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WD 2007/ 076863PCT/ DK2006/ 000724 1 METHOD AND SYSTEM

FOR EQUALI ZI NG A LOUDSPEAKER I N A ROOM Field of the

i nvention The invention relates to the field of audi 0

and sound reproduction equi pment, nore specific X
T&)Kzo 6/000724

WOR0YH6%At i on provi des a nethod and a syst em¥
equal i zing a | oudspeaker in a 5 roomw th the purpose

of adapting the | oudspeaker to the room and thus
i mprove sound reproduction More specifically, the

: MEFADB AN St SEM #Bfgﬁg‘gl v e & q\r %@‘F’%ﬁ%&'ﬁ%ﬂg ggqt?% nin

characteristics per
the roomin order to obtaln a sound reproduction wth

Field gfghednvaadioneut ral tinbre which i's nore i ndependent
of room characteristics, |oudspeaker position and
The iPGREIRR FRIEtES & the Galdiohaydireandond 1Prehckyr @uipthenf, ridie
spetifisain thcoinvafitioh Ipl‘b\rtchﬁafrﬂe@ﬂdél b zaéggﬂeﬁh foP BHRHHSS & %Pdslpeaker ina
el

roo OSe D e ou spe d §
ﬁ%ﬁ@ t‘lf}é gm‘p} E&Is fss}a%gtﬁo tE I rpir g Igpu%ola? gél%ggmpyvﬁaound

reP'i"g“‘EtS’Hp'é?@éPem%b\h dhe %’Pl!?'mﬂciﬁ irdended to téreecta Frequnizon
charagterisiths pectelvpd trhe lidtériigestsiign l'rD@ﬁ]ro&ﬁ il 688 oBYairPdsound

repH 08&&'59 %ﬂh%é?@etl\ygﬁ%@ut"g%ﬁ'!bpe’l RiGH ecr:rreqrp B%nq‘EB' ! ‘;’-ta.-\,eﬂ? :jg

chala2Q f erent roac ave
an e‘lg CF#BFWSW%BW"@BH'%U@E iPeFitiefuig[tha ypoun. t h a nore
neutral timbre when listening to a |oudspeaker in a
Bac@swdmﬁheummnna given room Prior art solutions
Wit g\g% J;et hods based on a neasurenent of transfer
thin e d i audiodeprofiyshpn, iech #ruheaiee or swraung sbungltsestems for
homeesé.tit srweindiovhenaptish gretagakkiig ﬂotceﬁup@meesra}aaa l’erpigadf.l&ron for
the &fbrbtrSintrb@RSH 8y t&h@feﬁﬁ‘]& %6r§t6r9"ath-£r bya m% r?ctlan ﬁb en Ehe

I sadvant as uncon
oushoker Be s L ie P feaguaneped ea e e madp remonidesn
imprgyed spgnd nerdeductioménediy vathrumber nakrabgrdbiel viledlistening to a

loudspRekdr if 8ldneRodtish RS JTegy, Still, these type of
equal i zi ng met hods may result in a sound reproduction

outside the listening position which has a nore -
Priorgsteqliops instude intnthadh Aesevion oueasueenept ubdrdrizsien gharRt@ttics

fromutBé YouSEkker 0 VRO TngQPebisibitl Sniheh r@l@snbrﬁ:ﬁ& £ Hlltg'g:omgensatlng for

In sone

s e AT

be enou
uncogtrefisdihigagrinsat SA?F'féF)é%ﬁF@%ﬁleadm twghe ppeemt of room modes,

unlessGURINESF 0 ?mwrﬂ&ﬁbduﬁ@ﬂor@&:@ QSl‘FortTl’éd U§t|£]n4 aﬁe’é@ typRof ecﬁ%hzmg
ior.ar ods_ su

e A

morerﬁ‘f?ﬁf@%o ?atB8§F"’lri Wt e epealiging; Byenyveof srdliendvesteatsiootside

the ligleing ipositiso sach &sfeprcantingereaimey H'ﬁédm"é dagesw!%l &hBudM toldegrade

can n}—l%\f\r/g’veg suc ten re
'ﬁ?‘@’b 8r83f2measur enents, and still provide quite
poor results when a |istener noves outside a quite

As arfh':lfef'rfé‘ﬁvé J2leqi ﬁ}g)r%R‘?\geﬁg}ﬂé%ggéspa\perrggﬁlﬁﬂj%nsfé Earﬁ%ﬁ” s
measg%F! rin 2 nugﬁgr gll pé:s 8’5’%@ 6&190\9c1%llty of the 9stemng position so as to provide
an equalizing which will provide satisfactory results for a larger listening area, However,
such methods often require a quite large number of measurements, and still provide quite
poor results when a listener moves outside a quite narrow listening area. Thus, in order for
such methods to work in general, a large number of manual corrections are needed by a
skilled operator An example of a muiti-point equalizing approach can be seen in US

6,760,451.
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35 skilled operator. An exanple of a nmulti-point

equal i zi ng approach can be seen in US 6, 760,451. WO

2007/ 076863PCT/ DK2006/ 000724 Still other equali zi ng

met hods exist that are based on estimating a genera

“Qﬁﬁyﬁh&g3response fromthe | oudspeaker in tRETOHIME/000724

.e. away fromthe |listening position. This can

e|ther be done by averagl%g nmeasurenents performed in

a nunber of positions in the 5 room or alternatively
by neasuring a power output fromthe | oudspeaker or

Strmh@ceqwaing Metl&lﬁ:@léﬁﬁsi: ﬁlapé}é JERIION SteRirdSe §@diRbidkic
S AR e LA BBV 8 B BT e o
eithet s dane by avemeing n?eraéursmew @ef%msétfh%ama'?ﬁi Of Pasjiinne in the
rooipbr SGHRkVEY BEmRadOKE SRRMEsUthI fRnTeE Iduds QRPN SAGuivalent
acoIrsQ gl[én{epefr sH%@s%agrfatrérrr%srgt%%Q elsrheg\@fbgtlpml éP dl §72 374 %1

I oned ove a perceived sou
reproductlon uality for a person Ilstenlng to the

Sumpgapsplthedpvention | st ening position in the room -
%@%@%&E@%:W@@ﬂh@ﬁ@sﬂn@m%rﬁw rcﬂrﬁie%%lﬁddzdnﬂg s?étern e equahztng a

udspeaker so that sound reproduction quality is
'qusﬁiﬂkéﬁ/'é @rer Soearensats fos e ilugiredf de R "I‘ WEicR Hiingpsitioned,
s0 RS Intprove a ddiexivaatsooc rpRidutrin suaite tbr tqlersdn listehiaged the

|ou‘{sbéa§<8f at‘l%&e&fr‘rp"&a%ﬁo@ [ the Yy, s‘nl1 1Tt ﬁ'@tlﬁ)ﬂ%ﬁg‘ulﬁ g%%ié & ty

erator Wt
equglieing o§ theduispqpker Fés‘i'}P‘t SOURg FRPFRA uctt%é?ﬂﬁ%v Nivlil Prs'eg alse éqa
listeh@t ouUBSRieitie igtdling poskipat B rtréthdﬂ:BmOﬂ&reatrmﬁ fioy amawomatd filter

desiB@With ki 'v@ré, rnﬁreaqggkg%q%%@raré%ﬁuslzruecfJ> ekf%b‘x%ﬂ??h@ﬁ to

ecl tron in a room
Pmtiaawgf a.SHr%SSé%%%rﬁ HeReBY A g Hsrhoad%%%tﬁr* for yFd et piifeystem to
be dpbetaddym et al tak-dkiiee pacon Bneankitze atird beispspeaioar spedit:

positith @ 2 uvrré_,tmaﬁ ReGL stﬁmskhavrﬁ@s&ceahtnrmaLréesco@str@srb,sa#t dsQF the

n aker positioned in a room
m‘”?% %F%@Fer?%‘)%aﬂ'ﬁﬁé‘hs'gt@spﬁ%?e -an influence of the room

the nmet hod conprising the steps of 1)
In amsggécmewehﬁ&remneemmetﬁoe rortézqa;nernee ffré’cn&ldsﬁ’éz]:kérr om
AN e e Y R A T
compjsingghe siepmiping a gl obal transfer function
representing a- spatlal average of sound pressure

fmaastugé%a hste %g gcg‘nat‘raﬁ‘%fepyunltcp% i‘F olrrrr %Fectn]gal'] C;f ga#(tﬁ%]ﬁrst
f r eq@@ﬁwr tq hémrmr_ré@ssgrm 3% a| liskening werlrr@ i AREPOBI an

i nverse of the gIobaI transfer function,

de&ﬁéﬂéﬂ L Q?roﬁé’r‘{OSI i c{ Rfhctidd kgr][es&%ﬁg ds ?%a"r‘g‘vevrﬁ?‘éecffﬁund

sten
a q&r-wr%'ﬁvslw“etheq'a%rmgfrlrrgteﬂubwtﬂerf” TF%'OFfi‘Sﬁf—'Et'@a to a
naxrnuanSgaln in accordance with the upper gain

3 | 'azf%lﬁt%m‘n %PfrgéJeﬁEy, ltl%%ﬂz%@?&éﬂ? fimit

accofﬁrng I'1zin

g an Iﬁppel’ grnq
being based on an inverse of the global transfer functron

4} determining an equalizing filter based on an inverse of the listening position
transfer function, wherein a gain of the egualizing filter is limited to a maximum

gairi in accordance with the upper gain limit, and

5) equalizing the first loudspeaker according to the equalizing filter.
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WD 2007/ 076863PCT/ DK2006/ 000724 3 In step 1) it is

to be understood that the Iistening position transfer
function can be perforned by one single neasurenent

in a preferred |istening p05|t|on in the room
WA 087HEBvel y, the |istening position transfReT/DK2006/000724
function can be measured gn a nunber of positions
spatially positioned around the |isteni ng position,

In Slté]:pi)l'igisQQ b& Bncl%%o%er Iaymqutel‘ljﬂs gng:porietr?ﬂ er lglpl‘éSt en ng

coverin
pe :S’”E%‘% ¥ e W@r’ﬁ@?ﬁ‘f@e‘?%ﬁb@ arefarveg hatenmamgﬁmn mm:tqoun
Altefratively] ths figeiing pasitees. trarafet Reichicd 420 \We MekadRSE6 i QEhrﬁﬂer of

pOSItiG% ﬁataal@%sxtt&ﬁ&%&ﬁd t‘-ué' Q&Eﬁlﬁé‘ Hos‘ff‘cfo m%]:]f? I;égld B?t %cﬂudmg the

ented on a
pre'éeé”ﬁéj\s i?fa?ﬁp E‘BP@@E AERES %ﬂ’{e‘"’%‘ﬁtﬁ"'w @?rcﬂ -g-tthepptidl Gvereeing
repr@@?ﬁ%’hﬁiért_@dsfa’sfuwlongoraa fiaotg ama.of frequency. Thus, a

positive gain i s understood to be an absol ute gain of
a|n IS understood to

In tI[f[eDlroﬁoinré crl]eo T trgx ’“g‘?ﬂd agd FtE%gFel{\éLgﬁ %’ia(si,feferred to as values

an
repregAnEesIioneR mae rytudg Hcalg\os e eqobalenttre@asdtatioh Laietih @éheral they

are é‘cﬁtfsﬁ@ﬁeﬂ @Bdsing Q AGBRY6r @équ@thrnTﬁ’kfs N 5 ﬂ%%y irf £ g%gdea%ogae £ be
on BB Al Sh s o e Rt o e st

