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The i nventwomosasspri ses an in-line early reflection enhancenEMNZo9psa4em and
met hod for enhancing the acoustics of a roomor auditorium 10 BACKGROUND
The acoustics of a roomhas a significant inpact on an audience's
perception of the qual II}{é of a live performance. There are a nunber of

properties of roons ANAN-ITNEEARELY RERECTION ENSANCRYENT rel ated to

subj ective inpressions ysialiidorR ENtEaREN G @oudridgasur ed paraneter was
the reverberation tine. 'I%is I's a global property of the room which has a
simlar value at all locations. It is governed by the roomvolune and the
absorption of the roomsurfaces, and the quality of reverberation is also
governed by the room shape. Roons with a | ong reverberation tine can
provide BECHMEAMFELRE| opnent whi ch produces an increased enjoynent of
_performances 20 such as opera or classical nusic. However, the sane
acoustics can reduce the intelligibility of the spoken word, and therefore
be unsui Thd|iavéntions poawrisest ierinpireamsarty seflestionberhankamesnti aesiemhicof
.relate t [ LLL: r t .he. response, such as the
clarity. v l?o:d géggﬁégﬁgit?%?%%g\%gkéergﬁ&dpégu%%gm% with reflectors
specifically placed to enhance the early part of the roomresponse to
soungs eﬁeﬂéﬂgukﬁomthe stage. To achi eve maxi mum enj oynment of a variety
of performances, the acoustics of a roomnust be nmatched to the intended
performance. Many roons have for this 30 reason been made acoustically
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year $5 t oneakarwe pdremecausis cise odverloankion Tthee.sThisliest ghpal pmpestyt dfetheubl i C

address or soynd rei nforcenment syst I.n i.ch the sound.produced b

per f or oo e Bsi A SRE R 3 A e Opf ot o7 soresd Y PRt

anpl i fi edndntie disadstint of tlnrdine saifakes,carsktise qhialiyuols pvakeration ke alsogoal
of such syste is.typicaliy tq project the diregt) unreverberated, sound
Do the aBUTERER ot PRmnaRdr MePE Biths Jod FSr iR A S0 O BIR A 1y,
Mor e receéﬁde)éof régfraop:ﬁgm whi&opfmd@kssaunﬂcrﬁaﬁgeehﬁgmnbg@n piﬁ‘]?ﬁh&p&i whi ch
aim provi de adjustable room acoustics. The basic sound reinfprcenpent
syst o hagcﬁoa%e@%ar o fi‘?éf‘cﬁle?é‘lslfpég°‘6§"‘?’nf1?eo&ﬁﬁﬁcn@C%‘bﬁﬁ’r‘iﬁi "p?r“o&“ég‘é‘f’ nge

el enent s irffuBigisBrysTItAY Spoltdil Wérda bh@whtffore Ralrisitable BEdpédcanal sound
reflections - see W Anhert, "Conplex sinmulation of acoustic fields by the
delta stereophony system (DDS)," ,I. Audio Eng: Soc., vol. 35) no. 9, pp

643- 652, OtRret pakeletd QS dvedttdnUietpatidet Wwhitd 2eRdd to THE pifieltiesS bihRORRENY
system descri bed by Anhert provides sound reflectiogns.t re 15 arranged

at
to arriveartRidhegspensresysh 8 thstlanyy- Maregfegent ¢ Hﬂ?anpﬁY%g"c"d’r etigned
| ocabh sawireffedfors sPéMifEhllyGaiedeio dritfedick ARe ehil PAPPHOMNE Rb febayse ©aAN be
chosen to avoid preceding the direct sound, but the delays nust be changed
for diffé&pends pmaaptiag f9gsthe $age: The ACS system described in US patent
.S, 142,586 clains to provide reflections at the appropriate tines for all
receiver positions, by the creation 20 of wavefronts. The del ays are chosen
usi ng Huygeachipyd mexphuin anidymiant of guamtiety ofapsrimmanchs e acdusiichpf a
i ntegral i i ri . Fggg , i
Vogel , " Ag%ggﬁuggcsogn?lﬁ 0 ﬁy{ob\jvaﬁgeeg?ﬁieé‘j%& gf% esl %ﬁ MQPY 428%%8}?%':8%24115% ,
vol . 303, reasonSbeqp mi2idg4ac@nstcallytadiusedle. Toe exawple adivstable ageorbert surhusi ng
.| oudspeakger ?l}é e 'cuy:]lgxsseorel'oq%{?%?eaﬁgﬂa%lI?av%yl%e%ngseq iero&rBPIe%ex%%Pﬁé}l | abl e
early 257re &t on response than €an be achieved using passive reflectors.
Rever ber aime.sERtaucacustic spaces haveoteere dohstrpetedi which ¢ar hercoupledr tretlad | on

time for saurces qn stage qSee for exa[qjl ) coatent 5) 109, 419. Larger
number s JFAR AHd ¢ g\f& 8 B%S’V}S‘%efﬁ%%lp‘% SRS provi de enhancetsisss
reflections end 30 reverberation, such as to under bal cony areas. The

