monaural plagback equípment. Because two chorutel audio sLorage and Lran^smLssknt
sgstem^s wíll be thc domínant cott^sumer formut /'or mang Aeurs to come, thLs sgsLem oflërs
a much better approrrch Lo creatin¡¡ more realLstic sound lìekLs wíth þur-channel
reproductítnt than Ls possíhle with unl¡ two speaker stnreo s¡¡strem whíIe retaíning¡
complete compatíbilítp1 wiLh two speaker antl síngle speaker reproducínç¡ s1¡stem^s.
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Åi,,¡{ 'I'¡'rrr,r" Stereo from the (}reek word stereos meafLs solíd, firm, or
three-dímensíonal. When applíed to audío recordín(J and reproductíon slJstems, it
mecüt^s realLsLíc or lífelíke. I"rom Lhe perspectíue of a t11pícal con^sumer, howeuer,
the term stereo hu^s come Lr¡ mean an audío program or sgstem desígned for two
budspeaker chenneLs, le[L and ri.t1ht. 'l'he far:t thaL just two reproductíon channels
are &sed Ls an eccepted compromLsa due Lo the widespread aoaík¿bílíty of two
tran^smLssio n and s torag e channeLs.

Earll¡ psllchoacoustícal studíes td audío recording¡ and reproducing slJsteftLs
índícated Lhat three reproductk¡n channeLs coukl greatlg ímproue øudio realLsm.
Irurther, the uldítktn of ot least one rear chonnel wa^s lound to prooíde a more
robu^st and corusíncín¡¡ serLse of spatíal realitg. Il11 adding¡ a front center and
surrounrl channel kt a. cr¡noentir¡nal starao slJstem, stablc front stage ímages coukl
be created þ, o ktrger lLsteníng spece while also creatíng ínteríor or all-around
ambíence ímq7es. Sr¡uncls coukl Í¡e made to mooe not onlq¡ across the front of the
sourul sta¡1e , I¡ut hetween fronL and hrrck.

'I'odal¡ ít Ls pracLical to implement the findíngs of these earlg studíes through the
use td sophLstícaled 4-2-4 (/i¡ur chonneLs ínk¡ tuo channeLs and then back to four
channeLs) møtrk encodíng and decodíngy technklues u^síng1 exLstíng two channel
LransmLssíon und storo¡¡e sustem^s. 'f'he resultíng program^s ofler the benefit of
síg¡nífictmtlg¡ greo"ter realísm when reproduced ouer sllstem^s wíth three front
channeLs (lnft, center, right) and a síngle rear channel (surround) , whíle at the
same tíme being¡ completelq¡ compalíble wíth trad.itional sLereo and mono plagbark
s¡7sLem^s.

'l'he Lerm Stereosurround@ ha^s been created.a^s an ea^síly¡ undersLood format
idenLí/ier for pro.t¡ram-s ba^sed on this technologg. Jtrct"o" 

^ono 
and.'stereo serze

a^s format ídentífiers frtr program^s created for single speaker and two speaker
reproductíon, Slereosurround identífies pro(Jro:ffLs thot haue been created for three
front channeLs and one rear channel, whíIe at the same tíme beíng compatible wítlt
tradítíonal stereo and mono s.r7súcms'. Such propríetarll pr(rcesses as Dolbg
Stereo@ arul Uttra Steret¡@ are Stereosurround-compatihle production techníques.
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Quite the contrarg. Our experíence in workíng with monA,audío míxers and musíc
¡lroducers ís that-the Stereosurround format ha^s a great deal to ofer ín musíc
recordíng. Of all audío applícatíons, musíc mí.xes benefit the most from the
unambiguotts stereo imaging and depth of field cøpabílitíes o/þred b11

Stereosurround productíon techníc1ues. Thís Ls true et)en uJhen the prímarq¡
audíence will Í¡e usíng two spealcer stereo for plngback.

ll'here are manll brcnefits for the audío míxer tn well. For example, øfundamental
dí/ficultg in producing a compatíble stereo/mono míx Ls,controllíng the relntíue
piíase of the prop1ram elements. Illements thot tend to be out-of-phase øre reduced
|n amplítude ín the mono mix and, ín some c(Lses, dLsappear altogether, whereas
in the stereo mix theg are alwaltrs present, but dfficult to localíze. One of the
manll benefits of thts production format is that a Stereosurround monitoríng_
s1¡slem makes i,t sígnificantlg ea^sier to ídentífg and correct those elements of the
m"k conlríbuting Lo su,ch problem^s. ll'hLs is possible because all pro¡¡ram el.ements
are localízed crccuratelg from ín front of to behtnd the lLslener arcordíng to their
relntíue phase. As a part cf thLs process, a Stereosurround encoder prouídes on
efectíue Lool for spatíall1¡ reposíLíonin¡¡ these elements to rrchíeue the desíred
result ín both the monr¡ and sLereo mk. In addítíon, exten^síue productíon
experience ha^s demc¡n^strated that an axcíting and compotíble Slereosurround
program cdn aLso be created.

å].
'Ilrc Stcrc()surrorrnd l)r'()ccss rvill fìlrcc rlrc t.o cornlrronrise nr)'present
successful product.i tltt tcc:hrri t¡trcs.

