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According to B‘E’eé' & flqck diporar H%'%t“g 'i'a'fﬁ'?%"“?ﬁﬂ 9'“”°s°““"

oLl v g‘ﬂﬂaa 'F%(?@B“Zfﬁ' Bﬁpaﬂf’ theinvention, ¢
: |m;'[ 2rs1|SI Onr?%?@egﬁ avﬁ'ggtmqgrf’ CfoRBCORIA Péﬁ MRROSANS. . oy rel ati on of the °

su oun S fLeld at listening positions wthin the room
Pr efer abI b gdﬁ&%ﬂ&iofﬁ%% ot by a technique such as slight pitch
shifting bEt WRfathedWank 2 B &He&ﬂﬂ&@lo&%ﬁﬁl@%ﬁé surrolMd s6uifd Qﬁn%&mﬁ&fsyéiéiﬁ&%ﬁ\body-
undesi r abl qngsa ine%em&éhr Gred naza&rgeﬁémuupsqumentlmw&m foP foadbRy expRinéd Balowy €
Wi t hout 25 hethahri @émmtdfﬁ 2@%%6& ITAHBugRbut B8 BiScAbativn &1 drawis, s elehidhta Gerfol ds
forthe mai narsAaighe the AN reteréHiaé Aunwkdlsy sifiidr bementSa féherailyisslgried the shife BfefenaHd
channel , t herfl®bot afdidiBtiiguistivd 6f prinkeqs maks.pect s of the invention provides an
even nore psymvohEigues 1 andk)iaft (D) ceatei (C)right (R}, enil sixepuad(Spchanniels, matrix ehtiodddogcadrting

t he conbi nab welkknbwr teéheiquessas leftdntal (LT)and dghitete!i(RT) Bighalscare appliadita decodjng end edualizatiéror
sur rounde c hreane? amiR)a¢speciivalyo Both decodingrnd squalizafianmeaine? dnd 2t ingiude a pratrix deopded that

di f f er ence is intendedity derivecthave GnRcand B ichannelssipamidie anpliddd-T andtRTsignals. SuptPm@rixiegode®)
Bl di f f use oftsnrefered tepef'surmpndspundideeqdersatewali-own. $everi vapiktiopssof uround soyng degpders|

I's a bl ock #® bathyier ppfessipnabmetiqo Riglun theatesypand far cagpumey aqmens: FgrGpmPlagthe sim-
aspects of R' W@M“W"‘YMP@%P’E'“Q"W §"‘%[°%§I"l9(ﬂ8°ﬂ?' %H?P’GF'S%!"MPFSQHV&"%%’HH

repro dul® tlo reauctlon
| ouds peaker %L bt g P‘ vaﬁl , " "H'e°"°°d'"9 in the
I nternati On%l.rmn egem dlme sza“ ans 8 vel;t and R %’« {input
' S a corr eCI es l\o %%ﬁ\(rﬁ de 044 Sﬁﬁﬁs clhé) ns Si Ioca’oed
nsgpe tJﬂ maﬁs F@‘ ﬁeqm. oh n&aﬁ Q@arpaxﬁ e
dtrack sbe Hbtﬂ ﬁﬁx "Il F'ig'ﬂre%@ﬁ: iménfal ﬁﬂ:‘p%al d?&ﬂ&ffu ee%&hﬁ edn§8§located

5 C hema-t I C Gh fHeld dutpdt 1R f’r@tmth% PheLRisEs R HIFfES e q@lizé? means 8 is also

filter/ equadxpigméd deliv. | Ml e- rrentl ng the correct | on curve of Figure 4
Figure 6 is amntboth@mbébihdénts, the Lf ¢, ROaHABW)tpGte Fror the 3Bdding\ghdlebiilizeticriihdafs1Bfed a rehe
pol es ans ZzspeQive Ibutispeaker brrédpédtits IUdspei@rs1D) 12214/ 6| V62 InihaiRe lisBhind-endikbhiRerits thd center
Fi gure 7 i schanmebieispebket 12 is freqliebtiychivittp gsams imatnix depoddieintondali éor hank @aomitl entiesit a
for i npl enmesehierdharinkloutput). Soitabid amblificatioh is gtovidert as dedefsanebut Bunicthéwndbraingplicital | zer
accordi ng to awexriaegemanty ofbothdigured banidithuspiovide foRtherenplingofiatieast the lettlriglti and surm
~ showi ng an ra¥ndand.ontianally;tos conter) $oundhannlg encoded i theflT pndRilsignais tp @ feprective (qudspealind
out put s 5 r oanet Inwdsesakers (Theloustspaglere:ara intpaded dobadpgated iy operalingipesitions wi QQDPQ!F Ist o
- anot her asp/awifg reAm ip prdertagepaste soynd f§@§1ﬁ§P°f‘-‘r"@l‘%E§'°ﬂ’éWP rigbhand FH"E&"!S'@"SJ °P“°"a"y

- cross- cor r hegentsy channels within he] ‘egiﬁﬂs'P‘EW ons 20 Det ai | ed Descr i

| nvent i on Fj B?‘@Esef ﬁ&’q%"egﬁ i py o9 | t: - il ut smna?s
i § EE,,, S Rt

surroun
nat|

Fi gur es ?’z 9
Easa jﬂ Fig!ré}}'ﬂ a |tiJms thQ r£ medns 60 ecoder4

bel ow, 25 t
speci fi cati aﬁ(ﬁpﬁma Sk s masﬁdmm&ﬁ doblr & P

ref erence nune simlar elenents are generally assigned the same
reference nu- nerals but are distinguis®ed by prinme (') marks. In both
~Figures 1 and 2, left (L), center(C, right(R), and surround(S) channel s,

" matri x encoded, according to well-known techniques, as left total (LT) and
right total (RT) signals, are applied to decodi ng and equali zation
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30, tredns‘2 and 2', respectively. Both decodi ng and equalization neans 2
and 2' Include a matri x decoder thagpbmiaa’amded to derive the L, C, R and
S channel s from the applied LT and RT signals. Such matri x decoders, often

referred tg Gren gﬁpﬁ &qm&.ﬁ:@gsgstac Sy aﬁmgama efemue%{ of@si;gwns
of surroun q, erg, SierdF u‘ép
théat er Us%oaﬁndnt oPEigrd 2 3 thee-¢! rH dns 62 loathd BBOr® thelnWirix3Hetbde

i ncl ude onlpgugs ﬂ?ﬁ%ﬁéﬁxe&@&aﬂ tHm Sifraspdhde @h4rattBnbtRY ln%?dépﬂ‘ﬁ{irﬁmi% &ﬁct% 'aﬁ a
del ay lige radwzioarde ng BGtirhay Be fbilided inf the/mithix QICEHRF 4 4rd, S IRNELLeTBSUERY to carefully
separ at i On.mddh tReWhbriattéHatics TRAY twdQs-Edliaiiz6r rhaahid SI@EhEFIGH § BmBoaRHeRY) in GRierts PRNNR
because nDSdny reltive shiftdmpHaseshd BMblite inthe€lTHNE RT Sigraibias BHeK Sre PIiPdsead by EHeIeequalizer
reducti on eweangld.ng in the surround channel. It is Intended that the matrix
decoder 4 i ncFigue3 shows swredX ofdinel lstbringtivpal Standard iSO 29897 T(E)With e réspgyse extrapolated

r e- equalft z de 2thigiznieyehd dhecoffiisiah t2fckHz uppehrequensy lirlt of the staidasd il IsRImBOrpraEdticd immany

| i nes to t Heeates, particulgehcdubking tipateryiand ethes thepters pquinpedwviidhighquality sunpingigound systempc
re-equal i zé?a'ﬁﬁﬁ'ﬁ%“@%?e@ anfuendad X@garaqtqmst{ch'gmepxte@ed éﬂ!!"ﬂs %ﬂ&mm‘i‘ﬁ%ﬁafﬂﬁfé{n
the matrix e&em%ﬂstwﬁeaﬁwmfe'! e 2 ls'fzacﬂﬁﬁ dw@mﬁs ﬁé&?@ﬂbﬂl&@@ down aborthed
bel ow. I n MBﬁt e 19 @tf qu W?y pgy ters |npub||c
di rect/d‘?ff'ﬂ@g" ‘EE

matri x decoca 'lf q"FEﬁﬁ "3??“’5 s?‘ﬁ'g m o g"? °h :gds
al so expl ai 4 e B a 'e Ré 3 'EL " :Bv '"g ° om
the decodi rl:gn \Jvff d n g h-frequency

| oudspegkergiy ws&,&ér rv fa As?n.wg
enyi ronmants§st5 %g ﬁa;acg rgg: ,a ﬁp&‘ﬁl ,eqa, c;e§ requent y om tt e sonme
matti x decodepsexplainéd\sbavb dabch o g ﬁmﬁﬁ?ﬂx?icnﬁ‘efﬁohﬁ Ok, the SGRRAtRIEK 1§ Dsta@honitored
out put) . Suhk & &Hakter tReTRAS ﬁebrca@mmo thé eXténand X REpcASe dIRG SRt Meyexpdetation thiat Bth ol
for sinpli gicture filthEiRil 86 piaedimfeates that hab@bdan biigaettethat btandiftiizéd febpohisd LUV THGS, fnb

t he coups i nign piftura soundtasks inhentlyedrty abuifHin eqadnizhtionthat takelmdactantdr compénisatesibd play-

t he cent er )baaOin traatersiaed ebditoriims etless idudspbéi@r-todm sespondd is aligadilothd standardisipanl Ve
| oudspeak- Ho@ever, fa thegeasbraispesiebow, this builtinmquilipationkie net apprepriate fop pleybelck ivhdwe

| ocat ed i n ligteringoanviragments; ithej sovndtragks of motiompiciures tansfeirgdso hamenvideg softwere media have
orderto gerfeqmuch highliemyericy squadenersy whangenyestueed by e haseestystere. Qomeck timiirgy i not peaserved
surrouné® (eﬁﬂéld%'ﬁﬁtmwdy“ktcﬁ%bw&a)afewmﬁﬁ“a\ket'ﬁﬁfﬁ the |istening room