m crophones have al so been positioned further fromthe perfﬂmmmmﬂ"mmmmm"to
be | ess obtrusive, while still aimng to detect the direct
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The systens di scussed above avoid feedback fromthe Ioudspeakerk?tBCIh@@S
m cr ophones, since such feedback can |lead to colouration and instability if
the | oop 2wo ®/84863CT 2002 WO 991 54867 PCT/ NZ99/ 00049 gai n i BCTOE@I¥N0YHD
Because of this fact, they may be generically ternmed in-line, or

nonr egenerative, systens. Such systens can provide |large increases in
reverberation for sound sources that are close to the m crophones (ie on
stage), Blgctrdsequsiipaystemahiare beerised fir maunyeasie cabante rhaeowssss of ons
inther f r}n% S n or
regener a? (?é/&és Sljsh;%st e%]%g ?%tﬁﬁlsggﬁlg to Et i Se ﬁégﬁ eergggéc}%egleg\svlgys ﬁLh o

| oudspeaksrich mmbqnndrmﬁgne@ by pesivhnerscom sgalg@baldemqtradnbje gist mpifrophones
rever ber Iy th 0 our.c 03| i.on rokst ad,
El ect roaagiane coghd ABfelaRy shla BbkaSR ort NI BBY MRl dEheiess RIS
ACOUSi i cgpalvdl sucB%ystqms?i?sSt—y@B&Hylt@Qﬂ'oﬂ:ndﬁFe diﬁawah&fﬂveﬂ:miatéd shund Zm)he

"Active f| l d control tor .Acoust vol . 31, pp 47-75,
' 1990. SUHECERR {‘ﬂﬁﬁtﬁlt? 88 zf%%A$dp R, 8PH IPRIGVE Il??% is largely the

sane for aIt source positions, the regener ative systenms can pr OVI de a nore
nat ural enhanced reverberatjon Non in-line s ster‘r&ﬁgépl cally u a | arge

nunber ofITRdEFRAY MO SOMPITISHDR & SAM sYstem havs éigwewpe%g %‘m each

with a | ey droaRe g@{dbtaﬁacibow@aa@éud&r THeUSsid s6HR [reiRIROMEAE RYsten has
reverberatlon at all frequencies, with lowrisk of colouration, and the

conbi'hed Perr dutthes d%‘rell°l1?°rﬁieb1§|ﬁ%‘ﬁﬁ%‘r“§nﬂ§°&n§|F§ﬁF?§SE§n?ICFﬁEF%§§’éh i delays,

rever ber Hion 2866 theudeassh ofl AEifbAAORNANE S MREGoROSktd fNetnhétt! MBdmplex
reverberant field fromall sound sources in the roomto ensure that t he

syst em 2GRSt acoystis feldgrbyethvatrltaisreqrbony|systesy f2RS),” NofudinBrdhe
systems, qewe¥erys have tofbsdlesy, Septinied oML v ﬂa%Qn@Bqaaeda% g have
t herefore been expensive. Furthermore, since the m crophones are renote
from al | dsbarsiersophersy spstem és&@mdt@d@beﬁrmvmﬁgosngmﬂtm ibat lage
reflq thaglsant n S 5 e n n- em
has bgen evgagpteold !llé;ﬁaﬁe)s{‘eg}%gsr%gt fi%[%gcnsg (?evtu{er rggrapgr dg?dv(e#gn %’eﬁ

m cr ophonesalisation.dirdsp eirkarisceiseplosatioe, the ipmrpaste delayevan berdiosontei ne
wi t hout c o} e a 8 It
nas becn SHoub FRLRR, " HERAE 0 OBt HR; UoloyROue® R ged Br AP
absor pt i aeseifdrypasitéonsasiTing ARE $ystgm giasalibedhdn i U petsd 3. ﬁé2§f§}§a¢lems t®om
vol une : I < i \% .) - see
WA polpyild cHRHERS afhe Afplopate Bk 6ol Rk phUtBoRE BY BT Mellidn ©
Act a 20cusitfi emyefRordec ehtber ddlgest) aqgp dhbsen24singn Hgmensal priacipidr iaddr clogir
e”hance”e%”tan%ﬁﬁ%%?o@ Y P:%aﬁ&ﬂﬁl y?ﬁt% axfl whisGh sonR O 4 %g m@@gms of a
non-in-1i essemcon arnrng-a reve or are noved close e source.
In this dasde Uhes syst EangammomatxeSOﬁ&Obbpmve ifiel s;,fnthemla |J1-Acpmﬂ Sord
non-in-1i see I h anal 2002 WO
99/ 54867 ‘%&r/"?@tg"g/ 88079P 2J\4a6 43%%5@5?‘%15}%?%} S B °3Fsa enera SEh™as
accept ed lbodspmhén aarays)n 'ﬂhr&sé\ct@tn&ausmstmasy,sméms &dfpr ppn%ﬁeﬁcé’ﬂﬁpllﬂ]:@@&aﬂy\hen
used 2§o| eftor eard% t%f ectl &qh&r&c &l <an lﬁe jne system provi des a
5 fiMte RUROSP SPPANCAVER Bt Bur L5 sy rr“fﬁg?e 1eearr ‘P&l ections. However,

if operated at noderate to hi gh gal ns, the system runs the risk of

i nstabili This i articul arl y if new del ays/refl ections are
hded whiReTeRp TR Brla et Hedt iipoditen e PraBiie & erger reverberation tne™fof

sources on stage - see for example US patent 5,109,419. Larger numbers of

speakers have also been employed to provide enhanced reflections and
30  reverberation, such as to under balcony areas. The microphones have also been
positioned further from the performers so as to be less obtrusive, while still aiming

to detect the direct sound.