Not True. 'I'hLs Ls an understondoble concern, partícuktrlg when pa^st strccc.s.s has
been ba^sed on establLshed production ualues. Iloweuer, the beautq¡ of the
Stereosurround productíon format Ls that you do not haue to g¡íoe up these
productíon oahrcs in committing Lo Lhe process. As a matter of foct, once lJou
configlure lJour productíon ftrcílítg for Lhe SLereosurround format 11ou han:,e ru¡t
lliuen up the abilítg to ¡troduce ín síng¡le s¡teaker nu)no or tradítional Lwo speaker
sLerat¡. In other wortls, Lhe ftrmat Ls such that 1¡ou can lalse as much or little of the
process &s lJutl wLsh.

INuen i,l'gou decíde rutL Lo encr¡de in the Sterec¡surrouruL audío producLíon format,
gou shoukl eoahtute Lhe Stereosurround decodíng of 1¡our Lwo spealcer stereo
productíon. 'f'hLs wíll ollow gott Lo know what it wíll sound líke on Lhe
drctmatícull1¡ g¡rowíng numbcr of Slerer¡surrountl pb¡¡back s1¡sLam^s on which íL wíll
be pbgad,

(-
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Thc Stereosurround audio productlon format is a practical,
compatible 4-24 rr:latrlx encode/dec.ode Process that allows
the gcneratlon of more reallstlc sound fields uslng four dis-
crctc-like reproduction channels that may be storcd or trans-
mitted using two conventional audlo channels. A brief techni-
cal description of the encoding and decoding process wlll be
prescntcd followed by an analysis ofavarletyof field and studio
þroduction tc.chnlqucs. Specl flc p rogram examples d iscus sed
wlll lnclude sports, music entertalnmcnt, made-for-televlsion
dramas, and commerclal advcrflsing producüons. In addltion,
thc tcchnical robustness of the process will bc analyzcd wtth

;::S:.a 
a lts tolerance to amplitude and interchannel delzry cr-

il-

O INTRODUCTION

'lhe Stcreosurround production format has as lts roots, tc'ch-
niqucs dcvclopcd by the motlon picture industry that were dc-
signcd to erdd more rcalism and cxr:ltcmcnt to thc audio-visu¿rl
cntcrtainment cxpcricncc. Ncarly 5O years ago, lhe motion
picturc "I.'antasla" wers producc{ uslng a multlchanncl sound
proccss (Fernta-sound) th¿rt tnvolvcd not only thrcc rcproduc-
tlon channcls bchind thc scrcrcn but loudspcakcrs loc¿rtcd to
thc sidcs ¿urd overheard I I ì. Sincc that tlmc, numcrous multi-
ch¿rnnel rnoti<¡n ploturc lornrats havc bccn dcvclopcd with a
conrnìon obJccuvc of crcartin¡1 ¿ì. tnorc rcallstic sound lìcld frr
thc llstcncr/vlcwcr. Iìy using at lcast thrcr: fr<¡nt <:h¿rnncls,
¿rnd onc rcar or sfdc ch¿rnncl (1, = I-cft, C = Ccntcr, Iì = Iìiglht,
S = Surnruncl) :rs shown ln lìlgure l, significant bcncfiLs can
be gatncd ovcr convcntional two-spcakcr rcproduction.

With thc additlon of thc surround ¿rnd center channcls, stablc
ccntcr lm:rgcs can bc crcatcrl for a large llstcning spacc ¿rs well
as intcrlor or all around amblcnce lmages. In addltion,
sounds can bc crcatcd that move not only across thc front
sound stage but bctwccn fn¡nt and back. Thesc addltfonal
channcls of lnformatlon contribute slgnlflcantly to estab!lsh-
ing a grcater sense of spatial rcality resulüng in an lncrcased
scnse of belng tn a real-world sound fìeld. ln sptte of the
imprcsslve performance of many mulüchanncl systems, prac-
tlcal conslderatlons such as exhlbftlon costs and multlple
print lnventorles havc prwented the wtde acceptance of any
dfscrete format. What has evolved, however, are two
four-channel matrlx orlentcd dlscrete soundlnÃ formats com-
monly referred to as Dolby Stereo@ and Ultra ð,"...o@ bo."d
upon the patcnts of Schelbcr [2], [3], fal. In addttton to provtd-
ing a dlscrete sounding four-channel productlon format,
thesc processes have been acccpted as both two-spcakcr ste-
reo and slngle-spcakcr mono compattble. Unlike the matrlx
technlques devcloped as a part ofthe consumer quadraphonlc
products of the early l97O's, these processes use hlgh per-
formance steertng loglc tc.chniques that allow the creãdon of
unamblg¡rous tmages ovcr a wlde ltstentng/vtewtng area [5],
16l. These production techniques are fn wldcspread use today
1n the feature motton plcture lndustry and are commonly used
ln maJor fllm releases.