Because of t hvoprd] Qﬁ"l"@?}@ﬁ?"t ?f@'sd@’eﬂp&taép e is groyidad-ie ?00\99'??'3 fp&;he bfﬂﬂ!ﬂ?’“of
the LT and W"F"f‘l‘ 5.‘?’@9“ Pﬁ't"’eﬁP P elpyed Ha°5f“ s[“ﬁ'b“sﬁﬁi
whi ch respd’H 'Q’f"?"c'iﬂ' 'fsﬂ"ete tlpg 5@"""%559??7'

s81and level

i nput SI '°" "@ %{éﬂfﬂﬁﬁf“"(ﬁ“ e " anuemi
filter, “as é" c?m%irgdm ré,g’l:l"ﬁ‘%m ﬁ‘ﬁ’"lS’F’
Figure 1 'h% e%% ﬁde.feé‘ % B&gé fop® W%

4 shown i n HJ'IEI ntd&H&cﬂo t 4498y {o‘}Bout J\@lz!aﬁd M h&h&ﬂaﬁ&ans
6, if plac ? 0% &d‘%{eeénsf@é’ %vaﬂ&tﬁpﬁ.rreéa&%ﬁ% bfaltic®,the tDiEraftia!fct the
e@gft G i Bbrtion df tHARRarhcReriSPbeRWEMout 2kiE, ay BRlightek THE AR B thef'corrddhibn Gurve
EP U 323 83and3d gehbralli6 BRI Kw-Beiss fteBWithia sRellig rbdbdise thddoRbdtiBis R¥RVely faalp t9Bbout
Figure 1. TahesRrR£ eshibited rol 7t aF begihs o flathi bal abdvarabéle BIKHzOAKEAS b laB ebil e ksow

assumnes t hakovidedyt 18 kiz. [The @itendedX éueve rédpensein dido)shehQOEigUre 4 for Refdrdhce. A8 Memtionddl

t he em bodibowenthe X turke, gudt partidularlyfits Xtensios are hellalddbg sonmacia the industny o Bedaarblied off at

bef ore #he vemrthigh freatiennied drwillbei appredinteditisatihe pptiglumiSorigtion clrve wouldecharige inftiecaers thaty

to nodify taneddified X oyrumsiandert isradentadrand put into prasticsr der to mi ni mi ze effects on
noi se 5  reditiereqvalzarareyitegn beinplemenfedy mears of grertive filter, suchas shown incRigyrecs; tog

and, al so, PF‘t""’Prﬂ)z’a'ﬂ%e"ﬁ i Waeemm"a epglid cantieHive efthe epeetion syryechand of

the two_re- F(!R!f H?%'”B’y Fegponge,for the éq“!" 1§ Bhirinad by thejcpmbinagjer of @ gimple

mini m z& a eﬁg “lé'é'p SRygizer Fﬁ‘l’“ﬁhg?ée i 'I'ZP? @t?es"fg RG filtey spction witie-3dB aI s

as they ar H%cg g iR gaualizel s 4 76 r éf’ﬁga%ea"ﬁ 12 pAseense. Jhtpasterfy

of the Inte af%Har St andar d ISO 2969 1977(E) with the response

extrapolated 10 to 20 kHz, beyond thesehR+mizal 12.5 kHz upper frequency
limt ofs the standard. It is common prac in many theaters, particularly

dubbi ng theaters and ot her theaters eqaﬁﬂ%e@b’vmth hi gh quality surround

- sound systems to align their response to an extended X characteristic. The
ext ended X 188 Pamplex Role,paiyang the.camplex easnajr fiave the same mdianfrrquency.bub thaicangles are lightly

begins to roll off at 2 kHz and'is dowmn 7 dB at 10 kHz. The extended curve
is down about 9 dB at 16 kHz, the hi ghegt frequency enpl oyed in current

al i gnment procedures for dubbing theaters. In public 15 notion picture

theaters, which are |arger than dubbing theaters, the X curve is extended

- only to 12.5 kHz be- cause the high frequency attenuation of sound in the

air becones a factor above about 12.5 kHz in such large auditoriunms. The X

curve, and partlcularly |ts exten5|on are believed by sone in the industry-

o o




20 .rbor | budspeaker response roll off. Rel ative to the X curve and
extended X curve, nodern honme consunEro32388eB® nmay be characterized as
relatively flat at high frequencies. As explained above, in the creation of

a Motion pi Giiaent %JR-I&%U&QBK diplirl e FEYIEHEY Fediidiisd with iiivadrh dhaSdPshirl. Pheddmb BipBould be
theater thataohi@ad Wfthe 2kdsHRS ndPhdifBRnd bit@iapRake Lhift VAP BSGoserlts Wt of ¥M diipask Aféar-
expect at i on {dpabgrds@hthd Rbbrant f‘ﬁu.fehzgt ThelparaiiBteniol the A sdetich)iftfle fiibr/bdu@IRbNe t hat
have been aligned to that standardi zedfre3p®mage curve. Thus, np- 25 tion

pi cture soundtracks inherently carry a tkgi_l(}ﬁi n equalization that takes
into account or conpensates for play- back T'n theater-sized auditoriunms
whose | oudspeaker-room response is alignetht3§ t he standardi zed curve.
However, forynble@ &35 HASthéh hﬁrﬁ&ﬁeﬁﬁ o pardMefordisiinkiltnd dlordfbale & dlh B theq BO!
appropriate for pl one |jsteni n% envi ronnent s: soundt racks of

p ack in hc I 1 t he
moti on pitt (PeFero #s?%sﬁ- dPe tiisectipnisanbe reslized Py & singla gpasationalipraplifier filerstage #rd bt oAMg
frequency s@oiitsas sowy inigare 5. TRfitehstgélinBifechsubates Sbandpasa filtered sighal frdi Uity givingS
not preser vedhb radhiredtratsfeidenaiidnand firequéney wsponedishapeKThe cirtuittepology bab df 4 eléss af single@b-
| nt ended t o eiatiorabamptifier Biguadrati¢ ¢guitsds loven lacyse a4 analipassiiiler (Passive anddctive Network Ana-
correcti o dysis\and Synthesip by Afara Budak, Howghton Mifflls Company,Restbm 1974, pago#ilkqual | zat i on
i nher ent "I n nothedertangular gpandinates atihe potar gnd/deeos ofthexgvera! fiiter equplizerandsifoltpwssiurits jareg
roons. The dadiang/saciipifoselncgtionyenthesplane)cal |y derived using a specialized
comerci al | y- avai | aBP#Pe€oustic testing mani kin. The cor- rection curve Is
‘a difference curve derived from neasfmefrert®4¥¥st eady-state one-third
octave seuind | evel Bbmpiaqrertkra taken in representive extended X curve
aligned |l arge auditoriuns in conpafpi som.1086e109B8092%108] i ty nod- ern hone
constdner Ioudspeakeba‘hﬂ%ﬁ,gpnd system The correction curve is shown in
Figure 4 as a cross- hatche ban(gltﬁfegt %.ﬁﬁsﬂ@%ﬁs@mf@' idline central

C an

response characteristic. The correction takes I nto ac- count an

al | owabl es t dfaurefphewsthe lpgationafthe goles apd zeses oafhasePlaner 1|1 dB up to about 10 kHz
and about 2 gBWF?“d‘ﬁ?'%{'Eﬁﬂf?E wihshe greferred componanivalugy|isted balqyethesepulting chapacteristierespopse, o
to variati o PhfiegeplzereirytofiguedBc  the tolerance for the 40 initial
flat portion of the charggé lEistic, bel ow about _2 kHz, nay be tighter. The
formof the correction Cﬁm general |y BRSROBSea BB\ pass filter
with a sHelving response: the 2®rrection is relativeby flat up to about 4
to 5 kHz, exhibits a roll offyggnd again begins to fhatten out above about
10 kHz. About 3 to 5 dB roll gff is provided at 10 kHz. The extended X
curve response is al so shown 9P Fi gure 4 for referenBe. As mentioned above,
the X cugyve, and particul arly006s extension are beligved by sone in the

| ndustry to be too rolled ojf 45 very high frequgngi es. it wll be
appreci ated that the opti minficorrection curve woul d thange in the event
that a nodified X curve stahddi® is adopted and put-0ndo practice. A
filter/equalizer circuit capdygy i npl emented by rrean§09f, an active filter,
sugh as ghown in Figure 5, o%orovi de a transfer characteristic closely
-approxi mating the solid cemt® O ine of the correctTdnicurve band of Fi gure
4. The correct frequency rdes@te for the filter/egunlgzer is obtained by
the conbination of a sinplg 3fygreal pole and a "dip, ﬁqual i zer section.
The real pole Is realized by a single RCfilter sectTbh with a -3dB fre-
quency of® 15 kHz. The dip Qzer is a second orded.2ilter with a nearly
flat response. The transfe2,fgprcti on of the section.gsz [err] The conpl ex
pole pair and the conpl ex léserocboréai r have the sane radi an frequency but
‘their angles are slightly®’ P 0 323 830 Bl diffe?eht gi ving the desired
«dipin tgje frequency resp@9®08 t h ni ni num phase sh+5¢{7 The sane dip could
be achieved with the zeros in.the right half plane, but the phase shift

