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METHOD AND APPARATUS FOR GENERATI NG A STEREO SI GNAL
W TH ENHANCED PERCEPTUAL QUALITY Enbodi nents of the

WQr@9OM11é nvention relate to the creation of aPGI/EP2908/003972

signal with enhanced perceptual quality and in
particular, to how a signal represented by a

m d-si gnal and a side-signal can be processed to
create a stereo-signal with inproved characteristics.

fBaﬁm_ b?wrm@t f?ﬁﬂmn' msnlt'bnnsmk Rnl riNG At shﬁﬁzt bes]gm WITH
easible to stor n aybac [ _ger_amunts o

musi ¢ on port abl m%s%%@mm t he use

of such devi ces becane very popul ar, especially as the

nmusi cal content can be played back via headphones eve

rywhere. Normally, the content to be played back has
Embpdﬁmﬂedsinfst@ee@rdsemt inyentd dmdegdertdertto the creation

agnel f
gr A t%regag‘é%( {1@%Sélgﬂgxﬁééanggééegﬁﬁgm%aquw and in
PRSLARERAL) §Peh@U—@ql§|ly§ﬁ@dt Teprmseanted Ry & mid-signal and

§t %%431&;}{&91 ScARVNESFRoBEXSEd T RA ¢S €St HAik Sti-signal
Bo grOV|d§_nEX|nun1reproduct|on quality, and, as
F asMBESLRH| & aFﬁ€t§§&§F&Fsperceptlon of the

orlglnal auditory scene using two | oudspeakers.

However, |istening to such stereo recordings via

headphones | eads to in-head | ocalization of the sound,

Baakgkeund afsthenghyeditdoor bi ng spatial inpression.

In other words, virtual sound sources, which are neant

to be | ocalized sonmewhere between the two
Ret@sptiket§, NaPePPEORP £8@SiRdEdE Ot & OFies apgh@layback lar-

geadaduents psystigaeoust berpheper Hees cek.t he ﬁumSequence,
gﬁdltory ystem This is the case since n

crosst
8 HB®r 8f1 SO dSHSEForReF IR, V%YCBOPPEFFM 8§pﬁﬁéally as
andlmusycaystenMeQMCmaﬂunetp&ayﬁmwwasbuvmesheadphones eve-

J:g&l%féedNonBEieLyéu }{en(%néeg'@ago eéﬁdlr*}éc?tf)ggk' Has been

used since t systemis us
Bigedl ipr operrses, iwken ctcsm e iigleppadiasdckchaanels. How-

& PUESPEARKERS 0dAEL 1BRN QB! Iperisansd foted playBack via
"rﬁﬁgpe§E¥££9nﬂggkg a common two-channel stereo-equipment.

That is, the stereo-channels have been mixed in a music-
studio such as to provide maximum reproduction quality,
and, as far as possible, the spatial perception of the
original auditory scene using two loudspeakers. However,
listening to such stereo recordings via headphones leads to
in-head localization of the sound, that is to a strongly
disturbing spatial impression. In other words, virtual
sound sources, which are meant to be localized somewhere
between the two loudspeakers, are localized inside the lis-
tener’s head due to psychoacoustic properties of the human
auditory system. This is the case since no crosstalk and no
reflexions are perceived, which irritates the auditory sys-
tem such that the sound sources is localized in the lis-
tener’s head. The irritation is caused since the auditory

system is used to those signal properties, when content is
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Several nethods and devi ces have been proposed to
address this problem by processing the left and right

W@ b@afelige prior to the playback via headphonesPCT/EP2008/003972

However, these ap proaches,2as for exanple the use of
head rel ated transfer functions, are conputationally
very conpl ex. These ap proaches try to stinulate the
Pdadie dabp@icko i as istustanan kel ioto (e cigREBdUFYestransmit-

Qulishde Lhe fRead When Rlmddlg, back nusic with
headphones by sinulating the Iistening situation of

| oudspeakers in a room That is, for exanple, a cross
Baklk raountk fradds aaddt H@vﬁefelseqié@swént beop@@%s to address

L e L T
phednﬁﬁoabdetmdayQﬁnkchaan@eadphdnaémrH@ukeerntahese ap-
g?g%‘é%st he #rf’é’xerék% 9L the t%s% eg géaporée‘ial&%adtransfer

nnae. he nore a curate SI nmu
Ignc{cn@nﬁmr eatenpacaPhsasionaldgur ¥esyar eorpyakr edThese ap-

W%Ecﬁélsr ot eld §t9ﬂﬁ191z£‘t9er€l§é”hﬁm§ﬁeahgll%r&e%%ﬂs\t% to lo-

reduced conpl exity, those nndels are

€§éﬁﬁﬁethl@e§88€6’ SO UGESs UK deartde .meascbr@%@sayw back
@uEQwaiﬁ?| he@d@b’}h@he@f (?&la@flnlﬁﬂfdtﬁﬁg s lviﬂs}tlfdhﬂﬁj‘l sb_lfﬂ:uatlon
| enegn OW oraer | erln 1N uence Q

ngaﬁﬁqﬁﬁ?%kﬁﬁé|%%e?fr88W'aﬁ§ Yet pp?%ﬁlﬁﬁ?ga By 1Powr°SS”
bader sbuhtlepsthHewelv ¢éhe trdeddedtiilaner ©thahe trpdad susells are
Q?t'i@ gQ%li&ngaacld \é‘@l Itlﬁs %fgﬁ%fh % t%f@\;é egtedalistic

si gna descri chr oeder

ALmpiagian, smféllé@ﬁﬁm dapedr bt abwdd o i M%gleaft and the
2i gat e chiagmll, 4 hrappHak WaikRy i3{td hecdESnt Pr@Rr igtoperties

95 met hods _h b
ﬁfogﬁaezisg?eﬁéoahm‘fﬁ&eﬁae%éee%%:n e Hn gy accurate

ohliy aknmmomhbnsﬁmaugnaonprny)deﬂmaCmerappmompﬁmaslbmal re-
f gd argpu %HQF? %O&qulg)wéil rﬁﬂﬁ%GQé%ults are
enuat e

Screat & "ayéd repres tat
’go bﬁe rsiqpiated whith ireduken mmet@tme thege models are,

EBEHEQBmam@,S%%Bh@@&H%Jfé&BéJEtéfﬁpngn&bamn some cases, to
a very small number of wall reflections, which can be im-
plemented by low-order filtering. The influence of the hu-
man body itself can also be approximated by low order fil-
ters. However, these filters have to be uéed on the di
signal as well as on each of the reflected signals(as
described in M.R. Schroeder: An Artificial Stereophonic
fect Obtained from Using a Single Signal, gth
ing of the AES, preprint 14, 1957).

annual m

Other methods have been proposed to provide a stereoph
listening experience, even when only a monophonic signa.
provided. One approach is to feed the input signal (mono-
phonic) to both channels and to create an attenuated and
delayed representation of the signal, which is then added
to the first channel and subtracted from the second chan-

nel.
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nel . Often, stereo signals are also transfornmed in to a
m d-si de representati on containing a m d-signal

W@ swaiosiighal ) and a side-signal (difference siB@EEP2008/003972

The sumsignal is formed bys summ ng up the right

channel and the left channel and the difference signa

is formed by building the difference of the |eft

Oh&fRel SESFeOhSLINGHS Afdhidiso Itransfiorigd dft to a mid-side

skpregenitaralos, dderyiding! asounrd SiHHLes (Shinbs9§88L) and a
i,zed_in front oé t he

vance se |l oca
Pﬁgﬁeﬁéﬁna+h.§d%€fo ’F%“‘E%sélggﬁﬁ&e ﬁ%aesesweran%awl is formed
bgprasediing htgp| eadi rxglggm ceéhannébheahedadiig 188tr ¢hamihel and
t ¢arding t hese. soun ces,.are inten
Hhen At S B LR Y aiide S R Yot ety HE Wi ¥rerence
Dﬁot@hammﬁtsnhannelrﬁmé shgnaigbbnpbeentsd .ale proetemusical
beeEQ E?BBagganQﬂezﬁﬁﬂ%ﬂél'£bﬁ{§ 569?Ee§h?@n%1ghest rele-

Therefore ese | nportant si are

VepresakeethByealogmidizgsalin Frens @éaltp&addmry Bpis is

ﬂhglﬁﬁgéen%ﬁﬁdé'Eﬂei§|@@mﬁéﬂﬁﬁ|}eprggéﬁﬁth@ 14R@Nng voice

att ting t.0o achieve a localization out  of
PF s FORer s HAg LN ghd; Hee r BRCPELERFat P these sound

BOubeepraresiadenUEh goedle Q@b&llh@dcﬁﬁtﬂ@bmom&b loudspeak-
sed on .sum.and

hea | ces |ng
%y%ferenge%svfog%a ? e su L] g%a?%ergnglnﬁlel?%%ﬁ?oﬁﬁnts are
presgestedn d?hearleefmdchadualll pspmeddssiod bhef cligbtedhannel.
@Mgﬁefeké' Cttfh'glstsele(rj%n Sélgpwr\{@r 51§P§@|gy 44d txggmgyt hepi¥Bented
PEIRsEFPDELPRG Lt ﬁ@lérghanélﬁoapﬁehpéfitlmﬁcr B gif ferent sig-

saannel gel-eagnall ¢ . aThet@Ra%s GhdiheaOtdmf il@ato achieve a

ocalizagion or _th ceived s i al
L SR b F AL O nShib alf aBebUSFERRE R BB Aflar SEFBngl mignside rep-
péeentytiénrbasrborkbe pnoaddsad wsuht gaekkngpref a

filtered sumsignal to the difference signal, as

erformed by a conventional m d-side-upmxer, results

m goBWentienatheuerichiepdd Fasial @reteshingibasad on sum

SRUNdi $eUeREeWdiljdn e oné p'éhmsbgﬁﬁlalser\éﬁféltrheelther un-
ggggeesnéelzgnalorgeggcreatllr?gl\%dgglelr}?opsf:lo%eglssédanor flltered by
specific filters. However, simply filtering the sum signal
and the side signal separately, and redistributing the sig-
nals to the left and right channels leads to an increase of
the out-of-head localization or the perceived spatial width
at the cost of an unadvantageously high computational com-
plexity. Furthermore, an adding (subtracting) of a filtered
sum signal to the difference signal, as performed by a con-
ventional mid-side-upmixer, results in a shift of the per-
ceived position of the virtual sound sources within the

output signal.

