WO 2009/ 010116PCT/ EP2008/ 003972 METHOD AND APPARATUS FOR GENERATI NG A
STEREO SI GNAL W TH ENHANCED PERCEPTUAL QUALITY 5 Enbodi nents of the present
i nvent i oWOr8Y%1811o the creation of a stereo signal w FRTERRYROLH?

perceptual quality and in particular, to how a signal represented by a
m d-signal and a side-signal can be processed to create a stereo-signal 10
with inproved characteristics. Background of the invention 15 Recently, it
has becone feasible to store and playback | ar- ger amounts of nusic on
port abl e deMEFEOD ANSDaAPFARATUS)FOR GENERATING JuGETERED GRCNAdc ST/ ery

popul ar, especially as th ' %ﬁﬁéﬁgé?ﬁﬁ yed back via
headphones eve- rywhere. ﬁ%ﬁ%@*?@é con en?Q?%L eéplayed back has been
20 m xed in stereo, i.e., to two independent channels. How ever, the
production has been perfornmed for a playback via |oudspeakers, using a
common two-channel stereo-equipnment. That is, the stereo-channels have been
m xed i n ERRpigeriudih SR PERS T piove el Aax pimt ¢ ebp obiet FERAKLANI ty,

of a stereo signal with enhanced perceptual quality and in
particular, to how a signal represented by a mid-signal and
a side-signal can be processed to create a stereo-signal

10 with improved characteristics.

Background of the invention

15 Recently, 1t has become feasible to store and playback lar-
ger amounts of music on portable devices. As a conseguence,
the use of such dévices became very popular, especlially as
the musical content can be plaved back via headphones eve-
rywhere. Normally, the content to be played back has been

20 mixed in stereo, i.e., to twe independent channels. How-
ever, the production has been performed for a playback via
loudspeakers, using a common two-channel sterec-equipment.
That is, the stereo~-channels have been mixed in a music-
studico such as to provide maximum reproduction quality,

25 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

30 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-

35 tem such that the sound sources 1is localized in the lis-
tener’s head. The irritation 1s caused since the auditory

system is used to those signal properties, when content is
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prior to the playback via headphones. However, these ap-
proaches, as for example the use of head related transfer
functions, are computationally very complex. These ap-
proaches try to stimulate the human auditory system to lo-
10 calize the sound sources outside the head when playing back
music with headphones by simulating the listening situation
of loudspeakers in a room. That 1is, for example, a cross-
talk sound path and the reflections of the room’s walls are
artificially added to the signal. To achieve a realistic
15 simulation, filtering has to be applied to the left and the
right channel to further take into account the properties
of the listener’s torsc, head and pinnae. The more accurate
this kind of simulatien is, the more computational re-
sources are required. When fairly well-sounding results are
20 to be received with reduced complexity, those models are,
for example, reduced to cross-talk, and, in 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 £il-
25 ters. However, these filters have tc 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, 9% annual m
ing of the AES, preprint 14, 1857).
30
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
35 delayed representation of the signal, which is then added
to the first channel and subtracted from the second chan-

nel,



Several nethods and devi ces have been proposed to address 5 this probl em by
processing the left and right channels prior to the playback via
headphones. However, these approaches,3as for exanple the use of head
related transfer functions, are conputationally very conplex. These
approaches try to stlnulate the human auditory s emto lo-,10 calize the
sound sourc%§¥%h¢§Fﬁ§@PhélﬁﬁﬁﬁsWﬁﬁhagﬁQyFﬁﬁnﬁgﬁﬁ%ﬁt§Pctﬁ|?hmﬁ a nes by
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body itself can also pr oxi mat ed ow order fil- 25 ters. However,
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channel Iegﬁrsl 3%ah THEréase "B tHe ot~ ot —héid® 8CarFzati 6n° of 1 he
per cei ved sgawqﬂ wirdthiar Phe tél@stVEGftUalﬁ mﬂ@xﬁarﬁ%@@@%l‘&l%l@h the
conmput at i onagl:it gQOPE £xidly. Furthernore, an adding (subtracting) of a
filtered sumsignal to the difference signal, as perfornmed by a con-

The international application 2005/098825 Al relates to the
15 task of increasing the encoding efficiency in a mid/side

coding scheme at the cost of a moderate decrease in audio

quality. The authors propose to not transmit the full side



30 ventional m d-side-upm xer, results in a shift of the perceived position
of the virtual sound sources within thg out put signal. The international
application 2005/098825 Al relates to fie 35 task of i ncreasing the
encoding efficiency in a md/side coding schenme at the cost of a noderate
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side 3a si §haP2RmMEY GO E69EFT tHe MISSiiRg portioms OF thkesifldess¥gnal from
the md signal sidrhivhe heddecoster .wibhanl nher aaté@nal Application