,woul d be cl agfientloRed dbéVe, thére B an AlowibiiSlerbnde bfibout 118 uple SRS KA ark Bout SYBRRM!
frequency. Tbeut fENHRE20HS. TAS preféRedtoRpdheit valGus of the &ildait shbvid if EGGE Y alelag Rllowad! €:
[err] = 12.31kHz 5 Q=0.81y =
"0.733 whgre [err] . Another way of interpreting these paraneters is that
the Qof the poles is 0.81 and the Q of 10 the zeros is [err] . The dip
section can be realized by a single operational anplifier filter stage and
'six com Y ponents as shown in Figure 5. The filter stage in effect
‘subtracts a bandpass filtered signal frop1unity giving the required
transfer function and frequency response shape. The circuit topol ogy, one
.of a class of single op- erational anplifier biquadratic circuits, is known
for use as an allpass filter (Passive and Active Network Ana- |ysis and
‘Synt hesi s by Aram Budak, Houghton M ffin Conpany, Boston, 1974, page 451).




15, * *, The rectangul ar coordinates of the poles and zeros of the overall

filter equalizer are as follows (ungﬁsgaraéogﬁdi ans/sec in those | ocations

on the s-plane): Real Pole: [err]= - 9.4248x[err] 20 Conpl ex

Pol es: [err] Conplex Zergs: 6 shows the | ocation of the
ct 4?@ en |rrpgé;' ﬂi%

pol es and zeros on the s Gaffen t nd¥pkeleraaee
corpenent val ues |isted belRdw, the resultingékBaracteristicéx@sponse of the

filter/equali z(%r 81 GUdnnd) Figure 5 is: Frequency, Hz

Responsg dB 20

0 100 R2 0 500 18K 17K4 0 35
1, 000 cl=c2 0 2, 0001, 2y 1.28 (1.2

0.2 3,150 0.4 17000

0.7 40 nanofarads) 5. 000 1.1
6,300 1 , RA -1.8 8, 00BK2 2K00

-2 .8 45 10, 000 RB 4.2

12. 500 5.2 16 }%50 10K0

-5. 4 20, 000 RP -54K7 As nent i onedd®®dve, there is

an allowabl e tolerance of gpout 1 dB up to apopsy 10 kHz and; agput 2 dB from
about 10°kHz to 20 kHz. The preferred conmponent val ues of the circuit shown

in Figure 5 are fqterlequah ?ﬁ: n?é ER O gca?em%ogmen%oﬁﬁeng-equanz%%ansGof Figure

5% tolera
6K81 (6. 81 ﬁg fll T/ %I r ¢l ns are possible in the teachings of th ntion

ag n to the embodrments res 1 and 2, the lotfdspeaker or Jou 19, 12 (if used),
1 7K4 Cl '2?2 and 14 are preferable directional Ioudsp;akz that generate, when in their opeial m'tis 2- the listening
gej ar ads)rodhf) left, center (if used), and right channel souridfields in which the frée (direct) sound fiel ponent is
predominant over the diffuse souddHéid component of each sound fieldlde lidten 5’ positions within the lis~
4 K7 tening room. The 16kti§béaKelor loudspeakers 16 is (or are) preferably nn-difdctional so as to generate, when
2. 2N 15 Thein fté britrdir/ opératinlg ipdsitions in tidUistoniftf rodrh, BliiRound tisandel Soupd fidld in @vlich the diffuse
enbodi mesit sahindifield conponetia bredoiinantdaét the fre @ dirdet) gounéfield cofnpatigntat lis@iiing positions within
filter/ equéahe iis@ningiobro.A ron-dicstfiangiispurilfisid for epodysing the lstreound dhiainal cainie dchiavet invgs
of the i nveious ways. FReférebiy, omegor rgeel dipotedype rudspedikers saeh avingd genergilyrfigwre-dight matiiakion
t he | ouds peraitern aworidnted witipena letsheir raspectigenulls genarallg thyverd 1@ listenecs. Qtter sypes qf loudseeakh| e
di recti onaler$ logheis radigtion p ica aiso bowsed) Another paspibility | toruge 4 mytiniciky ot speglis
in the s t%ﬂ'ﬂ@g dirgetivity prang d “‘e |"#"°’l§§éﬂfs togregtean @Yﬂ‘a“ ceund field thatds ditfuse.
fields in v(H‘P% H°H°H‘3"9f°f‘ 8’@" 'EﬁeP‘é'Ett t"%'é‘ﬁ'ﬂ'@ reqmang thels eeptatianwith ?sﬁﬁﬁféﬂbﬂsﬁaﬂﬁ PSver
the diffus '%‘&lﬁ‘iﬂ" dirpeti ’°§HﬁJﬁG pﬁ"%‘T" nily diffuse;spynd

posr(t i ons)vvl tH‘r tF'Féhef% J%;dmg ;EEE%?W@:* ?d I'dire gfd‘%fiti%
'S or ar
their O er aanE lé’e %;g: The@rr cﬂ}gd:tzt f§| soe EE’ :: :l ona tgﬂ%hﬁéal spge e@

field in ble to both large (theater-sized) auditoriums and to small (home) listening rooms. As
applred to large (theater-srzed) auditoriums, the arrangements of Figures 1 and 2 would, of course, not require
the re-equalizer means 6.
K_/ 40 The preferred embodiment of the direct/diffuse equalizer 8 is an active filter/fequalizer circuit that substan-
tially implements (within 0.3 dB) the inverse of the curve defined by the difference data set forth in 1ISO 454-
1975(E). In practice, such a close tolerance is not required. The difference data in that standard is a table of
the amount by which the sound pressure level in a free field exceeds that in a diffuse field for equal loudness.
The data is as follows:

H

8K

45
equen Hz Difference, dB
_ 50 0
50
63 0
80 4]
4]

100
55 ' '



25 soundifi‘el d conponent is predoninantoverthe free (direct) sound field
conponent at |istening positions w gPpsesddessi Stening room A
non-directional sound field for reproducing the surround channel can be
achieved in va- rious ways. Preferably, one or nore dipole type

| oudspeakers each having a gene¥2B1y figure-eight radiation pattern are
oriveted with one of their res ive nulls generalhy toward the |isteners.
O hertypes of |oudspeak- ers having a null in their radiation patterns can
al so be gsed. Anot her possibili%%pis to use a nultiPkBcity of speak- 30

ers having low directivity arraggped around the listgngrs so as to create an
overall sound field that is difiég?i Thus, dependina on their placenent in
the listening roomand their or tation with respe t%to the | i steni ng pos-
Itions, even directional |oudsffdkers are capable of.producing a

predom nantly diffuse sound figgh In order to obtajn.the full sonic
benefits of directional and non-directional speakers®as just set forth, it
is preferred that the arrangenéﬁgk of the Figure 1 &nd Figure 2 enbodi nents
use the optional direct/diffus®0® equalizer 8. Sughgan equalizer
conpensates for the differenggﬁdon | i stener perceivgd tinbre between direct
and di fMise sound fields. Thé'use of a direct/diffu eoequalizermﬁth t he
directional and non-directiordal5§peakers as just se2.@orth is applicable to
both large (theater-sized) aydiggeri ums and to smallg(hone) |istening roons.
As applied to | arge (theater-sié%p) audi toriunms, the arrangenents of
FiguresF} and 2 woul d, of codrd .. not require the‘rb-%qualizer nmeans 6. 40
The preterred enbodi nent of ©2h&0direct/diffuse equagjger 8 is an active
fiF?ér/equaIizer circuit thaty 5 Bstan- tially inplegg¥ts (within 0.3 dB)
the inverse of the curve defiﬁeg by the difference tata set forth in I SO
454- 1975(E). In practice, s#eR08 close tol erance-ik.tot required. The
differeace data in that stanggpdois a table of the @neunt by which the
sound pressure level In a free_field exceeds that in a diffuse field for
equal |oudness. The data is 8230811 ows: 45 Frequencd=0 Hz

Difference. dB 50 8,000 0 50 6%.0

0 80 00 ' 0558 EPO
323 830981 125 10,808 0 160 4.3

0 200 0.3 250 0.6 315

0.9 400 There is a suggestion in the above-citedprticls by Fiheile that ISO 454 does not properly take into account thgn
1.6 630 SLD effect, discussed above. Acoordin@_(, thessompensation provided by the standard may be soewhatin

1. 000 error. It is intended that the either ISO g54(9r 1002'36“ version thereof should provide the basis for trf prgc-
1’ 600 % tical implementation of the equalizer % 2 0 b 0 '

5 500 Figure 7 shows a schematic_diag(zm | embodiment of the direct/diffuse equaliz_eng' 8 tf{lnaté%r(r)p-

4’ 000 plements the inverse of the curve defing -1976(E). It will be noted that the standard vm ata