- gaimgf éﬁﬁ§ F"@f‘ W@h&orreﬁ@ndml\fahls vense of & tromsdiertrondtien t&responds to

chargaF pigh at rtsaﬁagrﬁted@eam@sruh ig@de. @U# Gy dB d’ﬁigﬁﬁ %@fi{ =3 de,
Corrggplbndlég{ﬂs Emeatdglg gn %Pgu% aﬁp cgjf ofq Qf?:- o{&llagt%}gass alfcburtdﬁgtood to be

uaI
ma“fﬁ”?{:’%‘?ﬁtﬁé’e&@‘ﬁjpﬁwfb@ﬁ ”!?Qi‘llmd% aki ng i'nto account the
general properties of the room Even though the

i e ordi Ir; £ ! ; f
with@AY A th%HQQc Fi ;l]éz%r th é%%a? s gnﬁgest%geglp?’fzrs ”S@rﬁ{e

functi on
loudshseiies &gy E*tel't‘i??”%'ﬂ PPH °ff Pl W%é@é@é@ﬂt thepgeeerabaroperties of
the rpomm Evebdb@gh dife @yualinverise iDbasad bh aRsdatiired %ﬁ&éﬁﬂncﬂon to a
specﬁ’@ REESRY bésitbn aﬁe%ﬁﬁgﬁoéﬁgn%g%gfeﬁé% é)e?ye]n{: ypper Mt

ossible to
basey SESPH{) ﬁ@"et"E a tRBse H@F"-‘aq“ FRRYBEREEING am PYshege Sound pfessunein the
roomy, #dspessiiedo shresdhe Bmﬁeuzlhg &Beraiceorting & @@dlgehéral :-.h:@ustnc
prop@iederthé Faafsditte theGibuesZpe Y
possible to a'idapt tf]FIer lseggt&% | 21 ntge'tép{{;k hg&k@gqﬁnngr fuiction.
| istening position while still nodifying the maxi num
With ghe fetdpd.titis ppgsibieto adopf dikelequalizing figen®itiad litdan@edstion Mhile

still rhdesFying 88 mbkitGm gatn dzf&h@ﬁﬁ@ B kol @Y Qe desLanl &Qh@%om

|rmm alns at narrow

Thus qggéﬂogﬁﬁlgg) EE\)o:dt (? |gn|n8 egﬁ%amg?}iitp h]ﬁ? B'fj"él“'t“f”éga'f‘?lat

quency
narr Wéeqlu?'g:f/ é’ﬁF—'W@'S ﬂﬁqtﬁ‘ﬂ en @ca mesnlg thedistehimgrpetitiond, According

to thesmetholyi ghoh ABK infgAigams murhdmp/fﬂte&éul%ecﬁin c9¥l§ﬁ’1e{f QorFe%&%d
ren

ener al I N
e e R
a h'g'b??ﬂ‘) Ia%?ﬂeﬁ'ﬁc ﬁarﬁ?"bﬁe%”ﬁy gngeH €cd- Phetarmiora wolle BoUEmEW
frequersn gamle ietg. !is&lnmgtp@sﬁoh e bkd BPEBi‘er wode. F8E b Wnce of hlgh

maxithliB GR8 Céépéc"fmg Gt L)S elﬁ%g:ehc# gsh Iﬁg% %9%{;#98’%@@9& and

'°“d5%358%fc41gﬁm3f hﬁf‘dr PERR FY 2dstitioncit QEOV'Cﬁé Ppstieromatah &0 pover
listeniggrpleafsinee timrmpetiutbes eatustic dy:nadticor IRAKEGMHE pdsflion is reduced.
Altoge®RbH &dcBing!th Y l‘ﬁiéihgg $t |§‘ p@s%ﬁaieetro dm#:eoaclaomaacdgatga?iia% fi l%ermg of

ar.ea é ecific

= oudsp SR G i T Geerir mi St e enceivbed sovere
Coloraﬁ\Pft deretohreem-lausisrraienigtaractivh daseédnathnificatsy rR@sEH Bh@sdi0
witholiftvd Eing coIErafRdrASkRRIcaL t | oudspeaker
whi ch wi iéll provi de a Illhcspcgbg{r%%rlrs o\%l:‘é’t]%gcggp?tg?m%lms on
experi ence where severe coloration due to
room | oudspeaker interaction has been significantly
reduced and still w thout introducing coloration
artifacts in |locations outside the |listening
position. WD 2007/ 076863PCT/ DK2006/ 000724 4



The nethod of the first aspect is possible to carry.
out f-or a non-skilled operating person, sinceit'is
possible to inplenment the method in an automatic
versi on where the operator is instructed to perform

WD $REPEPB steps relating to neasurement of tife/DE2006/000724
listening position 5 trangfer function and the
deternmination of the global transfer function. The
operator can be instructed by text instructions on a
di spl ay or by neans of synthe3|zed voi ce

The ﬁ’é’?‘?"ﬂ@f Fhérf%"'t aeet is RITSFAIR1OI ITy ombfpr b@os wkiledaspierating person,

si ngﬁ isreetible beinpictieapihentcthddig afx%uﬁ&%?atlmvgrrsfm BeRE: 8 BHerator is

0 ne at yo
ins ecp&sdewogﬁl d{‘fgi%np%t&% TBEQ ng. a{ne%/%h: EtFr). tﬁ? Jf?tS'ﬂiH% Resitiap

s 1. steni-ng position
tm”ﬁﬁeftfwéct'r’? e%‘ﬁp ﬁgtemealvqnmﬁ the QP@gbe"alli)fera“mk:t@Dl Treagestiran be

Insinmie] Wetrrenihstofctibisen E0diRar @ thg medhs bl’"ﬁmﬁ'hé&ﬁmmck@:%structmns

TheSth&RR NS e@ucﬁ@gﬂ “Eg%r%gtrtﬁngz; op&po&;gz %Im gi}e re%mpgt@e input

uter algorit
a”"a‘f"%@“’%é“%@@%&?%&%ﬂ?" fred emr@s@sltvnvd?rwsﬁ‘@ﬁf wbén e

micgdphpheeid irothe fiisitaing phsttiont\Steysnt) he Zﬁfﬁéédﬁéh@tlﬁkrcﬁ\féﬁnent of the
10 c:pef‘a!‘tl)lI cffrthéjﬁé{egp bh@step%sﬁcéﬂé‘lﬁ Ea% I?e ;gerfog'h Lﬁ: cWh\f %f (écg?puter

al rﬂ%ha % an% functi 0 S or

9 PE> ?':ﬁ’r?é ak ﬁ)smé‘f gl coyege B@Bé’ﬁdﬁeﬁ@“&q w'ﬁeﬂ@mmr tsss of
’nVQﬁWet”h ef aigkiler ogereior Whontay iveanbaisiaahipiatt e @tedl@adign in response
to eld. ARFhe EhJWW&é&Ure@Q%nQ@W‘uh&%ng %Pgrl hﬁ% W]Enlglr‘;c%:'iget ﬂ?e,.

ed on the listening positiont
mng%§5%53|ble to provide an equalizing filter which is

15 a) rather focused on the specific listening

' Deppifing drothe @Roikd of lHaiviigs upHep g£19 GHnedpand oH‘Bﬁe n?rfﬁﬁ lﬂlary

t he .propert.i room ven
runcBTBh Ehio Q'R S Aer s ieton i tonigs st gener fnion
is p‘?ﬁ'@%ﬁ@o CERY @“@P?“é’ﬂﬁﬁﬂeﬂ which idia} fatheridcusedl@r the@pdtific listening
posiBtreqr hb)ratmiaiyndaefo&_&éé ahdBeredfch&fany L seddb tﬁéqgro?gmgé & the

20,.Donsr;tep 5) is to be seen as an optlona ep sinc
it is not necessarily carried out in close relation
to steps 25 1)-4) relating to design of the
Everetpaadgh minngrdd 1)tHnt is Eh&e@ét@@ﬂ*at%?%?éiﬁ)?fhefs%tcbﬁﬂe érformed
ina §t¥f@|%nt23>rdgia)é gbgtﬁg § ambp ggrf r e%laﬁeegggstf %?naé%s% ﬁtci §tep 5) isto

bess r ef e;ab éW rans
S B AAPEEN D ER ginem't i ‘??éﬁ%‘i?ﬁﬁﬁ'bfrﬁa"rdﬁd i busiesieaelpimeto steps

25 1) 4buada|¢mn t$ depigntdiiehd equslizidgaikdapeaker and data regar di ng
sound absorption properties of the room or B) the
The%omﬁg" sfer function is based on an average of at
A3t '?%'P'a oL3eheE) B8Y PayAterpined incliffesent wirasuerees
prefeiglhyh el ectrical input of the first |oudspeaker to

sound pressures-.at respective field point positions
n A) an acoustic power

scat e room

0 BRI nh ol i kel o g esiremenist scoustc
usﬁ‘or"l‘@r s@andTranh therfisttiqudspesivest andedatd regadittigtsoony alsokpaen
alhsopdptiést tskaoampbr t he room are required, e.g. : :

" B) the global transfer function is based on an average of at least two field point
35 transfer functions measured from electrical input of the first loudspeaker to sound
pressures at respective fleld point positions scattered across the room.

In A) an acoustic power measurement on the loudspeaker is required, e.g. using sound
intensity technigue. In addition, sound absorption data of the room are required, e.g.
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WD 2007/ 076863PCT/ DK2006/ 000724 5 based on ,
reverberation tinme nmeasurenents in the room or based
on the room di nensions and i nformation regardi ng
sound absorbing materials in the room In B) th

Wgl 00776468 ansf er function is measured di rectl‘iFT”é'ﬁ@“““m"z“
thus it includes all releyant 5 information about the
acoustic properties of the room provi ded that the

bageﬂ%lnqe\%gbé?'géon%rﬁe ﬁ'i%!as%? Oents in tﬁ ch)g]n%rttaﬁséj :?r{)t%ﬁ]%olm dimensions

an average soun ress
a”{;@FPé’?‘é‘E‘%reE?/rdtfﬁéOF“CP%iiisoﬂbtﬁied%ﬁi@%ﬂ{%m th&ravoe t he
l'i stening position transfer function should al so be

In ﬂmﬁ. B8 trr}ngpep fJE‘E@&HE SHEQ e F &},IECBH’EE%I thl%jﬁlpclﬁ%es alt relevan.t

infornadi rg%ong and data processi n
59/’8?? odt th a5Rstis PrAPETHES ﬁfefi‘ﬂ RPN Aroyidee thag He Fleldedothts are

selgstrdrin atmanmsf @ prbpmiytrefteasanl Srensedot®y pletRFdth % rtoBr% generated
by @b@#ﬁ'lo&l&ﬁé’&ﬁé@ Binfd! E]'FetI{s%E E%sng& Qgr}sfﬁ?or 5%“CE?%%°F@ also be

measm_ ﬁ%l rrenrt trans
pr eefde aﬁﬁ§€‘&"5?ﬂ”&ﬁ’e§¥/éf’ dyes Bicraphonesanstdatapreessing
meqr]semstm;q avelable wsfferm fhenosthahen- -Be5 S aeld fpﬁﬁmransfer functions

use@ ke 8dtbinind tHerb%Hal 9£ns¥é??urfcbc§r§rtna4/ 8&' ﬁ?@&'ﬁaes rusut': OiéhséosHR'xF he

t|ve f1el

e I es
equl%we%g' ul{lfle al %ﬁl tg{pg%g Upghioe lf, pbggqrg Yy gﬁs(gggﬂn afiraaﬂ"gg%qaf at least three
field pints trgnsfer fungtigps heapastidore Bleamlca\mmﬁgﬁth@fﬁrsﬁlouhﬁﬁﬁlt:er to
soussd pﬂreﬁdu@és%tﬁ@ép@&tﬁletffeﬂ%fn@??sﬂtg)ngw&% 38 ‘Fﬁeﬂﬁ%\rfee a mﬁée precise

eaker

ut o t
ot Gt b M opl e bfee b g avaoe ! e i P wnster
funqtleweqs‘qr%m glectrigg) inpuf pficthel firgb lowtispebieado békndPressures at

resnele.reCﬂéEﬂ)d' r&&‘;ﬂdklilenshﬁ%Vrﬁﬁr{lafn ée‘ﬂ@ra@ Qﬁfére ‘ﬁgld;ﬁgirng ead to an
urenmnent s een 1o
lmpl%gggjlreg ?%h:\é?errg??ﬁc’ cos nbo(s? ﬁ?mw‘gggm sﬁcéqqf%relﬁgrggllggas bgen

f"“”é'a??"&ﬁf"%tﬂaﬁtﬁ"vﬁ @glawp@t MRESUementp pVigE satibfe g disant |
wherein the gl obal transfer function is based on an

In a%%%%rﬂ?o;@%%ﬁ@@ére[ﬁca t_;lbt%ll 9?1953 r%ﬁctglgg ?s?lia?éd gnuyncg\}e?age of

at 'elg%l?&% pedipeint trgneedfyngign meég*s“aq* Eromtelegtricabihplitpbthetfirst
loudgrsgkdritom sbund pressucosma fickgtiktelositibd h thh €adnd, $842He Qnth the

Itsterﬁ@@b&éitﬂﬁ tHn@fé?Ft%E’mI ﬁ‘ﬁ&& e mdd2lmel D pvﬁe 2 gxl,{:gefr%enmg

I st enl ng positl on,

pOSItp c1n wglgggléo%tg?lfvaymperfogn i l,xtgié%p %{ch’@ nr@vuqﬂ—aoﬁprrd@:lon about
the gepergl pravstisrprodsolins o Bhet lhangB'ﬂersaiaséi(bﬁly&Inb @d(ﬂfi&ﬂﬁi“ did

transBdr Fiit@oh ROGuildA th Bl’oﬁnd‘é%ss%tlsfg&ln% rgil@t J'H %P%enght romn the

transfer fun IS requir rovid
UPPEP% m’f“ oF yor}g&ﬂ’ L&ﬁ?"éf?rm-‘v%t. | | benefl t fromthe
upper gain limt based on the gl obal transfer

In aribthee breBdived dintbaRhdNE rth@bl%ﬁﬁ fufaﬁ&elefm&%ﬁ?ﬁ‘ése? BP? %Y)erage of at

on an average o
s ok gl sk WAy Wt PESePdron dher eunismeet
loudspgaker i r@éqqcpteaquﬁ PURsswes atifield paingtpobivorsspatadces adiéds the

roomy Bgpidet Wi tsOstshingl JO6iBeH @8ncfdr flih@bsl POI Nt posi tions
scattered across the room together with the
eni ng position transfer function. Preferably, the

|
Pref ea’\‘?@r Hi aYgTagatd Hiqasierfungines invelved invelwiethg the global transfer
functioalscupaddr rgerabieg guabad a Is:ﬁ%l‘ésﬁcﬁ\fer Bveldd Bedrhdiny \}vﬁ'efr@a!f

individ@Mean

Y aeg\,%ﬁ% Ié)?gtoa SR iy a%ra{te%g%‘i\g@ 4‘%’%&%‘"{ S ee

Prereihg PB(gaeﬁl'ff%.‘"reét YRigerahe eepgarteye thediakeniop positionneansiee

functipn isfiegiuded in theapplaging tdfdihane BlobMRiaber fufkichhe case
where the listening position transfer function is
included in the averaging to formthe gl obal transfer

functi on.