Thc matrlx tcchniqucs associated wÍth thc motion pfcture ln-
dustry had limitcd additional applications until thc dcvclop-
mcnt of ncw audlo and audlo/vtdco tcchnologlcs assoclated
with broadcasting and home entcrtainmcnt systcms. Spccifl-
cally, thc BTSC-MTS Stcrc'o Tclcvision Systcm, stereo satcllitc
tclcvislon scrvlccs, thc VCIì. with FM (FIi-Fl) audlo tracks, the
optlcal vldc.o dlsc wtth IICM digital audio tracks, and the com-
pact dfsc all rcprcscntcd ncw mcdia wlth robust charzrctcrís-
tics capable of accurately proccsslng matrix cncodcd ¿rudio
programs. IniUally, programmlng conslstcd of m¿rtrix cn<x¡dcd
feature fllms that were bro¿rdcast or transfcrrcd to vidco cas-
scttc and vldco disc for rcproduction by consumers. As a re-
sult of thcsc productlons, a homc thcatcr oricntcd profession-
al and consumer awarcness has developed, along *'ith ¿r

markct for dccodlng and rclatcd audio cquipmcnt to accuratc-
ly reproduce these programs [7]. A particul:rr drtvf ng forcc be-
hlnd the acceptâncc and lntcrcst in thls multichanncl audio
proccss has bccn thc fact that a plcturc ls lnvolvcd and, hencc,
thc llstcncr/vlcwcr ls morc awarc of the spatlal rcallsm that
can be crcatcd. This should bc contrasted to thc sltuadon that
cdstcd wtth the ea¡her consumer quadraphonic technlqucs.
These techniqucs were developcd around muslc-only pro-
grams and had a restrlcted lde¿l llstenfng space due to the
lack of a ccntcr channcl.
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Because of a growtng consumer lnterest ln stereo audlo wtth
vldeo as well ás an lncreaslng number of home theater type
playback systems, there ts a dèslre among program producers
io õreate a-grcatervarlety of productlons-wlth stereo audlo ln
addltton toäaJor motlon plciures. Spcclfìc examples lnc-lude
sports wents, 

-muslcal 
varlc$r Pro grams, made - for - televlslon

dramas, muslc vldeos, commercials, and audlo-only p1o-

g*-". the Stereosurround-pmductlo-n-format has been de-
icloped for and ls currently bctng used for such productlons'
It ts àesigned to gtve maxlmum performance beneflt to a grow-
lng numËer of cõnsumers wlth soph-lstlcatcd decodtng equtp-
ãËnt, whtle at the samc time, provtdtng a compatlble produc-
tion îor two-speaker sterc.o ãnd stngle-speaker monaural
ti"t.nt"g. In ad'dttton, experlcnce has ãemonstrated that the
si".á"üoo.tnd production format makes lt possfble foraudlo
enAlneers to mlx more efflclently and accurately due to the ln-
heient abtlity of the process to revcal common production er-

Iîn" "tt*o"u*ou*o 
n*o,ru.',o* *o*ot

l.l General

The Stereosurround production format uses a 4-2-4 matrlx
process orientcd arouid a four lnput,.two outP-ut encoder, and
ä two tnput, four output decoder as shown in Flgure 2' In pro-

sram producüon, thó ou tput of thc cncoder is rccordcd or sent
io theiransmlsslon chaln as well as fed to a dec'odcr to monltor
the pro<luctlon. Encoded Programs are optimized for playback
through a decodcr wtth slmllar cha¡actcristlcs'

The characteristics of the encoder and decoder are based on
thc matrlx portlons of the Dolby Stereo and Ultra Stcreo-pro-
ductlon ptoì.."", but have been reflned for modern broadcast
and consumer audlo storage and transmlsslon systems'

F'tg. 3. Stmpltfled Stereosurround Encoder Block
Diagram

Mathematlcally, this Process may be dcscrtbed as follows:

I'r = l* .7O7 (C + JS)

Rr = R+ .7O7 (C -JS) (l)

where þ and R¡ represent the lcft and right total or transmis-

"rã".*-.¿.¿ "igt'tåt", 
and L, C, R and s rePrcsent the left'

center. rtqht. an:d surround lnput slgnals, respectively' It-ls
iÃp"ii""i t. 

"ote 
that the elcments in the block diagram de-

notcd bv Õ and Õ - 9Oo are all-pass networks characterlzed

"" h"øåg a flat amplitudc response, but a frequency depcn-

dent phase responseofÕ(f) and Õ(0-9Oo. Anaþsis of thc com-

pt.t"'".t of."cãde/dccodC equatlons rcweals that such phase

ähtft functions are requircd in order to allow for an intcrior or
Jl arou.rd sound miing capablllty' The dccoding matrix þe-
iã." it...ti""al enhancémcit or matrfx modlfìcauon) ls de-

fìned by the fiour equauons:

L' = Irr

R=Rr

C' = .7O7 (tr + Rr)

3' = ,7O7 (l,r - tìt)

i.ËFT ÀiiD ¡ìiG|{l
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Ilg. 2. Stereosurround Encoder/Decoder
Block Dtagram

The Stereosurround productlon format has, however, been
designed to allow thé creatlon of program-s that are htghly
comlatlble wlth exlstlng Shure IITS Aqra-Vector logtc, Dolby

Surround Pro-t ogtc, and Ultra Stereo@ decodtng equlpment

as well as belng downward compatiblc with Dolby Surround*
and other decoãing syste ms deslgned for three front channcls
and one rear channel. In addltlon, such productions are com-
padble wlth two-spcaker stcrc'o and single-spcaker monaural
rcproductlon systems.