2004/ 030410 Al relates to a 5 nethod for processing audio signals and to an
audi o processing system In order to conpensate for drop-outs in a

si de- si gnal T8¢ ankPEIRT dElefieddReaiPan2084H9? 14 oh f Behtdssitghad is
extractes fresndderst dosb@alingdesdnbelsatadl andnaddedahoatiies sheecsi gnal
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channel are_decorrel ated.and. ed taq the left channel prior to subm ssion
of e such art S AR tBRar HAaI S Vel RE Eonven GrauGERg at on of
stereo-3?gnals and the 20 changed pl ayback habits, the need exists to

provide a conseps-Agf1idaeiganetal jormsafsa 9t ef8@rskgnal aWnkfhsnhaneced
per ceptual guallty, which can be sLhiciently Lupl grented, VO .,
to increase the guality of the signal, portiong of a left-
channel are decorrelated and added to the right-channel and
15 portions of the right channel are decorrelated and added to
the left channel prior to submission of the such altered

audic signal.

Given the conventional generation of stereo-signals and the
20 changed playback habits, the need exists to provide a con-

cept for the generstion of a stereo signal with enhanced

perceptual guality, which can be efficiently implemented.



4 Summary of the Invention Several enbodi ments of the present invention
allow for the creation of a stereo signal wth an enhanced perceptual 5
qual i ty WaIeWBH1IA ni d-signal (sumsignal) and a side- SCEFRLVEEPIFEr ence
signal). The out-of-head |ocalizatiofh and the stage width of the sound
signal is increased, when a signal portion of the md-signal is mxed with
a representation of_the sj de-s'tgnal, provi ded that the signal por- 10 tion

of the m C¥VHR hd-ihe' PERPESRAt ation of the side-signal are, to a

certain extent, nutually decorrelated. By perform ng the conbination, an

enhanced si de-.signal eri.v which can he used as. an ipput for a
m d- si deu;én%qgeezfalcr%ﬁ?ﬁ%ﬁ%ﬁ%?epgoigﬁt lﬂ:te-sgﬁngnaﬁn%e&%eo%l%bg?fq bgcgﬁ Eéevi a
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front of they ldrsd enesge HAVBY RS ofi RHQ dQurl0 AL & pelgelygdebef hneAr
right-shift of the auditory scene or, of fhe viTtual sound sources, the

signals t& bt i AEHCAPR Mt Udlg yRHETHr % hit 68, TS derth o dF8PFEDBut e
const r uct isemtart idestaficdlie/es i du-es { @tencep v ided stigaal the-s2onaegpbarl y

w t hi nthe spectrum _To.be_nore.precise, after the decorrelation of the
signat’ differ it ?t%lgfs%ﬁréa%péi@gr Eﬁﬁeofreﬁ?eessﬁ“g:ﬁa 0 it ??l'é? eSide~
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t he si de- siggidied,Bywhisthg astobreltted REprassednBtitonsonf aparid-sidehe sig-

nal s whi ChipigdH Xeted 006 har Mdird-ughde siganal | t6hee3% lavedsbagk

stere{p_I Si %nal has an enhancedé&),er,ce tual qual - % in that the signal is
no | ohger YGcdls WEHi n"eh I RAEhS| ot ¢ PRt ARAcadphon®e. 1 n
order to adhicewd drizd effiant  t@a dproxiebat eder epresentatli eondvh apotihs on of

virtual audio sources in front of a listener’s head can be
increased, as a part of the signal is distributed to the
side-channel c¢ontaining information of socund sources not

20 directly in front of the listener. However, in order to
aveoid a perceived left- or right-shift of the auditory
scene or of the virtual sound sources, the signals to be
combined are mutually decorrelated, in order to distribute
constructive or destructive interference of the signal ir-

25 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 is adapted to generate a
decorrelated representation of at least a portion of the

30 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-
nais which are mixed together with the side signal, the
35 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



WO 2009/ 010116PCT/ EP2008/ 003972 5 the m d-signal nmay be provided and m xed
to the side-si%nal. According to further enbodi nents, a decorrel ated

repr esenYOS0P4EPIA of at |east a portion of the sum si GRAEPPYEEIBVA ded as

wel | as a decorrelated representati oh of at |east a portion of the
side-signal. Both decorrelated representations are conbined (m xed) with

t he side-signal .o w a r nt at | sj. de- si I ri by
nodifyingg;%g %ﬁg-Sﬁgkeﬁdeéggi?%gsﬁgkgﬁgkﬁ£céggiHggggaa urt%%r éﬁggdinent,
a portion ssfgndhle nmid- signal is combined with a representation of the