Given the conventional generation of stereo-signals and the
changed playback habits, the need exists to provide a con-
cept for the generation of a stereo signal with enhanced
perceptual quality, which can be efficiently implemented.
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changed pl ayback habits, the need exists to provide a
con cept for the generation of a stereo signal with

wendvattads per ceptual quality, which can be ef f PCT/E8P200§/003972

i mpl ement ed. Sunmary of the 4 nvention Several

enbodi nents of the present invention allow for the
creation of a stereo S|gnal W th an enhanced
pereagut Ghe ilnyeRdaR on a i d-signal (sumsignal)
and a sidesignal (difference signal) . The out-of- head

localizati nd the s e width of the sound si_gnal
S8R naio b innt s of oPhe "Boeeroh SPveReimny aligm for the

b&emtied\ w f h aa Sﬁéréoswgﬁialonwﬁ)f:ht fm) deﬁaﬁbgﬁa|perceptual
ro ig t hat .the signal port i OE Lﬁ he £j 9na and de-
858y RaRTdt iBh S W’i‘él 818881 gn u’%\rselgrf% @é’ldt afin Side
eigent, (uifiteérgndecoigialled. TBe peuf.eofrfhgadhelocallzatlon
ti nced d n
mﬁgﬁ%%aﬁgeﬁgﬂelgigﬁs gﬁ Fﬁéutgo?hg @Eﬁ]ﬁgﬂ kl% q‘?{dreeadsed when
8r Sdundd Pitekwn- ofit phe- @Wlwlb@%)llayéﬂdbuékhwaa repre-

B@ﬁ@BBQBQSOfBEhQIéh@@—@%@ﬁ%ﬁﬁ ﬁﬂ@%ﬂ@é&fﬂﬂﬂﬁﬂtﬁé)éﬂgﬁal por-
si,de- si_g prlor to n1X|ng the perceptual w dth_of
Fﬁ@nvPrfthgﬁ u]ge%nﬁin ke oREPEESENFRELEREPE §he side-

bégdataarke |tra:craea<s<efitam axpent, Oﬁlutbalsygﬂiélcolrﬁ:elated By
o t he Sld -.channel ntalnln . 1,nf or, mat

ributed on
% g8ﬁﬁéngour€e§°mqln %ﬁﬂﬂya?ne %ﬂ?e%f Hg s1gnai can be
tesiend; . wioveverani rbeor deed canveind dnpet cdioredal efitd-side-

Q mi Ptd¥@§E ‘q}5h§t@9gbteﬁ¥gﬁeegﬁgﬂglokgrE% Fﬁgy?h back

soun sour ces, e signals e Cco I ned are nu
Wedoheadphemesin %Yd@llxtlagdlﬁﬁl?ﬁsou@é Ebgstidtsianak to the

gdegéryehhye bt ekf Qroertc;ﬁnlthtdwe &hegn@érééﬁﬁﬂéélaWhMth of the
in.the spectrum Taq be rmrec%_[eem
f

e,
&bEEV?%IQPpb §PUEHE Ssitghal %Ot r%nflﬁﬁ?PgroF Fﬁ@d can be
sne:éasadpf&@uaspgnﬁl&flthﬁfetgndlfﬁermmﬁgmlbuted to the

orger. InfEL T 5{1 3 ogar%%BHnSk?%Br d£ adan ed t%&rces not

enera ecorre resentation of "at
wt)hymlnt hEremi- safgn‘élnearldJsmen@rdechbW@mredln order to

APPLESaNt BehreB10bdat 1688St G PRALHRL Bl fith€of the auditory
g%éfesg n%f the virtual sound sources, the signals to be
combined are mutually decorrelated, in order to distribute
constructive or destructive interference of the signal ir-
regularly within the spectrum. To be more precise, after
the decorrelation of the signal, different parts of the
spectrum of the signals interfere differently. In order to
achieve this, a decorrelator 1is adapted to generate a
decorrelated representation of at least a portion of the
mid-signal and/or a decorrelated representation of at least

a portion of the side-signal.

By using decorrelated representations of parts of the sig-
nals which are mixed together with the side signal, the
played back stereo signal has an enhanced perceptual qual-
ity, in that the signal is no longer localized within the
head, when listened to with headphones. In order to achieve
the effect, a decorrelated representation of a portion of
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By using decorrel ated representations of parts of the
sig nals which are m xed together with the side

W@ r@nako11¢ he pl ayed back stereo signal has an BEIER2681003972

perceptual qual ity, in that the signal is no |onger
| ocalized within the head, when listened to with

gadpho es, In_order to achleve the effect, a

GBCor PEFEP AN EpBRRN RS | BAOFAI§ R R oMii¢he to the side-

giidnailgnal nmay be provided and m xed to the

sidesignal. According to further enbodi nents, a

decorrel ated representation of at |east a portion of

Aheosddnsi@mﬂfu5¢¢RDVEMdeamemEBL asd@qmnnBMaﬂanembpresen-

e t ; 8P n - :

gégélg#gﬁtoggg%ygeco a?ed8?egbgsen%b. nalrls provided

é§mdleﬁféd a@nﬁxé@po\meﬂattre@l giehresiqiation m ta ¥elste a por-

sephatyron Haf émesw&nﬁgnébtﬁelale\é%@é&am fydpe dditat ions

provi ded side-signal: According tqQ a further
éﬁﬁo&Pﬁ@H@eda ﬂﬁ%QQ%1%ﬁtWhEhﬁ1aéﬂﬁnﬁFgP§108ﬁbﬁﬁé@ a repre-

vehfRag ibapods aiatd de-of i ghel sidei seg@nbly wWheridyingt the pro-
| e as& a. ort&on gf the side-signal is decorrel ated
YiERdr 8488cE 1883 e portion of the mid-signal. This

may be achi eved by creating a decorrel ated

%8?6?8%%“-&00” 5 Oy %lﬁﬁe rérh]&c‘;hﬂﬁ%fﬁ{‘e 3 92 iRl of the mid-
ore conbi ni ng us creat ed decorrelate
ﬁéﬁﬂééehﬁaﬁp@hlweﬁhwtlﬁ@ §i dergiegeataticrorad ﬁfé‘lq Fige-signal

WHetBen %‘beLdéa[Bif‘dta bB%lt*iFﬂg -Jff e@‘r@gﬁYdtéoéléhﬁﬂ]S i@f cllecorre—
nas are ecorre e |n, or ae O prqQcess onLy
LaEed Tk st Hhreher Harthal P& bRl midraiaRal) This
maysde dithievédiebyelcatdateing sdnodécwarellangtih ,representation
SOPhL 580L ;81 Lect i anci nduced el 86ls Lo B LISIEIT e chus

i sTav Pht Poducti S I'Ng &
tmateéqdeqeyrpéatsdoﬁrepmselngnall.onl wifcdr tther side-signal.
enbodi nents, audi o processors inplenenting the above

concept are used w thin audi o decoders, such that a
%FH°§?H%9r§BréséM%ﬁh%ﬁ1%ﬁb%ﬁ%W@PEhaﬁﬁél hig§nifrequency por-

cwﬂs edfashan silinene il edst@rvdlated, degodetegaiob®rocess

eCt l%e eer eSSecriiceynh%%%Itq.%ntsheogergr?ptauua 1oq-usa£g|r§z¥l, that
cause, due to the relatively short wavelength, significant
reflection-induced-effects to a listener. This avoids in-
troduction of disturbing artifacts into low-frequency-parts

of the signal.

In further embodiments, audio processors implementing the
above concept are used within audio decoders, such that a
mid-side-representation of a two-channel signal created as
an intermediate signal in a decoder can be directly proc-
essed enhancing the perceptual quality of the generated
stereo-signal. To this end, further embodiments of the pre-
sent invention are adapted to process the mid-signal and
the side-signal in a frequency domain, such that frequency
representations of the respective signals can be directly
processed without the need of retransforming them into a
time domain representation. This can be of great benefit
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stereo-signal. To this end, further enbodi nents of the
pre sent invention are adapted to process the

wore@srgmal and the side-signal in a frequencyPUDERI00§/003972

such that frequency representati ons of the respective
signals can be directly processed without the need of
retransformng theminto a tinme domain representation.
Yhies  c &P hee MR at apehef AeGRBArepsPrerafplusehudilbich pro-

JeERNMANE S H@le rifeRl iked, sﬂ@ﬂaqh Hquxg\”aienlaﬂéfa@rf@;s&@é&ntatlon
SI gnal belngt a m d-side-Tepresentation of an

Sﬁﬂv dN6o SEHEHRA~SHIA In Wi i dife e WG R, domain.
That iiss, eshbddimehs sofoft hehen\ieﬁztemmym@fe be efflclently

ShE: St VR RIED! 8l o 0 SR S s, o
pbec_ép!keal scplq:@l iatsy taf img rialse ;tll'm/kpmﬂcedﬁmadesquallty of mo-
Bh 9¥! g'rl%gb‘aEgz HePes t%z%%%%'?@get%e E‘ié;%t‘é{Wd %qeeadphones

sever ments of “the I nvention use
novel audi o processing nethod for generating stereo

Pb0RAma rICh AUl M) | SRSddZREACS bAStHR hedeAd invention

when t he enerated signal is played back via

HE&dFhdHESS 1 TRudnet m&c;@.salag tr?ﬁtshcﬁ-? gﬁ%eﬂ@é‘ﬁtrééllng stereo

glighaty, Whalt:hl Svr?t]_bl% pg&&llb.lzbtllb)‘l cifnsgteilrazelﬁtaiejI MEal when the

stereo S|gna W, t an va e erce a ua |ty

SRR e BE AT & B T SRRV E R hERg R ReE, L hg, method

vheldpethial hdiobt pelrgeptmadndueiad tyyr atdiagnti sheldne ipsrssibil-
cgpt yall t r r he..s I _

P@ tlggnlé%s e?f:a'{'l \?f?‘:lsﬁéjetreér:cﬁséf'?rﬂgp \ﬁltf'ﬁ Qn RataRlcRer, percep

Fee al HEaﬂ-iL‘éﬁr alBideafeeRiagh ohhere P|§Pé’§ért\}|er$g ofhdhe signal,

guéhrbbukh@nS§édﬂﬁéﬁﬂﬁﬁﬁtﬁibﬁﬁiﬁh ine tﬁethQah@Went behav-

t at e bodi of t
fR e bR R LT BHERE S ShEE0 - of dpOReABPE e Spatial per-
pépybank idevimgmsoved dpi tterafs tdf bt teefl lpeadeimdaglzatlon

BRuer A noverh SURRIL oL J1A3R JeVLRES A BUlhucion of the

escrlptlons 0]
shen@rsgences nvenei bn wniel lpw thepfishtdenagd emplexity, em-

BEQEﬁéREQ bef afenci ged heoenebased @d¥¥f¥%u§g@mbﬂgportable
g an enbodi ment of an audi o processor;
music playback devices, 1n spite of the limited processing

power and power supply of those devices.