0 ' 5 6 300 up to 10 kHz. This is more than adeq sﬁﬁaf cy response of the surround channél in tan- 0
. d dard matrix surround sound system is limited out’7 kHz. Equalizer 8 employs four sections having a totaF"

U 40 of five operational amplifiers. Except for the second section, which is a simple RC single pole low pass filter
(25 kHz) and buffer (op amp 40}, the sections are basically the same circuit topology identified above as known
for use as an allpass filter. The first section, including op amp 38, functions as a dip equalizer with a -5.6 dB
gain at 1 kiHz. The third section, including op amps 42 and 44, uses op amp 42 to provide a phase inversion,
causing the section to function as a boost equalizer having a gain of 9 dB at 2.5 kHz. The last section is a

45  further dip equalizer having a -6 dB gain at 8 kHz. The preferred circuit values are as follows:



30, © .47 10, 000 4.3 There is
a suggestlon in the above-cited artgggspsidyogfeil e that | SO 454 does not
properly take into account the SLD effect, discussed above. Accordingly,

t he conpensation provided by the standard may be somewhat in error. It is
I nt.ended that the either |1SO 4c5<§1 ogna!correct eg version thereof should
pravide the basis for the pra al i tation of the equalizer
8. Figure 7 shows a schematic 4R agram of a pl6X8®i cal embodi ment of the
direct/diffuse equalizer 8 thajgim plenmentsg tKEg i nverse of the curve
defined by |1SO 454-1975(E). It_wll be noted that the standard provides
data up to 10 kHz. This is nmor?#® t han adequat@ Because the frequency
response of the surround changd in the stan22#ard matri x surround sound
systemls limted to about 7 . Equal i zer %}({ggpl oys four sections having
a total 40 of five operational anplifiers. pt for the second section,
which is a sinple RC single pdi& | ow pass fil6K81 (25 kHz) and buffer (op
anp 40), the sections are basigglly the sameCiggcuit topology identified
above as known for use as an pass filter. The first section, including
op anp 38, functions as a dip ual i zer with2d995p8 4B gain at 1 kHz. The
third s&tion, including op afss 42 and 44, €6%83 op anp 42 to provide a
phase i nversion, causing the tionto funcébga as a boost equali zer
having a gain of 9 dB at 2.5 Kik. The last s fon is a 45 further dip
equal i zer having a -6 dB gain® 8 kHz. The PgK&Perred circuit values are as

fol l ows;, 50 55 9 EP 0 323 880 Bl conponenygyn val ue 48

6K98 5 ' 50 ) 6K19 52
22N-54 - 22N 562 108 6K9g 10 58

6K81 60 2. 4462 K81 2700 pF 15

.64 6K81 66 ¢ 10§0Kl 68

4K99 2032 70 10N 72
10N 74 6K81 78 10K2 10K 25 78

10K2 80 7K5 30 82

2N7 84 2N7 86 gp 7k4K5 35 The equal i zer

circuit of Figure 7 is one practjcal enbodinment of the equalizer neans 8 of

Figures%l and 2. Many other filt¥r/equalizer cPNuit configurations are

possi ble within the teachings ofs4 he i nventiongantn a nodification of the

enbodi ments of Figures 1 and 2, ¢ghe nonophonic ?gr-r ound- sound channel ad-

vant ageously may be spl it, by appropriate de- c&FPel ati ng nmeans, into two

channel s vvh| ch wh a&z E'elr t o f ir st and S cond sur r ound I ouds aker s or

groups f éﬂ’ A | éﬁm A

ing | OW-I nt modmca s @P'glgf"s 'fﬁ°ﬁs fg’ f ﬁgw ung A

| i stening F?,Q |t, éﬂpﬂi%i s,it St %"

d e-correl aty o p

O%df pe QJ( e ring | ﬁtel’éﬁl@l Etl$ %53“‘093 WihihSheistenif

fi Y BRdfératy. eéEPEﬁ'neq d-éol ILteJ errm?ik nﬁé"@ouﬁd generated by a single Ioudspeaker.
.Theuse of more than a single loudspeaker to generate each field may make it more difficult to match the timbre
of the diffuse surround channel sound field to that of the direct left, center, and right channel sound fields.
This may be a result of a comb filter effect produced when more than two loudspeakers are used to generate

45  each of the de-correlated surround channel sound fields.

It has previously been established that human perception favors dissimilar sound present at the two ears
insofar as the reverberant energy in a listening room is concerned. In order to provide such a dissimilarity when
using matrix audio surround-sound technology, added circuitry is needed beyond simple encoding and decod-
ing, since only a monaural surround track is encoded. In principal this circuitry may employ various known tech-

50  niques for synthesizing stereo from a monaural source, such as comb filtering. However, many of these tech-
niques produce undesirable audible side effects. For example, comb filters suffer from audible "phasiness,”
which can readily be distingulshed by careful listeners.

Preferably, the decorrelation circuitry used in the practical embodiment of this aspect of the invention em-
ploys small amounts of frequency or pitch shifting, which is known to be relatively unobtrusive to critical lis-

55  teners. Pitch shifting, for example, is currently used, besides as an effect, to allow the increase of gain before
feedback in public address systems, where It is not easily noticed, the amount of such shifts being small, in

the order of a few Hertz. A 5 Hz shift is employed in a modulation-demodulation circuit for this purpose descri-
bed in "A Frequency Shifter for Improving Acoustic Feedback Stability,” by A.J. Prestigiacomo and D.J. Ma-
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of the diffuse surround channel sound field to that of the direct left,
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Referring to |gure , the surround out put fronrnatrlx decoder 4
(optionally, via direct/diffuse equalizer 8) of Figures 1 or 2 provides the
input to the decorrelator which is applMed to an anti-aliasing | ow pass
filter 102 in the signal processing path and to an envel ope generator 122
in the control signal path. The filtered input signal is then applied to an
anal og-to-digital converter (preferably, ADM 104, the digital output of

- which is ap- plied to two paths that generate, respectively, the left
“surround and right surround outputs. The assignnent 30 of the "left" and



The tontriol “signal for controlling the pltch shift by means of altering the
cl ocki ng of the delay |lines 106 andeplpladsgsogtd Xxed or variable, according to
the position of switch 124, which selects the input to a very low fre- 36
guency vol }gg‘ controlled oscillator (VCO 128 either fromthe envel ope
gener at or whi ch follows the syI | abic rate of the surround channel

audlio si gnq' robfd Y3 s Higa .fm Ehattddich [rEdta84 MiitipleraBund VCO
128 operat es Is}fiﬁ&dﬁm r &iHolind- aﬁmgr&lktivelg_ ST%ERH& anln athbtuﬁnel ow

frequengy VCQy ﬁdﬁﬁé ideqhidlizél f&'pﬂ aEH IR SO WHoLEToorh-RldSNBaKeF bys-
cl ocks del ay {etnri@an;ﬁb@tdme&maﬂdmlomdwmermh e, @biflprisiig al so i nverted by
inverter 132 for pBiidhdaketivests (10D14foPEASHThg/ WHERIotateATIBREIeNEptlatingbosttidhith re-
cl ocks del ay bpettdo théSmalivodnk én lespghde téHfirst dhd Bécondinbpupsignals, fifktand sdoandaourd fields at
out put from t listening positibaOuiminehs si@odd,8, t he two hi gh frequency VCOs are set
to the mame frequeesny fof coupling caidriel aughizsonatahennels v st fict anlsegodinpy signals, to
dependi ng on sdiboglspeaker magre, r equi red for the delay lines, which in turn
depends on the di #iditienal loudapriaken meansi(16) @eﬂe@emm)whewhea%wt#méumewng positions
osci | | at or 12®ithresbast i thessmafi poor; i resroneee @ third ingyt signal, athisd spundfieldat listeping P°s't'°"s
conpl enent ar ywiiiinteesmallirgomsandA| t er nat i vely, the decorrel ator of Fi (gt&

be sinpféified so Tersfor soupliagseidsymemndErupd ehapneh At RN Irpytsignah &0 sald adgiipay! l°|"§;
applied wt hoER”'f?l’B‘E%‘g'sl Ja @ first pat h to either the left surround

| oudspeaker (s) 11
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process N9, PL ﬁaf QUsRRRSF qtp

anal og- fo- di g arsny ik g tf?in 308 6O Y Hohithoy.
10 anti -i Magdyighn 4(}}% msrols' fb %eé]n]t r@YanhQﬁoukﬁ)l@lQ%& Begin€ & fRGendUUBEVe! N
Fi gure 8, prebgifoliz th switch 124 se ecting the fixed input from
potentioneter 126. The anmount of fre- 50 quency shifting required in this
vari atign i2n Wi systerh bfeeiajo 1 fotihdr shagdalefized ih tiatsajd dharadieristiarbaponse] subject aladalarancewfc e
t hat provi dedalogtidaiBlup tfabout 40 khizand abiont 12108 fremrigbait thddiiz a0 kHE.dir e 8. The
output of the paths is applied (through suitable anplification),
respectively, to one (prefergbly) or a group of |eft surround | oudspeakers
112 and toone (preferably) group of right sur¥®und | oudspeakers 120.
The | ou¥speakers should be a®&® anged so that they g@nerate first and second
sound fields generally to tygleft 55 (side and/.og rear) and right (side
and/or rear) of listening positions within the |listening room The
af oremen- tioned techni ques®®®gardi ng the generati®n of a predoninantly
di ffuse_sound field are prefsably applied to the gecorrel ated surround
channel ¥ EP 0 323 830 Bl Llains 1. Asurround-soyng system for
reproduci ng a notion picture soundtrack having pre-tecorded nmultiple sound
channels, including left, ri¥&5 and surround-soum@.&hannels, in a

relativelysmal | room such axin a hone, 5 wpefein said notion
picturegsoundtrack is equalized for playback in a room whose
ro | oudspeakersys- temis 58 gned to the st andaT¥+}ot i on pi cture theater