The systems discussed above avoid feedback from the loudspeakers to the

35  microphones, since such feedback can lead to colouration and instability if the loop



frequencies. 10 In any sound system it is inportant that the @ig 8T 2002
acoustic sound fromthe stage arrives at every nenber of the audience

bef ore (or wadowsage7sane ti ne as) any el ectroacoustic signal . pChiNgZo9/erokecause
the perception of localisation is governed by the first signal to arrive at
the ears (provided |ater signals are not overly |large). Hence, care nust be
taken in both in-line and non-in-line systens to ensure that 15 the

el ect r oageinsisiteo higin Aesaaseohig fabt, \thep heayeok gdnrerizalip teroredlinflimes yshem t hi s
can be achi evec{. by kete%i ng thg Srp' crophanes. alsui tabl e di.stancg from.t he
stage. DEPRRPSTRNY BLSIERSOSPH PR PPRER RIPURE 148 IORTH- FiTRET BYEHER%Y o
avoi d pr e6enld sguidae tHat &etclesseundhe Gt phisats (ibehaiagsd, bet thakeave A sayll
non-in- | iére system where m cr%t%hone.§. are gved close to the stage. 20
SUMVARY GESFINUERAY RIS 6T BLATHEE PREUPAS SR ERSEP®t the i nvention conpri ses
an insline early reflection generation systemconprising: 25 one or nore

: m crophones positioned close to one or, nbre sound sources so as to detect
pr edoni nanttcprdi Wee iof SHRARce BNt i ths R -BRhe Tt SES RN e SIHE RN
gener at esgiacWabes 0 udsleayRd it mner Usdtvebs 18lidifaxel £ eRNRRGsheHal & and

- which has unitary power gain whereby the stability of the systemis

i ndepend@shiese 2 rgokpl| enhapcempent plireyepheratiar haBoceurs fab @ny gloupd uwsipesaker s
pl aced t dcast. the re r intQet - OCT
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i n del t a 1966r Riphothe naturadreeassisted e¢veghemrsitian time tif darf€ly thestaame fdrradt ead,
early reflecti . I | the stabilit f e
system i $ oﬁgcxe i %&gtégﬂgﬁ%:ggxee gﬁ%gﬁ%g\? %&%B%/Saggn}tgtyg'rr %’Jrq](gé tahg{’tor W}Q‘rneafll ec(‘%lm(:)‘%]c{1
gener at i gaverberation. hd®naintlind aystepsoypidally U2 hratdeensydieenf dndeparidand of

t he iaventi on,unitar ircyit, pri.nciples are appli.ed to an in-line

rof | 3t | GHCERRRSPS, SRty lnesPds, thamnel el apiion WL ilask Rar oEred 4 -
finite | ehehnélemdbitiek :0émald entahcemerithel deoeithepaiioedtsall fretiiendies; rvafthtnes vi a
the reverberant field int room . Th eratjon of multiple reflectjons
Ve mal ¢ B ohErlyERdo s et SOERRTE RREGRT Hh B S ngt B SRR T on
Syst ens iincrle@ss és relerbkbatidrs kndfloudaéshi Thd ynibyophbaas idrg paiticdedofis ther t he
| oop gain both bel d ahpve the | evels that woul d have exjsted w thout
e’ syt dRTereeveEy dheid Hroce rf putd SonERES. IDEed Yo rere doRR R ST | s
uni t @0y, grbéucdshe siaiar ephiancahenthforsylsisenrdes. ONenah-liadd sfstenye hoetveser, and
the stability of the sou 20 _syst S, not c rom sed by the insertion
of t he. ot FEFRbL TR R 4D RS SUBTEAR: RS PRYE SRETERR DPET SRRATRTeONS
tErough tmwoy% Eﬂ‘rﬂceCﬂf]ﬂeOﬂiﬁyﬁﬁtﬁ{Bsi s:eX(rgx)mte frlb lﬁl[li $dlirded)l QREIdr¢ REaL €S f
that 25 XNX =l i re the_H superscript depotes. the conjugate transpose o
the mat riSeited p Prefafing lgnfsantiearly fe %‘5‘% PRI Lgesysts input of X) with
anpl i tude An and phase n. The

25  More recently, a non-in-line system has been developed which uses a multichannel
reverberator between the microphones and loudspeakers to provide an increase in
reverberation time without requiring an increase in loop gain - see US patent
5,862,233. It has been shown that the system can both reduce the apparent room
absorptiorr (by increasing the loop gain} and increase the apparent room volume (by

30 increasing the reverberation time of the reverberator) - see M. A. Poletti, "The
performance of a new assisted reverberation system," Acta Acustica, 2 December
1994, pp 511-524. In general, a hybrid room enhancement system may be
constructed in which some of the microphones of a non-in-line system containing a
reverberator are moved close to the source. In this case the system demonstrates