Brief descriptions of the drawings

Several embodiments of the present invention will in the
following be described referencing the enclosed figures,

showing:
Fig. 1 an embodiment of an audio processor;
Fig. 2 an example of a conventional two-channel stereo

mixer;
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Fig. 2 an exanple of a conventional two-channel stereo
m xer; Fig. 3 an enbodi nent of an audi o processor using

waelewontdlat ed signal portions of the m d-si gnaPCEHEB200$/003972

the side-signal; Fig. 4 a further alternative

decorrelator setup; Fig. 5 an enbodi nent using an

i ntegrated decorrel ator setup; Fig. 6 an enbodi nent of
didaud o desodurodiveet gof 7ann agdiedinmane for weimaddecor-
for generatidg R 1Ll &ea i 992t o8t B! eRhedSBi PN and of
of the draw ngs Fig. shows an enbodi nent of an "audi o

processor ZEheosigersdidalig a stereo signal with
enhanced perceptual quality 4 , conprising a

rj.ght - channel_ 4a_ and | eft - channel 4b. The stereo
Eighall 4 1€ JERERTed YA Y 5 FHGRR Gt P a
si de-signal 6b, provided to the audio processor 2 . It

ul d be te re inth of '
%) 4.0 38" Ponblitheler S 205 | Bt PepEOpEebadld lceracor
under st oodsegupe either the M and S-signals created

by summ ng up and building the difference of an

original left and right chan nel, or beiQP a signha
Baged fon t RBs EMPPIAAGNS Sifgid fudipadacodeyei mgid
nodi fications of same signals. The nodifica tions,

owever, are only hased on the qrigjnal md- and

Bl d gnart SHREAIRERL Sk mehpd dPnHsnaing a stereo
gener at ed signglonly the side-signal and a nodified

m d-signal is generated using only the md-signal. To

thi.s end, nodified md-signals and side-signals are
also referred to as repre sentations of the m d-signa

bBrand clingesicda ptiigndloSRhe HiWAWYO processor 2
conprises a decorrelator 8 , a signal conbiner 10 and

a md-side-upm xer 12. The decorrelator 8 receives the
FiLg- SlgBAbwEa adneémbldel ixiethe- ifgral sbllias prddgysdr Drfor gen-—
rnative '

BerRaPB, o Frbent RaBhRt Pty iy ¥, sl eiat qualiey 4,
cobpdisengs aleright-channel 4a and a left-channel 4b. The
stereo signal 4 is generated based on a mid-signal 6a and a
side-signal 6b, provided to the audio processor 2. It
should be noted, that here and in the context of this ap-
plication, the mid- and side-signals M and S are understood
to be either the M- and S-signals created by summing up and
building the difference of an original left and right chan-
nel, or being a signal based on those M- and S-signals,
that is, being modifications of same signals. The modifica-
tions, however, are only based on the original mid- and
side-signals. That is, a modified side-signal is generated
using only the side-signal and a modified mid-signal is
generated using only the mid-signal. To this end, modified
mid-signals and side-signals are also referred to as repre-

sentations of the mid-signal Mz and the side-signal Sg.

The audio processor 2 comprises a decorrelator 8, a signal
combiner 10 and a mid-side-upmixer 12. The decorrelator 8
receives the mid-signal 6a and the side-signal 6b as an in-
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rive a representation of the md-signal and
side-signal 6b itself. The decorrelator is adapted to

w@emenaties a decorrel ated representati on of at PEREP2088/003972

portion of the m dsignal am/or a decorrel ated
representation of at |east a portion of the

side-signal. According to sone enbodi nents, the .
portti oF Glhgraatiigel v, yepresentafetons ephit eamejsignals. Al-

hieghpasseily | HHELHAWBEr A adHE PTh) NBh SoAEAMrodHEENts de-
as to provide the processing only in those frequency

Faifes XRRFLSeMe2piotessi ffeyméides ignsdr Gt uptde-Signal 6b
IiFReQenEHe décati€lavdlVvesenbagteants Hd@ a decorre-
r.epresent ati on ﬁegera tors 42 fnd 44 naé bﬁ.grese t,th -
WaCEN r EERFGESP RSP gi Mal i df&Rghal® 6RCERACPhe e mi

Griiggiaial arsd M sé gulglcohired s taa | rgptte Serdt ahi arlh of eatte least a

r.epre [ of. . m d- S| (MR d :

EOFLIBH TPV L9086 kibie T ArRbr i ng N, SSadipents,
$her avededon o ofthet e c sriigsladtsor swhidhe igecde¢etrvebated, is a

heRHESERIAlH1ARS QT It By (e e Bl 4 YndL &F such as to

I nput,"into the signal combiner 10, Which further nore
PEC¥iIFes the sPHeCRFFHAT ANWY r dfY e$BR5S: | HReGRSRRE ranges,

wheeesittealp rOResstitey SHidals o PH Mespthth Meimpresyanent .

enhanced side-signal 14, based on a conbination of the

signals provided to the signal conbiner. According to

dne adrtieadiateivie, efribe dCionrdrtregt | apt icara b er qpard etk s ngenera-
r tagi of, & L de- Si S —_—

SOEsr o R FL MO nd AR S oRBtn HeBBiE, the original

mid-siignall rfe angdcohei eFigeralf widrrsignadbdfheas, an input

bhe «PIkhnaldean Lahderdpsesk it ivhsi de-shdnmidSRigRal (Mg)
decorrelat%%ireﬁresentatlon of a portloE of the .
endedifnat i< stenal ddest r 8fated Ir 37 e5Bft ZEPSFSERLAtions m
padt soprofritdee miod-tsiegdizlcanre 1Aaearsdi ng to a further

enmbodi nent, the conbi nati on can be based on the

side-signal SR a portion of the md-signal m (which
Tbendecdeceliadlest erhpragent alttons etlar ededepresdiet atdaarrela~

pbrag LeastnBuRChihic@n t¥fe WNn3d Bl §’0,AQ«ﬁuch£i{ "Mirther-

to sonme enbodi ments, the portion of the sunsignal,
more receives the side-signal or a representation of the

side signal Sg. The signal combiner 10 derives an enhanced
side-signal 14, based on a combination of the signals pro-
vided to the signal combiner. According to one embodiment,
the combination can be performed using the representation
of the side—éignal Sk and a decorrelated representation of
a portion of the mid-signal m'. According to a further em-
bodiment, the combination can be based on the side-signal
Sr, a decorrelated representation of a portion of the side-
signal s' and a decorrelated representation of a portion of
the mid-signal m*'. According to a further embodiment, the

combination can be based on the side-signal Sg, a portion

of the mid-signal m (which is not decorrelated) and a

decorrelated representation of at least a portion of the

side-signal s*.
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and the portion of the side-signal are corresponding
signal portions, that is, for exanple, represent the

waQ 20/0irigguency range. That is, in deriving t hBEEEP2008/003972

portions, highpass- filters9using the sane filter
characteristics are used. The signal conbiner 10 thus
derives an enhanced side-signal 14 (S ), which has a

At dng oficof sehe rAmbasligiriits, Thithecopertbani orf ade sum-

theyrd1demdd Hal e BH us |ﬁ/héje§ﬂ§é-e§ﬁ%ﬁéil (8fel §€§£eéﬁond1ng

the frequency range of interest) such tThat possi
SHEFLRG Vel RS debPrbictiSve ﬁ%ﬁe?¥§mﬁﬁ§esr§R§Qﬁ%?t the same

tﬁnd@jﬂe@d:y rfegd .arfhatm i) nd hee SPectd %mnpébelons, high-
na% @ rtions are c$ﬁb|ned subgeguentl¥h

d x&CHY  ThE nPaMSi dédupft xe iEaFE‘EEWE%CS are
mmethe one hand the enhanced side-signal 14, and, on
the other hand, the mdsignal MR or a representation
of the md-signal 6a as an input. The m d-side upm xer
dae wégnaie combriee rsilghdihus e ivg s len eeriearceed side-signal
QQrCﬁﬁtuaJwﬂﬂén'BXS %Sm%ﬂéﬁlﬁhﬂigﬁ'§fa¥ﬁ@lﬁﬁaﬁébﬁnal This

headphones. I n several enbodinents of the invention
Fﬁ@taﬁﬁﬁ%épnusaésd AP RpALIPngionRe, 25€c AU 1o IRFRFrelated

t(he | pédsthannedhof fﬁ:BQu&h&@eorérhcﬂélabfld slrﬁf@@é@@ b¥uch that
and .t he

su enhanced si de-si gna
RSP raontf RIS o domhC L i I FREIRIfRY 3 dis-
ts iboteed br;/réagulahrh_\g Whehdnf fm@nspeberumeeﬂherhethe signal
al, ,fa #ﬁﬁ: r ny e m dsj.apal .
?tibggthe%%n ance S|%€B§$€ﬁ ?E%g th@ #Td*%fﬂ% upmixer
éﬁbo&hﬁenml‘éfsaﬁeauﬁm@xgrod@ssmceji*sw osad tihe FPge hand the

ghfBakeROiidNS iQfndiher 4 daghgnah aiee dishéi bHLEM, tQhe mid-
the side-signal prior to an upm x. In other mords

prapads M{Rng?rofat @pﬁie&egl.teﬁépnarfaftﬁees.na@ “§igal ﬁa as an

thpumi. dmaﬂemugnghldedafmhméﬁ ld@atr&ﬁﬂe%avﬂde rsdsifldd Ngignal 4
ou ocal | zatl th e t hus processe

2 > R NCET pTERPE Al HHER MY EonvBins bty when

niéysddbaskghalhpadpbggeﬁg

In several embodiments of the invention, the upmixer uses
an upmixing rule, according to which the left-channel of
the stereo signal is created by summing up the enhanced
side-signal and the mid-signal. In these embodiments, the
right-channel 4a is formed by building the difference be-
tween the mid-signal 6a (or the representation of the mid-

signal M) and the enhanced side-signal 14.

With the embodiment of an audio processor disclosed in Fig.
1, signal portions of the mid-signal are distributed to the
side-signal prior to an upmix. In other words, the process-
ing of the mid-signal and the side-signal in the mid-side-
signal-domain is interleaved, resulting in an out-of-head
localization of the thus processed signal, which is hardly
achievable using conventional mid-side-signal processing
techniques when the computational complexity is an issue.
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techni ques when the conputational conplexity is an
i ssue. Fig. 2 shows an exanple of conventional signa

WQr@OsHiIhg i n which a stereo signal 20 (havi nBCHEP29D$/003972

channel 20a and a right chamnel 20b) is transforned
into a md-signal 22a and a side-signal 22b, using a
conventi onal m d-sidesynthesizer 24. The m d-signa
Tig.i 2 f shoesednusizampl d i 0§t chnveati2éalarmidgriwl processing
d egnu .a .sec
e W ér%s%%{ﬂ‘%.io%g Ipa e et pa an
Bhe ighte- @lilglnlae 2208bar & suphr xeeif eened anto a mid-signal 22a

Ainer dees@ee@-é@zgn%& tooderiugiAgPr 9cesssfentional mid-side-
st er eo- si gnal (haV|ng aleft- channel I/ 30a and

SYghesantel 2k Hn. Mdwignalasiere bf oddddisted suSlng a
rmtrsltntfei.rllteala:veztla aarp@rﬁnét saaedegﬁat.mg 20b tike @L{Lgliéﬁd/ using
scene_or,a_l al | I ener can

RartiS s SEhtEde gt oFrrberfoPehiphg  of the

mhd—eagmuﬂaﬁZanﬁndxwm¢exldy sighhd 8Rh malk upmixed using a
Hagcgg%]n x%r %ﬁgg%$?%€9%9§bre qg%%s%eérgie%eo signal 30

I'nvent i on resentation

phevisg tahéerﬁtdcéhawl as wdla & dddhtratharegel R7 30b.
representation of a part of the sidesignal. The

original stereo-signal 40 is transforned into a

HepPFEsEnt 36i GRChAFORG S 1R gvd it eifayed, a perceptual
thén&hgnaif 6ihe uauagtaryn dcende-oxy hestaeiz@4ionheut of a

a I,QC o Q at t he si ghal
3h30Bhal” 87 SRERS o Phoh bR s "SR BB Ggom -
anoﬁwnnn&;aaﬂManth&wamﬁwm@mlQmageqemaﬂexlny fodr the sig-

Lhe ?kg@éb%ﬂﬁb 6b and a second representation
generator 44 for the mid-signal 6a. A signal conbiner

46 of the audi o processor 2 conprises a first
smgmael @mwa@d%rﬂ%wuiuﬁe&@wﬂdtﬁymvéhemoﬂoe‘mﬁ@b a decor-

roce or further
LoTa el RePigsRRtatiny [ 2oty SFohar itk anatcas vell
asreepdeabrqeahteg!ﬂbpﬁeﬂdﬁtanmqnnoﬁfeihpaaumdf the side-

?%gﬁgifgghécPrIg%B%prs%%‘%%%a‘s'l%age%r 045 e e nto a
representatlon having a mid-signal 6a and a side-signal 6b,

using a mid-side-synthesizer 24.