X curve, conprising |oudspea®3 neans (10, 14) fo+igenerating, when |ocated
In its or their operating p tions wth re- spect 2l the small room in
response to first and second I nput signals, first and second sound fields
at listening positions withkdthe small room 10 =4-2 nmeans for
coupling said left and rightaggpund channel s, as saggafirst and second i nput
signals, to said Ioudspeakﬁf ans, additional | ouds geaker means (16) for
generating, when |ocated i 9% s or their operating’pbdsitions with respect
to the small room in respd@@® to a third input s+§ual, a third sound field
at Ilstﬂhlng positions within the small room and 15 means for
coupl i ng S%' dTr? &%%aﬁ%q'ﬁz ﬁ)?rﬂé}@ﬁém §ed§tﬁh séitmdﬁ onlan&HLp ﬁe%@éns &9de§filﬂe

d Py
addi ti onal 6el Bibakers haracterized 1n that sard neans
coupling sald Ie t and right sound channels to said | oudspeaker means
i ncl udeg NAANSFhesgsterh Gickalinse (it 2 furthériofarstiritbdlinthat e dirdct sgtiidFietd Banpdhishtis predoniinant
conpensat e f obvesthe diffdsecound fleldampbrientdr dachof satiFirst and secdndisosra fidldsaa ite dfffse sound
re- equal i zi ngfiddeqgmpbmeatis predaminaot aver|thendireny) saund fiskh®Mmponenttiresaiiichisowd field.of a
| ow-pass filter with a shelving response such that its characteristic
response is flat within about 1 dB up to a frequency between 4 and 5 kHz,
~rolls off between this frequency and ab®ut 10 kHz, and begins to flatten
out above about 10 kHz. 25 2. The system of cIa|n11 further characterized
in thatsaid characteristic response, subject to a tolerance of about 1 dB
up to about 10 kHz and about 2 dB from about 10 kHz to 20 kHz, Is:
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4 1\2 12K5 more dipole type loudspeakers each orie wil cing )?f their respective nuils generally toward list
T positions within the small room.
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further char aebmypensagdorithe listrat pdrdaiveddiffepaice in tubrel bétwernthecaunp tisldoftheisarround sound
pr edom nant ov:laanhélendihééouma‘iekieahhbdtﬁleeb@ntdlmlsent In each of said firstand
second sound flel ds and the di ffuse sound f e d corrponent |s redom nant
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di fference | n(t6) inthudes firettaned sacoridiadditoal indddpeakkrd oxgroupief iandapaakens (112,d20) dndtareine |
and t he ,sound séid wéais foodoulingsaiistrelundssundbhasinalfurhedncludes meditirdor deriying twoséund ran-s
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re-equal i zi ng eadhickhec €Nt er sound channel to conpensate for said X curve
equaliz&ion. 8 The systemof clains 1, 2, 3, 4, 5 or 6 further

char act er i 20d Thesystamtof Jaiin@ fertivr ¢hamoianized ipuhi mhrhuns foeequslizing 6 sumasthdichasnef in+ st
and second addidesareans forgedicingthi eaomb fitter effect wirn thefsutrennd clpanckie reprofiuced in afisteingand
wherein 20 reomsai d means for coupling said surround sound channel further
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surround-sound Cgagrafilg, it RERdh&So ssmsdnau\ws&nmn&hamra@éoﬁnéfmu%aisdmﬁé Jo§-t

and second SuUlitoRdMithmIKkeERal BANNnel | oudspeakers 25 or groups of

| oudspeakers. 9. Ehupachpsl@Ithddthe ftahdfight souridichéhels 418 feasliftitdd{6 o dompénsath fobsaidd
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respect to e a@lshetingaesponse such that its characteristic response is flat within about + 1 dB up to a frequency
between 4 and 5 kHz., rolls off between this frequency and about 10 kHz, and begins to flatten out above
about 10 kHz.

50 12. The method of claim 11 further characterized in that said characteristic response, subject to a tolerance
of about £1 dB up to about 10 kHz and about £2 dB from about 10 kHz to 20 kHz, is:
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30 10. Thé systemof claim6 further characterized In that said means for
equal i zing the surround channel in- gploudegserans for reducing the conb
filter effect when the surround channel is reproduced in a |istening room
35 11. A nethod for reproducing a notion picture soundtrack having
pre-tecorded nmultiple sound annel s, in- cluding ft, right, and
surw@und- sound channels, in elatively small ro such as in a hone,
wherein said notion picture 208undtrack is equalizeddfor playback In a room
whose rogm | oudspeaker systq@g s aligned to the stagpdard notion picture
theater X curve, conprising generating, in response to applied sound
channels, first and second nd fields at |istenirfy 40 posi tions
within the small room and gawerating, in response ¢o said surround-sound
channel, a third sound fieldzﬁt.listening pos- itigqﬁ%mdthin t he smal |
room characterized in that the left and right soun hannel s are
re-equal i zed (6) to conpensaB&lfor said X curve equdd4 zation and said first
and second sound fields are ggnherated in response l@, 4 he re-equalized 45
| eft and right sound channels, and the re-equalizing has a transfer
characteristic of a lowpass~filter with a shelviﬁﬁgﬁbsponse such that its
charact efistic response Is flexks within about 1 dB-aysto a frequency
between 4 and 5 kHz., rolls between this freqqsg and about 10 kHz,
and begins to flatten out above about 10 kHz. 50 T2 The nethod of claim
11 further characterized i nM0Katsaid characteristita2sponse, subject to a
tol erancg of about 1 dB up y@gabout 10 kHz and abaig ,derr] dB from about 10
kHz to kHz, 1s: 55 13 %P 0 323 830 Bl 20
16K00

0 =5.4 0 500

0 1K 20K 0 10 5.7 2K

-0.2 3K15 -0.4 4K -0.7
5K 25 13. Themethod of claims 11 or 12YurfheAdmaracterized in that the direct sound field compdifedt is predom-
-1.8 8K inant over the diffuse sound field compahefft inldakh of said first and second sound fields and the diffusé. 2
20 sound field component &s2kdaominant over the direct sound field component in-s&id third &dénd field.
-5.4 20K -5.7. 25 13. The nethod of clains 11 or

12 further “haFhaemethod stelsime1Rcar 13 HetherPhamsierized brenunliiag te sustopistspeitascompen-
predom %nant Hadertheligtener percaived diffamige in finahreybetwsng Hesetind figld of the gurgppndsqung chanpel ¢
and second sou#Y thejsaungSields,ef thejofhegsopnd channels, \ng fi el d conponent is

predom nant ﬁvﬁﬁéﬁg@d &'c%ﬁ‘r&tﬁ,ﬁ%ﬂg rinGi oHarGidt ﬁ&t ﬁj;\'gsﬁﬁ t ekid ké&ué‘)@ﬁﬂ chan-
field. 14. ThenidQf fbrthotid Toid iavin Sowibra £ borfelation E?&h&hﬁo%ﬁ are
equal i zi ng t hegehbtbiad atsterd Lithi Toom\ - sate forthe listener
perceivell difference in tinbre between the sound fioeld of the surround
sound channel and the sound fields of the other sound channels. 15. The
met hod of Cchabitandpkiichle? Or 13 further characterized in that in response to
sai d surround-sound chan- nel, third and fourth sound fields having
| oy i, nt e aut.al Riumilches Schaliwiddergabasystainifir eine §atodspiranitbaspieltad, melirfadlien Torkaréilen, eird
at T st eni ng pssblieRiich irkenviettitar nnd vior Raumkiahgkarditemin éfeinaerhditnspakigkisined Raua halbpiddie s
Schal | wi eder gawaissjnsinemPrivathaud, weriniie(Tenfilmepys aur WiddergahednsinemiRawm ausadglidhergstedessen
Tonkanal en, ei Rpuminutsprieehiersyatem auf af dip genopwie X-Kurve fiKipeaabgrglichpristnmk anal en i n
ei nem ver hAl t ni sndiagsrecpmiarichivagan(10yt4) Q‘g{“@ﬂ%ﬂe sjgbiindlaren oderdronefriebssteliingen iz be-
worin die Tonfus@Esep MQ'WE}@P'?:SM?’W danin/RBARgiokelt xenstenynd Awsiten Eingasgseh
: gnalen erste und zweite Schalffelder an Hérpositionen innerhalb des Kleinen Raums erzeugen, .
Einrichtungen zum Koppeln der linken und rechten Tonkanéle als erste und zweite Eingangssignale
an die Lautsprechereinrichtungen, zuséatzlichen Lautsprechereinrichtungen (16) die, wenn sie sich in threr
oder ihren Betriebsstellungen in bezug auf den kleinen Raum befinden, in Abhéngigkeit von einem dritten
50 Eingangssignal ein drittes Schallfeld an Harpositionen innerhalb des kieinen Raums erzeugen, und Ein-
richtungen zum Koppeln des Raumkiangkanals als das dritte Eingangssignal an die zusétzlichen Laut-
sprechereinrichtungen,
dadurch gekennzeichnet, daf die Einrichtung zum Koppeiln des linken und rechten Tonkanals mit
den Lautsprechereinrichtungen Einrichtungen (6) zur Wiederentzerrung der linken und rechten Tonkanéle
55 zwecks Kompensation des genannten X-Kurvenausgleichs enthéit, und da® die Einrichtung zur Wieder-
entzerrung einen Schaltkreis aufweist, der eine Ubertragungscharakteristik sines Tiefpafilters mit ei-
nem Steilkiistenveriauf hat, so daRk sein Kurvenverlauf innerhalb etwa + 1 dB bis zu einer Frequenz zwi-
schen 4 und 5 kHz flach ist, zwischen dieser Frequenz und etwa 10 kHz abfélit, und oberhalb 10 kHz sich
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Raun1autsprechersystenrauf auf die genornte X-Kurve fM Krnos abgeglrchen
Ist, mt Lautsprechereinii chtunge% (ol:gz 4% die, wenn al
i hren Betri ebsstel  ungen In be- zug auf den Ide befrndet
oder befinden in Abhangi gkeit von ersten und zweiten Ei @ﬁwg’
erste und zweite Schalifel der an Horpositlonen Innerhalb