35 properties of both in-line and non-in-line systems - see M. A. Poletti, “The analysis



input signal s;"(t) may be witten 30 S~ ~t~ - e;2s~ar a wherg2alC$ 202
conpl ex anplitude vector 2 5 2 2 OCT 2002 WD 99154867 T

u- ~A~ei nm~~AWei99/54867, ANef m~~ The total output power is PCTI NASIRL0OH9043 YH
tt)Y~t) = uX ~"x ~fo )X ~.fo )u =uH a 4 since Xis unitary. Hence, the
power gain of a unitary systemis one at all frequencies, and does not
affect stability when inserted into a nultichannel system which contains
f eedback.of rogenSTHAseistediaysEherstign sysem, "vessepieddsar publigationdhainie U custica

rever ber q;ogrs%%@ﬁstwg%.uni tary property. This device provides multiple
channel s of réverberati’on While maintaining a constant power gain with

frequency, and is designed for application in a non-in-line systemfor

rever beration ti ce t s..described in US 15.patent S, 862,233. The -
vt ce- caupa A Har B o Beudie SRRl 28 SRURE P Biems PESHAE 2

i nfi nist elfiniteongmibec af delgyed spomsts, to sirdubnte apildlryflédiivhe aHowgvae ifSofeyatel
echoes which are percejved as, reverberation.. | n_this i.nveption early

ol | et | O BOSUBHELTER GRY a6 B RPN SI1EH i PS M GRLBA PS8 TR BHUALY.

They ar e ldiesy ifngw aélegs frefertidin angidddey wHiely enlbei@tase tHe lobptgaihay sel@enot
contain ii?t ernal feedback, and "do not produce an infinite decaying
response. TYHETEHF t hey produce a finite response consisting of a relatively
| ow nunber of discrete echoes. The response is therefore not perceived as

reverpberation. 25 |t is inpportant to note that in the unitary early
refl etdti o FPEVADFYLAB, inipdmuastent frlethesdinertrasousts saund fome thestaget i on

system i&griBerR &ferPOhefn®REHCH OhuliflEcOWdpiteS (P atdeh@Ysald@8nd Asf BE

inputs of delay lines, In contrast to a reverberator the response of the
ref | ect i oHeEyeacensiis signal fhds és preause the msscaptisporfdecalisation iisgavesaed dya
short burgfe st %@é‘l‘fé@s’cotzﬂ?ﬂesﬁl Q{Ecears'b{p%@vidécf'fatg{" l@ s gI‘e tn%? O%QHQQEr\;gﬂhl !

never reach that of , 30 a reverberator. Typically systemof the in tion
wi | | haveHangee $ponguist jheetadenon| §otB Ondingr and poarig-lintesystéros desssuse tater
reachgs thateltrdhbEVEL Behals i@bly del 00 10;;39! thi
PCT/ NZ99/ 00049 BRI EF pEs% P'_?'élr&\:fm&]: R 8 i tPuE Sy s pon pe
descr i bedaskiievedriof kegepirgthegnidrephenesmpiuilabig distanaedsom bjie wtageoDelayarnphe and
wi t hout I 5 %@g&l N9 &Qﬁ&es}ét%@é}ﬂi n’oﬂ-%n%hs-ys?ems to avoid preceding the direct

sound. Care must therefore be taken in any non-in-line system where microphones

are moved close to the stage.

20

SUMMARY OF INVENTION

In broad terms in one aspect the invention comprises an in-line early reflection

generation system comprising:

25  one or more microphones positioned close to one or more sound sources so as to

detect predominantly direct sound;

an early reflection generation stage which generates a number of delayed
reproductions of the microphone signals and which has unitary power gain whereby

the stability of the system is independent of the delay times and amplitudes;

30 a number of loudspeakers placed to broadcast the early reflected energy into the

room.



Figure.1 shows the layout of an early reflection system of tg; p \Te?ﬁdzon,
Figure 2 shows a unitary n-channel delay |line systemas the 9

refl ecti onygsoyxsgés on stage, 10 Figure 3 shows a unitary cregsmnzospossl

n- channel delay systemincluding an orthonormal matrix before the del ay
lines as the early reflection generation stage, Figure 4 shows a unitary
dual cross-coupl ed n-channel delay systemusing 15 orthonormal matrices
both bef mhe iantheabigy refiectidal Qéﬁelr:ittlftﬁﬁ stfpet May dacllyle r£hhéter ©F qegielingd on

st age, ure 5 shows t e unitary, dual cross-coupled n-channel

del ay syé"f ?HW"(W“C@%@%&B gﬁ&ﬁ?ﬁsd’é’l“?ﬁﬁgﬂ%ﬁges&nd del ay |ines between
each two matrices as the 20 early refl ection generation stage, and Figure 6