WD 2007/ 076863PCT/ DK2006/ 000724 6 I n general, it is
preferred that the at least two field point transfer
functions are randonly selected within the room
Preferably, this includes selecting each of the at
WQASTO688 positions on a conpl etely random bBci/RK2006/000724
wi thin the boundaries of ghe room The random

selection of field points my e.g. be based on an

In |g8|ﬂ=.lr|$! if fs%f@ré@ﬁ‘gpmew i%&r twgﬁ“'nl% %Fn? r:ragsf Ijggéltol %gre randomiy

nSI on

sLtl.ong rando
— SE'B& IY“‘H?J&?“ d'oﬂ'ﬂng'"%ﬁ%b%fth‘ﬁ H@'Uﬁ%ﬁosﬁecw ershiof thernt fepstt tve
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poﬂm;@ on gaom pletals tandér dasietviiad thay ipfuedaak yr tRGhaH efhe random
seld@ioR bfidd pdntd nlla‘i’f"@é 3204 it m@ft Bnf 4 n%tggnantu?ngﬁ%@émlerator

ency. based an_inverse of the ‘
Se’%&%gﬁ’eoon Ttigigy rﬁﬂ‘a"’a'ﬁé‘f dret dAmgraiars &Psqdh?@ REerinBiuE dimegsions of the
TO9M-1ter is limted to a mininmumagain in accordance

with the | ower galn limt. Thus toget her the upper
aln envel ope within

%ﬂjﬂioh Q%’\ﬁn; ugger ngagf Inr]flh é%Ymog frqﬁ IP!y fRclides determining a lower
gaip it 2p éF‘é’@tlo@frfwubwwammranan*ehrsteommzhe gaba tahdrbi fuﬁkftﬁn,

andogiseeln @Yainlde L @ﬁlallmrtgrf?ﬂeéi {S??ml:tzeﬁ g?é h‘?rgmuh‘nt ga'n"?‘ m%lgéosi‘dance with

t |
the f&vep EQM hﬂﬁ:‘t glff‘dsf ‘\c/o ée{HteB thg ngB?r | doweg ganptirmﬁ péca/m 3 Qq:rng
E“VFEOP"'E lé‘\“’"f‘ yhichheigaigeiidr shuatizion Blitérds msoipext Siese Bith Upger and
lowerogain lintigae@asdd@iNthe @fdbIatdnBir fuRErichP RGd |§dsglb‘qu %fowde gﬁ:n limit

resh?ir:t%?@ rtct ih@%qli.lzﬂlztnp %ltlarl f?ltate sro.]al I (E gtﬁﬁp&i:k}el,{gful QS%J:Q%WF}Q filigeto the

| ower %“?g‘i SErves
gen?'ﬂs%fﬂ E\PrdsHHEs 9f %@Pme@tﬁen thaheellsctitethiersgeqizdbdal pperties

in ther listesing ositiere tBspatially ) the ver §&n BinttQWEHs Eooerﬁgﬁéethgtl'g ;Leak in the
freq@éﬁc@ @Bmgiﬁ oflsé d {RIRON Fﬁ@énﬂ% ;%(i.ﬁgon Qrgiksu%gé%cltvg dv:l[ '?Ptlbﬁ éul!owed to

ter

havi ) bﬁﬁztlr?ggﬁa%fﬁ%ﬂw 8P|'fe€1e§e%ﬂtg@reaw@l|zmurf@nu unlesg the peak

obsgrwrshin tEDisTEmngUpRion gefletts bigahdral Sendlie fRY @5hY
det er mi ned as an inverse of the global transfer
irst positive gain, such as a

ctiron
The fug& tgaigéi al? Hre qragy getemypedyes By IRvrss/fithe pieal fiangfer function
plusrgxd’g$ttgo§4@vegga|m sbeh arga seditpve\nald of B.dBT biealferfidthelp @8d frkVSositive

gain®aing sifyy Hes f'l‘r%%&%)éltlb@ lpﬁ‘Bg bilY tfre den ]::yré %%gpeinlﬁﬁyﬁtttorif@quency

cep O eppral SRR Erimi ety Soan e petve oobal

rmne
trangfen{URGieh MU Bssegonskrasitive pajsi dui es gatcond sesveaBindor 3 dB. The

secos® p@itile PO rkdyvie: i@ﬁju@n@fm&pgﬁieng &%@%QW%B&%H Mhese ways

of prg\%lﬂg gﬁXreﬁgw%éaggH%&ér éﬁrl]rg E&%?{%‘E n H’,equétfaé%gr?wﬁ@?ctmns
and ?ﬂqgwpmacaan A 93ing qag bp alg@;btomnowdﬁengieainwss strian&ivelopes

w:th:ﬁmhmhmw:mﬁﬁiheddmdnm@bﬁéfmélﬂmehon of gains can be
~used to provide nore or less strict envelopes within

TH whi ch- the gain-of the equalizing filter is allowed.
& upgerdsld iiphERY Hairestiictad to st g0 inksvali siceds bointerfral 080 dB to

+10 dixithe finst gaiv mkerva weihg@®qadhcy HdeparakntQlr ﬁ%q&’&& Qe +e;|19erﬁiB
Corretsﬁﬁ)dfnbﬁrsiheg@{ré}l edafllltnlﬁséﬁ ?Jay ké%g'lscfzgdet %esré{:: dlg?:??:l 'ieeg‘(%i chh as
an mterva ofe g#ng? %r?\:ﬁ - ERES$EPNG g inEergpl §@le@ ﬁgqtgmmnmdependent or

ﬁequ?ﬁﬁ’é'@wldents uc h as

By these restriction intervals it is possibie to further refine the envelope within which the
equalizing fiiter i is restricted. This enables, e. g together with the above-mentioned first
and second gains, implementation of an automatic algorithm that will result in a
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an interval of -15 dB to + 10 dB, the second gain
i nterval being frequency independent or 35 frequency

' “dependent. By these restriction intervals it is

possi ble to further refine the envel ope within which
WMORSOEHGEBI zing filter is restricted. This enHpi/RE2006/000724

e.g. together with the abgve-nentioned first and
second gai ns, i nplenent at i-on of an automatic

sat&hﬁ@:hl' E Flte\‘\w:thoﬁtetﬁ% for r%anuvgsgs%%ﬁéeo ?6r]18 1633 rgyca:era’cor, also

InunuDK% ) 7 satisfactory agia
ot “}]ﬁ% %%ﬁrF?ﬂFgH’ﬁH%{ﬁ assi stance from an

operator, also in unusual room I oudspeaker

De;ﬁ‘efhﬂif)b GH Eiﬁat B8 frddaRe )l Q}%tigﬂ SJ}Q 0 sggr‘%&cﬁgvy Blérag be

preFe%%?to tion on measure trta unc
&1 PEYYs BPoRRINg Fmnotiying PﬁOFFfjj“& Wtoﬁ Mg riste duncons
durt!i'ﬁ tehearions srepoftthamefrex. Theratthod Biciddsi [:fé@bltx‘nhﬁg y%b&Hﬁg

proeéderthoFLQﬁe Glsal Q%g%r@gfugnaﬁ g@h@Q%e‘f&'ﬂ @C@g o?t ﬁé{]‘)}% dife on
the B R ) st e
perf@p'ﬁrﬁ@p smogfﬁ@g@mqegw@tqndhe fisterong pasitioe tfansred fOgctBh SfciBhs
perﬁh&m@ﬁiel‘ﬁhdnofﬁﬂg brﬁé&dUFéeorp@Eﬁi%Hh gos"f’tlo%qpa%%" R ction prior to
perfBFn‘?iﬁ? Eﬁ) dd SLen Jng Eﬁrﬁ)éml RIS

rB \bgﬂu & ig&@ sEpstins pﬁ@cedure ona .
tra”ﬁfrebﬁ’é‘ﬁttﬂnéjaé?ﬂ ctfh@s d'ﬁ?@%bmem@eﬂls@mnm rramsdraondivnehd 98
globpt fransfer uriagsrd, Gh@hﬁ&oﬂtlﬁfﬁ/ :ﬂ&ludeﬁb‘?ﬁoﬂﬁh&ngggtyn%ng:}%cggﬁe ona

rocedur e on trans

- targBeH l{ep Fﬂﬂc@%a%g)a g&gﬁgplemd&*t Ex% 2l ﬁgléallﬁla? Wéeé"rpaqué;h?r@gq -eni ng

function
transfer function and the gl obal transfer function.

‘Prefatably nibe MWMpﬂﬁéswgniﬁ@Eﬂ@émfﬁﬁe élob%nﬁ'gﬁslﬁérl?gnctlon to a level
of tri%rli@&ﬁﬂg pEsi@dh t@arFsPeF' ibd rﬁ)‘i‘lor tg f%e Prtrﬂgg?ggp #h é—‘eé%w it isgossible

| ZI
to a‘ﬁn'g'f'té%g% FPée FPétUﬁwanfeé mﬁﬁere@é%mamegmengmaedumnt adin
settipgreetg| vo‘méal may avebeen Enengéd Betwbeh :aeésahémenpﬁ\ fferaepmnts and in

the llste‘iztn%rﬂoﬁgorp%ﬁﬁ bis98 gEFﬁé%P;E\?Jr deﬁéPe% Qeq\'me%)rbﬁhg J?tsnmg position and’

g"’bﬂﬁ%‘%ﬁ ”8%!‘1”? %ﬁﬁgp%%féctftb?t th‘h?ﬁiﬁﬁ @Psetire faveldn tfe listening
PositifBas ogiméten hisher thre Rt agabge s@int ipRESureteel oMlictBoB)ice the
Iouddﬁﬁw&r Mnmwﬁ&r*@ﬁé We&ThdEdiridh efﬁ%'?d,e! zplgnmgrlltd g]]l; nts

It on
et b Dot el SR UH o Bl apereioamodfis
hsterbrr%{taop Fangereindtignche oemedivesed-aby letdiebdins talduldd Wikt a
predseltmmﬁbcﬁf@:ﬁsérhwentleﬁféﬁ|sut’:|'ﬂasteh1$ecldeﬁéque%! cg’%%lr)té-!lz(%g SbUc’ Hz. A

comn@ﬁgvepgg%$&equy Itaal? %rangfn %@“F&’ﬂg‘gg%gﬁ%g?enl@ p@flglt@htransfer

31 1E8
functﬁp deycperfeid yrbe favetalighmentpodithis ommdievél ensylbe used as levels
for detkingming nétven%%yerbﬁ?ﬁﬁ'lfg the @lréBQ t%?i%?jﬁﬁ?bc{n%f?ﬂ%l% ﬁsY&mg Pgsition
transi%\‘ﬁf q)%elSy ransfer tunction

he rgg&i st erﬁ?nﬁ St%}s%t)%gggﬁr ansfer function, the
respect ive average |evels being calculated within a
A filter may be applled to the global transfer function prior to performing step 3). The

t|n

filter preferably serves to remove a general ‘room gain’ towards_lower frequencies, e, g.
below 200 Hz. Alternatively or additionally the filter may be arranged to remove an
influence of a directivity of the first loudspeaker, this influence being such as a decreasing
level towards higher frequencies and thus compensate for the fact that the loudspeaker
will in many listening setups be directed with its acoustic high frequency driver pointing
towards the listening position, thus causing a higher level at hlgh freguencies here than in

the room in general.
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predet erm ned frequency interval, such as a frequency
interval of 300 Hz to 800 Hz. A commopbn average | evel
of the global transfer function and the |istening
position transfer function may be found by the |eve
WA} 3087#76%68 and this common | evel nmay be used %‘%fpjé%?@f’%‘mn‘*
-for determning inverse yersions of the gl obal
transfer function and the |istening position 30
transfer function to be used in steps 3) and 4). A
AFfll er may be aﬁglled to the global transfer function
i5¢Ti BRY eorHpled gt V%ergmsbepsggon trEnefef fuh¢tion ppipefoaresfotrying step
4). gbqf Higs mMay SEﬁHmh@saaneglﬂh’rﬁtfﬁk as l’rﬁﬁmr@ahmthetag(’!\@rﬁé%dr%r
.
eg r{:iﬁlgl‘ﬂﬁé’]&ﬂtﬁ al Fﬁﬁrgcofdg%tpgl\{gd%th%%lo iFFglﬁsa%%u?c&}o? éfﬁ) {}eé“‘ﬁ’ﬁa

addj ti onal
99“@@? P BRI Eéw?ff's lowaT ‘?r%tei"?ﬁﬁt gndger comgersatesfor a non-flat or non-

unifbrsn frepeakerespanke Bwiands| Highee @eHeingigs.such as a
decreasing | evel towards higher frequencies and thus
ate for the fact that the | oudspeaker wll in