er zeugen, Einrichtungen zuﬁ@Koppern derlinken un€Brechten Tonkanale aIs
erste und zwel te Ei ngangssignal e an di e Laut sprecpereinrichtungen,
zusat%%ichen Lautsprecherﬁi@richtungen (16) die, nn ale sich in ihrer

oder i'hren Betriebsstellu 8 n in bezug auf den | d€i nen Raum befinden, in
Abhangi gkeit von el nem dr 800en Ei ngangssi gnal einodrittes Schallfeld an

Hor posi ti onen innerhalb deg ki el nen Rauns erzeugeg, und Ei n-—TTThtungen zum
Koppel n des Raum dangkanal s_als das dritte Erngangslgnal an die
zusftz$ichen Laut - spreche?grnrrchtungen dadur cn®gekennzei chnet, dag die

Ei nrl chtung zum Koppel n deskiisnken und rechten Tegkgnals mt den

Laut sprecherei nri chtungen Egnrichtungen (6) zur V%egerentzerrung derl i nken
und rechtenTonkanil e 56 zwecks Konpensation déeS genannten

X- Kur venausgl el chs ent hflt 3Xund daB die Einrichtahglzur Weder- entzerrung
eoi ent&chal tkrel s aufwei st ggger sine Qobertragungsghgrakteristik eines
Tiefpalffilters mt ei- neg,Steilkistenverlauf hat, so daB sehn
Kurvenver | auf innerhalb et 1°dB bis zu el ner FfeBuenz zwi- schen 4 und 5
kHz flach let, zw schen dieEKer Frequenz und etwa=-402kHz abfailt, und
oberhalb 10 kHz sich 14 12fB 0 323 830 Bl 20

05 100 5.2 0 500

0 1K 16K 0 2K -5.4 -0.2 10
3K15 20K -0.4 4K _ -5.7. -0.7 5K
"1, 1 6K3 | “1. 8 8K -2

.8 10K 13, The method of claims 11 or 12 further chafkctérizéin that the direct sound field component is pradoy?
-5.2 16K inant over the diffuse sound field oomponenﬁr5ea4h &Qﬁfd first and second sound fields and the diffuse

-5.7. 25 13oundiifeld aBthgeRéht Ripreabriihait ovbil the direbPsolin fleltilomdhehtdtdaRi thiduridtieldN at
the direct sound field conponent is predom inant over the diffuse sound

fi el d coridorTeamethed of daimsdt. 12.0r 4B Muithes chazaetbrizad by aqkalizing the sbiraing shaanaltotchwpen-
di f f use soursateforiap listangrnetsaied diffecence in tivbre hefweendhasoundifield of thesyrround squid ¢hae¢eu
conponent | Andie aoqnﬂfirﬂ# of tha pthersoundchannglsThe et hod of cI ainms 11, 12, or

A W D e .
of the surr '“371 ; ot SOU”

channd s. e met gﬁ%&?%c al s or 13 further characterrzed I n
that in response to said surround- sound chan- nel, third and fourth sound
fiel ds hasdidardspridnat eraural cross-correlation wi th respect to each other
are 35 generated at |istening positions within the small room

Pat entAnsipr iRathdlicHés SchallwietigablsysiomFirSie FlimtohpGaniebna s, inffifachbn Tonkenalen, ein-

Fi | mt onspur sehlisglitteimgeérabihefundvemnRéutnkiapgkanainlirtsrtiroerhimismanig kldinereRavebdispriser |,
recht er und weisainBiaemRivathgksawain die TonfilnspuremnWistielgabd ineisam/Raug a\dpegliakan iskdessen

bei spi el s- Reumlautsprechemystamiaul auftia gerormteXurye fir Kinosidbgedlichep ist, mitr W eder gabe i n
ei nem Raum aus gbeptsreachereinrichtungea {19c14) fa.oveneisie sichvinibterederiknen Retriebssteliufged indbe-
genor g e X- Rg %tédrwe-ner\r?esm aﬁ%ﬁglwi’! thefinden in Ab 'E'QE%FUP%EP@& Hed-zweften Eitgangsgien
(10, 14) di Gnalenassie widzweiteSehalifelderandidmesitionen inaerhat desikie seﬁermsergew"r n be- 45
zug auf den | deiEf‘i'éWt‘Rﬂ'Eﬂﬁ"Béf’?pﬁH@?’ "Uﬁéf‘""dﬂhfeﬂma’léﬁaﬁﬁﬁffﬂ ite Eingppgssignalg o

erer n,z ch u sne sich inihrer
und zwei ten ggen % @ﬁ zﬁb% ﬁ?\‘d’ n Ab angrgLert von einem dritten
!

e

Hor poiol thon rngangssrgnallgern dri esgszm onen rnner des klernen Raums erzeugen, und Ein-

richtungen zum Koppeln des Raumklangkanals als das dritte Eingangssignal an die zusé&tzlichen Laut-
sprechereinrichtungen,

dadurch gekennzeichnet, da die Einrichtung zum Koppeln des linken und rechten Tonkanals mit

den Lautsprechereinrichtungen Einrichtungen (6) zur Wiederentzerrung der linken und rechten Tonkanéle

55 zwecks Kompensation des genannten X-Kurvenausgleichs enthélt, und daB die Einrichtung zur Wieder-

entzerrung einen Schaltkreis aufweist, der eine Ubertraguggscharakteristik eines TiefpafBfilters mit ei-

nem Steilkistenverlauf hat, so daR sein Kurvenverlauf innerhalb etwa + 1 dB bis zu einer Frequenz zwi-

schen 4 und 5 kHz flach ist, zwischen dieser Frequenz‘ und etwa 10 kHz abfalit, und oberhalb 10 kHz sich
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Ei nritchtungen zum Koppel n derlinken und rechten Tonkanal e al's erste und—
zweite Eingangssignale an die Lauts ig3r 1 cht ungen“mﬂ '

Laut sprechereinri chtungen (16) die, %&E?gaesqm ch in iih ' W "m ”
Betriebsstell ungen in bezug auf den ki el nen Raum befinden, §n "AbHi ngi g e| t
“von einemdri t‘Ebéﬁ‘fag'lf"beg""* Ei ngangssignal ein drittes Schal I feI d an

Hor posi ti ongn n r f off UM
gn § atﬁ'ggf‘iﬁf; SR Rin ot 4 er wlipthn @kﬁ&w@gmﬁ

Koppei n des Ray deiven byl 96 TRI 20 R lsi:1 _
zusat zl i ghen Laut - sprecherelnrlchtungen dadur ch gekennzei chnet, dag die

Ei nrichtung zum Koppel n des |inken und rechten Tonkanals mit den

Laut sprecherei nri chtungen Ei nrit¥tungen (6) zur W ed& ent zerrung der |inken
und rechten Tonkanal e 55 Zfecks Konpensation d@s genannten

X- Kurvenausgl ei chs enthalt, uni®0dall die Einrichtung zur Weder- entzerrung
ei nen Scwal tkreis aufwei st, degogel ne Cbertraguggscharakteristik eines
Tiefpalfilters mt ei- nem Steiqgkul stenverl auf hat,gso daM sein

Kurvenverl auf innerhalb etwa I,dB bis zu einer Fregyenz zw - schen 4 und
5kHz flach ist, zw schen di es&g 15 requenz und etwa 1QKHz abfllt, und
oberhal b 10 kHz sich 14 EiP O 323 830 BIL31lIIIliilll Il EP
0323830 BI j~~~ 1111111 411111 11111 H 11| P71 ~c L

abzufl achen beginnt. 2. SysterfKhach Anspruch 1, feftder dadurch

gekennzei chnet, daS der Kurven8& | auf mt elner Tol-¢/8anz von etwa | 1 dB
big zu etwa 10 kHz und ca. 2 dBwon etwa 10 kid-z bpg 20 kHz, ist 5 20

0 100 0 10 500

0 1K 1k 2K 4 -0, 2 3K15
-0,'%15 12K5 4K _5': -0,7 5K
1,1 6K3 1ec. -1 8 8K g 2,8 20
10K zgkz 12K5 _5,2 16K
-5, 4 20Ky 20K 5 7 26 3. Syst&hfnach Anspruch | oder