shows a non-in-line assisted reverberation systemfor contraolling the
gl obal r dpersystest ppd methodot the iBHtion dart BHEMP! WP CRtWHST Hha AYaY §714 ne
ear |l ysr e%ﬁfrﬁdﬁ@&haﬁ%@&é@érﬂ%sﬁtﬁ%é VBN TR pRBHE A Qeshe war bRl b ED
~ DESCRI PTI ON OF PREFERRE Figure 1 sho t he | ayout of an early
ref | ect i dhe AT shstom. t Instdady eatly oieflegtionsniwer gorferaiedr iophesie s way ttbahfhiar e
posi ti 0”%%:%1{35& th@ sh 0 S RURELSHi0M SHAIR E‘&e 39%% t%Qt émﬁ{ e fed
- to a processor whi ch generates a nunber of SCa e aye rep I cas of
t he N nmi @eoptatios GErcguitahas a andtatshpropegyessor out puts are fed to anplifiers
and | oudspeakers LI to LK placed in the room The transfer function matrix
of the processor is denoted X(f). 7 2 2 OCT 2002 WD 99/ 54867
PCT/ NEZ99/18G84 SySteen ahdropthodesd tar éntenpionahhiyaryi dmiﬁ pmmhplets krat applied hey are
sen5|t|ve to ound sQur ces gt%uso ed on axi s g Bﬁ [ ess, sapund
sour ces f Ir %e[ T ORSEAIG Y BV & eratlrbr?)nyvﬁr hre & B% §tF %xi s.
Thi's rrammix&e&yélh&edbaﬂcbf sound fpims kitp landspree@tufseso ltlhke nlillc&ipl'mfmei et tac k

fromthe | oudspeakers.. wever, finite 5 |eyel back may stil |
ex ot aTBVIDSRE Fa0n GBF OB « B SFSEAHanSoF By PG TP RS, BR IR
become unglafkl #nd Iﬂ@hhli@d’lﬁrfefghtmgﬁl(iﬁ ip@idr Rt Edrty f‘é’ﬂ%ﬂh&ﬂil%yls&uﬂﬁﬁﬁaéﬁﬁé:s th® the
mcrophon ndtheloo t.ransfer functlo mat ri x i s thus
H(f ) X0f ) gk ftslﬁé %bblt*af YoFfe&HQEé’Fg‘eHP%&‘h%ﬁ WP Wq%? I \belayr Apd 1aP87E fRe poi nt
( 1+ 0), 1bhgs yatvidliWHave BRistitskARbE: theQydhen. st abi ity of the system can be
mai nt ai ned by keeping the loop gain low, for exanple by keeping the
anplifier or mcrophone preanplifier gains | ow. However, for a given
setting OiowdiRl, fitak FBteds halshe tadrdhirl fulnktieh xﬁaelxswammsl anidegemﬁleﬂ&h@n t he
particul ar delay tines and del ay Ievelfs in the praocessor t he System
TE

st abi | i t PORFToEm O tBe SyEs att ahe) 26 Al HEEDGAS |anietrh°g§?H§1t5ét°g thepoun

Howevgy , dykteth ﬁs)n&'@&nﬁpx‘éﬂixée'ﬂb’y HOPEEHIbn dfithe e@m?&ef%tlenls&ysﬂém ty at all
frequencies. The stability is then independent the delay tines and

|l evels. Unitary early reflection systens of the invention may be

const r uct&eh A3k e RO EHPARIGOURLIANGS H8bayh kh@%&lﬁ?@ﬂ&"tﬁah%@fc@is RfHoSS
coupling matrices. The sinplest N channel system conprises N delay |Ines

connect i n'@lq\PW%fb’dp‘nB%Yﬁ%jﬁsaﬂsatto N | oudspeakers) as shown in figure 2.
This systemgenerates a single delay at each output for a signal applied to
its respective input. The transfer function matrix is exp {-j rvT, ) 0 25
X=D= 2 0 OOXé'SQpJJ-jth2}00000exp{-ij3} 010 00

where the H superscript denotes the conjugate transpose of the matrix. Consider a
single frequency fo applied to each input of X, with amplitude A, and phase ¢». The
input signal si(t) may be written -

30

s, (1) = e/ y 2

where u is the complex amplitude vector



exp {- j~TN'} S This has a diagonal formsince there is n@ 'Z:r%g ?cgg?:lpl i ng.
The. systemis unitary since DHD=I. 30 Figure 3 shows the use of an

ort honor mw@emsigécoupl i ng matrix in a nore conpl ex system BETMNIGI/00049
invention. An orthonormal matrix ML is placed before the delay lines 8 2
? 0 CT 2002 WO 99/54867 PCT/ NZ99/ 00049 TI-TN so that a signal applied to
any one input is coupled into every delay Line, resulting in a single

scal ed and delayéd s'epteduct.i apedf 1t hat signal at every output. The
transfer function matrix is 5 X = DM 6 This systemis unitary since both
ML and D are unitary, and the product of unitary matrices is unitary. 10
Figure 4 rthonormal matrices ML and M2 both before and
after thﬁgq}g@%}% %‘yrss&ﬁga%d TN. A single inmpul se applied to one of the
inputs is applied to all N delay line inputs, and appears at tinmes Tn |ater
at the delay outputs. The N del ayed inpul ses are then cross coupled to
everysout put. yhgsy(sNeeduplts, el Ays oy generated at each owtput fox a
single applied inpulse. The circuit thus has the 15 property of diffusing
the inputs and providing the maxi mum nunber of outputs for any input. The
matrix transfer function of the circuit is the product of the transfer
functi on simter iXcés wiitayc flepeet ithe powerVESN| off a 2RitEryLayetedn shoewse @dselhdi ng
o L L@ ORI OLoud BGd QUIUAA IS dnedd ML eI ORRRIALGS NG o060! o
del ayed repro £1 Ons “of a signal ) any single rnp at