The signal processor 2 operates on the mid-signal 6a and
the side-signal 6b thus provided. The signal processor 2
comprises a first representation generator 42 for the side-
signal 6b and a second representation generator 44 for the
mid-signal 6a. A signal combiner 46 of the audio processor
2 comprises a first summation-node 46a and a second summa-
tion-node 46b. The audio processor further comprises a mid-
side upmixer 48, generating the stereo signal with enhanced
perceptual quality 50 at the output of the audio processor
2.

The representation generators 42, 44 use their respective
input signals, i.e., the mid-signal 6a and the side-signal
6b to generate representations Mg and Sz of those signals
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I nput signals, i.e., the md-signal 6a and the
side-signal 6b to generate representati ons MR and SR

WQ@RowltEes si gnal sby addi ng or subtracting a  PCT/EP2008/003972

hi gh- pass-filtered signal por tion of the input

signals to the input signals thenselves, thereby

enphasi zing or attenuating the high-frequencyportions

ofY t addeng| gial sibtikpething edd highepiisssttiltered signal por-

MERIreSENt 8k 0NnPaRe5aLRH 142 tPMd SESH 51% nals themselves,
hi gh- pass- fllter 52, a first S|gnal seal er 54a and

%i fimRRazd 9 5 adbteneatiRgi ohhfodeisgh: fqﬁguency—
mmdarfert][ﬁelst?mﬁ Iﬁgr@fﬂ@f gt@rtrﬂfl? ce:m@lr i §1€%4ﬁlrs% represen-

ass-fi a i rd, signa al er a a
AT s B s afon of 26 460MB5: S8F1 o P b0 52,
ﬁrsﬁwesmrgﬂalsm]&her@aﬁ%d%bs@mmhdi@glﬁaﬂb s¢c&ler 54b, and
%peglﬂrfnia\{:%.éno r?coaé eSé heI‘hS% @%@n&treﬁeé%ﬂpgy%c?n #er?erator 44

scal e factor
ﬂ@@l@@ﬂ A wrighthesschibteénctdr. aTItéllrd Slgnal scaler 64a

Ringh-Pairdtd tElgmd Wcdher fédi5! denie pesd af i Qtﬂmnatlon node

enerat or 42 receives a copy of the side-signal 6b
%0 i nput and provides a high-pass-filtered signal
portion SH at its output The hi gh- pass-filtered
naI ortlon np into,t I si_gnal \
! SFeks' arsigs dfharten, 63p Frdogpaative to
Bbehﬂgyhﬂ $£gmad@uatimmeluhexgnuund sxgnalteeappﬂy a scale

?%'%tcan Cé‘i’uéngléﬂgﬁgr ffmdnlg@lﬁi% ?ﬁé" 8igna4d AMdh the

e pr edei rn1ne
ERBAGI FAREOT beTBabpaoh-pPasa-dddientad aef i she THast repre-

SeAaLion NRAR A JLCePVeeckh®esCa 86bpy of the side-signal
gbgh}gass filtered signal portion SH "and the scal ed

ghil TPWunttfie®e odigiRs 2 869B5PAGSprovIgEeq signal
peptéocaens gt ian atst h@u'sp@le sngnaal hﬂjhf?ﬁaﬁk fhEtéhé§Ut51gnal

su tjon 5 the the first
ggr%gggntgn?o%ggen ﬁn% rﬁuﬂ Ségﬁglna%%%+er >4a,
whergéeoﬁ@er@mdﬁnalqnﬁhcﬁbgemeratoopy40ﬁr@hedesgaal is in-

§ser§ﬁeatehboeeeenhh%lghgalg@%he¥Rsl% as its output.
he audi o processor further conprises a first

decorrel ation
The scaling factors of the signal scalers 54a and 54b can

be predetermined or may, in further embodiments, be subject
to a user interaction. The summation node 56 receives the
scaled high-pass-filtered signal portion Sy; and the scaled
side-signal to sum these signals, so as to provide a repre-
sentation of the side-signal Sz 70 at the output of the
summation node 56 (the output of the first representation
generator 42). In an analogous manner, the second represen-
tation generator 44 provides a representation of the mid-

signal Mg 72 as its output.

The audio processor further comprises a first decorrelation
circuit 74 and a second decorrelation circuit 76. The first
decorrelation circuit 74 comprises a scaler 74a, a decorre-
lator 74b and a delay-circuit 74c and the second decorrela-
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circuit 74 and a second decorrelation circuit 76. The
first decorrelation circuit 74 conprises a sealer 74a,

wQ2@eotidel at or 74b and a del ay-circuit 74c anBCT/RB2008/003972

second decorrelation circuil2 76 conprises a sixth

signal sealer 76a, a decorrelator 76b and a del ay

circuit 76c. It_should be enphasized that the

deeay r ELAEPSR st ucOMPEs SPF aAd SieiHr esiigned scaler 76a, a

AR A5 T8Y Gl I EBa Pfc PRSSL P! pedecorrel ati on
structures or decorrelators * In particular, a delay

structure (delay circuits 76c and 74c) is not neces
$ﬁﬁébbmﬁﬂubée@mﬁﬂxﬁﬁﬁﬁb th@td@ﬁ@”dﬁdﬁﬁ¥éié@¥bﬁ”@tructures

b ca certain a unt of del a se
AR 1R i TS SR i dor Al SS Lt possible
@iﬂddm@laASLoai rﬁ:a:d;ctuuh$a11ecﬁe¢bﬁﬂ'mlm@N$ OPUBn particular, a
t e ' d shou
gy Wl S| Qe 001 15958 050 ST nces-
mt;l(ld’e@@ﬂmze)d aﬁdlsmq:dédtﬂrdchrwmrﬁl74lerm 76b can
hﬁpQ%ﬁéhttQapE@YtggﬁngﬁgﬂAU G§CQkJ%#?tfgsélgna@%cegaing to

scale factors of the si seal ers 74a and 76a can

PHEGECET rﬁ“i%ﬁjld?erﬂessuié?%cfietlé‘yuéf@ry neRi pULatesn. Amealready
daei(il’cbﬂzlealt Ql.rrS 746 previchsganeradaphs) 98Bk, SWkynan |[§ort10ns

cert n e t e orrelat fromthe si I
o be G Soud Reilyt o e Meretore,
bhet hiecm:rrerialtlomsd 7c4rhosed®mr:el 2] i andb@bedegozirgridl may be

a'iftfgg‘eg@pmln()fof&grd%gorp[)r%x?f@é xﬁﬁ‘guéﬁf'd%'&%' %ﬁta‘%‘étf sig-

eorrel at or e sighitrcan ["fower "t
naﬂ? -may be noted that the precise inplenmentation of
the decorrelators is of mnor inportance. I|nstead,

s of decorre_|ators known _i n

fferent i | ement
?h@ gFeleart a5 §°&§e& |ﬁ$%ﬂ§b9%?£|§?%}§r§oﬁﬁﬁlﬁ&@laﬁé can be
phedeotrmEnedexanpliee vaubpestal tpasssdi | vedrsi pEdathion. The

GEEdrrERDLEHOTILB, oRoc MEELENBLLD © SERNY IS 1o, co s
€epteéen€atﬁm@n(ﬁean¥¢ﬁqﬁe®a§somlKb@remgnﬁllah their in-
biie. Mrdas! 4Ral At fifun! d8- £heNalns %{% icouggythe nor-

ave arbitrary filter characteristics
1 léignﬁF@ssﬁgoﬁéﬁéP§FQ§ petween a signal at the input of

the decorrelator and the signal output by the decorrelator
will be significantly lower than 1. It may be noted that
the precise implementation of the decorrelators is of minor
importance. Instead, different implementations of decorre-
lators known in the art can be used and also arbitrary com-
binations thereof. For example, various allpass-filters may
be used. For example, a concatenation of second order IIR-
filters could be used to provide a decorrelated representa-
tion of the high-pass-filtered portion of the mid-signal
and the side-signal. Each filter may have arbitrary filter
characteristics, which could, for example, be generated us-
ing a random generator. The decorrelation may be achieved
with different kinds of decorrelators, as for example using
reverberation algorithms, including for example, feedback
delay networks. Feed-forward comb-filters and feed-back
comb-filters may be used as well as allpass-filters, which
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ing a random generator. The decorrelation may be
achieved with different kinds of decorrelators, as for

we@apl|iusi ng reverberation al gorithns, i ncl uRCTgP1008/003972

exanpl e, feedback del ay nettd3wrks. Feed-forward
comb-filters and feed-back conb-filters may be used as
wel | as allpass-filters, whichcould, for exanple,

Eiche £ 5 it aelee @chﬁ e@m%m@mwar@ eaBd feed-
&W@H“ﬁo¢ﬁ¢¥fﬁ%%&@t'RﬂoﬁﬁékdnmEQEm%%%ﬁkﬁb% dﬁﬂid””?%&nexam—

ise to filter the signals at the input of

é’ r M SO RS g Cbr%\/}rto%r d@t%r?%qrﬁ%ﬂ %"F gia¢ sinput of

the deowrellaiticys CideWd o b IS daddhesTad&d signals.
conprise delay-circuits 74c and 76¢c, which may apply

an optional ad ditional delay to the decorrel at ed
thuﬂenqmwmﬂamzmhbyltheldecmWWﬁmdové Eﬁrﬂhﬁiﬁﬂﬂe comprise

E@q Sf;%qrxrc%lacté Olrllcc'a{;n%“';&,jﬁsvﬁxrj] L) e§{ aaspdpefnyg a}:%tlonal ad-

representation of a i On
é*ﬂttllwadq dlediaghdlo Mheezieqm@waﬂemrqrala& |gﬁn@ramdtby the

aécBﬁ:‘%\é'l@%%r% deggr rglft gy, epfl?ée'aetc%tr‘r@la fi h c|1rcu1t 76
pass filtered signal portion of the sidesigna