2, ferner dadurch gekennzei chnet, dai die zusAtzilche Lautsprecherein-

ri chtung ei sienSysemmachoimsprichuitodpr2efeimer dadaeh dokenozeichpeas, deb dis euskitizirhe LautPrechbrein-
Syst em nach Anrishtupgéinen OMmehQ-putémmmedBlmmi@mhdhnzei chnet, daB di e
Konponent e des d| rektb Sc aIIfe des in edem er erston und zZwe

Schal | f edef* sg’&? nf@WP' daa gg m a te :;s :%ekten
d n i
G tten schal i 2 ﬁg g Ay %i?"’fﬂ?a“ﬂsp ;;Qy;; Ll e

pradom nant is stem Nac nspru erner dadurch

gekennzei chget systéﬁ\gadi ﬂs&muzmnsﬁuaadrawemnaem Qhd\did £idhtitiokh [RLEHEchEMAfichtung
mehr er e ¥aut apsifsdes: nidfsreDaRSPréit e £DIPAGH difbilontliceveldRithiferFirér RtsitBhendah €
ent spr echendennulen ihsyesamd mERAtuRg auf Horplsttibrier @erhalb ddsiiene Rdun AGsgedchtertindal b des
| del nen Rauns ausgerichtet sind. 6. System nach Anspruch 1, 2,3,4 oderb5,
f er ner dadur &h $yseanschdnepriehd. 2, Sd@lers, fernmr dadyrettgekannzeichnel. defisliaEintichiung zum Koppeln

I an kanal 98s Baupljasokapaisan sie Zusfitzlighg Lauts nrichtepg Eindehivngeni8haumEnizg
(8) nt z er Raumkigrgkanalsgwecks Kompensation fin 4By walygenemm mﬁsféqmﬂq 95h 'P'?grr
di e vom Zuh5r dPPaaYTh e AsmTishalfeldidps Rauriiangkep Hé!?"‘kf‘ﬁﬁﬁ"f"'ﬁi?ﬁeé andgres Tonkanéig opt

Schal i fel d des™aumi dangkanal s und den Schal | f el dern der anderen Tonkanil e

ent- halt. 7 system nach Anspruch 1, 2, 3, 4, 5 oder 6, ferner dadurch gekennzeichnet, daR das réumliche Schall-

45 wiedergabesystem auch flr die Wiedergabe eines Mittetonkanals ist, da die Lautsprechersinrichtungen

(10, 12, 14, 16), wenn sie sich in ihrer oder ihren Betriebsstellungen in bezug auf den kleinen Raum be-

finden, in Abhéingigkeit von einem vierten Eingangssignal auch ein viertes Schallfeld an Horpositionen

innerhalb des kleinen Raums erzeugen, und Einrichtungen zum Koppein des Mittetonkanals als das vierte

Eingangssignal an die Lautsprechereinrichtungen, wobei die Einrichtungen zum Koppeln des

50 Mittetonkanals mit den Lautsprechereinrichtungen Einrichtungen (6) zur Wiederentzerrung des
Mittetonkanals zwecks Kompensation fiir den X-Kurvenausgleich enthalten.

8. System nach Anspruch 1, 2, 3, 4, 5 oder 6, ferner dadurch gekennzeichnet, daB die zusé#tzliche Lautspre-
chereinrichtung (16) erste und zweite zusétzliche Lautsprecher oder Gruppen von Lautsprechern (112,

&5 120) einschlieBt, und worin die Einrichtung zum Koppeln des Raumkiangkanals ferner Einrichtungen zum
Ableiten von Zweitonkanélen vom Raumklangkanal einschlieft, die, wenn sie von den ersten und zweiten
zusétzlichen Lautsprechern oder Gruppen von Lautsprechern wiedergegeben werden, weiche sich in ih-

ren Betriebsstellungen in bezug auf den kleinen Raum befinden, erste und zweite Raumkiangfelder er-
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7., System nach Anspruch 1, 2, 3, 4, 5 oder 6, ferner dadurch

gekennzei chnet, daB das raunl i che gpcdsablsso gl w eder gabesystem nmuch fM
di e W eder gabe ei nes M ttetonkanal s ist, daB die Lautsprechereinrichtungen
(10, 12, 14, 18) b, 8T n}?.s Sdean 'eh %ﬁv&acr?d Lradrblb RguzBEonfeiaﬁJ?‘Saiﬁ-E é&%ﬁee r}n-l n
bezug_auf de é abe i pg& hésﬁéf)ﬂm&{g&% ‘Eb
Ei*agangssi gnqinmf; .t%ﬁ'e%deﬂrid%el

ki el nen Raungegpggeugen, und Einri c tungen zum oppel n des tteton anal s

al s dag vierte Eingangssignal an die Lautsprechereinrichtungen, wobei die

El nri cht uege Systammaén Arspiunh 8] dénds Badurch gekehrizbiatinetdalriid Einrichtungckem Ableiten von Zwei-

Laut spr echer @nkanéiervon depeRauinkinmgkaniat EimighdungérGumMerschibertkier Tonlidhe der beidpn darkanile

Mttet onkanairsverhﬁtmkmemem#pmdﬂlﬁfﬁn fal r den X- Kurvenausgl eI ch ent hal t en.

System nach A}r‘]FéJ) gnzel chnet ipp- daBI
m!

d
Lo e e e

ei nschliell t nem vvor I'n "m‘gl eerqunrl ‘ung zum Koppoi n des Raunkdangkanabs

ferner Ei Ry VEﬁdﬂﬁG%ﬁ} WibtigtgabY dirlel BilfntonSur AiVBshigiRd SR hkfBdher RnkeREIBH] KinsbRRBEAR Ah-
ei nschl i eSt, kékiréohtel A GonHaBmihgkeSeh, Rlembrm VerhiihlsianRiklembn Rduf| tefbibIewta in einem
Lauts pF echer rrivathais, frid @ie Eiimtuapur KR Uik WRdErg4be inbindin R §8§53(hen istRdeskan Ravktdut-ne
sich in ih- sgechElejstemedufdid ganbrintedeKurve Tl gbgaplichetast, milei nen Raum bef i nden,
grate und zwel t eEfeugong esterfued zweiterSchaliféiSer an HBipodltioB&nBS@lbBas Keaineg Raymedn Ab-| m
Ver hAl t ni s z b@lgigkeitorerr angélegiendlotkapiidncundnt er aur al e Kreuz-Korrel ati on an
H-08r pgsi ti onen Frrsugkegdings drittgeSchirlifelden emHavensitianen imerhalb des HlelnercRaginginAbiéngiorg

%Q Koppedn HetyordemRaumiignakenal. s di e bei den Tonkanfle nit den ersten und

I ten Raurrkl an@%@&fﬁ%ﬂqkmwm&%“'ﬂswd @W@WW‘S&W@W@ @#?Tv 'ig(;)mel t.

5 9. System

Ei nri cht ung h”’" ﬁ'ﬁ’?;g' op und g ypgeine .
Ei nri ch unge Eg{ hal 's "??Ze ﬁé" 5'?"' ik 5P da '% A%t ni s
zuel nander e zab fpine ha ac e ist, Fuipchan dieparfrgauenz

gekennzel chne'? e

I Ari zum n zerren rI‘-?aum ki angkanal s

Ei nri cht URQ.e Verfdféh Mon Glﬁé’pﬂ:cﬂ@f femmmrkﬂ JRkenzeichng, ammmbéneértaumm&amh einer
Raunk| angkanadiern véri 0 dBIBSET e OMHE R @ SOBIBVN Bivado kidzlbis J0&HE Riyeiar gt r
W eder #abe einer Filntonspur nmt bespielten, nehrfachen Tonkanal en,

einschlleSlich l'in- 15 kgr, rechter und von dgaun dangkanal en, In el nem

verhal tni smaffi g ki el nen Raurgg bei spl el swel se in ginem Privathaus, worln

die Filnonspurf(irdie V\éderagpe i n ei nem Raum au&gegl i chen ist, dessen

Raum ayt - sprechersystem auf_di e genornte X-Kurve,.fO Kinos abgegl i chen

Ist, mit Erzeugung erster urtP% wel ter Schal | fel def an Her posi tionen

| nnerhal b des kl ei nen Rauns ¥ Ab- hgngi gkeit vonoangel egt en Tonkanal en,

und Erzeugung eines dritten S%hallfel des an Horpo@iti onen | nnerhal b des

ki ei nen Raunms in Abhangi g- 35 keit von dem Ragnkl angkanal , dadurch

gakenngei chnetk daB die |inkgg und rechten Tonkanglze W ederentzerrt (6)
werden, um den X- Kurvenausgl ggch zu konpensieren, ;4ynd daB die ersten und

zwel ten Schal |l fel der In Abh gkelt von den w ederent zerrten |inken und
rechten Tonkanal en erzeugtwer den, und dag die We% rentzerrung sine 25
1Qbertragungscharakterl stik es Tlefpalfilters ei nem

Stelik#l stenverlauf hat, so ¥ i hr Kurvenver- |daf# innerhalb ca. | dB bis

zu einer Frequenz zwi schen 4 und 5 kHz flach ist, zw schen di eser Frequenz

und etwa 10 kHz abfRI It undi2ksh oberhalb etwa 1QgkHz abzufl achen begi nnt.