out put . I*d&nchcbhtwd@feaglbdénm ty increases rapidly with the nunber of deI ay
stag g :25 The early reflection enhancenent system of the invention may

al so Be conbined with a non-in-line assisted reverberation system for {
cont r ol | iU patent glualledr 3,22%6 b@ Kdasdrdisest 4 mlﬁ@htahabl zteherbrewter dich hantHisme i's
simlar for. all_ source ions_in her pe descri bed. i.n US
batent s RO SRR AvEE ebfiitrs sdSee, hetae o RerRRGed nt

positi oneﬂairmWalmnpraad@ﬁwﬂargbhywimvﬂédp&rmt afgdusdesignad trmoaﬂppmsuhbm pl e
| oud speakers to. byoadcas

g)?und i,nt 0.t he, roog}} and a reverberg L[]]Etl‘lx
connect i 1§ 3 &R 5’§?t893i HeSPTERIIY SR SPRAAF P EYn G edsS5F ﬁ‘é;

reveriger Eﬁaﬁénha,‘ﬁﬁﬂ,@%n Thepevie doawﬁsmmpns&sa&mregs sifinfernainfeedbaek v&ﬁa@es
the density of whi.c creases over tine) % | oudspeaker. The

r ever ber dFFBYTSndft i y long B@WQGG‘ZPWQQP 4BEFPY PR‘E@@?%@EQS‘W °f

echoes which are perceived as reverberation.

In this invention early reflection systems are disclosed which also have a unitary
20 property. They are distinguished from the unitary reverberator in that they do not
contain internal feedback, and ‘do not produce an infinite decaying response.
Instead they produce a finite response consisting of a relatively low number of

discrete echoes. The response is therefore not perceived as reverberation.

25 It is important to note that in the unitary early reflection system of the invention
there is no recursion in the reflection system, ie there is not feedback of the outputs
of delay lines to the inputs of delay lines. In contrast to a reverberator the response
of the reflection system is therefore finite - the response to an impulse is a short
burst of echoes then silence. Also, the density of the echoes will never reach that of

30 a reverberator. Typically system of the invention will have a response time of only

80ms or so, and the echo density never reaches that of a reverberator.



may connect a simlar bandw dth signal fromeach mcr ophonezzhp@quﬂ%e or
nore reverberators to two or nore separate | oudspeakers and-ea ich
recei ves aws @wgbe7conpri sing one or nore reverberated m cropbomessooynal .
Figure 6 shows a wi deband, N m crophone, K |oudspeaker non-in-Line system
Each of m crophones, 5 m, n2 and ns picks up the reverberant sound in the
auditorium Each m crophone signal is split into a nunber of K of separate
pat hs, aBRIEBEAESCRINTIION! OF THEFEGURESNne signal is transmitted through a
reverberator, (the reverberators typically have a simlar reverberation
time but may have a different reverberation tinme). Each m crophone signal

i s conneThedntentioach fofthir [desdsipehivehsrefdrencgio the atGompamsyihe feuoess ,bywi t h
the output of one reverberator from h..m.cr ophone .bei ng connected to each
of the aWﬁYi°¥ IE’é‘?’t‘éplﬁu‘.mt‘%iow1 O‘étnlﬂt?rb‘ﬁﬁ‘%f??é?)@ktgf% uEI""q’t‘(f)h'Ls as shown ie one
reverserator signal fromeach m crophone is connected to each | oudspeaker

. and each loudspgaker h?s congect eq to, it the si gglgl fromeach m crophone,

t hrough BIBUEY&-BAFaLRE IRt PHRR CafR EellechipR sKptep QRS dBY SRR bet ween t he

m crophone and the 15 | oudspeakers. While in Figure 6 each m crophone
-signal is split into K separate paths through K reverberators regulting in
N. K connBiEre s shewr én‘b‘llﬁg?lp’efléc}%‘i‘&ef@ﬁlﬁ’p@ﬁke?yéfﬂf‘h%s nHer 66 TEleSgRal s
coul d beg&idrhtioh Bta@e! €ss than K paths and coupl ed over |ess than K
reverberators, ie each | oudspeaker may have connected to it the signal from
at | 84st two microphones each through a reverberator, but be 20

cross- | i pleede W tdhok@Ss LRRR REodsQlodbldd NS ardre rﬂ&ay%g{&g-mmwgﬁp' e,

{n the systemof Figure 2 the reverberation matrix may“split the signal

'r om eac hrtbpnegmal apitoirdecione thaglelaydines asght eady rofeationcgemeratian sfagnst ead of
three, and the reverberator output from m crophone m nay then be connected
to speakers Li and Ls, from m crophone n2 to speakers L3 and L2, and from
m cr ophoRgure 4 oshyyealee nmnizgy | duan grass:couplesiam-peartds wdelapiasystim  spgigem