si de-signal wherein at |east a portion of the side-signal is decorre- 15

| ated with respect to the Egrtion of the md-signal. This may be achi eved

by creati FFFP LT ried af @HCRBEr EORCATEHS Sof & HELFRFFEbULRE FRRISFHB-SI gnal
bef or es corttidiy dhest husa st eat edraeeer el alipd Japr 5@ Bt i onpwbihathe
S|de-5|gnal,v%§_Accord| g tqﬁgk uréher enbodj nenpt, the hlgh-frequency
portions G et sighd SEHUHRtITFR SRRECSTRLJFHRE ©5 PFotBRET oAl Ot hose
frequency tpiast i ohstiod afidauvdiignailgnaott dceatskateieréprebhentetabhyel y
short wavel engt h,, signi ficant, reflection-i.nduced-effects to a_l] ner.
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| ow f r equessyegiairars @f tihe sidgmabighalf getligedeibdiodhiginautie processors
i npl epgnt ingidhesahave Loncept are used within audio decoders, such that a

30 mi d-side-representation of a two-channel signal created as an
internediate signal in a decoder can be directly proc- essed enhancing the

per cept ualagpaidityy ofot he Uensiat edmbodiment, a portion of the mid-
signal is combined with a representation of the side-signal
wherein at least a portion ¢f the side-signal is decorre-

15 lated with respect to the portion of the mid-signal. This
may be achieved by creating a decorrelated representation
of the portion of the side-signal before combining the thus

created decorrelated representation with the side-signal.

20 According to a further embodiment, the high-freguency por-
tions of the signals are decorrelated, in order to process
only those frequency portions of an audio-signal, that
cause, due to the relatively short wavelength, significant
reflection-induced-effects to a listener. This avoids in-

25 troduction of disturbing artifacts into low-frequency-parts

of the signal.

In further embodiments, audic processors implementing the
above concept are used within audio decoders, such that a
30 mid-side-representation of a two-channel signal created as
an intermediate signal in a decoder can be directly proc-
essed enhancing the perceptual guality of the generated
stereo-signal. To this end, further embodiments of the pre-
sent invention are adapted to process the mid-signal and
35 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



stereo-signal. To this end, further enbodi nents of the pre- sent invention
are adapted to process the md-signal and 35 the side-signal in a frequency
dormai n, such that frequency representations of the respective signals can
be directly processed without the needsof retransformng theminto a tine

domai n representation. This can be of great benefit 6 when, for exanple,
audi o deconPifeRsofCarearedd, WHFLR PREVIRIECSH?Y Rtér MSaat BRFynafCbeing a
m d- si de- r epléseant atriternefiiane underd ly ikrgngt erebd s¢ giwmlreshrebentdhod r equency

q Ch Th . : : o °. o .
i(r)rprr}aleprent egb\% %ﬁi,ﬁ,{%%gb}qgga%ﬁ?%&%fg ﬂ%\ggg}%& %%@%edg% ?gugbg%ﬁg%%fg such as

to increaseThPhe pércEPPORIIYE i ¢y bPenoBI Rt PPayBatkPaefEESLHRBM di ng t he
signal t® heagdpbonesd Thathiing, far ausdimpldecader shar ageneeadddrg: ,a &t er eo
signal 10 w n petrcept litLe Y C | se a
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m d- si gnal Pép? REHIETE eELRFDIPTIIIGRNG thefsidmd rykea2érbanets and t he
side-signal representing a difference of the original left and right

chamnel s; ang.an; 15 aydig progessaL, ageor dLpg.40. one, of. Lhe, erbodiyrent s
descri bed herern.” Further embodrments of audio ec_%‘ers Ry Ut iZe a
si gnal pfovideR eehrprIss Merasraudi oYdeEbhisTe SR 6 ngehaY atP R 26 t he

m d-si gnal an@ighelspdevsignatobypdeeodiessi Nl g G esred aghio dat a
stream To SygpRy|z8,. SRVLLAL,STPOLLIENLS Of; Lhe B esentLayerti on
and right channels and the side-signal representing a dif-
ference of the original left and right channels; and an
15 audio precessor accerding to one of the embodiments de-

scribed herein.

Further embodiments cf audic decoderg may utilize a signal
provider comprising an audic decompressor for generating
20 the mid-signal and the side-gignal by decompressing a com-

pressed audio data stream.