The matrix portton of the Stereosurround production format
ls a nonsymìneklcal encode/decode Process ln the sense that
the decoãtng Portion lnvolves adaptlve matrlx modlflcation
fsteerlnÁ) loãi ctrcutts to make the system perform as lf four
ìndepen"clenidlscrete channels are belng used. Ftgure 3. lndt-
cateå the baslc elements of the encodlng process tn block dia-
gram form.

where the prtme notatlon is uscd to dcnote that thc decodcd

"fg"^I" 
..e only approxlmattons to the orlginal L, C, R, and S

tniuts. The ne-ed io'r matrix enhancement or modlflcation bc-

"Àitt." "1"* 
when the decodcd si$nals (2) are represcnted ln

terms of the ortg¡tnal lnput slgnals. T!t9 ca1 be scen from

"q""ìro"" 
(3), whËre equåtlo.t"Il) and (2) have becn comblned

to produce:

t;=L+.7O7(C+JS)

R=R+.7o7(c-JS) (3)

C'=C+.7O7(L+tÙ

S'=JS +.7O7 (L- R)

These equatlons clearly show that each dc'coded slgnal con-
talns thiorlgtnal tnpuf slgnal, as welt as lts spatlally adJac'e-nt

channel's sfnal r.äu..d tn level by 3 d-I]. ]lÞ t* also be

"no*tt 
gt"plilcally as ln Flgure 4, wherc the3 dB arrows lndl-

cate the"arãas of stgntfìcant crosstalk, and the tnlìnlty yroY-s
r"ár""t channels 

"produclng no crosstalk. For cxample, tf L
*as the only tnpuito the errcoder' a portlon- of I' (attenuated
bv 3 dBì *oüld åpp"^. in both the center and surround chan-
närc, 

"ttd 
,ro.r. oi'L *orrld appcar tn thc rtght channel'

and Pcrformance Ca-
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{.::x3 :*'-_ 4. Smooth pannfng capabillttes across the front sound

stage and between rear, lnterlor, and front locatlons.

r[.

,í

Hg. 4. Graphlcal representatlon of 4-2-4 matrlx decodtng
crosstalk prlor to dlrectlonal enhancement

From a perceptlon standpotnt, the situatlon deptcted tn Fìg-
ure 4 ls â step ln the right directlon ln that all reproduced
sounds are most domlnant ln the lntended dlrections. SubJec-
tively, howwer, thls level of dc'codlng accuracy cannot pro-
duce unambig¡rous locallzadon perceptlon over a wlde llsten-
lng area, particularly wtth respect to centrally placed images.
In order to slgnlfìcantly lmprove thls situatlon, matrlx cn-
hancement clrcuftry ls employed tn the decoder. F\nctionally,
thfs clrcultry serves to reduce the undestrcd crosstalk stgnal
components (3 dB crosstalk elements) as a functlon of the
dominant content of the program. Slnce lt ls not posslble to
achleve full lndependence of the four channels at all tlmes un-
der all condltlons, lt ls necessa¡y to make system compromls-
es. In the case of the Stereosurround format, c.ompromises
have been made wlth artlstlc conslderatlons ln mlnd. For ex-
ample, the lnteg¡rtty of the center channel ls most lmportant,
and a number of steps are taken to keep centcr channel lnfor-
matlon out of the surround channel. On the other hand, the
ablltty of the system to simultaneously enhance a centcr and
right or lcft dtscrete lmage ls found not to be as lmportant and,
conscquently, ls not posstble wlthout some crosstalk. The de-
codlng action can, howwer, very quickly alternate between
these lmage locatlons wlth a low level of crosstalk gtvtng the
percepdon ofvery dlscrete behavlor. As a result ofthese neces-
sa4r compromlses, lt ls common Practlc'e ln Sterc.osurround
format productlons, to monltor througþ the encode/decode
process so that any locallzatlon dlffìculttes resultlng from a
partlcular mlx can be hcard and dealt wtth. Based on these ar-
tlstlc conslderations, the Stereosurround productlon format
can be vlewed as a technologtcal art form wlth the followlng
capabllltlcs:

l. Accurate locallzatton of dtalog, muslc and sound effects
across a three-loudspeaker sound stage for llsteners
seated ln a wlde llstenlng area.

2. Unambfguous rea¡ward locallzatton of spectßc dtalog,
music, and sound effects.

3. The creatfon of lnterlor sounds whfch surround the lls-
tener wlth envf ronmental or amblence effects from all dl-
rectlons.

5. Slmultaneous reproducdon of locallzed or panned
sounds and lnterlor sounds.

From a compadbtltty standpolnt, lt can be sccn from Equatlon
(l) that a two-speaker reproductlon system wlll accurately de-
code left and rtght tnformatlon wtth the c.enter channel ap-
pearlng tn both outputs at a reduced level creat!$ a phantom
õenterlmage. The surround lnformation will also appear ln
both channels at a reduced level, but wtth opposlte polarlty
whlch typtcâIy results ln a dtffuse lmage. A monophonlc sys-
tem wtli ieproduce thc sum of þ and Ra whtch wtll contaln all
stgnals wlth the exceptlon of the surround channel tnput. Al-
though thls may seem to be an unacceptable sttuatton, lt ls
not the case ln actual practlc.e. Slnce hard pa.ns to the sur-
round posltlon are generally not requlred for artlstfc reasons,
but rather pans to and from the surround posltlon, a great
deal of c-ompattbtltty e)dsts. For such pans, t]re monophonlc
llstener strnþly hears the producdon elcment get loud then
soft, or soft then loud. Thts generally correlates very well wlth
the screen actton ln audfo/vldeo productions. In practlce, a
compadble surround lma¡le can be created by pannlng near,
but ñot all the way to the surround posltlon, ln which case a
portlon of the surround element of the mlx wtll appear ln the
sum or monaural stgnal. As prevlously lndtcated ln Equatlon
(3), decodtng clrcults that do not employ enhanc.ement loglc
will dc.code the producüon, but with rcduced separatlon (loca-
tlon accuracy) between channels.