perf of ma ' V, 1N} . an t he
Povert | oafipnfatRRARts Mo, MerRchhif QP! ot AR Hindd ¥0e BB BMRedlont o
by LI, Lgemerdtibmstageld in fact consist of a group of two or nore

| oudspeakers positioned around an auditorium In Figure 6 the signal from
the m crophones is split prior to the reverberators but the sanme system 30
can be i Fgveaendhed sy twastsigaquitaey slupiptrgs$-conpled ohcharored pleGryesystano etk ‘a
singl e reverherator per _mcrophone,and then splitting, the reyerhe ed

m cr ophoﬁ%scsai%ge%éﬁr&tog %{n fn(% seﬁ'eaxﬁ%%ggy 'Ilﬁleess?/'% &M selargrﬁltg@oexsnaplrc@fg i énsg{h(f
secon@lar garip oefldction gkpedhitimalsthgeopndr ound the main 35 auditoriumw th no
-two way acoustic coupling. The systemallows the 10 2 ?_ OCT 20D7 WO
99/ 548G7 PCT/ NZ99/ 00049 reverberation tine in the roomto be controlled

i ndepend@igury 60dhotsen abpdathlinetasistabrsetberdtyornbistemrigr thetralfipgtieaplobalom

vol une. The foregoinhg describes the.invention_ including,preferred foans
{her eof . "N BFADPS 1S OF Ao HR3H0F | B PENE BAAFRI R B BUTRG £ 7 EHESE

skill ed ispstehieofaht invenitiontayldd combhedi ncor porated within the scope hereof.
11 2 2 OCT 2Q02 WD 991 54867 CLAI M5 PCT/ NZ99/ 00049 1. An in-line early
enhadtenent generation system conprising: one or nore m crophones

posi t i ONGEETARED DOSCRIPPIONWFEPREFERREDIFORMSO 5 as to detect

- predom nantly direct sound;
Figure 1 shows the layout of an early reflection system of the invention. A number of
microphones m; to my are positioned close to the sources on stage. The microphone
30 signals are fed to a processor which generates a number of scaled and delayed
replicas of the N microphone signals, and the processor outputs are fed to amplifiers
and loudspeakers L; to Lk placed in the room. The transfer function matrix of the

processor is denoted X(f).



an early reflection generation stage which generates a nunb@r? cﬁC'EIQIUBXIed
reproductions of the m crophone signals and which has unitary power gain
wher eby t heveosdagés ty of the systemis independent of the detcwaywzbieoesy and
anplitudes; 10 a nunber of |oudspeakers placed to broadcast said early
reflected energy into the room d 2. An in-Line early reflection
enhancenent system according to claiml wherein the early reflection

gener at i Ohe shigepladnes iammcltjqd@lyakiirlee‘a&ualombatc mstsheyoanml isagsxtmi noxsouhsl 3. An
in-line earl¥ r ef ]tECtI on enhanc rT{e ystem accor di nsl% {?ﬂ v¥ne ein
the ear ! OVSFT SOPISReYHLFAET SR a‘&e REPRFGES SRUE 1 TORLCSRAEATIS B t wo
gr mor e aﬁa%vabumiong whitH laﬁe$)o‘$itiolﬁed cﬁﬁhxllaledxehaamlnnE&tmajrutogtﬁﬂxd

et ween t i ces An e_ear ef| ection generation system
accor di n§EYPAY RIDIGP tor gis o %ﬁd{m lpigspeaegs, PYRGTnBLFHE or

Mt ri §€esevePofOfeb PN ARl JtHll &4 SndSf m@ 1do@ gdin @1 €R¢ Isystes! |seGbi KIBh, the
generation system according to claiml wherein each input is cou l'ed to

every oufptiemt Bllhesomgainstatle; T Sianster drnetioy Betoh frem threlopd &15jital s to
all of the pitRPhsnedis I‘ﬁgshﬁd|th@%«%ﬁﬁaﬁsf&??&rﬁ&foh%a&ﬂb@”@ﬁ@@ﬂhxﬁyiitQ{Q

according to any one of cl ai s In conbination wth a w deband
non- i n- | fases pfsAnst elgeniapetior cAtH B (s paeistewic Roint di B8b eheagystame iill rasom
vol urme, incitg ng multiple | oudspeakers to broadcast sound into the room
and a reverberation matrix connecting a simlar bandw dth signal from each
m cr dphone t hrough one or nore reverberators having an inpul se response 30
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each f Whl C ecej ves a.signal, comprisi a sum of | east
reverber & r}m g IBIREREe gr%:alé'sh Qg})kﬁrretg%fﬂf 5t “ehh %Yeﬁﬁr’tﬁe)\e@cgustai cs of
a room onmmafbr tp@dspazrm cmsrrpower ggind & eaiitynar pil dekejienaiet| Yhelistatnlitysisutitenwi t h
one or egeﬁ ‘;}Qg‘ %om ti oneglcl se to one or nore sound sources,

u

generat i % Yd8P & 889/ Si5toduct i ons of the nicrophone si gnal s
inan early reflection generation stage and which has unitary power gain
wher eby e st abil .S i ndependent of th t| mes and
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posi tion between t rices. accaqr to claim9 or
C1 i m 10 RGP aHma EPRRGL (h FECaY FREF oy H e IOCHOR ARG thonor mal
matrices. 12. A nethod according to claim8 wherein. each input is coupled
to every out put to provi de a maxi m sation of diffusion of the input signals
to all of the 3 A‘é( AY! LA LAY AY. | . Algl . ATY. AY. AF{] . A. AUY. Al H
A{l Cbdt n_Ff J;’ c"XV] ca] ca] ca] ca] cal ca]c
a] c<a] ca] ca] ca]lca] c4] ca] c‘?i‘]péa-]”d ])ca] ca §ca] cal] ca] ca] ¢a] ca] caU] ca] caU] cal] ca
Ucal%d a X=D= exp{—joT,} 0 S
0