To summarize, several embodiments of the present invention
use a novel audic processing method for generating sgtereo

25 signals, which avoids leocalization ingide the head when the
generatéd signal is played back via headphones. The method
vields this high perceptual quality, that is, the possgibil-
ity of generating a stereo signal with an advanced percep-
tual guality, while keeping other properties of the signal,

30 such ag the spectral digtribution and the transient behav-
ior, perceptually unaffected. Furthermore, the spatial per-
ception is improved in terms of out of head localization
and stage width while preserving the distribution of the
gsound sources. Due to the low computational complexity, em-

35 Dbodiments of the invention can be easlly used on portable
music playback devices, in spite of the limited processing
power and power supply of thosgse devices.



use a novel audi o processing nethod for generating stereo 25 signals, which
avoi ds |l ocalization inside the head when the generated signal is played
back via headphones. The nethod yields this high perceptual quality, that
is, the possibility of generating a st®eo signal with an advanced
perceptual quality, while keeping other properties of the signal, 30 such
as the spectral distribution and the transient behavior, perceptually

unaf f ect ed. h tion is inproved in terns of out
of head IocaF?é%f%%%Rg 515$§ qu; ﬁr%ﬁﬁﬁggpreserving the distribution of

t he sound sources. Due to the Iom1conputat|onal conplexity, em 35

bodi nent s OEe{r@ﬁi nygpddiknean d¥e wasipyedisad on -poribablwe 1music fHayback

devices, ey ted. p n r=sup | y of those
devices %%ﬁlx%e%%rlp |0H§a%f£§%§aﬁ%amﬁﬁ e%%?%$ gﬁbgﬁ?ﬁgn 's of the
pr esent |nveh@W%Wmell in the follow ng be descrlbed referencing the

encl osed figures, show ng: Fig. lan enbodi nent of an audi o processor; 10
Fig. 2an exg%gle of a cogB 1i0Q aI tmg g@gnnehﬁst%@%o m xer; WO

2009/ 010116PtT7 EP2008700 3En?&bodi et Sof ‘an audi o processor
usi ng decor- related signal portlons of the md-signal and of the
side-signal ri§. Fig. 4a faubhpes akt er naddwerdesqlr ekat ehas@iUPstereo

mixer;



Fig. 5an enbodi ment using an integrated decorrelator setup; 10 Fig. 6an
enbodi nent of an audi o decoder; and Fig. 7an enbodi nent of a nmethod for
gener at i W§ 40%418t80 signal . 15 Detail ed description of PCAERPEMHGE Fig. 1
shows an enbodi ment of an audi o procéssor 2 for generating a stereo signal
wi th enhanced perceptual quality 4, 20 conprising a right-channel 4a and a
| eft-channel 4b, The stereo signal 4 is generated based on a m d-signal 6a
and a si defs¥gndl 6b2NpEBYPEEEENS e HuRE P 0BESSBFSOL PEigoHarWe
noted, that here andrénatbe e@ghext Rfrtilking appl ti€at ho8-st §RaM dndang
side-signals Mand S gre uaderstoo 25 to be either the M and S-signals
created by summing up™&n@tB8i FUPHGLihe difference of an original left and
ri ght channel, or being a signal based on those M and S-signals, that is,

bei ng di £} catjons of [ s, Th ifications, .however, are only
based on theSorfoinat. FACaha SooEraE  Ergnarer ehal ol sB8UREal 11 ca
side-signal is generated using only the side-signal and a nodified

mi d-signalp]g. gener abgd digla ity LSl dasl OAleq b ddi $eRRG, MO ed

m d-signals and side-signals are also referred to as representations of the
m d-si gnal MR and the®%®Ee-signal Sr. 35 The audi o processor 2 conprises a
decorrelator 8, a signal conbiner 10 and a m d-side-upm xer 12. The

decorrelator 8 receives the md-sigpal 6a and the side-signal 6b as an in-
V0 2008/ 01019 6PET/ EFPBORIRGRGTRIT OF an sudio aeSoder’ and
Fig. 7 an embodiment of a method for generating a stereo
signal.

15
Detailed description of the drawings

Fig. 1 shows an embodiment of an audio processor 2 for gen-
erating a stereo signal with enhanced perceptual guality 4,
20 comprising a right-channel 4a and a left-channel 4b. The
stereo signal 4 is generated based on a mid-signal 6a and a
side-signal é6éb, 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
25 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
30 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 My and_the side-signal Sg.
35
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-



8 put, or alternatively, representations of sanme signals. Alternatively,
the decorrelator 8 may i n sone enbodi nents derive a regresent ation of the
m d- si gri¥P 2643¢P18il6e- si gnal 6b itsel f. The decorrel at or PFEERSHBLEYT o
generate a decorre- 5 lated representation of at |east a portion of the

m d-signal and/or a decorrel ated representation of at |east a portion of
the side-signal. Accordi nf(;;,to sone enbodi nents, the portion of .the ﬁi‘gnal S,
which is detor ret AECTRITAVRT Y- paREeFPPERF AN PaPE BRTENELEPRGFNal! ™
signals, stehmasi¥oll) provideothel progessmag onl god thbsaiheaguedey