S
Afi r'ﬁ?&%"%eﬁ@fﬁdﬁ& aklepsi 5Re [itening ersftion tmnstar fupgion psastol ¢
perfairgihg fiep Glen ey talramoer apehati igh-bawards, ﬁl&ﬁ ab b%ﬁgﬂ%a%g effect

intrdséd hyOtRe ik tb%déb’éb’i@érnﬂ siﬂ“ullal' A& m ;%% \éechB a!sogco thWbal

trani%g&[;%?é%gé‘g%%ra %g M bgw?gugrngﬁtprt ia pbthﬁ?d w@en the natural

cut- afﬁmhp@dt inghe kredsppakee ivi negpopabpdr oM pérfounBih ehie filtk Qlkéigh
prior to perform ng step 4). The filter may serve the

h ph
e R B e 2 L e
appr@F'HﬁHP" t’fraa‘iﬁﬁﬁeéﬁftffﬂfmntlpmn . renove a 5 general

room gain' tovvar ds | ower frequenci es and/ or
at. or uni formf reguenc

Pref&Qﬂ‘geéﬂﬁf&ts one oﬁ‘ CPSe IﬁpenwgrpoFthaat‘gH% refgnctlﬂn fapql f ﬁid rpal\y\t Fansfer

onse
funcligfip |“”é‘65‘{r6d @f aﬂpé&"&ﬂ an glecttical tesh sigtplposh & @rentivaneise kignal or
a pufeLtooe sigimal [1b ity firkOlo@HE4KeR] Ihg cﬁﬁé%ﬁnéga cor?é%pcﬁx%mtgoac&%@:‘eve

respéhsg%nﬁre%orpl gh-pass effect, such as a high-pass
fect 10 Introduced by the first | oudspeaker. A

SI mlar filter may be applied also to the gl obal
In emipoglivadris offthz Grtrmﬂ forAng I am&@%%élr@;ﬁﬁb%eﬁiersl 3158 method includes
detel%ihiﬁ !a%bébgcf digthg ki
b Ghalisihg I%ercf@:t? ggd mgs Faker pos%m@ P %F reqm,

i nhe
and ?qés'a\bz&gf il ﬁ?cﬁade FH%SPF?W@FCO&%&Q the second-peualizjomfilkeri Tree
listerfing pasiticn g-apﬂqufem@bh pnd/ontieid puift lRasenaddP iy lbﬁlb%ifém-néarb '
ssmul@adebﬁ@,ﬁép c%rﬁ:aﬁl%@trﬁ%ﬂa@abl—é?&aﬂfr ld%PLIi%ng{tnca Eﬁf "ﬁ ials, to

|'éast one o

ferab
the ﬁw 38 sdy b 5‘% Gl %H% EPISRHRG R cUreppRAding FERUStc fﬂsmﬁ@r the

‘ roomf iz eimier my}nqrggg[g!rmt tsangiep fupciings aray ke @tdatired withe st

simulsdng g test&#ﬁﬁis %ﬁplﬁad rt@B&‘B%Jb%béﬁ(e%' gé\%iny,%ﬁ %gﬁ&fc coEt?%utlons

| oudspeaker

from ﬁbt%?@]sdrs)%eﬁgers are m(ét{éetd le azswg Ba(nﬁ.fge@e]nh the room | n

co
enmbodi nents of the nmethod for e.g. a stereo pair of

Alterrlaguelg hakessng pdigioRiznomdr fuREtidhBS8asurement is performed separately
for the first and second loudspeakers. For this case, the separately measured transfer
function for the first and second loudspeakers may be summed to form a common listening
position transfer function for the first and second loudspeakers, so as to mathematically
sum the acoustic contribution from both loudspeakers using superposition. Corresponding
to this alternative, a similar procedure may be followed for measurement of field point

transfer functions.



10

15

20

25

- 30

determining a second equalizing filter for a second

| oudspeaker positioned in the room and equalizing

t he second | oudspeaker according to the second
equalizing filter. The 25 listening position transfer

WQHeT976%53and/ or field point measurenent nay Hd/DK2006/000724

performed by sinmultaneously applying electrical test

signals, preferably identical el ectrical test
d | pudspeakers, and

seco
It AP PO prertsd 1 UEidd 48 b S8 S e s wevydemiaa
trapg, S‘hﬁhafa}‘fte&'sﬁqsniﬂuafacmtn@the filfee Hebignairodedoreansf er
functions nmay be neasured with sinultaneous test
oth lou S kers. Hereby, the
m gﬂngﬁ@#lé%tgggéﬁf (ranqebﬁo% fgrnsgﬁ)mlu ro ﬁﬁ‘%B?EH‘ of | eqﬁt%@rf%‘" Hund
Soqnﬁcf%a &8 2ion! RUdsPaRifes seisdhe BYeETPH . mak Imcmthaletemelny»,g & ferality of

. equallstl@ﬁlteng fop ossipbitvn pttfréiﬁstﬁfeﬁucfsbléh(kbﬂs %sxfmé il ﬁ@%m ' ahd

eqtﬁiﬁfl fh@%r@ﬁ?@fl@&@slpﬁage% ac:EorSmF Lo 1§1§ éﬁngg:[vglpEerxégfLﬁq@ahzmg

filt F)ean ers
‘?‘? & fIZENipG RSt Eranster funetian measurement wey helperformed by

simubertepen kenlsngreycibel sutamid, ﬂreﬁ%ﬁélm/ Qieﬁm&tﬂldaﬂe%lt_ﬂ%ls to
the%'fhrﬂ@? bit lb@&p&i!é@gﬁcf CJHH&EE Oéarre OHEE%?GOE%'C r§sp§u§ﬁ inkhe .

oo E ﬁ?ea ers, so a
'5'00 %’P?téve ) er‘isf?ﬂt”igd’i‘fs'F‘?er?WﬁurlCB%@B@GW@* isierfgrmed

SepIFERtY 190 81 iebssiwo GOIhe @i paindofoudspedkBisSsizh b?&é’b@t’d’cé’iﬁ for%lf of the
plurgiityiok Riud§Pearessl lﬂs@mﬁﬁé/ apediftld %}Qﬁgv@ggsu@r\qg’n %@s may be

polnt_tran fluncti ors
usegk)%f%lﬁlfé’%%rﬁ ﬁt?é/"ﬁ?@@“f?’l‘e@s It may be preferred

to design the flrst and second equalizing filters to

Thelligt¢Ring @esidrCPdnstdr AtHiS mSyh @E@ﬁgtﬁrr@llg%g %r%oermelﬁ %y a combination of

snmuk%g\le{y] héatﬁ:{)g%g eletcl;{é:ahgfetﬁ@&aégg ng % subset of thé plurality of
aKersy g@@ggﬁ@mp&sg[egmnﬁgars eelipmed bn 8 Bedodt BGbsat of the

plurstma bipudpedkerS ARofredhoh@HEI SRS RIRE G Haliboink Pr% g@gﬁgr%s may
u .

“alsoBYiskdicl ude determining a plurality of equalizin

ilters for respective plurality of Ioudspeakers
p05|t|oned in the room and equalizing the plurality
Moreéltdroatiysip ek disieniag @egrﬁhrngarts&r hhﬁu&ﬁ%ﬁ&é béﬁ%rrﬂé&'ﬂfll ity

SImLﬂtfane%alglﬁlab%Wﬂg el:ér:Eﬁ ést s@ﬂﬁs !rs stgng tgog?ffe I on'&‘/ﬁf/

sfer neasurenen
IOUd‘gﬂe At ?ﬁfgﬂe ﬁﬁﬁpmnﬁé’]eﬁr E‘?@fttﬁtééﬂna'ﬁ &t sgpghalbset of the
Plurgihesfdeusishsnkben toapordivcaltentaie the Sitid pb@P A SsurdfertOmay
alsob®@sdal urality of | oudspeakers, and collecting a
correspondi ng acoustic response in the room
Alternatively, the listening position transfer :
For ol etbofisrentaetescribedeniit meesum mfmﬁmﬁﬁln&%ﬂﬁb@fe@alzﬁ(y hQe aat

freqdeG@S:*es&M%nCchuIvBI%ntpﬂo -b$t¥veor§r deﬁ?rtd@lglg %g‘! g"g{gé

Or ura
oresel B X”"‘% ﬁ’ee%’ltﬁ? 8’&3'0 Erdhena =it b monbe noRdgaly in =
f'm'tWrU@QWEG Gf @I?e fahgd 20-pO0AHztor ansfomn Hzlmhe te@iizing filter being

desigfedBIUNREBITIa8 magnitude versus frequency characteristics in the remaining part of

- the gudio frequency range.

35

In a second aspect, the invention provides a computer readable program code adapted to
perform the method of the first aspect. The program code being present either on a data
carrier, e.g. memory card, disk, harddisk, Read Only Memory, Random Access Memory etc.
The program code may be adapted for execution on a general purpose device such as a
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15 The listening position transfer function may
alternatively be perfornmed by a conbi nati on of
.simul taneously applying electrical test signals to a
~first subset of the plurality of |oudspeakers, while
veeparences3neasur enents are perforned on a secBRHDK2006/000724
subset of the pluralhéy of | oudspeakers. A
correspondi ng alternative for fieId point -

P L PSP B By 3 Se i etegor an aus

dalterna
FGficti on may be perforned by sinultaneously applying

el ectrical test signals to a first subset of the

" The |s%@jaé!JaMta8£s JJSOMQ%%@ ?Jr%hearggthgt? gfat:ijaai ég%ec‘gglsr%/ {I:@(I:lyz‘.g the

ectr test sig o a sec

pr?ﬂrﬂP5?4et%7tQﬁquB”lﬂj§ﬁ?§§kers A corr espondi ng

alternative for field p0|nt nmeasur enent s nay also be

In 996 ash&E, @b |.nv%HP&}¢,5rBE a%/?t%ﬁ'Léc}%ega’d & P%raorg‘ﬁ%§ method '

nsf uncti ons pre er
aa%gg ?F%ﬁ eﬁ%l@%%s?ﬁ‘%mﬁﬁgﬁ%tave or better than

that. The nethod is 30 preferably applied within the
enti ﬁt@as’ﬂl@h&t EyQareRgMed ANEFrorh We éteDsrﬁyf-}) 5 thggﬁst aspect, and

only in alimted part thereof,
20-5,000 Hz or 20-1,000 Hz, the equaI|2|ng filter
bei hfdteﬂ dsiapghedbrte! opedomn §te@b) ofertye fitstielgpenter SUS

frequency characterlstlcs in the remaining part of
I'n a second aspect, the

f
Tl_'lc-;t %%eaatldgén%%rs% l“rlrgenn E%‘ﬁt'@thc}dégaléﬂﬂ Irgt ?ﬁp%ragmagp}méo the

i nve
Qﬁﬁﬂhﬁﬁ@ﬂ”W@£ﬁ@¥#orn1the met hod of the first aspect.

The program code being present either on a data
I §¢gﬁﬂ ar ddi sk, Read Only
" °gﬁ”eﬁd e rgg(g:{,gr%,;sz,ggt %BW“@?Z H*Fﬁ@eﬁ%gﬁamp’e@e@ted as
Sepﬁ"ﬁ? %’éts éﬂ%ﬂﬁ?‘e@" frproannselinn vimaronteafags e leabt @iergd seseparate -
unitd @valy (be asattal-#sneadevil®, 2007/ 076863 PCT/ DK2006/ 000724 10

personal conputer or a dedicated device such as a

1 nggsurenent device or an audi o devi ce. The sane
N 20 AP RGeEnDodipRIRt the pregsyrementisystamtand dhofitdrimeahs arst
integrgtrddinto @hs onibpihleyonie Qintt ey e i plgmdnteg Q§| 8 cpfuit t;b%rcﬁﬁﬁﬂﬁlzq for

mseﬂ:ﬁiﬁqﬁb an |a0d|§ a‘frmllﬁcg* ét p&ﬁ&r autﬁle?)edekl%% hte By 85’% %\éé f e’"nf}t]nyézly be

a st?rydsal he ] g,suc orm: ac ¢
ey tﬂé t ‘Pﬁea %’Fee?ﬁaEE?Hﬁ?‘"l C@P'mjftfst't)to Frecuventioneii-fi
5Wﬁ§?sten1adapted to performthe steps 1)-4) of the -
first aspect, and

The measurement system may be implemented as a computer, such as a personal
computer, with an interface adapted to download fi lter coefficients to the filter means

according to the equalizing filter.

In a fourth aspect, the invention provides an audio device comprising at least one of the
measurement system and the filter means according to the third aspect. The aud:o device
may comprise both of the measurement system and the filter means, The audlo device
may be such as an amplifier, a surround sound receiver ete.