QE%VllﬁietShe pafi?Feaniaéﬁgnpr%pzs,ﬁ%mtﬁﬁmng o8 t#e high-pass-
Suglﬁélreeleﬁé’lilglﬁl%rl 460 00BN NSFE t fige I @RIESARIHANI 0M* 0821 hashereas
élde egn% 70, .the q§09£re ated re rgﬁentatloQ(g t he _
85F O S o5 OPh & i Fe-5si GhaP T 8% 485 wa| [AegsrEfrdated represen
decgpnaqﬁeaihxghfpﬁﬁﬂnfdlbmred s$henpbdr ppohioh blfe the side-

Qidnghonal &2 by, syp a e %g%ﬁﬁ% Qﬁﬁﬂﬁptfn Fig. 3,

usi ng t he summati on no S
phet iSdanel esempirenf 46 gombineshdhfecoepeacetiation of the

Eeaeeseghati 00, ok nkhgeRokiriantel tr%?r@s@n%la&wn &% aﬂfé por-
the de orFeIated representati on of rtion of _the

518BsPgnkiegiidrasignaingd £Sr ¥ellcag. thy desnrislisdad rep-
segeakatiishneg fsummtdart inodeo #16ehe TREA- kb@n&lﬂus2 by summ1ng

gﬁnp gg %hgnglc9%p88ngln6959kth %egge %%%;%éd%g-%ga and
é@hnaﬂnoﬁhﬁom§nﬂ¥§UMarrﬂ%ﬁﬂﬁﬂ&uﬁédFi@at3suﬁhﬁn@am@rrelated

géykésehﬁetbsnne@ fehed J)ttSich! 144 Q{etrﬂfd559&§§§ B9 BRd the
f grlor to the conbi nation (sunmati on
%%PFH@ g[—

fl FERRGSRN BT RR, Ofunkhei prtion of He side-

signal 84 are combined first, e.g. by summing both signals
using summation node 46a. Then the thus combined signal is
combined with the representation of the side-signal 70,
e.g. by summing both signals using summation node 46b. It
may be noted that summing up could also be modified by
scaling of the signals to be summed up prior to the combi-
nation (summation). By scaling with negative values, summa-
tion could effectively also result in building a differ-
ence. When deriving the enhanced side-signal 90, further
decorrelation measures may additionally be implemented
within the two summation nodes 46a and 46b.

In order to avoid evenly spaced constructive or destructive
interference for all parts of the spectrum and in order to
widen the perceptual impression of the audio scene, decor-
relator 74b is used to provide the decorrelated representa-
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could effectively also result in building a differ
ence. Wen deriving the enhanced side-signal 90,

wWo aeowleeriielecorrel ati on measures may addi ti onal PGT/BR2008/003972

i mpl emented within the twoigummati on nodes 46a and

46b. In order to avoid evenly spaced constructive or
destructive interference for all parts of the spectrum

ancbri noHr tbe tside-ceigdke par qmoldxalté rrphessjcmblo‘faﬁim with
4l 030608 dEGQIIL! BLOM (4D | pudisef 0 PrAY! dG I NG ger 1o

At eq rep resentati on. of e srtde-signa
gdhdrevieo thee eﬁﬁ@cﬁapﬁo@uw-prfmdr drassldrradtiiaon aid spatial

tRQieH 198y, pdPr 1 bR QEdeR et qllﬁdyl%\ﬁ% th%«rﬁférﬁqsoéombmed

out - of - head Iocallzatlon and spatial “w déni ng,
Hath dheofranre santat il of Ve S ide totgak dt M %d%eto form

teRS eSenAAteQ@N sqfdet—hﬁg&iﬂe skgRal bR oa@@érf.@lé@ém tH®Om the
e decorrelated fro

h d sj.d
O TS SRP PR ot P o P En At oGt S he the  side-
su@emllgnal’l‘hfﬁﬂ snawrensS et ,, V\hfﬁ‘ncardnmmimguﬁ a h?]gh—pass—
f ti [ [ wi
PihRR ot ElS %fé?t.oné‘i% B As olde ePRa tigf-pass-
Ifll@ﬁ-efrle@qlmmqurﬁmonfSHheofSltdﬁe'SSJ(}m@JSI faigh t freequency
bghibnealeney @Nétéfﬁbﬁéi ﬁgltgﬁdnkﬁes' 9@ S dhey por-
e decorrel ated fromeach % i onal | bot h
bePRi Ss paythe Wﬁ9u§P99aée§BPPédl decasihalipsed from each

benéesempail&mpjfy,t hEoShd@Jo'iithb@ﬂs may Howewertually decorre-

Bk Fr e AR rR Rt o e e T e 7q,

the representation of the side-signal 70, as these are

HBEJE%' y dgff’é%ﬁ‘ggéeder%@df e gormrag) ah?&ezggynec?rﬂbine the

Furth errmre ternative e nent Jd:%/
APgRpASIated) trcﬁiétﬁ%qrgt'rﬁanl%r pf ofthpHMiglrsdegniad wB2hwath the

E@p&@%éﬁtb@ﬁbﬁno@ thize ssigde-ssigaral 7owher tthese are mutually
g g h-fr %g QC§ portion of the re re entation of the
P 8r§F$ Fdi Hugetlr FECRrES I asech 788 t 0 provi de nut ual
decorrel ation of the respective signal parts. Gven
%Q?tﬂ&?%bggs %ﬁ%@@%§€9655eﬁﬂ8h ﬂéﬁég ﬁQ@fég&SEhgt th2 high-
pass-filtered signal portion My; directly with a represen-
tation of the side-signal, when the high-frequency portion
of the representation of the side-signal is decorrelated,
such as to provide mutual decorrelation of the respective

signal parts.

Given the previous alternatives, the filter characteristics
of the high-pass-filters 52 and 62 may be identical as well
as different.

Furthermore, the scale factors of the signal scalers 54a,
54b, 64a, 64b, 74a and 76a may vary within a wide scope.
According to some embodiments, the scale factors are chosen
such that the total energy of the signals M and S, i.e.,
the side-signal and the mid-signal is preserved within the
generation of the representation of the mid-signal 72 and

the enhanced side-signal 90.



10

15

20

25

30

35

of the high-pass-filters 52 and 62 may be identical as
well as different. Furthernore, the scale factors of

WO pwosigh@l seal ers 54a, 54b, 64a, 64b, 74a anBCTBE20i$((03972

vary within a wi de scope. A8cording to sone

enbodi nents, the scale factors are chosen such that

the total energy of the signals Mand S, i.e., the
side-signal and the md-signal is preserved within the

geRer atHONe0fcth8 AP EEEE Bl d OﬁnafJdﬁld?iﬁéaéﬂﬁ%cgflzatlon

he enhanced si de-signal 90.\Wen the effects of
ﬁ?‘é&ﬁr ?&eaﬁacsﬁ?ssﬁ:h&h}e|%€%F?z£ﬂ°&ﬁ>r§1dwy pge chosen such

mhameaﬁedenglaa@@alsadafglé%@lm heo e e fdhed) éﬂi@fgy or is
nhanced .si si gna contains nore ener

GoEr e s S RO harin L oBP: “R° stk 8" Ststiaoiko ‘the de-
mheddéqmrmhéngy epeegyzrpaesenvana}onra@lylrequbr attt@nuate the
ﬁ&ﬁe%g%Ethh% md 698§$os gca%Q %E%%% S% %#?%nt an one.

smal | n one. n C asé sha be
5Bpﬁé§ﬁ|$m@sRﬁﬂ%?f%@ﬁlbrbenﬁ}tbéegnabm®mqnnmataaaﬁale fac-

tei-BOmaly sebafkmeRl @haan Adpeentive audi o processor,
such as the one described in Fig. 3 , a decorrelation

of the high frequency part of the side-signal leads to
dsshgplae ambedinént e6f ainmiratdroii v §6886- babkedr’dr, such

ffuse soun field of a V|rtu I Ilst I.n
%@088 |ﬁ§gt§e§8ﬁ% gb&&lﬁgﬁt 3 éﬁ&ﬁﬁ%(ﬂfﬂgﬂ? high
§caﬁeeﬁaEtBBrCho§enhefanﬂhesagmalpdaadd(Id(alsmmpme and ef-
fb@léﬁf"' fgﬁmorpa e obrbBE- %QFS'Wl +hEN §1 PEILOSq2 sound

[ e simulation of the cross-fa
?%% deffi BsVinhepd LhEteBdRE wQPBS are dlffracted
around the head of the listener. The incorporation of
ort| ns of the md-s o t he oyt - of - head
é#%% 4P Rg 1%ad8 0 § mﬁﬁé?? 8xt ehsi di¥rof 9BRENELBAL on the
smleesﬁad\ﬂom nghotehhe flecotieahated pﬁs(k:&jlgﬂ?ltorrﬂré@ace the
al | v eni of._ a. stereo

%ﬂfaf% ?ﬂ Fa§t #WFhéfgggsgg gs gﬁ re%ﬁlng & Simple
%#mwkﬁ%#@n QﬁuFéel@&maﬂ;uaihuﬁuuknwyf3©qndnnges, where the

- Blin®fwdpasl PFrOCESBEPActed around the head of the listener.

The incorporation of portions of the mid-signal into the
out-of-head processing leads to a spatial extension of the
front sources. Mixing of the decorrelated mid-signal m' to
the side-signal S allows improved widening of a stereo im-
age. Furthermore, the processing is extremely efficient,
while leading to naturally sounding out-of-head processing
of high perceptual quality and low complexity. The effi-
ciency may be even further increased when the decorrelation
of the portion of the mid-signal M and the side-signal S is
combined, as detailed in the subsequent and preceding em-

bodiments.

Summarizing, a specific embodiment of a signal processor

can, in other words, be described as follows:

Provide a mid-signal M and a side-signal S. These may be
provided externally, or internally within the signal proc-
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of high perceptual quality and | ow conplexity. The
effi ciency may be even further increased when the

wolewontgil@t i on of the portion of the m d-si gnaPCIVERINI8/003972

the side-signal S is conbined, as detailed in the

subsequent and precedi ng em bodi ments . Sunmarizing, a

speci fic enbodi nent of a signal processor can, in

SIRAT MoV BT S heTdgd PRl et 9T 01 BMBLS PPSVisfereo channels L
rdrtht SR gapd  Shuafed aupl deughgRal t3 bufheseH@Ys@® signal M and
pr oy d externall internally within the signa

gt %ﬁmﬁ%gqgiggna stereo signals or stereo

channels L and R are summed up, such as to build the

[ and fferen hen ate
%E%hg%%%% Pt el?le%l‘ sLg g%%l ﬂsl 'Slgﬁa-d{ ﬁits%a mg Add an
(Cexlaslat adtenuakpti fwed)arrmdp;ﬁ@‘d)t heopy of the high-pass-

e an decorrel ate a
ﬁcﬁﬁepa?s%ﬂ d9acairsd aligy hatoatdt Q}me M@prﬂl%wged sig-
&bgn@adHISM_éﬂdﬁﬂﬂlﬂglNF tBikheigman pAtibr Y tdeding it to
racess t he ,sum si gnal as follows: Create a
%i&hﬁﬁé '§¥ered signal path M4 of the midsignal M

. Attenuate a copy of the high-pass-filtered signa

a t tl.e nai ath M.
%d Irg?}%gt’ e ang%g% cgt%ree Irgg‘\ng ™ (’;fh%qt ﬁgrasc o{]poylpl?wﬁvl—h and/ or
del ay the same. Then conbi ne the signals by adding the

@Eb%@@atgd’hlwafs%ﬁffpt@f@d p%aan*ally ggkﬁyq@' S'o%nalfhg mid-

rtigon IVH_ to the main erent “si gna
Slﬁr‘ﬁ | My, ASfFRPNESIS @ &Ppé’r@aftéihtené“&h‘mﬁs%ﬁglrﬂaq%rid signal
Hpd 4k bgldcwmiétlmg the sttmediiatlRel dmaffrerpaﬁs of. ti&enuate

n th S and,the main signa .
epldﬁégorge%ggg f’,%Pﬁ§B8§co??%¥afﬁg h&* ?ﬂgw%r Agelay the
Baghfrequency parts MHi , SH nmay be partially
processed in one step. That is because the enbodi nents

utilize signals which
Then combine the signals by adding the attenuated, decorre-

fﬂquteQ%%ﬁbe%;ﬁéfd t%‘als,HPaEB StﬁeP B'E‘Eef\hg%gﬁatrﬁéjlﬁm'p%th S.

lated and possibly delayed signal portion My to the main
path of the different signal S.