ranges, where the_processing.yiel erceptual 1 nprovepent. .ln

al ternati v%l‘é%%dfgrgﬁ?é?ngﬁgi%ﬂalo%fé%’reg “aﬂ%rhaigg%é atof'S " 4598R4 2% may
be presentitadith Teeedeeotrhelatbg nal atapieat signaénéazbmdat Hecorirgi-nal
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and s prowishl oanféodecordatanuglnated Thprdeevrreiane®fr ept ekeasht Rons
derived by,Jhe; decoerehat 31 -3 nlaNRUtad Y Q1 1 &6 988he COMBLACHeHRs , Whi Ch
furthernore receives the side-signal_or a representation of the sjde signal
SR The silgial PeskBPAerof0taer i Vet ahs enHBAEEd SF déesPrgnst-212d basedon a
conbi nat i o H-pdes Sf Oned Be@rPar2Sc¥i ted $9igheasi gnghatenbsnen. aAceor di ng
to onfi enbo IWE%%, he conbi nat,i on caﬁg1 beiﬁerformad usi r&% t he s
repred8nt RIVH YT (1 sPIECESGHIR SR aNd H dédttiel AEEFE5YesERPEPFon of a
portion ofwhdres Ntk sponadssing Agtelrds ng perasptintheirmprnbudingeht, the

conbi nati on can be based on the side-signal 30 SR, a decorrel ated
representation of a portion of the side-signal s+ and a decorrel ated

repr esent akit cnlogreatpbre | enbodinget fi doBt §PRRI NFEPAEEBRERAYCPOIETRHRT her
embodi nenty, thes soghhnati ofy $abe bgrbasad, onHihe sidlessidnahe SBzigiRaLti on
of the md-signal m (which i's not decorrel ated) and 35 decorrel ated

repr esént 3BT Nat Peasnda Hiwt t9BtE bRAL hélQPaé-lgfl@ﬁalé a5 gp input
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of the sumsigpal and the porti of_ the sjde-signal_are corre ing

si gnal poratr?(i)n‘g?etﬁé ei‘é,lg%&l eXEApIZS ‘?’%ﬁ’e?gnt&t e < a‘ﬁ%s??%%ﬁgﬁzg% 1iaange.
That is, iandeyipiongiddmseo poneidasorheéghtobspass-filters using the sane
filter characteristics are used. The signal conbiner 10 thus derives an
enhanced side-signal 14 (S'), which has a contribution of the m d-signal.
This 20 The decorrelated representations derived by the decorrela=

tor 8 are input into the signal combiner 10, which further-

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-
25 vided to the signal combiner. According to one embodiment,
the combination can be performed using the representation
of the side—éignal Sg 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
30 Sp, 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 S, a portion
‘of the mid-signal m (which is not decorrelated) and a
35 decorrelated representation of at least a portion of the

side-signal s,



10 contribution and the side-signal are nutually decorrelated (at |least in
the frequency range of interest) such that possible constructive or
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Wth the enbodi ment of an audio processor disclosed in Fig. 1, signal
portlons of the md-signal are distributed to the side-signal prior to an
upmi x. | n Dihet  RA SO B obbsSng BPriviesnia- snjABFednditResdpaalsi gnal

in the m drsi desj gnahidanaiay is toherhipavedn oeswWHd rh@ldinsﬁdj‘n@yt ehiBead 35
| ocal izati on .of t hus r%gessed signal ,. which is th ﬁgachlegabls usi ng
0
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conpl exi ty(ats éeaBSSuez tHE)ZDﬂﬁﬁﬁﬁﬂﬁ&GP@ﬁgEPZﬂD8iﬁ®39é2t10 fiah Ehaboms an

exanpl e of §%§} égﬁg gnal.. pL.oc S a
(havi ng aqe t anne tfél and a‘g‘%‘gﬁ?%ﬁ%%%"é%hi’gg gfé‘% égﬁgf%rg}%e |nto a
m d- si gnaltlz%lteﬁm arzpaelsrdialwizdbin ushag :ﬁaaﬁﬁm@m Wbﬁal whed- sidpals

synt hesi z&§o: 24 on1€s F de &8 DAk d 22858 qlichteked risi W ﬁk&léﬁéefh$h§§eg6a and
t he S|ge signhal. 22b.is filtered u5|g§2a second filter 26 [ tered

repres ntét onstef PifE SHEGSPGHAIC 225 aRBCEREESI dBL stiparneoiand bhei xed
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or a | ocaliingatti.onTbhat mifd-side upmixer derlves the stereo signal 4
having the enhanced perceptual guality, especially when
20 played back by headphones.

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
25 side-signal and the mid~signal. In these embodiments, the
right-channel 4a 1s formed by building the difference be-
tween the mid-signal 6a (or the representation of the mid-

signal Mr) and the enhanced side-signal 14.