The same advantages as mentioned for the method of the first aspect also apply to the
system of the fourth aspect.
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- filter neans adapted to performstep 5) of the

first aspect. The same advant ages as rnen. oned

for the nethod of the first aspect alsgbagply :o :Ee

" 15 systemof the third aspect. In an enbodi nen e
%@Q}([J@’I’é#ﬁént systemand the filter means are PCI/DK2006/000724

i npl enented as separate . upj ts adapted for
i nterconnection via an interface. At | east one of the

Brﬁﬂ@g@iﬁ,o“rufttﬁ%gggwmﬁfa stand-al one device. 20 In an

alternative e t he neasurenent system and
In tHegolldwiigahe ifﬁalﬁ’cﬁm% BedchbR10R %?éldétms%lfﬂr}@fet@\ ek H} e
Yol l;opl emented as a circuit
oS AEa ol

rnserflon into an audio anplifier or
another audlo device. The one unit nay alternatively
Figb® itlustratas &{sﬁ:rlﬁrtabﬂﬂ Gocﬂ%‘d&ﬁamg%i@i!’énﬁaﬁ:c@dﬂ ¥4 G aﬁ\%ﬂﬁcﬁ;ﬁd

for connection to a conventional hi-fl 25 system

ur enent stem may be inplenented as a conputer,
Figs3, %“5§r%9hﬁ@’l'% GHANPEDATFUMessUras) transfenfunpices eesured in a room

(thiadiapd)ebh Uppertgraph 0 abbilithdneter ﬁﬁ&f&nl@be@rﬁ& $ pév@ar aU@ra%é {ﬁttﬂ% 9

‘ meﬁg%@ébstrﬁﬁfe?hmc@&s 1OsHOR UL Icﬂmrzagalé{jla I%wed‘g{ﬁpgéhe listening

the | nvention provides an
P°S?tk5’ﬁg'iar“§fﬁ nYNEon L dagtovprier erreHeisUbdhie,  syst em and -

the filter nmeans according to the third aspect. The

Fig. @@b@erqﬁw Sowd BYe ?19!2%? E&ﬁ&e%%#\ﬁg fG a(BQS cura@u%lg nﬁ;ﬁv%gl line
'”d'g%g'ﬂ aﬁ?“%lﬁg%{%tﬁ?!lq Figrglobg! wepsfes dvngtianb@ fifreaveatnintenal 800-800
Z, W' 200FING TGBBBRATIODKAHR6H 08BERhg 1dheBoivelis RAEF drRIbAY of G,

vention Is
a”""é’i‘"fé?’.@[%‘gﬂé".“n@ et A M

acconpanying figures, of which 5 Fig. 1 illustrates
Fig. $50pws [paerse vertions efdbercaupembitzd pigbd yaheen racgioh djdrgnt G

corripBesatedViething Bosition transfer function 1/L, respectively, where L and G have
been level aligned to match each other, - .

Fig. 5, upper graph, shows examples of upper and lower gain limits' UGL, LGL based on
1/G’, and lower graph illustrates a target filter function T being a gain hmited version of
the inverse listening position transfer function /L,

Fig. 6 shows the same as Fig. 5, but for another example of upper and lower gain Jimits
UGL, LGL, thus resulting in a different target filter function T (lower graph),

© Fig. 7 illustrates, for the example of Fig. 5, the target filter function T and a smoothed

version thereof which forms a transfer function to be implemented as the equalizing-ﬁlter
F, and

Fig. 8 illustrates an example of a preferred low frequency boost due to a general ‘room

gain’ towards lower frequencies.

While the invention is susceptible to various modifications and alternative forms, specific
embodiments have been shown by way of example in the drawings and will be described in
detail herein. It shouid be understood, however, that the invention is not intended to be
limited to the particular forms disclosed. Rather, the invention is to cover all modifications,
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Fig. 2 shows graphs with exanples of 9 neasured

transfer functi-ons neasured in a room (thin |lines).

In upper graph a global transfer function G being a
power average of the 9 neasured transfer functions is
WEh0H0%#68h a bold line, and in |ower graph t¥el/PK2006/000724
listening 10 position tr fer function L is shown

for conparison with a bold line, Fig. 3, upper part,
nsf.er function G (baold curve) . :
et AR e o s KA e B G e iy bR s gomnea

by thg @Pg#sEd Faimsansf er function Gin frequency interval
300-800 Hz, and a sloping line indicating a general
decreasi ng | evel towards higher frequency of G 15
Desgription gt prefarned sinfyadlimeptnpensat ed version of G
Fi (lbspelhgs%ur“vgg, E%% 4 shows inverse versions of the
9 conmpensal S UF 8% clements PE? PrefRtediegrrodiment efibe Hivention. A
loudspeiken s edsitioret éni neprpesd. ta lvimgtro@n,Skiey a fistéidd SRition LP. The
loudbpdaker LESREEE bM€bda n = evel.
amp"ﬁhérgarh%%ﬁ-g: rgl;,tjch ea %mg; Eleé_ﬂ%g SQ%F%@ \é‘ga?ﬁg%ért g%?yag'ﬁ,power
shows exa Ye§°%°ﬁ?gﬁ%f eApfispeRker g & Huptyated. @iniegualizing filter
F, i.e.@ Pig8ist ageprdingsio, tharinvehidweis ingeaghinithd pisjbaat emirdbetween

bt (bt COSASNCTE 8 e TS
comflnsblif ol L Foduetos B DR ellon: 5 o g5 msyencecr ihe room,
oF rethgandpliueRemire thyf acapgisrintaradtidromewespdoutishaaltir It dddlthe room,

~LG&., thus resulting in a different target filter
: ' ' I raph)., Fig. 7 illustrates, for the
2 IMERE} et () B2 For? b ng bistery (it ) Pt e

"Ste'g’ﬂ%B FAD KRSl Binctiongr Bom eldeirshl ik pithe ldudsmeskaTLl to a sound
prestura @t theristeainh @ositig], @AB B £dI0BS! thereLRH& hZd Fégré‘siailnttnﬁra spatial

aver S0 .s re v. Ii tr energre el ! ‘
B ol prpstre B L RSl S el T RS gtrten Lo e

o referred | ow frequency
: nilusgaé??]emg’%q}\ﬂ?r&sme&wg‘@* TR &t G i9msyhpd en average, preferably a

20

25

powartpyelane.arithremfiéls psius tepferFlectibes §BIE20EBS EaGrbd 68t H08rical
inpudTthaloe5Ral V£ 1 &5 L LIPS DA™
:FZUSS Q&(\a/vn dobérp\%z% |-of téé%;ﬁiﬁ) I’pcree%lpﬁ% %_’11!6%50,:’r%g\q?"’vvlia %EQCP G PRPHesgE L, Pr2,
> ST BEE™T e g I-ehEe dield pojnts shiqsldingt brosaaitered snbycaeund
LP bqi;.o—w,:@@@q:qveq mpatentiﬂeerod)mv'ﬁnsj on gi[@amsﬁeﬂf@m t &80 reflect a
geneldi Btdugc trénd drRhBAELH 61ha Fodn® Wife g{efqrste(ﬂ?ﬁ%bsi%t praerqs‘fer
[ Fons,

X ntion is to cover all no I ca
functtohq_ ;hHé&Fes a precise acoustic character of the listering position LP.

_In order to provide a complete compensation in the listening position LP, the equalizing

filter F should he designed based on a target filter function equal to 1/L. However, in

" 30

35

practice a person — or more persons - listening to the loudspeaker L1 will not bé bositioned
in one single point. In addition, choosing 1/L as target filter function would in general lead
to infinite gain in narrow frequency bands at low frequencies due to room modes. These
pro_blems are solved by the invention by modifying the target 1/L by introducing an upper
gain limit UGL as a function of frequency, and optionally also a lower gain limit LGL as a
function of frequency, these gain limits beiﬁg based on 1/G. Afterwards, the equalizing
filter F is designed based.on 1/L but where a gain of the F is limited to a maximum gain in
accordance with UGL, and opticnally with the further restriction that F is limited to a

minimum gain in accordance with LGL.
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alternatives falling within the spitit and scope of

the invention as defined by the appended cl ai ns.
Description of preferred enbodinents 5 Fig. 1 ser
WO20DTA76%Br at e basic el enents of a preferred PCTIDK2006/000724
enbodi ment of the inventipgn. A |oudspeaker Li is
positioned in a room e.g. a I|V|ng room with a

HEII'eb§ t ﬁr@dﬂgllzﬂ%ﬁ# ? % cl‘b%amemﬁaét cS)H“:%S K esrggc 9 clhal}éf:liegftga of the

"StB@)”q FPOBVRF isgRziTIFted @rcoawengetﬁ ior Qéwiactmshwetbmeate gendréidor the

rooiTs (T pesakieg etiaiiziAg fiitdr FuGHH bidves pezﬁé]v&péb'éh leBbdGish 'fJ)rtl@femng in
1 S

posﬁlonb o@t-snd@ bgf ﬁeaﬁ' 'tflnet iflenin ?ﬁa%giﬁal 3 be ther}ﬁ‘teigwgr %%Pg{)}cwde

erted wee

advantalg%%ls(eftljgtﬁIma;gpé&rf)nsaﬁafrﬁ@\mtf. Ilsé%rpq pastionwPt h t he mai n

purpose of at least partly conpensating sound

The! @é&r@cﬂéﬁ&ét@ '%rah&’e; #&ﬁctloh§£ &M, r(‘ﬁh B9SLA be pn]g%sﬁ).nrg in a]a@SWF manner

ce of or rather an in

“S"lgh LmicTobops %”qt e IR, Meliofea o @m@i@:puam megaskirement

technfpiempynie yeed, ¢.busstndit reijom neisk ISast® mieth@ds, @0AA as Maximum

io

15

20

25

30

35

Len@LsRliigricd GeBMB LI oATRIe- BBy yed transfer in the

15 listening position transfer function L from

el ectrical input of the | oudspeaker Li to a sound :
In afyeegad Eangfenfhection seasiremenasethod) simutateda) pareGhbiedaal 1/12-
octave apeabe Frefjudneies ﬁfth@ﬁ{a@t&rngﬁl%ﬂbé E&Lz@ 0of AL LAl du%g e(%c%gl%e[mc

ener at e

ana@&yﬂl‘?ergr Eesﬁrglgefablyeﬁ/s%flhaéxg tf‘nff algfa QUERsE e Flectad fuch thaf

spea
theyg‘?"%ﬁ'y WF"§H§T€6PGWWW‘6WEGHWSI©&&@@ on an average,
preferably a power average, of three field point

e nt tra d
Th ?éla?ﬁ; et fxéf%ﬁ%h&ﬂﬁi (g.l G G%?S S 3% B%Eerggtgiaea%ireq R Y selected

el ectrica

- field ol Rfile £72(PF? é@%‘@adu a\sz@ss e rgorp ok ransiogiivt ¢hose feitions with

respRE20 bR ietgbpivigthatd deiosEmMERGoTs@P Merobme. the field
poi nts should not be scattered only around LP but
Bettrrart%ir CO}/)er the entire room Thus, the gl obal
T ERLF SN PR AREINGH T@ e figld $oinks arepsasic butdn gerssalaly two field
poinigade Bedded to ebidinaiccaphibicaet et —Oefspéd‘tﬂlyl‘fQ_QBhlsM\’ﬂ'lclu@eJ iﬁQhe .
averhdi biRgr Q@ﬁt
disd 9 Hel Y Ecﬁrﬁ@n%%%r {(UH&E%E ?«:Pfo*‘m ' ‘:fn o%a![;? pegRPtable

coustic character .0 enr ng
resu'%’l;’%%fg qbﬁa TR [ e S s e T i AeoBhedrEtitsnpensat i on in
the listening position LP, the equalizing filter F

As arsbitathativB o ﬂ'ﬁ‘eﬁbtﬁﬁ@ dleﬁ%ﬁl@ traRsrd fhAkdRd Gi éi 53, {t lijsg;g:otslﬁ,ng do

ractice

calcu%géja bagé)d c} g}easur%ertt 8f ?W@gtl'cd:{?&@b@lgwéq&“@lt% lpydspestkerid in

sons -
the SB?%tthoé'ﬁ@'@i aq the sprn, g mgising soinitintehsityatketistiieom@nt t(é&ﬂﬁrﬁjeﬁg
togethér wists ddtat-gRidind duRA abdsAgioh %;ﬁf@ﬁi@s% b ¢ Qﬁﬂ.ef {1
abso%g oﬂ Bro gllftfgg l)it %e g? Icgzrx] Fagng?ﬁ%?éé%g %ﬂg Y %gcgﬁé agqoes’ptg)vr\ll data
for S%‘BF @B%P”Bp@ méeriaﬁv@ Hsi repmbor the déungiaheprblive frepegads chh be :

basecbgn mebsuoetldata,ge. rbytpReber8@®inNinhd meésu%en%SIthé HRGLT on
of frequency, and optionally also a lower gain [imt