0
0 0 0 exp{—jaTy} |

This has a diagonal form since there is no cross coupling. The system is unitary

since DHD=I,

30 Figure 3 shows the use of an orthonormal cross coupling matrix in a more complex

system of the invention. An orthonormal matrix M, is placed before the delay lines
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20
Figure 5 shows cascading multiple systems of the form in figure 4. This system
generates N2 scaled delayed reproductions of a signal applied to any single input at
every output. Hence the delay density increases rapidly with the number of delay

stages.

The early reflection enhancement system of the invention may also be combined
with a non-in-line assisted reverberation system for controlling the global
reverberaticn time so that the reverberation time is similar for all source positic;ns
in the room, of the type described in US patent 5,862,233. Such a system comprises
30 multiple microphones positioned to pick up predominantly reverberant sound in a
room, multiple loud speakers to broadcast sound into the room, and a reverberation
matrix connecting a similar bandwidth signal from each microphone through a
reverberator having an impulse response consisting of a number of echoes the

density of which increases over time, to a loudspeaker. The reverberation matrix
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have a similar reverberation time but may have a different reverberation time).

Each microphone signal is connected to each of K loudspeakers through the
10  reverberators, with the output of one reverberator from each microphone being

connected to each of the amplifiers A; to Az and to loudspeakers L; to Lz as shown ie

>

one reverberator signal from each microphone is connected to each loudspeaker and
each loudspeaker has connected to it the signal from each microphone, through a
reverberator. In total there are N.K connections between the microphone and the
15 loudspeakers. While in Figure 6 each microphone signal is split into K separate
paths through K reverberators resulting in N.K connections to K amplifiers and
loudspeakers, the microphone signals could be split into less than K paths and
coupled over less than K reverberators, ie each loudspeaker may have connected to
it the signal from at least two microphones each through a reverberator, but be
20  cross-linked with less than the total number if microphones. For example,___in the
system of Figure 2 the reverberation matrix may split the signal from each of
microphones m;, mz2 and m3 to feed two reverberators instead of three, and the
reverberator output from microphone m; may then be connected to speakers L; and
L3, from microphone m2 to speakers L3 and L;, and from microphone ma to speakers
25 1z and Ls. It can be shown that the system performance is governed by the
minimum of N and K, and so systems of the invention where N=K are preferred. In
Figure 6 each loudspeaker indicated by L,;, L, and Ls could in fact consist of a group
of two or more loudspeakers positioned around an auditorium. In Figure 6 the
signal from the microphones is split prior to the reverberators but the same system
30 can be implemented by passing the supply from each microphone through a single
reverberator per microphone and then splitting the reverberated microphone signal

to the loudspeakers.

The system simulates placing a secondary room in a feedback loop around the main

35 auditorium with no -two way acoustic coupling. The system allows the

10
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2. An in-line early reflection enhancement system according to claim 1
wherein the early reflection generation stage also includes at least one cross

coupling matrix.

15 3. An in-line early reflection enhancement system according to claim 1
wherein the early reflection generation stage includes a series connection of

two or more cross-coupling matrices with a set of delay lines positioned

between the two matrices.

4. An in-line early reflection generation system according to claim 2 or claim 3
20 wherein said cross-coupling matrix or matrices are orthonormal matrices.
S. An in-line early reflection generation system according to claim 1 wherein

each input is coupled to every output to provide a maximisation of diffusion

of the input signals to all of the outputs.

6. An in-line early reflection enhancement system according to any one of

25 claims 1 to 5 in combination with a wideband non-in-line assispted
reverberation system which increases apparent room volume, including

multiple loudspeakers to broadcast sound into the room, and a
reverberation matrix connecting a similar bandwidth signal from each

microphone through one or more reverberators having an impulse ré;ponse

30 consisting of a number of echoes the density of which increases over time,

to one or more loudspeakers.
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10 delayed reproductions of the microphone signals in an early reflection
generation stage and which has unitary power gain whereby the stability of .
the system is independent of the delay times and amplitudes, and

broadcasting said early reflected energy into the room.

9. A method according to claim 8 wherein the early reflection generation stage
15 includes at least one cross coupling matrix.
10. A method according to claim 8 wherein the early reflection generation stage -

includes a series connection of two or more cross-coupling matrices with a

set of delay lines position between the two matrices.

11. A method according to claim 9 or claim 10 wherein said cross-coupling
20 matrix or matrices are orthonormal matrices.
12. A method according to claim 8 wherein each input is coupled to every

output to provide a maximisation of diffusion of the input signals to all of

the outputs.
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