30 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 1is interleaved, resulting in an out-of-head

35 localization of the thus processed signal, which is hardly
achievable using conventional mid-side-signal processing
technigues when the computational complexity i1s an issue.



listener's head can hardly be achieved without signifi- 15 cantly

i ncreasing the conputational conplexity of the signal processin

shows aV@AY8@iteht of the invention using a decor- reggf@ﬁﬂwgﬁgﬁgbntatlon
of a part of the md-signal as well *¥0 as a decorrel ated representation of
a part of the side-signal. The original stereo-signal 40 is transfornmed
into a representation having a md-signal 6a and a side-sjgnal 6b, using a
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46 of the aaitli @ processdgniQ szmrmgeszga ki r sbnsepmabthan- nadeé-46deand a
second sunnatlon node b. e audio r furt her i d- si de
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50 at theﬁmnqnnfxﬁtameZémdandpmbce§s@6~21gﬂalﬂﬁib%ﬁﬂeﬁ%ht%xé@nugenerators
42, 44 us %%één&e%&qccte'rv%éls'pml‘h%' gf@itgerédereg%%@eﬂ?gtabﬁgaloﬁatflgd t he

Si de Si gna enerate representati ons 0ose Si

2009/ 0101 T6RCH F0397¢ thebyldgdicAgned @bt e i Highired usmg a
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t hensgel ves, thereb hasi zi n enuating t h freque ortions
of thble sitGvaIng a>1/'olecr2roﬁ Sr&f&f‘egjt ?%%tal? p‘?e’é’e%‘t"Sc %??%ﬁ [geng%st or 42
conprises a high-pass-filter 52, a first signal scaler 54a and a second

signal scg er. 545, and,a SU?%%éé{h%?ffera%z% efﬁggvgdregr §§Qéﬁ£ £4a and

gener at or Bfev%ﬁﬂlses a pass rrd sf sca
a fourth sugﬂ:wilrszzacb%rtBaSaualstmyl s|EEerE shpmat nlonaﬁgd@tmaout of a

listener’s head can hardly be achieved without signifi-
15 cantly increasing the computational complexity of the sig-

nal processing.

Fig. 3 shows an embodiment of the invention using a decor-
related representation of a part of the mid-signal as well
20 as a decorrelated representation of a part of the side-
signal. The original stereo-signal 40 is transformed into a
representation having a mid-signal 6a and é side-signal 6b,

using a mid-side-synthesizer 24.

25  The signal processor 2 operates on the mid-signal 6éa 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 audic processor

30 2 comprises a first summation-node 46a and a second summa-
tion-node 46b. The audio prccessor further comprises a mid-
side upmixer 48, generating the stereo signal with enhanced
perceptual quality 50 at the output of the audio processor
2.

35
The representation generators 42, 44 use their respective
input signals, i.e., the mid-signal 6a and the side-signal
6b to generate representations Mz and Sg of those signals



The signal scalers 54a, 54b and 64a, 64b are operative to scale the signals
at their inputs, i.e., to apply a scale factor to the signals bg

mul ti pl YWRGNHECEPgnal s with the 15 scale factor. The ﬁﬁgﬁmﬁ%§@5ﬁﬁ4ter 52
of the first representation generatorf 42 receives a copy of the side-signal
6b as its input and provides a high-pass-filtered S|gnal portion Stu at its

out put. The hi ass-filtered si naI ortion Sn n into the first

si gnal scaP¥r @ %é%QQOMQhﬁPQggaFEé Fhﬁ%ﬂuﬂa%ﬁf %g%%p§l8Faﬁh§°§rgna

is input itnionthe saeorichps:atgrmﬂgrmal etto Sdbe Ihguscahgnglfsact}h@ms;eo.ﬁretsbe
ned or, urthe

si gnal sc 45 _can ter

ehgodlnenséﬁe% %ubggg?g 28%t8% gerggﬁFBngfpgn t?ﬁe E&ﬁﬁaFFgﬁuﬁgﬁg 56
receives tperscam&doﬁlgh@passagnbﬂeremostgmalepdutmha Empsandephessnaiedh
si de- sizgn ]ngﬁﬂ g S o pr JOF: atd-on t he
si de- si gng‘% 1551% §O’Baé e cgfut g?t SPﬁ?ﬁg%Emrgt %f‘n&ﬁo{gagg fl(fﬁ% ouétzgut 8of t he
first repr&sestationaBosgenerabbr any. al peanndnakogsds smanser 54bheasdcond

representaj i %ug@@%@t Q63845 pr ovhdesea-hepresentahianieh E;Qﬁema@o@ gpal MR
72 as its out The g%dlo processor further conprises a first

decorrel at¥ %%S%?réu IRZPaRG & is&€8nPdecortiet 2 | HRIRRE cBFR196. SFRe

first deccmﬁcﬁleﬁtf@aﬂr’@hr§ilgzhaf4s«§@ﬂ§fl 6€5, aasCakel Z4aa aufiREeLBA- nbakor 74b
and a circuit 74c and the second’ decorrela- WO

20091 %CI/EP20081003972 12 tion circuit 76 conprises a sixth signal
scal er 76a, a decorrelator 76b and a delay circuit 76c.