P éa‘l, a function of freq&g\gcy, t hese galnllmts

racti 'H@%‘&E@BOW@WOM% dystemeayeglrabdveiah i, dser
already dddregesi. gmectribasiednosuitdd for 2R lé&lsﬂﬁbeﬁle“ K@ RaPhe Fopr%e&: by
two sép%reﬁtle ”hﬁ:@cia A QacirdiRtt UHFEIQ?%HR%;- uny w;t%%%qr d %]c%te P\g?# t hat

tionally tRer re

meaSl,n_remgnq t,!rm qrgatepgo BRIVA ﬁ%rrﬁ(’@fgplﬁntis OB Measrenaitiunit.
LGL.
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equalizing filter, F is obtained that conpensates
specific characteristics of the |istening position
but is restricted to conpensate for characteristics

- What7s3general for the room The resul ti ngPCT/DK2006/000724

equalizing filter F wll | ow a perceived good
effect also for Iistening I n positions outside but
n n.LP, and the filter F will
Thm@gs“téf‘g%'ﬁ ot gsnthﬁ'g AE é’bg i90p¢ Exhandlerasster fungien f ar
S R RER @'F%rﬁeﬁgn r?@é |tlntiscmefanablmidmmrmopramus¢ ireans to
pe;’lf:riart&fneﬂer fumbiedn ©BSsukemdls in %ial@wﬁﬁﬂ ubg 1%@@"{&93&11@1: Be
crophone and neasur

e e P AL I Bo Bl SRS B oS e it o lecrica
CD"f‘%ct'f'ﬂPﬁ YGEOTRY She Prfergbly eergpr hpedind elopeithdsrmare viclseediasedtr to
verifeif h’(gzds,irersem:heaﬂtsl‘ﬂ!ae@h fidibe ddepiehg bPnSRRay %@ ¢&peated, i.e. to ensure

a wEt%Fﬂ?BBf%Uﬁﬁnat‘e Dfﬁ B%X[tlép Q6L me?surg%rﬁ%ntﬁgttﬁaﬁerabiy further

ef erred trans UnCtI on ‘measu

Incliqes 4 PERS 3 F!Hmf Bhiessabig tomperform ghet degion spieditter F without any
maffuﬁémﬂearﬂﬂpesequrreﬁ b ther eeu ahe meﬁaru’r@ﬁer&QmEQnM d%ar¥f Sone

devids 86l nfR)YetdShe A ¥h) £d fera
and the@gpﬁre tone frequeélg%otéjgr%@{l%él SRPR Y gﬁ%’ﬁocﬁﬁﬁf"am
15 they precisely match frequency taps of the-

To st npsnal Hifil systes thEliserf may ik patand-albh@06if 8 bd iHOGddd PaEveen

signéd soufad fe. @C@fp%y@ﬁedcn@%ﬁl%h%hﬁ@aé‘lﬁe%g%é g: a??lgff?a%g% Ponss

e 0).Nnt
' ampﬁﬁ&- %e *q’fer %‘Eﬂ f%ﬁ&%@W%@%ﬁﬂ@l%@r digitahinpelsaydiot

15

20

25

5'9”?'03'%'F h"arﬂéﬁegﬂldﬁptewtfdelnﬂeaﬁwerh@ pgphbt idiansgisi o hioh Rémat.
Preférabiff) thé @quadink @tefifSl ihSeGafteP By 91@5% cﬂ‘eadﬂhfo op fIE filter
- field points are used, but in general only t Wo efd
points are needed to obt ain acceptable results -
In Cﬁﬁéen ampUfier pith digitah$ignal precésaide andans ,tthe araplleagial @e adapted
to lobo Qledrivestfivkitrdrh @ rhdaelrdmemi fYbely, ansfer functions to
formG In this case acceptable results can be
obt ai ned usi n? a total of three m crophone positions.
Flg. SoipRer YAPhy Hustratesiapexemplmeha meonideivetsds frequehcy plot of 9
measurechdle poifiutrarisiafendBbps £5d, th@labéittrahﬁelpﬂﬁéiow&? ol Ime)

SR e r { ou St
:atI; ou{z@éﬁ @F&Né; Hased (t)}geléils&e&%%?#’lfgﬁ% d ng E Bpsien ftmgtlons are
aAthey & i ‘?"5 and HlecVH'éC"l'd@dH?h%'”ﬁ“"d%|H€§]Gsﬁﬁldr$bp5+ Theerabiutaed G is much
smoqyeersnd orreely refectsgeger@bchatngetingrof WietiRdiciad fiki@ @oiel, Ngte e.q.

- that SRHNE a@éﬁ@%pﬁﬁ: PthP FHAE r3$) 1%ﬁ 2or 1585 rdgqg!]a’it%;zrﬁp tﬁ%lléveq at 500-

30

35

100@psor ption properties o € room can €i
caf'cul ated based on sound absor ption data for sound

absorbing materials in the room or the sound
LoweRB0R Bt FIgI BHAWRARE k&Se 60 bR Rased QRubRASYS ﬁ% url:%%r “draph

Sea TR LA
with G jidg é?ﬁ%yhatt ak@s sepeeralipfin pmsiroasrederal beartyightly below 40
Hz. Tha(l n€6s ed. asQate e R re§M’c inSPlafd@lgafhrEtaSto I-tﬂ%hereby

requuhr']g d J:on§¥l§1t ?fn JT%%mlc%&fagro? |C}f 8¥Wﬂvrﬂwwp?lﬁgr?%%ggpdg$éag?q%étl"

neasur enen
since £ i & Infs £avredriyi roami modsdap brtinal ecoustieresporise ki e listening

positioroEH Wod eot ise dbteifed.ne neasurenment unit.

Fig. 3 illustrates preferred compensation technigues for modifying G prior to calculating
UGL and LGL based thereon. Upper graph of Fig. 3 shows a horizontal line which indicates
an average leve!l of G calculated within a specific frequency interval, preferably the range
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WO 20071076863PCT/ DK2006/ 000724 14 The neasurenent

unit is-then preferably designed to handle transfer
function nmeasurements and filter design, and thus
preferably including signal processing neans to
VRHPUPI8Br ansfer function neasurements in a B TAPER06/000724
Wth a user in order to instruct the user to place a
nmeasur enent nicrophone i n"proper positions and ensure

) t t et
38 2. tup BURE P ap o BRTE Wol Pitelr fhecpipones taciterrive =

err

' gea%reﬂé?vei o %@?q @fﬂﬂwemﬁéa%tbﬁ@fmmn rdguib obtatree norbienksfted version

G’ heiog piellffsct @b tid eithab &ﬂerﬁ%ﬂbﬁﬂm dB, Q—letrébg ﬁrl.s;ﬁ;sﬁblg to
| on

' prd%{e%%&g‘fatlgme tfonprf‘ap upag erquﬁiglng(%ﬂtsf 58%55,"1 &R measurements

measur enent uni

Tl gt D peessaF iyl '?rﬁmdtvutha"esw t® abeplyeidvel, and big! westimin F

handg @ henefal lgtierof FervidBROIY. wathyutEaR akudnby @lﬁé‘p?etnhgﬁ gain or

att&RAHT ROlcP¥ obhG I ment unit may be a
stand al gne glO a@ﬁéheoggenggﬁ%ge formed by a normal
personal conputer with an audlo processor card. To

Uppaiigtap of Biondhlstshdws sylqtiminkehvidhi ihdl@%esmiyer*é%l &end in G to
dec%@@ﬁfl@\lrépﬁﬁva%' I‘hgﬂ ﬁetﬂfan& e LlTﬁgg L egte\’\grggb {@gﬁled Ehzx i

a

cergam ‘gmﬁ%‘f'ﬁ‘/fd oua O%Mfonhﬁfﬂupsmeél‘(er Fipe qnqrmgtiomyeaﬁx@r e.g.
for gufépstee dfterpis deg@iegdo batda flatam-anatraegesdy dﬁlh@tﬂeﬁétnds Nile an
avePdd@isu OWegﬂtQilverea@g tid rob leﬁro dap ﬁ(g‘ f}’e ugtidle -
IR TN M ik
erapy'y, PHRE '@&'ﬁaﬂ fig i'?ql{ef!@?ﬁ ﬁ@”ﬁr@ W'anoé d@ve a
gen@gpi fecearsing feval thetRap beappiokifated thyes strdu_liht&[iﬁﬁrg@ifwe aﬁhen viewed
in aalBphbdrit@fie Wrkly I&beﬁﬁtl{rﬁi’c ﬁ%h %9 C&%&Jdrﬁg tgg?)?&érr

filter "coeffi Ci ent

' con?)@mat ctéljl ﬁlétahgﬁ%/ae%gaﬁ? Cé §i}§tn§ |1H1e fd:agplatedzbasqﬁﬂ%gi @dé‘blﬁ then

preferablycpmpprestegd iordthisrpripingcfreet abagma tuieter fvausoks determined by an

intefseertpudatieep kitd hdifzoRaMRRIAIQENS HR! @nBSi BlerloF %%?E%Fe dcalculated

strangp§§ﬂ|ﬁH‘|§qeand the gl obal transfer function
I"i ne) cal cul ated as a power average thereof. seen,

~ the 9 field point transfer functions are rather .
Loweli §ré@T effftg. @nitLstrbey G Bé“hgld%orhbéﬂélaﬁéd vBdiokicf BaitHAe toa -

gen@Bidedd RSy hlglhﬁe(ﬁ%ln&%r%g%g d%cl’xbc’e e, tzﬁs sgmrrgfo(;t {qﬁ%a anerally flat

ects ener ar ac errs
chargﬁansi;%%?fﬁ{ a gengral zﬁr@lqﬁlgvel r@'{lfethguggh ittif sgentthair@ hasa gain of up

to mgemtpr L0 B firt themandeessorange 30- 100 Hz of 10-15 dB
rel ative to the level at 500- 1,000 Hz. Lower graph

2 sho t he sane field - poi nt transfer

Fig. % lljlrl].lc gn Igger)f/\% ‘ﬁ‘i-“é%ﬁﬁ@? Cﬁ?%ﬁ&t@d g!obal transfer function 1/G'. In

addition, a correspondmgly compensated listening position transfer functlon 1/L’ is shown,
where L' is a level offset version of L with a general gain of zerc dB obtained with a
method corresponding to the above explanatlon for G". Thus, both of 1/G* and 1/L’ have
preferably a general gain of zero dB. Based on 1/G’, an upper gain limit UGL and a lower
gain hmlt 1GL can now be calculated. )

Fig. 5, upper part, shows examples of UGL andr LGL based on 1/G’ as shown in Fig. 4. UGL
is set equal to 1/G’ but restricted within a frequency independent a first gain limit interval
gil, here chosen to be the interval [0 dB to +10 dB]. In general, though, it can be chosen
to set UGL = 1/G’ + g1, where gl is a positive gain (in dB), e.g. can be chosen as gi=3
dB or g1 = & dB, In a preferred embodiment, g1 = 0 dB as also shown in the example of
upper part of Fig, 5. Where UGL = 1/.G_’ + g1 is outside .the interval gil, UGL is set equal to
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30 but here the listening position transfer function
L is showmn with a bold line. Conparing L with Git is
noticed that L has a severe dip in a narrow frequency
band slightly below 40 Hz. Thus, using IA_ as a

WQ 200897686d@r get woul d result in a | arge gain aPGURK2M4EU00724

Hz thereby requiring a copsiderable dynam c headroom

of power anplifier and | oudspeaker and still,
&1&% a_room node, " an
an éﬂ #Q&z:gd&%telstgor &5y aérh%ea?‘g ki ﬁ@ TPy Brihp gxageple of Fig. 5,
be'%%?q fiplrhere p/Gid | GdBIds bdlew ghitalowedend Heirg of Bie gi1, here UGL is
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*accowmhat l55n bheeférrddus as ahetdira taovatreqenef raed gdimg UGL =

30 net hod corresponding to the above explanation for
G . Thus, both of 1/G "and 1/L' have preferably a
general gain of zero dB. Based on 1/6', an upper gain
limt UG and a lower gain limt LG can now be

WORl06U7s868d. Fig. 5, upper part, shows exanplEstR00A00724
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LG of Fig. 5, no restriction interval has been
applied. Lower part of Fig. 6 shows the resulting
target filter function T (bold line) after the gain
limts UG and LG of the upper graph have been
applied to 1/L'. For conparison, -1/L' is shown with
thin line. The resulting T is different fromthat of
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reason for snoothing is that the equalizing filter F

can be approximated by a |lower filter order and thus-

be inplenmented in a nore efficient and by nore
WEHIHIE®Al neans, still without any audi bl e PCT/PK2006/000724
di sadvantages. 5 Sound repyoduction in a roomwl|
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' measakdnemey/ordes@rd *ﬁ@l@de ﬁ‘ﬂﬁﬂma@% é’BBng JWer?Jeh%aclut-o ﬁ%auency of

t or e
the o HAGGLBRCAEE dilpiie SPSS%B%F&CP’EHe"sﬁﬁ?r%erﬁforéﬁqv@b'?rv e gddressed
earlief It @dnrqupl[r@%p :nﬁ?!%@n@p@mc@dﬁi@aﬁss affdd froinithe RRa I QCESSfer
functiohs prigplte perfdrivingy ltnBﬁ—‘lo@ gdplzh. Zﬁh@@quéh&%& ?orfti‘l'igﬂg'hgﬂss éfpe%t can

redete
then é%%‘@?*ﬁé l‘“lt’“%re%e \Mé)é S50 AR SRR B ﬁ%ﬂ” F thabhath fr
the interactiop %B'é"ée@ﬂ remn ﬁﬁ‘é@uﬁ@ﬁ%’m apg B [thesgapbtahhigk gasaefeltef the

loudspezkesal room Fig. 8 shows an exanple of a preferred
target function ST based on a global transfer 35