1.3 Encodlng and Decoding-flardware Consideratlons

A practlcal rea-llzatlon of the Stereosurround format encoder
descrlbed tn Flgure 3 ls shown tn block dtagram form ln Flg¡ure
5. TWo g¡oups of fìxcd-posttton lnputs ln addltfon to a panable
lnput have been found to be useful for a varlety of productlons
due to the ltmltattons of many mbdng sttuatlons. In addltlon,
the panable tnput allows the creatlon of a custom mlx bus po-
sttlon that mtght otherwtse be dtfflcult to create wlth avallable
mbdng controls. Preclslon all-pass encodlng networks a¡e re-
qulred ln order to guarantee acceptable fu¡eater than 4O dB)
encoded channel separatlon. Of partfcular lmportance are
center to surround, and left to rlght crosstalk perforrnance.
An 80 Hz low frequency shuflltng clrcult has bc.en l¡rcluded,
on a swltchable basls, for those appllcadons where low-fre-
quency out-of-polarlþr or differenc.e lnformatlon must be
avolded. F\nctlonally, this clrcuit attenuatcs þ - R¡ lnforma-
tlon below 8O Hz wfthout affectlng the þ + Ra cnmponent. As
an ald to system se tup, a meterlng clrcult and lnput trlm cnn-
trols are provlded to allow the callbratlon of all lnputs.

All tnputs on the encoder are full bandwtdth lncludlng the sur-
rounã channel. In practlcre, hower¡er, the decoded surround
channel ls often limtted to approxlmately 7 kllz by the charac-
terlstlca of typical surround channel consumer clrcultry. Thls
ls due l¡r part to the bandwldth of cost efGctlve tlme delay clr-
cults employed ln the surround channel slgnal path whose
prtmary functlon ls to put the llstener ln the acoustlc c.enter
of the ltstenlng space, and to lncreas€ percelved cen-
ter-to-surround channel separatlon.

In some appllcatlons, lt may be deslrable to use a compa.nded
nolse reduction systemwlthln the enc.odlngand decodtng pro-
cess other than wtth the þ and Ra stgnals. Such nolse r€duc-
tlon may be deslred due to a pardcular llmttatlon or character-
lstlc of the storage or transmlsslon medlum, Thls ls commonly
done ln the Dolby Stereo a¡rd Dolby Surround processes wlth
the surround channel, due to llmttadons ln the opdcal fllm re-
cordlng process. In thls case, a modllìed B-type nolse reduc-
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Flg. 5. Stereosurround Encoder System Slgnal Processlng

don encoder ts placed in thc surround lnput of the encoder
and a complementar¡r decoder in the surround output of the
decoder. If a dlscrete multlchannel system was belng uscd,
thls would tndeed be a logtcal appllcaüon of the nolse reduc-
tlon proccss. Due to the fact, however, that a matrlx system
ts being used, propcr compandtng will not occur because the
output of the nolse reductlon encoder ls not what ls fed to the
decoder. A more technlcally accurate solutlon would be to use
nolse reducdon on the dlfference slgnal after the encodlng
process. Thls could bc accompllshed by dertvlng both þ + Ra
and t,¡- Ra from the encodcroutputs, sendtng þ- R¡ through
the deslred nolsc reductlon encoder and then generattng a
new L'r and Rr for transmlsslon or storage. Similarly, prlor to
dccodlng, Ln + Rr and t r - ftr would bc gcnerated and þ - tìa
processcd through the c.omplemcntary notse rcrCuctlon decod-
er and tnally, þ and Ra would be regenerated for multtchan-
nel dec-odtng. The MTS stereo televislon systcm uscs a varla-
üon of thls technlque, where sum and dlfference signals arc
transmttted lnstead of left and rtght, and the dlffcrcnce slgnal
is companded to optfmize performancc gfven the restrictcd dy-
namlc range of lts transmlsslon channel,

A systcm block dlagram of a Stereosurround format decodcr
ls shown ln Flgure 6. The lnltlal sum and dlfference matrlx de-

codfng generates the L', C', R', and S'sfgnals as descrlbcd ln
equations (3) prtor to processlng by thc "Dircctlonal Enhance-
ment Slgnal Modlftcatlon'circuitry. It should be noted that
the enhancement process lnvolves a dc.clsion-making stde
chaln that docs not process any ofthe actual outputaudio sig-
nals, but rather c,ontrols linear sum and diffcrencc circuits in
the 'Dlrecüonal Enhancement Signal Modtlìcatton' block
where the L', C', R", and S" signals are generated. Thls ap-
proach to decodtng serves to slgntfìcantly rcducc thc amount
of clrcultry by which the actual slgnal ls proccsscd. An addi-
tional element of the process is the derlvation of a low frcqucn-
cy (below 8O Hz) or subwoofcr output which is not proccsscd
by the directlonal enhancement clrcuitry. Sincc thc position
of low frequency informatlon below 8O IJz is diflìcult to localizc
ln rooms, thls output servcs ln cllc.ct as a nondircctlonal fìfth
channcl sultable for creatlng dramatlc fmpacl ln productions.
A furtherbenefìt of this channcl ls that lt allows thc usc of rcl¿r-
ttvely small loudspcaker enclosures for thc l-, C, Iì, and S rc-
productlon locatlons.