The signal scalers 54a, 54b and 64a, 64b are operative to
scale the signals at their inputs, i.e., to appiy a scale
factor to the signals by multiplying the signals with the
15 scale factor. The high-pass-filter 52 of the first repre-
sentation generator 42 receives a copy of the side-signal
6b as its input and provides a high-pass-filtered signal
portion Sy at its output. The high-pass-filtered signal
portion Sy is input into the first signal scaler 54a,
20 whereas the side-signal 6b, or a copy of the signal is in-

put into the second signal scaler 54b.

The scaling factors of the signal scalers 54a and 54b can
be predetermined or may, in further embodiments, be subject
25 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
30 generator 42). In an analogous manner, the second represen-
tation generator 44 provides a representation of the mid-

signal Mg 72 as 1ts output.

The audic processor further comprises a first decorrelation
35 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-



It should be enphasized that the decorrelation structures 5 74 and 76 are
to be understood as nere exanples of possible decorrelation structures or
decorr el ¥PaP¥OWHOparticul ar, a delay structure (del ayPETFEHBEIPE and
74c) is not necessarily required. Instead, the decorrelators 74b and 76b
can inplenment a certain anount of delay itself. According to 10 further
enbodimentsi the.dela% ngg be omtted. As already indicated in f%g previ ous
par agr aphs® *?he SifghHI® poPt iTHPI DR Conbi Rkl b&Aufdal [§3r 2
decorrel at@scodhel #for e7 6 hendegodedbhgt ot scé4b (decorr 2) and 76b (decorr
1) may be different, in order to provide mutually decorrelated sig- 15nals.
The scale factors of the signal scalers 74a and 76a can be predeterm ned or
be subjectItosbseldmipd prripita ohzedhéhdécdirel d¢orsrZUbt hod E6bugéneecat e a

si gnal 5 V‘M@fhxju%”?éoafe 20 Cﬁé?%&eE§E8§&1 ageﬁgié%%fﬂgl%o thecsighal at
their in- put. That I's, a maxi numof the absolute valtué of "the nor-"malized
Cross- cor re8eR T onl Petdeert Buetgpas ar dmecrnpuetefsthéndpestiekadess and the

signal outquitaPyst AecHesor 18kakYr Wirlduike siqnificantdy |owesct haped- It
may be noted that 25 the precise inplenmentation of the_decorrelators is of

m nor i npottiahce. PRt HRTFetent “hApReReRT&tRbAESof ‘BedBrr 50 58Br s
known in tihepkbshesanabeaised randnabse arbidepay comelldi.naAdonsdimgreef. For
exanpl g, vari,Qus q%bg s-filters.may used. For ex | e, concat enati on
of se%gmjéﬁ%éﬁeﬁl i gélméan, Thd déf%y may beé omi 2E As aTreagy
indicated in the previous paragraphs, the signal portions
to be combined should be mutually decorrelated. Therefore,
the decorrelators 74b {decorr 2) and 76b (decorr 1) may be
different, in order to provide mutually decorrelated sig-

15 nals.

The scale factors of the signal scalers 74a and 76a can be
predetermined or be subject to user manipulation. The
decorrelators 74b and 76b generate a signal, which is, to a
20 certain extent, decorrelated from the signal at their in-
put. That is, a maximum of the absolute wvalue of the nor-
malized cross-correlation between 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
25 the precise implementation of the decorrelators 1s 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-
30 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
35 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



30 filters could be used to provide a decorrel ated representa- tion of the

hi gh-pass-filtered portion of the md-signal and the side-signal. Each
filter n¥{ 2MeEOHSbitrary filter characteristics, whi cRCEFFRHSPH2 exanpl e,

be generated us- ing a random gener atdor.

35 with different kinds of decorrelators, as for exanple using
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35

tation of a high-pass filtered signal portion of the side-
signal s* 84. In the particular example shown in Fig. 3,
the signal combiner 46 combines the representation of the
side-signal 70, the decorrelated representation of the por-
tion of the side~signal B4 as well as the decorrelated rep-
resentation of the portion of the mid-signal 82 by summing
up these three components using the summation nodes 46a and
46b. In the particular example of Fig. 3, the decorrelated
representatioh of the portion of the mid-signal 82 and the
decorrelated representation of the portion of the 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-