Finally, synthesize or create the output signals “L” and
“R” by computing the sum or the difference of the main sig-
nal path S and the main signal path M.

As depicted in Fig. 4, the decorrelation of the high-
frequency parts My;, Sys may be partially processed in one
step. That is because the embodiments utilize signals which
are mutually decorrelated, whereas different setups to re-
sult with decorrelated signals may be utilized.

As shown in Fig. 4, the decorrelated signal portions m" 82
and s* 84 of the high-frequency filtered signal portion My;
and Sy; may be added by means of a summation node 46a prior
to the application of a third decorrelator 92, which could
furthermore be optionally followed by a delay circuit 94.



10

15

20

25

30

35

are nutual ly decorrel ated, whereas different setups to
re sult with decorrelated signals may be utilized. As

W pwafa101m6 Fi g. 4 , the decorrel ated signal porPCDHRB20($003972

82 and S+ 84 of the high-frnegquency filtered signa

portion MH and SH nay be added by neans of a

sunmati on node 46a prior to the application of a third

decorrelator 92, which could furthernore be optionally

frold avgieb Dya @i 8l @ Fdreili thd4edR8neeabisndd-AN drid If OhdY then
he enhanced, si de- si gnal nagﬁthen be perforped after a

SR St IR Df 2L R8T d G ST LRI Ut gOhaltde AecPiokmiated sig-

had.s,4 as | Bhowderirt oF fyar ant em noit et | jtoclcejdafi*a’:l‘tﬁﬁbb mutually
signal, .poriions ne of .the three decorrelators,74
Fe il Al e PhLa T PORL Rér ool Hih: depprrelators
t’/dd,f utéther orn\géntmaw. ba famittterd diecofnekherorendsdttimeents of
ik$deRi ¢4 3 i Jdikigh s Utilizing a decorrelator 100

| .

wth multiple 1 nputs. Using a decorrelator 100 with

mul tiple inputs allows to provide the _

Al ghrRasy dddoaed o4 ithals apmonentge M candi pHrig. 5, util-
dl[eCt|¥ t th%ﬁ%ﬂgut of. the decorrelator 100, which
tReRIpef f ST % el10 oNIERd ikt Bt A&RYSS of Using a

theeogeraaaived 19i0gndltdh, mulﬁﬂpmﬁCkﬁpusté%3oﬁiﬂif pifvide the
t r Si. f Fig. 4 .. To,this.epd, t.he :
B8P PErer ol T o . re e pang “Bh diffece1y o
bhecknpot, dfpiferedecogreiatoexafpl ewhtiicd gihgmalperforms the
I [ 4 rr | .
PP ERarsars B oPrecampunatasi fL TR, Benstated signals,
4Bl agcPaASnEEnaiithy ife Insxampdieudddannafdessiag of Fig. 4
gecehﬁg: a?an %g@. db?g&&e@latt@rnqwgV%oQﬂt&pl B dﬂlerrf@ﬁ'{dterasttood to be
ecorr or r .may provide i pl.e out puts
BePhgCREBaRr of IPaMERLH Thes et TGTBIGN BiiRerSidnal process-
nogt iofl eFiat udl. | yTidecdecekatddtout AWNS. cdul suchrd@hermore be
LG, wih t Si S Y. cor di_n furt her. .
R R TR R I TR ir s
ppbnheriudedt withénr Epeedenrariednator 28 .ni d-si gnal or
t he enhanced side-signal. According to further

nbodi ments, the decorrelation is_perforned
fn an gﬁternatqve embodiment, a decorrelator 92 or 100 may

provide multiple outputs being decorrelated with respect to
each other, i.e., multiple mutually decorrelated outputs.
In such a scenario, the output signals may, according to
further embodiments, be directly fed to the left and right
channels or to the representation of the mid-signal or the
enhanced side-signal.

According to further embodiments, the decorrelation is per-

.formed in the spectral domain, such that the out-of-head

processing, that is, the application of the inventive audio
processors, can be efficiently included in the decoding of

compressed audio signals, such as MP3 or AAC.

This may be highly beneficial, when a mid-side-
representation of a stereo-channel signal is generated
within the decoding process and/or when the decoding is
performed in the spectral domain or in the spectral repre-
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in the spectral domain, such that the out-of-head
processing, that is, the application of the inventive

wa@edpol@iecessors, can be efficiently includedPCHEP1VE8/003972

decodi ng of conpressed audit® signals, such as MP3 or

AAC. This may be highly beneficial, when a

m d-si derepresentation of a stereo-channel signal is
Feredtian wfhithe heigeeddi nd pkvRtsal amdrdri aatdpn hecenario

dRrad nge lﬂmé’eiﬁplvgﬁéntatibﬁ %&%&:ﬂ@aﬁ@%éﬂ & d1ghde proc-

spectr al resentih]on of , the S|%nals ypi ca

§EQQQ%H+%E s PERLAPS St 3 e PLRY Pﬁﬁléﬁﬁﬂ%ﬁ?onSBFh as for

exdagilrgntsolof 18| ghahepr @x espocsal nhalpefmbdbbe glusidack de-
;ayhack devices, such as for exanple, nobile phones

of speci al nultlnedla pl ayback devices. One exanpl e of

such an inplenentation is shown in Fig. 6 . As shown

Fi e [ t vj de a
R e
8€c sheynorinddtishpresseeshosfetdata stored pﬂopnmyxﬂed in an

bﬁ@%ﬂe&l?%?neé@ﬂfgtfaﬂnfhod@@eﬁdaaggggffEﬁﬁngﬁhgﬂ3decodes
ement ati on e a reo Si
PEY ESERARTER S T I A Chahhel C6r PROVIde aft Tnput signal,

whdehldeuﬂdprd&pﬂhﬂhm@ﬂoﬁ&ﬂh@;spéﬁﬂfﬂﬂﬁﬂmyiem3ﬂiétlon, be a

Lde-ch Furt hernore, e repre ent i_ons
e e8,Ra8hn b e 1 R RN < onanne:
gonmed nmid stikle -giegrals qoteddssi ngamnghea r eu@ﬁsﬂnammtelonand a

giqaudhanfaia sheWPhLpPmbirg, 6tﬂe§eusfé%féggﬁ€%tf$$% an be

access to . sone paraneters of as descr
BEPB&ﬂe¢hénlﬁp&ﬂmﬁgﬂﬂﬂa%ﬂAa$sW?hbuPS|hﬂoaaS@FGé§§l domaln

Thr ahid , sighah, ﬂ%@éi’kﬂ;oﬁﬂ hendls e coPRlr @t ilhe of audio
by. passes an enbodj ne

‘ trol of an
?%génﬁﬁggggﬁﬁningr SresdfS9r | Coprtye dégiPwﬁoPﬁé?a§ to some

pacasegens ¢40the shstemgnak pesceibed Belowhe signa

processor 2 provides the possibility to enhance the
rceptual quality of the stereo signal, independent

ﬁ%eu%%9®%r%h%m@l|¥bﬂuéﬁ ippat, 1n§gaadb§998§fcumgu1t, which,

APeERE 1 0 bH tdhe theer %phhie df egheNeyedoBdt rdNeiis, by-
the signal is fed alon gass ath 120, _the
Qﬁﬁﬁ%ﬁe@% %p%?%+@$nhag b@n ¥ ventive signal processor 2, or

feeds or forwards the signal 140 to the signal processor 2.
The signal processor 2 provides the possibility to enhance
the perceptual quality of the stereo signal, independent of
its parameterization, i.e., regardless of the operation in
the time- or the frequency-domain. When the signal is fed
along a bypass-path 120, the unprocessed signal may be in-
put into an optional equalizer 122, used to modify the sig-
nal dependent on user parameters provided by user control
116, so as to provide a headphone signal 124 at the output
of the device. If, however, the bypass steers the signal to
be input into the signal processor 2, out-of-head process-
ing can be performed to derive a perceptually enhanced ste-

reo-signal.

According to the embodiment of Fig. 6, the operation pa-
rameters such as scale factors or the threshold frequencies
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put into an optional equalizer 122, used to nodify the
si gnal dependent on user paraneters provided by user

w@emwvionll116, so as to provide a headphone si gP@I/ERRA8/003972

at the output of the devica9 If, however, the bypass
steers the signal to be input into the signa
processor 2 , out-of-head process ing can be perforned
taf devglvepaspefitpenal bf diftearcighal eprocessgnalk. may be in-
ACQGRIHEA d:0 ddift RIIDRL TR ' L P8
:'E;}p a Qfsd? gcorﬁtxhof thjﬁlrtgg%%ﬁfglng the

pa raneters such as sca factors or the _ '
i 50 LR PV PEY_Sf LPt @r ot ride Vi lygalprocessing cir-

RAUGaesISs, AvhEdh bfayNbé! YRPEeReAt cORlY dRE het WSEie user
cont rol Ing the caontrol or steer, values to

116, ovid :
TRBui 19 v LB BRBERF AGMBRI LY LR 256T, AR hRgaTeters,
s chalsertent €drt @xangslse,C acv ide disergy tdsanghton of the

‘%&%; eI nodi fy the user input paraneters, such as
o,

or ef%nple, provi de energy preservation of the
processing. After having been processed by the signa

RS v ithg @é‘eﬁprBE@Es@&s%}'grﬁfees§iﬁﬁ?gaérgﬁessolry2, an

performed by a post processor 8, whic tiona

SPtérasle BPsiBIOcSSsipgt Pieovi ded Berfigg@etohy ola post-
pEoceddol NOH,- WHICARSSi N1%opt PEnEXBYPELec EABPEI 8§S a user in-
equal i zati on, or .dynam cs roceisbﬁ%hsuch as dynam c .
Pg%géngb %%syéﬁ(ﬂsq$ecgpﬁé9 S ri 2PRQ, POst-processing,
ifowl emaﬁtplleg scic?rrpa}iqnsace@@ﬂsmiln:lt@n port dphamdes ¢Aocessing
[ ' ' ent. i a stored.in a
%gﬁgré%sggHﬁggﬁngﬁgé gg@@?&%%#§Po¥ré 3§hﬂ§§§§. After

de coding of the conpressed audi o content, enbodi nents

StminBY€RE hye SirgNAlmdHOGRFSCL§nARY S it £ ;H@& rtable
t he, PCMdata or to a frequency representation _of same.
APVEFRE/ t iVel WRi¢meMHEiREd SaNtSAG ntgghgued lvntsrered in a

dempdesgeafl nahtegormiessetdeaddi maSionadGvait £§dd Y, After de-

E@Qgr i? Eﬁe S ecrtrﬁ r i§.the tige dog&%n..m ¢ £ in-
R aPry 8 FOTBAATITY 24 LontoerThe TEPROIMGRCPnE
¥eghavepsdgesdopmme s naphay nbat edeslycleidshdm swi thh PCM-
&8eaP'ACcessi N0 ByeLhEnsL 9Nl A Qhtation of same. Alterna-
tively, the method can be integrated into the decoding of
the compressed audio signals directly, eifher in the spec-
tral or in the time domain. Optionally, a possibility to
control the method or the signal processor may be imple-
mented such as to switch the processing by the signal proc-
essor on and off. Furthermore, the parameters such as the
scale factors used by the signal processors, may be adjust-
able by the user. To this end, a suitable set of control
values may be provided, which are converted into the appro-
priate parameters by a processing step, that is, by a con-
trol value processor 126.