Due to the fact that llstcncrs seldom slt ln the acoustic ccntcr
of the loudspeakerarray shown prevlously in Figurc l, and arc
typically biased towards the surround loudspeakers, a dtgital
tlme delay ls uscd to, ln effect, move the surround loudspcak-
ers farther back lnto the listenlng space. An addlttonal be nefìt
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Ftg. 6. Stereosurround Decoder System Slgnal Processlng



of thls form of slgnal processlng ls to further reduce the per-
cePtton ol any crosstalk from the c.enter channel fnto the sur-
round channel byvbfue ofthe precedenc.e effect, In addldon,
slnce some ltstenlng envlronménts are long and narrow, two
separate surround outputs can be made aválable wlth dtffer_
ent selectable tlme delåys to more accurately accommodate a
larger_ nu mber of llstenãrs. F'tnally, a monltoi mode s€lector ls
provlded.to allow producuons to-be monltored uslng Stereo-
surround lormat decodtng wlth and wlthout dlrecüõnal en-
hancement, as well as uslng two-speaker stereo and
stngle.-speaker monaural reproducuon systems, Flgure 7 ls
lncluded to show the deslgn^charactedsúcs ofan aõtual en-
coder (top) and decoder (Ëttom).
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Ftg. 7. Stereosurround Encoder (top)
and f)ecoder [bottom)

l. 4 Productlon Conslderadons

Flg. 8. Stereosurround l-oudspeaker Monttorlng
Conflg¡uraíon

nel. Best resrllts are generally obtatned wtth loudspeakers lo-
cated htgh off the floor (5 to I feet) so as to reducè the effect
of other llsteners dlsrrpüng the sound fleld as they move near
an fndlvldual loudspeaker. A practtcal check on the surround
reproduction channel ls to move around the desf¡ed llstenlng
space, checldng for level unlformlty whlle reproduclng a ptnÈ
nolse source.

Slnce- productlons uslng the Stereosurround format are capa-
ble of generadng sound flelds that vary between belng.*ês-
slveþ reverberant to nearþ anechofc, an tdeal ltstenlñg envl-
ronment should be as acoustlcally absorpdve as pracUõal. As
an example, excellent results have been obtalned ln control
room envlronments wlth mtdband reverberaüon ilrnes varl¡-
lng between .25 and .3 seconds,_ Flnalþ, when completfng any
Tk 9I .startlng any ltve producdon, the monl[or systerir
should be oblecttvely or suhJecüveþ balanc.ed, ushg ä test
generator that alternateþ cyiles a b¿ind llmtted randoñr nolse
source betwecn the L, C, R a¡rd S decoder outputs.

ftgures 9 and lO lndlcate typfcal equlpment block dlag¡ams
for post-productton and llvê-or llve-io-tape productton envl-
ronments, A common element of both sltuaüons ls that of
monltorlng the encoded slgnal, as lt goes to tape or transmls-
sion, through a decoder at the production sttè. The prtmary
dlfference bctween these two production envi¡onmenis ls thã
source of lnput program rnatérial and the need for dme code
and synchronÞ-atlon between audlo and vldeo recordlng
equlpment.

Due to the fact that the encodlng process ls llnear, more than
one encoder can be used duringã producilon provlded that
the.þ and Rç outputs of each decoder arc sumàed as a part
of thc decodlng and monltorlng process. This capabtltty is of
particular value ln made-for-tèlevtslon or vtdeo produõttons
where there may be a necd to alter the producdon'mlx at a lat-
er tlme, partlcularly wlth respect to addltional langu.age re-
leases. In such cases, three encoders are used, onãeaðh for
dlalog, muslc, and effects (DME), and thefr outputs recorded
on a slx-track format. Slmtlarly, in a muld-slte ltve producilon
envlronment, scparate encoders may be used for each locaUon
and comblned at the producüon mlxer locadon. In ccrtaln llve
productlon envlronments, lt may be nec.essar¡r to delay the
þ/R¡ audio mlx to properly matãh the vtdeo piog..-. Ã typt-

¡lllÐ

('

The Stereosurround producflon format ts ldeally sulted for a
post-productlon envkonment becausc lt allows the mklng en-
g¡lncer to refìne the mlx so as to obtaln maxlmum benefft irom
the process. Excellent performancr ls also obtalnable from a
llve or llve-to-tape productlon envlronment provtded the audlo
elements areof a predlctable nature, and known rnlxlng com-
patibtltty problems are avoided.

A baslc element of any producilon ls the establlshment of a
monltorlng e-nvlronment that wlll allow the mixing englneer to
properly audilon the Stereosurround mlx. Sucñ a äUp rc
shown ln Flg¡:re 8. Ideally, all three front loudspeakers should
be the same, or at least have vcry slmllar tonal óharacterlstics,
and should be located at the same llstenlng helÃht, The center
loudspeaker should be as close as posslblõ to tÁe vldeo monl_
tor (tf used) and located Just abovè or below the screen. Be_
cause of the ccnter channcl, the left and rlght loudspeakers
can be more wldely spaced than for convcnilónal two-äpeaker
stereo productlons. As a consequencc, lt may bc deslräble to
audltlon the two-speaker stereo compailbllltv of a Stereosur_
roundproductlonwlth the left and rlght loudspeakers moved
fnward.