12. Verfahren nach Anapruch {ge¢ ferner dadurch gokgnnzei chnet, daB der

Kurvenver | auf vorbehal tlich %per Tol eranz von c 1 dB bis zu etwa 10
?@5nd

kHz un® ca. i 2 dB von etwa kHz bis 20 kHz fo st 30 20
0 100 .0 35 500
0 1K 13. Verfahren nach Anspruch 11 odegr 12{erner dadurch gekennzeichnet, daf die Kompgnente dgg tirgkten
-0,4 Schallfeldes in jedem der ersten und zweiten Schallfelder gegeniiber der Komponente des diffusen
Schallfeldes pridominantist, und daR die Komponente des diffusen Schallfeldes in dem dritten Schallfeld
55 gegeniiber der Komponente des direkten Schalifeldes pradominant ist.

14. Verfahren nach Anspruch 11, 12 oder 13, ferner dadurch gekennzeichnet, da® der Raumklangkanal ent-
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40 | 4K -0,7 5K

J
-1,1 6K3 - P9 38430 B1 -2,8 45
1 K -42 12K5 -5,2 16K
-5,4 50 QKf é

rd um Ausgleic chaffen ilr den Zuhd wa enommene Unt ¢hi
Ver f ahren nac '@g %é ?tg
Konpanente des |r 3 es |n é%a' enge en un ﬁaﬁ;{ﬂ

Schal | f el deqs, oeprantéd :liaeni Aldﬁll’ucH@ mma&rutaﬁerd&ssamfgu&ﬁﬁtemhehé@‘@Aﬂﬂﬁgigkeit von dem
pri dom ngant i SRaumidBsbkalaldrifie éhd Kerngeeraeshnachmspradhfii, 43 ader Sriamend dadurah@skehiszeiditian,
dritten Schal | deslirdAmeaighéi vor tentl Réunikiangkenabdritie unkbdertsi Scidiifeldar nBcdehwdche intbeatiraler
predom nant | skreuzkefrelati@rihMarhdiimiszagianden apHorpdsitidrien inbgrhaltl des Klehen Raumserzedgtder- c h
gekennzei chnetgendaB der Raunrdangkanal ent- 16 | 11111J 11111 IRIID 11111
EP O 323 830 Bl zerrt wird, um eonen Ausgleich zu schaffen fM den vom
Zuh8r er #ahr genonmenen Unterschied in der Kl angf arbe zw schen dem

Schal | fel d Bexendisgatitsangkanal s und den Schai feI dern deranderen Tonkanal .

15. Verfahren nach Ans'%ruch 11, 12 oder .13, ferner dadurch kennzelchnet

dag in ﬁbha T“Ps?}‘%p i "%H‘ﬁ"li%"& h %g:ggl?ﬁ
Anspruc 11 J] no Iue on es
von dem Raunki @E&é@ﬁ P ?tf' ns un ?K{E}ng} g;%r%i ?‘&a piﬁro%:%}’%ag&%una courbet

i nt eraur.al er

Innerhal b des k (1o, %Bﬁ &eﬁp\am@ etfslt&msam.t@mrre

sonore a effetgg H@Bﬁrébosiﬁ%rde &foﬁ%eﬁt%a#%o ofit IRAN) 6H rBposd iR ramiePdl uilEiRme
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suppl6nentaira¢hnsractsriss en co qua 30 | edit el enent pour

QT/er‘¢esd|ts canaux sonorss gauche et drolt audit s6lnent de

aut™=parl eur conprend un 6l 1nent (6) pourrs-6gallserleadits
canauxsonoresgauchestdr0|tafln de conpenserl adite 6galisation par courbe X,
et ledit 6el nent de re-egalisation conprend un circuit ayant une
caracteristique de transfert d un filtre passe-bas avec une reponse etagee
telle qua sa reponse caracteristique eat plate en degc d environ 1
dBj usqu' a une frequence conprise entre 4 et 5 kHz, presente une attenuation
crois- 35 sante entre cette frequence at environ 10 kHz et commence A
s'aplatir au-dessus de 10 kHz environ. 2. Systene suivant |a revendication
| egal enent caracterise en ce qua |adite reponse caracteriatique sou- msa
A une tdferance d environ il dB jusqu' A environ 10 kHz et environ 2 dB de
10 kHz environ A 20
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-5,7. 25 3. Systene SUIVgn9 | es revendications 1, ou 2, egal enent
caracterise en ce que |el ed®nt de haut-parleur suppl@nnntalre conmprend un
haut - par| eur de type di pol akre ou davantage. 4. Systepg suivant |es
revendi watl ons 1, ou 2, 6g Ienent caracteris6 en ce ﬁug | a conposantb de
chanmp 30 sonor o dlrec Kib enporte surla conposantb de chanp sonora
di ffus dane chacun desdits4grem er et deuxie- me chafpd sonores et en ce
guo | a composante de chanp gonore diffus 1" enporte syria conposante de
chanp sonore directe dans Pedlt troisieme chanp sonor &, 5. Syst ene sul vant
| a reveffdi catl on 4, 6gal em8KB8 caracterise en ce quo'ﬂeﬁlt 6e6nent de
haut - par| eur sup- 35 gki pmentaire conprend un hayg-parleur de type
di pol aire ou davantage, chacun oriente avec un de le rg. z6ros respectifs
dlrlges gbner al enent vers 10Es positions d audition A®F“interieur du petit
| ocal . §. Systene sul vant 1l2gg revendications 1, 2, 35,2 ou 5, caracterisé6
gngnent en ce quo ledit enent de cou- plage dud|§ ganal A effet spatial
auti’t el 6nent de haut - parl"€ur suppl omentaire conprend’un el 6ment (8) pour
1' 6gal bsati on du canal A t spatial afin do conpegs LT | a difference,
percue par i'auditeur, detinbre entre |l e chanp sonor4’ tdu canal sonore A
effet sgatial et |ea chanps sonores des autres canaux sonores. 7. Systene
sui vant | e8. r Systdmelisaieent lesysvehdicalion, #lou & égatentent cametéds @n coqued damentdentiaatpadeurquo
| edit syst Aresuppiéroentairdcaniprent um!mt-baaburdstypﬁgjmlm«ldaVMi ne A reproduire un
canal sonore central Ie(a)d t 6l 6nent s) de haut - parl eur (10 12 14,
16) gendraﬁt af“%f? P? Hgme
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des positions Bricear t local, et un 6l enent de
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sonor a cent r aércaWsbpéctiftl dRig@y anaiferhentlers eV dositidns GNIRIOR S BitbrietniuGbiifeall  (6) de
re-6galisation dud it canal sonore central afin de conpenser |adite
egal i sati of- d8ysttmestivantles rg@ndicationg 3 Hou 5.¢araciérisé fgalemerterertiue lodit émentide cou- 3
4, 5 ou 6, caplegerdudijcarnl &effat snatial pudt glémant de, baul-payier s@mmlfed’emmmﬁlémﬂé&ﬁ)
L@BI 6ngnt al r @y f@i’s‘ﬂ igmstcanala effetsppliabatinde compensariaditiérense,perguapae gyditeur, de timbre
suppl enent ai r &¥r !ﬂf Yrrepue dufangh sanpre 4 gifet sppiial ellen sharangsonotes fesaulrescanauy sangres, ¢

dana | equel, | glisfne ShnANEL EEndiatnl R9S, £BE 6, c4ribfitls sgatementen ce que ledit systdme sonore

2 effet spatial est également destiné & reproduire un canal sonore central, le(s)dit(s) élément(s) de haut-
parleur (10, 12, 14, 16) générant également, quand il est situé/ils sont situés dans ses ou leurs positions

d de fonctionnement par rapport au petit local, en réponse 4 un quatridme signal d’entrée, un quatridme
champ sonore au niveau des positions d’audition a l'intérieur du petit local, et un élément de couplage
dudit canal sonore central, en tant que quatridme signal d'entrée, audit éiément de haut-parleur, ledit élé-
ment de couplage dudit canal sonore central audit lément de haut-parleur comprenant un élément (6)
de ré-égalisation dudit canal sonore central afin de compenser ladite égalisation de courbe X.

8. Systéme suivant les revendications 1, 2, 3, 4, 5 ou 6, caractérisé également en ce que ledit éiément de
haut-parleur supplémentaire (16) comprend les premier et second haut-parleurs supplémentaires ou
groupes de haut-parleurs supplémentaires (112, 120) et dans lequel ledit élément de couplage dudit canal
sonore 2 effet spatial comprend &également des éléments pour dériver deux canaux sonores 2 partir dudit

55 canal sonore & effet spatial qui, quand ils sont reproduits par lesdits premier et second haut-parleurs sup-
plémentaires ou groupes de haut-parleurs supplémentaires situés dans leurs positions de fonctionnement
par rapport au petit local, générent des premier et deuxidme champs sonores & effet spatial ayant une
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de transfert d un f itre passe-bas avec une reponse etagee telle qua sa
reponse caracterlsthue est pl ate se situant A * 1dB environ jusqu' A une
frequend® conprise entre 48%t 5 kHz, pr6sente une at® tinuation croissante
entre cette frequence at exwwviron 10 kHz et commence A s'aplatir au-dessus
de 10 kHz environ. so 12 t hode suivant la revend|§at|on 11, 6gal enent
caract6ri sée en ce quo | a Teponse caracteristique, sou- mse A une
tolerangg d' environ 1 dB $@qu’' A 10 kHz environ et d'@nviron 2 dB d' environ

10 A 20 kHz, eat: 35 g Hz
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