Furthermore, an optional post-processing, such as equaliza-
tion or dynamics processing, may be applied to the improved
signal. If the device itself provides a user-controlled
equalization algorithm, this algorithm may additionally be
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essor on and off. Furthernore, the paraneters such as
the scale factors used by the signal processors, may

wheooasjuse able by the user. To this end, a suPCEBP208/003972

set of control values may ke provi ded, which are
converted into the appro priate paraneters by a

processing step, that is, by a con trol value
BPBddSShit o1 Zhe PWHRY Rf heard igpta brRocessor and/or to the

BAghuR! @Fe THNbptSWih 2SRRI T dPhPr dynani cs
processing, may be applied to the inproved signal. If
the device itself provides a user-controlled

EEﬂEta|duZ:@iut0rbﬂ|tg&EI&brﬂpléhéspabgéébt lefai®y i.e., the output
dltlonPL ﬁ beapp fd to . the output of the sig 9 th -
oc¥ssol g aWSP hg SR of ?HSSBBFroﬁﬁi % € pos

posCepBa@gsamd@orTmmamuqan—aﬁnuﬂuikannﬂqnaﬂxnanxmm is pro-

99@56 t'o €he th'%%d?)ll’lto%lét %fe%%dlnmasqt ?la@hk%cglpaéew.ce

processor, or 0O rocessi ng ana’
user-controll ed equallzatlon IS pro vided to the

Pegdphongnsliyg f &lBoduRERt PlAYbACkedBWCEr o Fi %engratlng a
shows an enb%glrent of a_net hod for generatln

STEFES Sighal 4 RS FRRH anu%P?HtY' using a

m$dnglgraud68Igﬁdla6a1@ﬁds§g&bd66? gl dﬂﬂeddrﬁh%atlon step
orrel.ation a _decaorr.el at esentatio

SF0a: o1 8Bt P ReTa PR Y Spr B A TR GO Gal A Rt P SF Eon OF

Uheomndkang@aﬂemﬁauaHQWomnaoﬁeabrteéated peptriesendfation of

bRe1shde 5! gRak R4S hkealal dibaal 43IANGETEL, P

an enhanced si de- signa i's Create
conblnlng a representatlon (SR) of the side-signal 164

mt fari henHeREEMEhAL est PN BENt A | @ﬁh@fnctel@e POaLLONgREL 162
52, with the decorrel at

m d- si gnal
? }es’eﬁwtg FS‘ﬁeéf t FIHR RN ofr?ﬂﬁeﬁ?’atéﬂ;ﬂal 439 of the
andefhsgdetonﬁelaued thpr deeptatilanedfl repeepentiaadocof of the
e t he ti
%§Pt§bg 8Fg§@§ é Fﬁé §%CEP?é|g?9§ Fggrgsenggf%%%e% repre=
mtiabt@lilomfof tbﬁe pogeboynalf 184e mHicmsigndxi A§2stapd the

db8ortbLa 68" G2y I t £k 1A N ogNhans e NRNCRPt URl the side-
ualliy |2 derived, using in the enhanced sidesigha
gna or with the portion of the mid-signal 168 and
the decorrelated representation of the portion of the side-

signal 154.

In an upmixing step 169, the stereo signal 4 with enhanced
perceptual quality is derived, using in the enhanced side-
signal 162 and a representation of the mid-signal Mg.

In an optional representation generation step 148, a repre-
sentation of the mid -and/or the side-signals Mr and Sy as
well as signal portions m and s of the mid-signal 6a and
the side-signal 6b may be generated. Alternatively, the
generation of those signal portions may be directly imple-
mented within the remaining processing steps operating on
the not pre-processed signals. That is, the step of the
representation generation may be implemented within other

steps of the method for generating a stereo signal.



10

15

20

25

162 and a representation of the md-signal MR . In an
optional representation generation step 148, a repre

waemwvatiion of the md -and/or the side-signal SPC(VRER29GS8/003972

SR as well as signal portiaehs mand s of the

m d- si gnal 6a and the side-signal 6b nmay be generated.
Alternatively, the generation of those signal portions
may be directly inplenmented within the remaining

m@@emm@g ofl efesrtepiad atrpierh 161 SO r @t PERGESSESE the in-

naI s That e ste of, the r sentati on
YR geisiss HRS Srbetiig oaf CRETRCFoR! (i ipplemented
tlee haaidmﬁ:ef arr gemesaftwgra. sTaeednplementBeiendidyh e per-

i ] ment equi nts of.the i.n vent]i
%%&h'%gs h?ﬁh& n%e%ttl %‘%a % 8§n§an rE)e(]illrlﬁ})‘l enméht Qarkﬁcular a
Has#warVBr okn aso‘ﬁvaéraefln'Qweelehqatmmallpn readabde control

j g al, st
PR ar e e g O AL R O e T g ammable
FERBREEE CHItTN SPGhalthak obBE tmsieadr veninebhods are per-

ﬁ@@m@ﬁatﬁéMéﬂhElﬁyoﬂhé S@nEO Mt S5t €8) SYGRrefore, a
gl;he i nventive rregh are per forned. Geperally,
FR@pB ESe Mt IH At PHRAPS! W%éﬁ‘ef%r@roﬁréiﬁ‘nﬁﬂ stored on a
paobiam peadiabil eniddr ri g Ogtiaen ppderamoredeobedng operative
h I ar, e_program ¢o eln
FBENLQ8 cLEATAR) o120l IS SOLATAGE S ppcer pro-
gﬁémcﬁﬁﬁdﬂét puasgpalmapﬁ@aweﬂuném@téle@omnd@r the inven-

@lb@rMEﬂﬂgastgﬁe'n%%%ﬂéfﬁ%émﬂgogém ﬁ%eﬁtﬁ¥§§ﬂﬁﬁ h8ving a

ut er program navi ng aprogramco orm ng
lafo E3Qt C&ﬁi@ dio% e FFOERI NG e e tlisads it @ﬁethe inventive

retpoier wpengt A EbMpuee ra peoFREme run¥hiohe at k@mputer .
foregoi ng has been particularly shown and de scri bed
wth reference to particular enbodi nents thereof, it
Whilebéhendéosegoiingy hdmsbeski |pad: iouldwel yr shobat and de-

Lher Neh d b
e -
therddfl. e |U§1q%696@%dbh’stwq hékl&éﬁfiou@cﬁéﬁge@“t that

w&w&&wsnadﬁernc&@@@%é'KhtﬁhglEB@ﬁeﬁhde@@ﬂﬁﬂﬁgnﬁhy be made
ts dlsclosgd

Wi t.hout % fromthe broader Lconce
“hle‘?}é?lht %B %b?ghéﬁ%‘d%&?tsﬁ’elrl nd Séope therect. It is
to be understood that various changes may be made in adapt-
ing to different embodiments without departing from the
broader concepts disclosed herein and comprehended by the

claims that follow.
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clainms that follow Clains Wiat is clainmed is: 1.
Audi o processor for generating a stereo signal with

wepkalitiads per ceptual qual ity using a m d-si gnaPCEHRB2088/003972

side-signal, the md-signal22representing a sum of
original left and right channels and the side-signa
representing a difference of the original |eft and
ri ght channel's, conprising: Cdad@gorrel ator adapted to
generate a decorrel at ed rep resentation of at |east a
p rti on of the n1d signal and/or a decorrel ated
Sfi%Ht least a portion of the

S|de S|gnal a signal conbiner adapted to generate an

nhanged,.si de- si resentation of, th

Moo HRHR WTCTIE Todors cvdietet Eh7 coantErFen gidmd with
portlenhahCBMapnmtepmuﬁd qmaﬁhtyhmsﬂngnaemadedlgaal and a

resentalion;ahahhe %@e Aia0ah A0q Qgpgsgga §haled sun of

representatl hoof the |on
wi t h ordgpoerti dre o ahé ml@h§| mnreelbstheddémr reide-signal

| at edrteg%%%ﬁ%%l of ofidhedier Oéhéh% 341973k ft  and

and m d-si de upm xer adapted to generate e stereo

si g néﬂgﬁFtﬁhéﬁﬁﬁﬁéedcﬁﬁﬁﬁéﬁﬂ@& quality u5|ng a

represen tation of the m d- S|gnal and t he enhanced

si de- si gnal Audi_ o, processor in a corda ce wWth

ol & ne1 JeBo R gt R AU a e GRETAL & HRARAAT Lred rep-

bui | dreseeightied sum af tllea s gmap©rmacbe chnbheednid-signal
bt L RAPEACESS Oe do AACAAANCEMLAELEL B! of 1 he Least a

ecorrelator is ada to generate a
decor Persien P@pﬁé§eﬁﬂ§?r§ﬁ9@ﬁla hi gh-f requency
portion of the mdsignal and/or of the side-signal.
Audi o _processor in _accordance with claiml , in mhl

the dBcoft@at orCI Rt 8FaPSSFechPr ePSR8TERE A |ed'H'1anced

side-signal combining a representation of the side-
signal with the decorrelated representation of the
portion of the mid-signal, with the decorrelated rep-
resentation of the side-signal and the decorrelated
representation of the portion of the mid-signal or
with the portion of the mid-signal and the decorre-
lated representation of the portion of the side-

signal; and

a mid-side upmixer adapted to generate the stereo sig-
nal with enhanced perceptual quality using a represen-
tation of the mid-signal and the enhanced side-signal.

2. Audio processor in accordance with claim 1, in which
the signal combiner is adapted to build a weighted sum
of the signals to be combined.