Ttist F don G neasured in a typical listening room As

Is to pe jludetxtaed thahegiesgikpd mrahyipbensigremiasmonG @i, hiet Bvel

alignrgiint.f ssncstitingenpmay be har@eike bibid cﬁ’?aftbﬂcdlidufaftﬁ{f; e inverse of L
frequency ranges, caused by the nature of the room
At md frequencies, i.e. 200-5000 Hz the gl oba
transfer function G has a general flat nature, and
thus it is preferred in this frequency range to have
a target ST which if generally flat, such as having a
fixed gain at md frequencies, e.g. a gain of zero
WD 2007/ 076863PCT/ 0K2006/ 000724



18 dB). However, fromFig. 8 is seen that the ST
curve actually has a slight tilt, such that the gain
at 200 Hz is 1 dB or 2 dB higher than at 5 kHz. Above
5 kHz the global transfer function G has a gen
WGP 756963 0of 6 dB per octave, and this is pr gﬁ.’%ﬁ“?ﬂ““‘m“
adopted also in the targefg function ST. 5 Finally,
~the global transfer function G of Fig 8 is seen to

n 1 sto | f . ‘L
oh O i AD0NES DL L ARRELASORISL BB v
o fsloffo 15 Phie W& phis i bfRe®00 Hz, the target function
ST is chosen to preserve this genera[ roomgain' by a

In ﬁlléa:iallrﬁé’\fegé?ér&e Qﬂcgnjsl & Ehg fi gugg 204 J‘uguc%fi r}%(flacrpﬁ% e%ﬁoris éanfye‘lrhese

mf‘%rﬁ%"ef 5? WW%%EWPW@T‘S frothe &aﬁfteﬁ ghquisl regtt It} ervpwa euedstrued
as HiraignQ U@ sebpei ail tI@ clius. rat her the target function ST
~ has a very snooth low frequency lift starting in the
range 150-200 Hz with increasing gain towards |ower
frequencies, reaching a maxi numgain |l evel at the
| owest ~audi o frequency range. In preferred
enbodi nents, the low frequency lift in the target
function ST .is based on a predetermned fixed filter
~function thus serving to 15 prOV|de the listener with
a fixed and wel | -defined 'roomgain' independent of
the actual listening room hereby avoiding the
equal i zing systemto adapt to extrene | ow frequency
gains in roons exhibiting a very high | ow frequency
gain. Such fixed 'roomgain' may e.g. based on the
properties of an IEC standard listening room It is
_preferred to snoothly roll off the gain below a |.owner
limt of the | oudspeaker to avoid high gains at
frequenci es bel ow 20 the [ow frequency roll off for
t he | oudspeaker, so as to save anplifier power and
avoid | arge anplitudes of the woofer diaphragm The
equal i zing presented in the preferred enbodi nents is
not focused on equali zing | oudspeaker inperfections.
However, such additional equalizing of |oudspeaker _
25 inperfections may of course be included in the
design of the equalizing filter F. Especially it may
be desirable to add a noderate | ow frequency boost to
conpensate for a quite high cut-off frequency of
smal | | oudspeakers. Such | ow frequency boost is
easi |y designed in connection with the nethod |
according to the invention, since the transfer
function nmeasurements of L and G include infornmation
about the |low frequency cut-off frequency of 30 the -
actual loudspeaker. Thus, it is possible to
conpensate therefor. However, as addressed earlier,
it is preferred to initially renmove such high-pass
effect fromthe neasured transfer functions prior to
perform ng nmethod step 3). The equalizing for this
hi gh- pass effect can then be applied after step 4),
e.g. forming a conbined filter F that both
conpensates for the interaction between room and
| oudspeaker and for the general high-pass effect of
the 35 | oudspeaker. It is to be understood that the
descri bed mani pul ations perfornmed on L and G i.e.
| evel alignnment, snoothing etc, may be perforned
before or after calculating the inverse of L
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respectively. Thus, it is to be understood that e.g.
snoot hing nay be applied either to Gor to 1/G or to
1/G plus a gain factor. In-the clains reference.
signs to the figures are included for clarity reasons
only. These 5 references to eXenplary enbodi nents in
the figures should not in any way be construed as
l[imting the scope of the clains. 20 Cains 1. A
@einfeod for equalizing a first | oudspeaker positioned
i.')\ Feth8® Fﬂrieaué?i&ﬂﬁré e fl IRABRRRGEIceitibedd ina roorh Inuederdo odmpensate
- the room the nmethod coppri si nrgs.tr}E SLEDS: of 1)

fopas infugige ohtheireareihegeinod comBR G Ua PRY %% unct i on
fromelectrical input of the first |oudspeaker to a
sound {RHRASHNG 2AlsteRingipkigsH fghspKincli@rfrannetebiscal pnt of the first

2) detérmning a global transfer f tion:

repr eéwpﬂeétofp%luﬂgpreéw?g %ﬁ%‘?"' u°ﬁ5§fagf”e‘£‘§ e

| evel in the roomgenerated by the first | oudspeaker,

3) detgBichhifBg@yleHaPRdnsg funclioriepreasntiag Buspatial average of sound

frequency, the upper. gain linjt bei n an

i nver JEessRreIRe! g tE% 5o Q@ﬁgﬁ’&g}r by tﬁ%é%’?%ﬁ%&?k&‘

determ ning an equalizing filter based on an inverse
of t hey)lybkBiing EnRPpétdadmintit ans fuactiohwhtedquency, Wisarppihgain imit
a gain of the equallzing filter i to a

maxi mRAngRaTed AN 4R F A HEbe gleP *t%a“ebﬁ%éff"“gai nlimt,

and 5) .equalizing the first |oudspeaker according to

t he eayabkicthntgldnl dogslizing.fitbitiased oaat oweisa gf the ligkringrposition

1, wherein the glopal trans | I S - W ahed -
based tﬁﬁ‘sﬁ’rh@%‘ﬂ} )é’ﬁﬁrﬁ{" %a'%éﬁh%%%ﬁ%@%’ﬁé’%tﬁ%t& tTom galrl
t he fiinsitcdr@ands pétalter umprdgaiatnitraddar di ng sound

absorption properties of the room 3. Method :

according to.clai erei n_det.ermai og the, gilepbal
transfr ﬁ'ﬁ&lgitg‘?\ﬁﬂséb%%@%%%é%c%‘rﬁa"gg{/@rtgggg&gpﬁg% least

two field point transfer functions neasured from

ol Rethbi aadordingtetclanh 1 veerkinrtse global drepeferkiunctipn isswiskigted based on a

g{%gltslrél?n%at %%\F%Lg%g ?)ﬁ\tgci)rv fuit ﬁ&rﬂ tl{bofjir&tloﬁgﬁéékiepé}ﬁi data regarding sound

absorption properties of the room.

3..Method according to claim 1, wherein determining the global transfer function is hased on
an average of at least two field point transfer functions measured from electrical input of the

first loudspeaker to sound pressures at respective field point positions scattered across the

room.

4. Method according to claim 3, wherein the global transfer function is based on an average
of at least three field points transfer functions measured from electrical input of the first

loudspeaker to sound pressures at respective field point positions in the room.

5. Method accbrding to claim 4, wherein the global transfer function is based on an
average of at least six field points transfer functions measured from electrical input of the

first loudspeaker to sound bressures at respective field point positions in the room.



4. Method according to claim3, wherein the gl oba

transfer function is based on an average of at | east

three field points transfer functions nmeasured from

el ectrical input of the first |oudspeaker to sound

pressures at respective field point positions in the

room 5. Method according toxlaim4, wherein the

gl obal transfer function is based on an average of at

| east six field points transfer functions neasured

f 6. ametieddemiconding o tlaiput, wiferdilnthefglobet trdnefed 8 petidads bésed on an average

sQ re

i ?]tu a{t %eggtrog%?ﬁgid %glfﬂr%{s?%él?rﬁcygy ﬁgé%l?%ndfrm FI@&HP& # r%'ﬁ&gfn She first

wioadspeaker hea sfuob aressurgrat b éeldfpaint W&ﬁt@nursthba@@m tegethay with the
field point transfer function

ﬁ%géﬂgﬁﬁg%?@ﬁﬁkﬁﬂé%Pﬁggl |nputpof the first

| oudspeaker to a sound pressure at a field point

podethasiaccerdintdo elaion§, whegrs Herglakiat fransige funciiandm bargd on an average

pﬁﬁcllt Ie'aQtQWE bRt trafdéfé? ﬁ‘dn‘aﬂons nfeaslfelifefh BeERESiRSLLbPthe first

erein the obal transfer function is
b‘&ﬁ‘iﬁ?eﬂiﬁr 5%{9%?‘@%’”63 PEgssyreaat fiefd Roint Féﬁsﬂo'b%lsﬁ@“ered across the
t foBMSfogEthéUthlth® steriMAGIsitRH tibhisien fahatiohr i cal i nput of

the tfirst | oudspeaker to respective sound pressures

at field point positions scattered across the roo

m
t%@@twawrﬁﬁgﬁm@m of Stalimt g WRRIPINtsAveraging o ransfer functions
f iishddam calcufatiny/irid Wlebaa eemustifrgtiboisapovef awdraging 3- 7,
wherein the averaging of transfer functions involved

in calculatlng t he %Iobal transfer function is

ﬁnﬁéo an cllp$ o8- \gl!a%r@lpahq,@t lqa&t We& pomt transfer
CluAdtidhs SreGandohdyf @dlébtéd\&ltrm thk @6, suDad baded op@hiiput from a random

tr sfer f nct re randomn within t

% Ginar et RS ety B3RS Pmkrsitnh pigg on pre-neu
gﬁmemahsmfmehemnlng the positions randonfy in three
di mensi ons based on pre-input dinensions of the room

1 co din r i n | aj

i O el e e ipoRe dalfi Mer Ryl e o
gddtermiiniing 4 lowsr gairf limit 8$ a funofiorf of dggesncy basesianh ayrimeanse of the global
[ t I i .
tpﬁégfeﬁﬁjg}gﬁ%nh%% ‘%é?ﬁﬁz | g}r?f ?Ife%e(-réc} ah%‘fqt ?I%P%séugﬂgd W&ﬁhrﬂum gainin
naagpridangegyihihe IQWQE%N!@ ce with the lower gain limt.

11. Method according to any of the preceding clains,

WiehRiHdd @orﬂﬁ@?or ar%%‘f thel dré'(l,etdln:g% AiRe %Jh@}é}?ﬁe%p@rrbam limit is

i nverse o transfte unctlon first
psteriingd agan Ff'Vefs‘Q@lﬁth&@@anBa"SfeIﬁJncm M'é)‘?da Astensiivagaipo such as 3
cdgi m 11, wherein the first positive gainis

frequency i ndependent or frequency dependent. 13.

N@thod according to any of clainms 10-12, wherein the

| Badlethgdiagcarding fo glajmdids whereindie Brst Rositive Gaip dfresuengydndependent

- WroRakerdcy agsdngéntf unction m nus a second positive

gain, such as 3 dB. 14. Method according to claim

13, wherein the second positive gain is frequency

i Wdéﬂ@ﬁwé SREOTRO tor gty Pk Hal sl B MBRTEIN the towey galn Rt Wtermlned as

LN tiheOgIGBRY trifsfériTendabe fRilisRGseBbral iRsitiveMg&in &dudh bb e dB.
upper gain limt is restricted to a first gain

interval, such as an interval of 0 dB to +10 dB. 16.
Mk N@H‘OQ@E%MF%’ qJaimclSavRere theprePRd ROStYE gﬁlf’r'éffe‘ﬂj’ﬁnﬁy

| idepeN@nt bisrdouthyeRg¥ndentlependent or frequency
dependent .