Evcn though a slngle surround channel ts produced l¡r thls
format, tt ts htghly desirable to- reproduce i[ with a group of
loudspeakers so as to create a diffuse sound fleld. poir loïd_
speakcrs are_shown ln the flgure; howcver, two are frequentþ
used ln small productlon envlronments. The speakers shoulá
be postttoncd so that the mker ls free to move iound wlth no
stgntfìcant change ln the percelved level of the surround chan_
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cal sltuatlon might lnvolve a pre-recorded audio mlx that per-
formers are reacdng to as they listen to tts playback over a
sound relnforcement system. If the acoustlc delay due to the
distance between the sound system and perfrcrmers exceeds
approdmately 4O mllltseconds, the audio wtll appcar to lcad
the video creatlng an unreallstlc result. In order to correct thls
condltlon, lt ls necessar¡r to dclay L,r and tl by prccisely the
same amount so as to malntaln the lntegrlty of the mtx. A typi-
cal solutlon ls to use a two-channel dlgttal tfmc delay f n whlch
a common clock ls used to control both channels. Flgure I I
ls lncluded to show a t¡rpical llve lleld-productlon cnvlronmcnt
commonly found l¡r mobilc audto/vldeo productlon facllltles.

1.5 Mtxlng Technlques

Dcveloplng a mlx uslng thc Stereosurround productlon for-
mat ls very slmllar to two-spcaker stereo and slngle-spcakcr
monaural mfudng, once mlcrophones have been selected and
placed, slgnal processlng has been set, and the confìguration
of the mldng board and source assig¡ments have been made.
In a typical set up, the lnput buses and outputs of thc cncodcr
are connectcd to the mlxer patch bay, such that cach lnput
fader can be asslgncd to or panned bctwe'en any two lnput
buscs. Wlth thls condltion establlshed, the signal controllcd
by each fader can then be panncd ln the "mlxing spacc" to thc
deslred posltlon as the mlx ts bctng monltored. Based upon
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Ftg, lO. Stereosurround Lfve or Llve-to-Tape Productlon Block Diagram

2.

3.

Stereosurround format productlons to datc, a numbcr of mix-
fng technlques and obscrvatlons have emerged:

l. Due to the fact fh.at 4-2-4 matrix systcms are not dis-
cretc, and that localizatton problems can occur, start by
mtxlng the most domlnant sound clcmcnts fìrst.

When uslng cornpresslon or ltmltlng on dialoguc or a vo-
callst, avold processlng any addltional ambicnt signals
through the same compressor/limiter, so as to a-vold the
domlnant sound causlng the amblent sounds to pump up
and down. Thls result ls partlcularly bothersome wlth a
multlchanncl rcproduction system.

Keep fn mtnd that lt ls posstble to continuously pan stg-
nals bctwc.en thc front and surround locations, and that
It ls not necessary to pan a program element complctcly
to the surround posltion in order to get a noticeable rear-
wa¡d or surround scnse to the mix,

When mldng muslc, start by mbdng sound clcmcnts di-
rcctly to the L, C, and R positlons and effects to the tntcrl-
or posltion uslng separate effects devices for each ele-
ment. Once the mlx has been roughed ln, further
adJustmcnts should then be consldered.

If problcms occur regardlng locallzation intcractlons be-
tween two or morc sound clcmcnts, conslder pannlng one
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6.

7.

of the slgnals more towa¡d the lnterlor posldon, altcring
Its tlmlng, or reduclng lts amplitude.

When uslng multlple mfcrophones ln sttuatlons where
two,or more mlcrophones may plck up the same slgnal,
confìrm the polart$r of each mlcrophone between lts
acoustlc fnput and the midng console output to the en-
c.oder. Thls wlll greatly rcduceìhe posstbtllty of undeslred
out-of-polartt¡r lnformation betng mtxed lnto thc lnterlor
or surround posltlon.

In many slhratlons wherc a centcr orfented vocal element
ls competing wlth loud amblence element (sports an-
nouncerversus crowd), lt ls destrable to \dden" the vocal
element. Thls may be accompltshed by etther pannlng the
element towards the surround posltlon or by uslng a
small amount of stereo synthesls returned to the left and
rtght front posltlons. Símtlarly monaural effects a.sso-
clated wlth sports productlons such as baseball 'bat
cracks" and ficotball player contact sounds can be glven
more dominanc.e ln the fìnal mlx.

MS and XY stereo microphone technlques can be lnte-
grated lnto Stercosurround format productlons provlded
proper selectlon of mlcnrphone patterns are made. As an
example, a popular MS mlcrophone conflguratlon uslng
a cardlold mid pattcrn and btdtrectlonal slde pattcrn al-
lows the creatfon of equlvalent XY comblnatlons that
place sounds properly ln the frr¡nt and rear sound stage.
For an ln depth dtscusston of thls compattbtltty, see the
referencc by Ross [8].

Iìealfstic crowd or ambience mlxes can bc created by us-
tng mulüplc groups of mtcrophones placed so as to sam-
ple dtstfnctly dlfferent portlons of the productlon envi-
ronment. Once placed, the outputs of these mlcrophones
are then positloncd at dffferent points in the "mi:dng"
spacc by panning betwc.en the left or rlght and surround
encoder lnput buses.