3. Audio processor in accordance with claim 1, in which
the decorrelator is adapted to generate a decorrelated
representation of a high-frequency portion of the mid-

signal and/or of the side-signal.
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of the md-signal and/or the side-signal to derive a
decorrelated signal. 5 . Audio processor in accordance

wordb/oodiaé m4 , in which the decorrelator is feCt/ERI008/003972

adapted to apply a prede tesm ned delay to the
decorrel ated signals. 6 . Audio processor in
accordance with claim1l , in which the signal conbiner
is adapted to use the md-signal and the side-signha

as thaudighProRyxRseniat heasrbdanbe GOINMH nelaid 1, 1n which
i,n _accaqrdan furt

Audi cl .
RS Rea sB T T A M DA LU IS coreion
the repredentratd-onigial hensi/de- silgnasidist iighde to derive a
si desj gB@ErQTgtéd QBRBESS filtered signal portion of

the si 'O processor in accordance
W th cIa|n17 , In which the representation generator

Burthﬁﬁdgerr@;ﬁo%%%s%rhlﬂhpaeéorahhtser ﬂ%@pt@ﬁam 4, in which

generate t he hi gh-pass-filtered signal portion.
Audi 0 B?oe‘eeeanre.lﬁt&rcowaﬂéetwf hadeRF e gto ﬁﬁ’P\MY ¢h prede-

the deeseninkat @elhy adapheddeeogerehald shgndaearre
| at ed representation of the side-signal using the

hi gh- pass-filtered signal portion of the side signal.
80. Ahddboppmoeesebdrﬁmwaocdadaeceﬁmhuﬂzﬁlnﬂm ljnin which

whi ch e r.8s i geper er _conpri ses, :
fi rstt%\%d %@g?oﬁégﬁﬁ% r%]’i gga gag{tgda(#g]tu%% Eﬁ ezngﬂ %lgnal
of thendj §&esisgrg- Salrgilaalf ahe tmegrsw@l f repeeeantatlons to
Si gnahe POSHBPRe@r 1 Or to the conbination.11. Audio

processor in accordance with claim1 , further

conprising a second representation generator for gen

®rat iM@didﬂe prrenreeseﬁt ailh 013 oo ridagrd8 dwﬁt@n@llaliiii ng, t ff@.lrther

m d-s nd a h| ass flttered Si ortion of

The nroi8 1 806e %2 S Afienl b Leh oderetatoq chot e deharating

cl ai ntHe , reprebeshation of the side-signal using the side-
signal and a high-pass-filtered signal portion of the

side-signal.

8. Audio processor in accordance with claim 7, in which
the representation generator further comprises a high-
pass—-filter adapted to generate the high-pass-filtered

signal portion.

9. Audio processor in accordance with claim 8, in which
the decorrelator is adapted to generate the decorre-
lated representation of the side-signal using the
high-pass-filtered signal portion of the side signal.

10. Audio processor in accordance with claim 7, in which
the representation generator further comprises a first
and a second signal scaler to adapt an intensity of
the side-signal and of the high-pass-filtered signal

portion prior to the combination.
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the second representation generator further conprises
a second high-pass-filter adapted to generate the

woe@hopass-fil tered signal portion of the m d- BCTYER1008/003972

13. Audi o processor in accasdance with claim112, in

whi ch the decorrelator is adapted to generate the

decorrel ated representation of the m d-signal using

flhe hAgHpasprdidssredisi gmatopdandenwatht helaim 1, further
m d- sj : udi c j d i

Cl o Dri et 8 A B eReLa LR BEE0R BRE LY for gen
f urt hBF2EdRPr thes reprriseatatdoa fodurtthe Miginfiwedl érsing the

to adppl-thgnkNt endd ty Righhsa8idrsi g8abqaBdgabk1t B rtion of
hlgh-gass-tlltered signal “portion of the m d-signa

pri or 86 PAE-86MBAa tion. 15. Audio processor in
accordance with claiml1l , which is adapted to use a

tati, f the mdsi I d t . .
pic- Srghal B2pERSRGR 0D, Rutiaee, wlhhs GIALE diipp in which
cl ai nthe, seconki ctepdeseanthtsiate gpnexetors fadépeed damprises

t t I f t ' i :
goner 8 Ssgebfit eLONISLo0f cl et SRR ELTA o Widhergee the

t he repgbseasarféhteredheimnglspgnaioaneft kbheemidnedgnal.
side-signal and to generate the right channel of the

ereo signal wth enhanced perceptual quality fQrmng . .
L5 nei BHTLS BFPFEPEREe WoraRbat JATEe dpt Becat atfondef LA° which
t he ntide sdgralrrandtioie hhadapdedi de- sq@ratatly . tivet ietorre-
for g t] reo_sianal,wth _ enhanced _. D
per cont it toareeshefRgh B ah8l hHgrSAREST using the nigh-
si despymatfitbereddsiggadl poepiesenfi hhjeamidrsdfnal.
original left and right channels and the side-signa
representing a difference of the original |eft and . i

# ghtAe®EP REPSCSEBAPAPSIATFOrFEREat He CHet®r &t atBdWhich
repr esiedt abt6Adofreplr dsRadtlatd POrdérdrHfot heupt He 8i gddbrises
and/qg @hPP Ogﬁglgtfguggﬁr5§825ftgggler to adapt the inten-

sity of the mid-signal and of the high-pass-filtered
signal portion of the mid-signal prior to the combina-

tion.

15. Audio processor in accordance with claim 1, which is
adapted to use a frequency representation of the mid-

signal and the side-signal.

16. Audio processor in accordance with claim 1, in which
the mid-side upmixer 1is adapted to generate a left.
channel of the stereo signal with enhanced perceptual
quality forming a weighted sum of the representation
of the mid-signal and the enhanced side-signal and to
generate the right channel of the stereo signal with
enhanced perceptual quality forming a weighted differ-
ence between the representation of the mid-signal and

the enhanced side-signal.
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of at |east a portion of the side-signal; generating
an enhanced si de-signal conbining a repre sentation of

W@ b@ost1des si gnal with the decorrel ated repr esePCHEPNS/003972

of the portion of the md-g2fgnal, with the

decorrel ated representati on of the side-signal and the
decorrel ated representation of the portion of the

m'd- sMghardorf o t Fengaagdng on 6tewiee® ns HorRaljnalitindenhanced

t he dg@%@gk@qu gepLesoNt@king of HhQ-RAJdLAN @hdthg side-
si de- si Xi ng the re resentation of the

m d- S?QEHP an&hfhép steRt %?%ﬂ%%ngoadé¥WVéxqH%rlglnal
st er eQegigaald wlt;htemih@mﬁﬁdsoem&pmealsﬂi@léig/nail&epresent—
Met hod_in_ac gg ance with claim1l7 Enghfgh Engﬁf h
erati 0R%F tHe i 8%e395h8Fn8 Fire & or chan-
a wei ghlted sompafisting: S|gnals to be combi ned. 19.

Met hod in accordance with claim 17, in which the

decorrel ated representations are generated from
hi ghf gegasatngoat dess reelefe dirgpsiepeatadrnidyrorof et least a

S|des?993hon 8¢ tﬁ@”ﬂﬁbﬁ%l@%%ﬂr%de3@'HJdédHfEHfHEed repre-
code Tor perform n en runnin COlTpUt er

met hoBePbRt §BRePAt g*ﬁg lgastepedOd, %dﬁé?i o e Misicad onal s

per cept ual quallty usi ng a n1d signal and a

i de- si t d ti
o oi HRTCTaF g s bt A aaonel oPAEbifyRy o repre-
representahgon doff erhenceide-tslignadi gvath |Ef¢ alwtorrelated
r'ghtrgﬁéggghﬁ‘at H%'fs't'h% 108 2y eﬁl%r%h%%q] with

representation o ["'east portion of the md-
and/ okh@ @@@@rr@ﬂat@é repressafipitiioon odf tie |5é@a~sagnal and

port'@He°8eEB?r§ﬂQQe&'&@%neéﬁﬁﬂﬁﬁﬂdﬂﬁb@ntﬁéhﬁBQ@Qon of the
si de-sjiqgnal copnbinin re sentation_ of

si de-BtgnatINtt h°fh oF Bl BPéé'thé‘pPefse‘ﬁIE%t F‘&H gignal and
t he poii¢i dacotrehetsdd repgrealentsttion hef delsor pekated of the

repregfgégglggaff LHS si de-si gnal and

upmixing the representation of the mid-signal and the
enhanced side-signal to derive the stereo signal with

enhanced perceptual quality.

18. Method in accordance with claim 17, in which the gen-
eration of the enhanced side-signal comprises forming
a weighted sum of the signals to be combined.

19. Method in accordance with claim 17, in which the
decorrelated representations are generated from high-
frequency portions of the mid-signal and/or the side-

signal.

20. Computer program having a program code for performing,
when running on a computer, a method for generating a
stereo signal with enhanced perceptual quality using a
mid-signal and a side-signal, the mid-signal repre-
senting a sum of original left and right channels and
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the decorrel ated representation of the portion of the
m d-signal or with a portion of the m d-signal and the

waoleworalat ed representati on of the portion of PETYEP2008/003972

side-signal; and upm xi ng the representati on of the
m d-signal and the enhanced side-signal to derive the

stereo signal wth enhanced perceptual quality. 21.
Audi otB8codérer i Igéder GPFG SEdtidrko &i g%ﬂaﬁf%qrrp%n of the

hancedrpghiaapt nalftquald trii @ tC @NAMng1RY: dnfdrtnFing:

provider for providing a md-signal and a side- S|gna

the md-signal representing a sumof original left and
rightgehanaeﬁsgaaddbher&bda{&bgm@pneﬂantaﬂﬁdnupﬁiat least a

diffe f _th rigiyn l, rjght, c | s _
and aﬁg goﬁ °?o§§§3@g a%cglg' §¥g%§i%|% 45¥g§?§%ed repre
Audi osaat@deonaeéoadu Agast el @lomt21>,n iof vethiec Is itdee ssiignal;

nal provider conprises an-audio deconpressor for gen

erating the md-signal and the side-signa

deconﬁ?€§§ﬁﬁ§na é%hﬁﬁggﬁéﬁﬂhuﬂ}@ﬁd%}%n%ir68W¥lnlng a repre-

sentation of the side-signal with the decorrelated
representation of the portion of the mid-signal, with
the decorrelated representation of the side-signal and
the decorrelated representation of the portion of the
mid-signal or with a portion of the mid-signal and the
decorrelated representation of the portion of the

side-signal; and

upmixing the representation of the mid-signal and the
enhanced side-signal to derive the stereo signal with

enhanced perceptual quality.

21. Audio decoder for generating a stereo signal with en-

hanced perceptual qualities comprising:

a signal provider for providing a mid-signal and a
side-signal, the mid-signal representing a sum of
original left and right channels and the side-signal
representing a difference of the original 1left and

right channels; and
an audio processor according to claim 1.

22. Audio decoder according to claim 21, in which the sig-
nal provider comprises an audio decompressor for gen-
erating the mid-signal and the side-signal by decom-

pressing a compressed audio data stream.