17. Method according to any of clains 10-16, wherein
the lower gain limt is restricted to a second gain
interval, such as an interval of-is dB to + 10 dB.
18. Method according to claim17, wherein the second
gain interval is frequency independent or frequency
dependent. 19. Method accordi2@dg to any of the
precedi ng clainms, further conprising the step of
perform ng a snoot hing procedure on the gl oba
t 5ahtethed atemditg Granysi dte pascediag feimg, mgjeteireths roesr lgpingimit is
N1Blgeor to
o R e ol e R R Py of
the precedi ng clainms, further conprising the step of
pkésr Methail ragccadiegrbmldnmr@ phereiadog Ersigein inierval istreayengy independent
% Eé&ﬁﬁe r function, such as performng the
snno 5 procedure on the |istening position
transfer function prior to performng step 4). 21.
Mgt Method ecenrdingitp any chiplpings 10 e whekerdhe W@’%Q@P Hrit is restricted to a
fééE&tb% AP AR SLBYad Beintine o5 BBRE PHEWRY a snot hi ng
procedure on a transfer function based on a
di fference between the listening transfer function
add Methed @bestsding to claimf '€ whergintthesecondgain jpgryr i frequency
(Nalalo P FioN gb{cﬁepgﬁ}?enpr ecedi ng clains, further
(%%r|5|ng a level allgnnent of a level of the gl oba
transfer function to a level of the |istening
pids Method atecadiag tr arfy af dei rsgcedipgicimg, durihet carerTiying ghesttespof
At)erfo r:f'glrr %B&ﬂﬁkg%?&%ﬁﬁ“e%ﬂ tt‘ié)gIGI!)a?'tths?é)r furY¥ieh, &ueh ad¥arforming the

eve gnment performed based on res ectiv
ARAOLIS RracRILEe off e RIObEYEBSIEr BASIBPERT 1P ARRTIY SR
the listening position transfer function, the

IS RRfHob 8o ﬁ? ashyl P ¥R e dRRIng Gi=iAd, %Hh@]i &dn;.VMstnb itk Qep of

predeterm ned Treq ueney interval, su fre [%
TG & BMoSDIOREOERE0 Behstonsis PRGN Ban ke KB goch 25
tﬁérfﬁtnahgnh%%n@bth&{g prdeaiugi on the Do paiten agesférduation prior to
the &A qF Lansfer function and the |istening

Pdhsfer function found by the | evel
allgnnent is used as levels for determ ning inverse

\mr Me®id8 adfording tadrylad thet predesiing relafimis) ddrthencamising éhe step of

i stenin tion tr f tf I
ey @ S Fossh AR S HEE b T ol 8 ifelcHog botueen
ttheligherergetanstpr mrmtiwrsand/theglebat transfed fuegtions applied to
t he global transfer function prior to performng step
, t hod. acco
125 Vg abpd 9 15T e WndnficBUR, Sk Aoy e fonment
aff atidvel cbfltlnesglolbati @rde:gfera‘keqtlon tcha levelef thedinieaing @Dfﬂ@jmsimhfer function,
vel towards higher frequencies.
ioﬁkg%ﬁﬁﬁﬁ&% Péfng to claim25 or 26, wherein the
filter serves to renove an increase in |evel towards
| 2whlethod eqerediod ésclalme?2; wherelndbe fevel gligniesnt iscerPggidrbased on
\2Ar§s Male! Mra%‘é@é%@ dtehd é?ot%ml‘ar%f‘ertﬂhﬁtr&f Sfafs erfhPdd¥Rion fransfer

rein friter is applied to at |east the Iisteni %
pardtion, Ghe eemrRFe ﬁverragﬁ:l?v%ﬁb%rs eyl Hf%ﬁ’@tegtﬂaﬁd equency
Adterval SuchMrta s R 60R@HADOTI00 ¢izab BU@Az. wherein the
filter serves to renove a general high-pass effect,
such as a hlg g?ss effect introduced by the first
|26uMsihed eesording b I A7 RT 23 HRTRIN AFOMEOR| APTRE2 lpvelot g gobal

\tlféﬂére'r funkteR afnU|tﬁe€|l’st&ﬁ’fg\/tﬁ>%|trbr®trﬁrﬁﬁf@t\f@mﬂdih fonsd Bpe Idvel alignment is .
| ower frequenci.es

e e g R GteEine s e e aPal s aggongna the
tiis@nipy ositbmigarsfenifumstiondodeeised thettepsid) aad 4)on of t he
equalizing filter includes performng a m ni num phase
approxi mation or a |linear phase approxi mation of a
target filter functi.on. _



32. Method according to any of the preceding clains,

wherein at | east one of the listening position

transfer function and a field point transfer function

is nmeasured by applying an electrical test signal,

such as a random noi se signal or a pure tone signal,

to the first |oudspeaker, and2tollecting a

correspondi ng acoustic response in the room 33.

ﬁt h@[Hocﬁgd&&rdm g aﬁPoﬁﬂé’?@Eediﬁ@cI&hﬁc\ﬁﬁ’ér@iﬁ lita# i§Bpplied to the
ter nation of the equa 1zing filter

olobldesferfunttion Brido ReEfBWINTPR)or ocedure on a target

filter function. 34. Method according to any of the

BG q\ﬁ%%cﬂ&ccﬁ r‘fg cla 88, %H&réﬁ‘?ﬁr%%té%nfe@@o telnfdv@ %h r}ﬁluence of a

position tr ans. unction i ncl udes neasurln

prr@wmq therff%ir\‘é'dél?’e%? thisplyence being s4Fh 25 9 99 E%Ye' towards
highér telgeibitidsy of the listening position. 35. Method
according to any of the preceding clains, further
conprising the steps of determnjn

G Mthed MEONHIaB oS 5 LoeBREP BB L SRER pTeye ghisgrease

id¥eltBRarts Mer REGLicAgEalIZiondol fegsaty b gainls peaker
according to the second equalizing filter. 24 36.

Met hod according to claim 3 the listenin '
Bétethemageprlingrterany atibe et 'lBtSF PEPRIEY o at least
e IBteRtg tra BiseHBANsTaR Rlciid i gioe tkemdroimiay stepsl). si gnal s,
preferably identical electrical test signals, to the

first and second oudspeaker nd collectin

28 Melb b prepNaIe GIA 26 Whedsip edier sefYRs to JRUIRVE agipneral high-pass

Wb dofhcRES 8 hidhisé offest mtrotded byiter fastnoudspsakeeent s
involved in formng the global transfer function are

performed by sinu tan ou appl yi el ectrical test
8P Heinas orsobiet GSIym PBHES WErat et feicafvep i Boud B nerease i
fdvenalvards Iovet h@qlfdnblsﬁ dmtd: slewdrduéreydsregdiar s, and
coll ecting a correspondi ng acoustic responses in the
room 38. Method accordin cl ai
o WP gecgtTa PR OF R SreBrdng RErTo R iihort dhe
@q&élﬁhgmbrsmum‘eabeﬁgmﬂr@ra timémdirh pbéseeapgrasdntasiod or a ilnear phase

according to cl ai m 38,
@P@Fﬁ %§3%§$% Nﬁhgﬁgbsured transfer function for

the first and second Ioudspeakers are summed to form
32 Clnetod atdosdirentorany phibe presading alagise whéngincatilesst ¢ngrof thedistening
first and.s r d Vi
o PPt AR ORI P Eedngt Bl s o
eahplcuilcalztes’n glgf!ail stmhgs larerddntipeise signal of a puedene signal, ’fO the first
tirf o coMeb R0t RebpbRseAR thedtbom.

%?ﬁE&%&gF%ﬁi&ﬁ%cnéhé$ cJﬂgﬁfglng ﬁhe gteps of
determning a plurality of equaI|Z|n% filters for
Bésmﬂeﬂ:lbqi wecopding talany pf e presgdiop claites. N datespingtiomof the
te@ ﬁa(\:l terfm:%o%g Wakbridiia sMSothny pRdckdre 8h a target filter function.

ers according to the respective plurality of
equaI|Z|ng filters. 42. Method according to claim 41,
Wik eMethnd aersrdingstoeny rhthp Gegcerivg claimm whgiely mersuigthe listening
gﬁéﬁw ﬁéﬂ%@r fl n%tuﬂﬁﬁ&@&égﬁﬁée@ﬁm% $B4Inti pREOLE ity g nydr8 Gositions

'ectrical test signals, ¥referably i dentica
spaiily [osafed tfb%vic'ﬁitsg?féh%"st e rEsMurality of
| oudspeakers, and collecting a correspondi ng acoustic

rﬁsﬂ\%ﬁjﬁﬁ abcrbrdlr'itjetoré?@%fthé%reowﬁhb Qehinds; fother ﬁgn;ir@mg ltied steps of
erein the |istening

elesTIPERE REoPS PR ST LB aeeirEl gudeBPer PallgiEd i room, an
hubmgRhdisstbhd budspebkardspeding tethe Saaindasuslepgitere| y

for all of the plurality of |oudspeakers. 44. Method
according to claim4l, wherein the |listening position
transfer function is performed by a conbi nati on of

si mul taneously applying electrical test signals to a

first subset of the plurality of |oudspeakers while
separate nmeasurenents are perforned on a second

subset of the plurality of | oudspeakers.




25 45. Method according to claim 41, where the
listening position transfer function is perforned by
simul taneously applying electrical test signals to a
first subset of the plurality of |oudspeakers and
separately, applying electriddl test signals to a
second subset of the plurality of |oudspeakers. 46.
Cbnputer readabl e program code adapted to performthe

: ad apt egOJCC&BMQ% b3 WaeRM thg litbrangBositiod Franggrsumation

pr% lSd‘.Pe&ﬁongr: r%y%jrﬁg %‘égo?%%%%ﬁgdé[ec%cgﬂeﬁ%ngﬂ; 6rQI%rably

fﬁ¥|ﬁt{c§miéﬁﬂrﬂﬁ1 w6k sﬁ@walsefoftﬁé fist drel setapgoldspaikersaagd collecting a
ilter means e rmstep 5). 48. System

SRIEESPANIAY 3("8“%625?%02* mﬁe‘ioérlgn t he measurenent gyst em

and the filter neans are inplenented as separate

YhiMShRORREMgtE Blaim & MberiTeneasuremednts igvolyasiie foatng the global

g{@qu%sr{cﬁéq %r%%%ﬁfgrltnge% b&% n‘fdll%hcgguég’agwgﬁ %le@tn@é! tés@ 8ighals, preferably

RinticSysléaimnahesbsighatey tot the Hishand sfponq,\;ﬁ@qlsgggequene\élng col[ec’ung a

??e{?%ér e coﬁ%/t& rggr;ﬂoﬂgég ih B thbht €r neans are

e unit. 51. System according to
cl'aim 50, wherein the one unit is inplenmented a
- e8.Mathdd dxardihgdd slatne 85, vherdimtse listeding PesitPndrangigh UBC’E'O“

{r%g uréllngﬁt is E)eﬁ'?ormgé( §ép%'f%&é9?d?"tl@ & 2hQ séondmudifpeanbisr ei n

a stand-al one device. 53. System
accordlng to any of clainms 47-50, wherein
ﬁaa\sethmmrcmgstpetlmm 88i wf’;ﬂr%wﬁﬁtS@aafa?'Va{"%flf‘Hf?&t“’é‘PSfe%fHEﬂm“ for

gﬁs fﬁ?’( égg&] Al 1 REPHKESs ardb drimaditd Bines bamoadaaiitgipdsition transfer

ter coeff|C|ents to the filter means
mmrﬁph@eﬁ@tﬁnréswu%lw%%a %1 ter. 54. Audio device
conprising at |east one of the neasurenent system and

theIVIéHaﬁ gécgm?r"fﬂ"l% ARG 6PASMEB5130, @RdteinftheCtirsti i sddordBqualizing filters
evice according to claimb54, the audio

deve igentisariansier ARArE3eIGYT t he neasurenent system and
the filter neans.

41. Method according to any of claims 3540, further comprising the steps of determining a
plurality of equalizing filters for respective plurality of loudspeakers positioned in the room,
and equalizing the plurality of loudspeakers according to the respective plurality of

equalizing filters.

42. Method according to claim 41, wherein the listening position transfer function
‘measurement is performed by simultaneously applying electrical test signals, preferably
identical electrical test signals, to the plurality of loudspeakers, and collecting a

corresponding acoustic response in the room.

43. Method according to claim 41, wherein the listening position transfer function
measurement is performed separately for at least two of the plurality of loudspeakers,

such as separately for all of the plurallty of Ioudspeakers

44. Method according to claim 41, wherein the listening position transfer function is
performed by a combination of simultaneously applying electrical test signals to a first
subset of the plurality of loudspeakers while separate measurements are performed on a

second subset of the plurality of loudspeakers.
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45. Method according to claim 41, where the listening position fransfer function is
‘performed by simultaneously applying electrical test signals to a first subset of the plurality
of loudspeakers and separately, applying electrical test signals to a second subset of the

plurality of loudspeakers.

46. Computer readable program code adapted to perform the method of any of the

preceding claims.

47. System adapted to perform the method according to any of the preceding claims, the

system comprising
- measurement system adapted to perform the st_eps’ {)-4), and
- filter means adapted to perform step 5).

48. System according to claim 47, wherein the measurement system and the filter means

are implemented as separate units adapted for interconnection via an interface.

49. System according to claim 48, wherein at least one of the separate units is a stand-

alone device.

50. System according to claim 47, wherein the measurement system and the filter means

are integrated into one unit.

51. System according fo claim 50, wherein the one unit is implemented as a circuit board

adapted for insertion into an audio amplifier.
52. System according to claim 50, wherein the one unit is a stand-alone device.

53. System according fo any of claims 47-50, wherein the measurement system is
implemented as a computer, such as a personal computer, with an interface adapted to

download filter coefficients to the filter means according to the equalizing filter.

54. Audio device comprising at least one of the measurement system and the filter means

according to any of claims 47-53.

55. Audio device according to claim 54, the audio device comprising both of the

measurement system and the filter means.