Ftg. I l. Stercosurround Llve Sports Productlon
Envlronment

1.6 Techntcal Requlrcments for Recordlng and Transmls-
sfon

Stereosurround format productlons depend upon the relative
amplltude and phase tntegrtty of two channel transmlsslon
and storage systems tn order to malntaln a htgh level of per-
formance,. Varlatlons lntroduced ln eltherof these parameters
durtng rec.ording, playback, or transÍiisslon ln ess€nce
' re-encode' the productlon. Fortu nately, audlo reco rdlng and
transmlsslon technolory has been moving ln the directlon of
lmproved performance ln thls regard. Consumer audlo for-
mats such as the CD and DAT re<-order are extremely robust.
Shflarþ, audto/vldeo formats such as tr'HS-HiFt,
S-VFlS-fllFl, B€ta-I{lFl, and LaserMdeo Dlsc technologr offer
extremely stable reladve amplltude and phase performance.
In addttlon, professlonal dlgltal audlo recordlng systems and
cassette based audto/vtdeo formats such as D l, D2, Betacam
SP, and MII provlde ahtgh level of performance. Fromabroad-
cast perspectlve, FM Stereo, and the BSTC-MTS stcreo tclevl-
slon formats are qutte good due, tn part, to the need for mon-
aural c-ompattbtllty.

Those systems offertng lesser performancc typlcally lnvolve
analog recordtng technlques where recordtng and playback
azlmuth caltbratfon is required to provlde good program inter-
changeabtllt¡r. Errors typlcally lntroduced by such devices
generally lnvolve phase or lnterchannel delay wlth relattvely
mlnor amplltude dlscrepancles. Based upon our laboratory
studles, lnterchannel delay errors of 60 mlcroseconds or less
are acccptable. Once errors begln to exceed this value, htgh
frequency components of speech sounds, which are typlcally
encoded for center front reproductlon, become surround
channel lnformatlon, and are c.orrectly decodcd as such to the
detrlment of the llstenlng experlence.

As far as amplttude errors between channels are concerncd,
transmlsslon requlrements are realþ no dlfferent than those
assoclated wlth two speaker stereo productlon technlques.
Practlcalþ speaklng, however, a Stereosurround format mon-
Itorlng system makes lt much easler for an audlo mlxer to dc-
tect a channel lmbalance duc to the ease by whlch locahzatlon
errors can be detected. In addltlon, crosstalk orchannel sepa-
ratlon requlrements are slmilar to those assoclated wlth con-
venUonal two speaker stereo. At leoqt 15 dB channel separa-
tlon ls requlred for good subJectlve performance, whlch ts
generally not a problem. As channcl separatlon ts degraded,
the program stmply becomes 'more monaural.'

Inoktng at the transmlsslon and recepdon aspccts of the MTS
System has shown that certaln factors can lmpalr the proper
transmlssion and receptlon of encoded programs. Those prob-
lems are typlcally percelved as localÞ-atton e¡Tors lnvolvlng
front channel leakage tnto the surround channel, program
modulatcd hum and nolse ln lhe surround channel, and ex-
cesslve difference or surround channel lnformatlon. A num-
ber of factors responslble for these problems are descrlbed ln
detail by Gibson [8] and havc bcen reduced by lmprovemcnts
in transmltter and recelver deslgn. In partlcular, tnctdental
carrler phase modulatlon (ICPM) of the vtdeo stgnal lnto the
audto durlng both tr¿nsmlsslon and recreptlon can be a prob-
lem. Many of these problems are slgnlÍìcantly reduccd when
multlpath dlstortlon ls reduced or these slgnals are trans-
mltted over a well-deslgned cable dlstrlbutton system.

l. 7 F\rture Improvements

A conslderatlon of fundamental lmportance tn dcveloptng thc
Stereosurround productton format has bcen compaUblllty
wtth edsttng consumer and professlonal two channel repro-
duction systems whlle at the same tlme offerlng a means of
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creaung a slgnlncant lmprovement ln spatlal reallty.lThe suc-
cess and acceptabtltt¡r'of the format, conscqucntly, depend
heavlly on malntalnln¡l thls compatlbfllty wtth futurc system
lmprovements. As an example, the bandwldth of the surround
channel ls not lfmltcd by the encoder, but rather by decodcr
and dellvcry system technology. F\ture programmlng ls ex-
pccted to take advantagc of thls fact resultlng ln productions
sultable for playback on'both wtdcband and restrictcd band
surround channels, much the same as audlo programs arc
now produced for both FM and AM broadcast.

2.O Summary

'lhe Stereosurround audlo production format has been de-
scribcd from both a thc'orctical and practlcal standpolnt. The
proccss has becn developcd to ¿rllow the production of both
audfo only and audlo-for-vldc.o programs wlth slgnifìcantly
lmprover:l spatlal rcallty. It ls compatiblc wlth a varlcty of exist-
tng multichanncl dccoding hardwarc ¿rs wcll as two-speaker
sterc.o ¿rnd slngle speaker monaural plnyback cqulpmcnt. Bc-
cause two-channel audio stor¿\ge and transmlssion systcms
will be thc domlnant consumcr format for many years to conre,
It ls felt that this format offcrs a much bettcr approach to
<:rcating more realistlc sound lìclds with four-channcl repro-
duction th¿rn is possible with any two-speakcr stcrco systcm,
whlle retalning conrplctc compatjblltty wlth two-speaker and
single-spcaker rcprodu<ing systems.
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