The decorrel ati on may be achi eved

| ncl udi ng for exanple, feedback del ay networks.
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20 46b. In the particular exanple of Fig. 3, the decorrel ated
representatlon of the portion of the md-signal 82 and the decorrel ated

represe? @Yt he portion of the side-signal 84 ar BCLERBYWE N rst,

e.g. by sunmming both signals using sdnmation node 46a. Then the thus

conbi ned signal is 25 conbined with the representation of the side-signal
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hi gh-frequencyy prcSr]‘x%Me eééﬁtﬂﬁoﬁlgﬁa{héhgyag 99%9590%6' ated from

each other. Optiona bot'h portions may be nutua ecorrelated fromthe
repreééntatlon of the Side-signal 70. 15 However, alternate enbodi ments nmay

f“h rectly qmt n{@cthafa,@%%@lhﬁ;@ldateﬁsoa@me%@ntxaéjt;ﬁrmezfectﬂq/ mc@nﬁ;‘ﬁ'?ﬁ' tBd with

e representatian o e_si de-signa ese are

ocor 1 o1 atEF TS IR Gf PP P HEBE Sa0n 50 BiF ( AERRD Ghan £ A Fhethe

enbodiwemmepugsannﬁnxmntdﬁaﬁh@ﬂﬁmms—éigmaleﬁosi@math@@@taﬁ@ Md-udliect|y

with a reps ‘¥%éﬁéégb 4u%'¥%sﬂéjof%éﬁgﬁorm@ﬁg.the hi gh-frequency portion
enta o) na ec

of the repres 1 on he” si e SIQ orrelated, 25 such as to
prOV|a@ nmut ual decorrel ation of the respective signal parts. G ven the

previ ous ahiermatores, divecthit phe CBALBALRAERSE &R yOfcdnta U ghmpagsghilters
52 and 62 na gglldentlcal as,.well 30 as differen Furt her nor e, %e scal e
e

factors ofd %ﬁﬁﬁe%c%}%9§l5gartlon Myi directly with a represen-
tation of the side-signal, when the high~freguency portion

of the representation of the side-signal is decorrelated,
25 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
30 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

35 such that the total energy of the signals M and 3, 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.



54b, 64a, 64b, 74a and 76a may vary within a w de scope. According to sone
enbodi nents, the scale factors are chosen 35 such that the total energy of
t he S|gﬁ§P§QWW 4Pdés, i.e., the side- signal and the nldPgFgﬁaw&mgﬁﬁ%eserved
within the generation of the represéntation of the md-signal 72 and the
enhanced si de-signal 90. WD 2009/01. 0116PCT/ EP2008/ 003972 15 When the
effects of wi dening and out-of-head | ocalization shall be increased, the
scal e factors nmay be chosen such that the enhanced side-signal 90 contains
nore enerdihar thebS dfdieders tdanwibensnge-ssidnabt 66f- m@aﬁuabcaliaemabho t he
demand for [ OYe P n T € epuat md Si I,
i.e. to cﬁgggg's%g | e aé%%%%Psngﬁ¥ S%%ﬁa :%%%t@#% @gg %% %%%% E%Sﬁl be
al tered, aﬁﬁmfop?h%t@lé@m@f%mm%lmglb%OSﬂahtemshanrzeenerd}Q bsi ng an

enbodi gent; fgan ﬁﬁ‘é’&“ﬁhées§3@l~9;ghﬁﬁe%§9r Tro USRS, t@@%%&(@'eéﬁé' ged in

Fig. 3, a decorrelation of frequency part of the side-signal |eads
to a si npM@N&hdt ¥ f PERPERAY SIGARVOH OF %@53§$H&R%eam9t#ﬁﬁ%ﬁ¢&%@e§h§ound

15 field efich stigiam) 1i61eabngnteed A HNG 410 SoE) eabodh gBnbse it i,
dependi ng on the S ale factor_chosen, furth rmre ossj ble to reduce the

| ow f r equénty- it t*0F PRESH Hhéllg % F A 20°21 fuEaETon of
t he crossﬂmﬂd<mﬂyIhnwém&&mmmumhﬁn xwmme the sound waves are diffracted
aroungnthe head of the listener. The incorporation of portions of the

m d-signal into the out-of-head processing |leads to a spatial extension of
the front USdixdced) ®mikpagmentt ind decolneentédemagdsiognatogadsor, such

as the one described in Fig. 3, a decorrelation of the high

frequency part of the side~signal leads to a simple and ef-

ficient simulation of c¢ross-talk and the diffused sound
15 field of a virtual listening room.

According to some embodiments, it 1is, depending on the
scale factor chosen, furthermore possible to reduce the
low-freguency part of the mid~signal. This being a simple
20 simulation of the cross-talk at low fregquencies, where the
sound waves are diffracted 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
25 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
30 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
35 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-



25 the side-signal S allows inproved wi dening of a stereo inmage.
Furthernore, the processing is extrenely efficient, while |leading to

nat ur al IYYOZBWHPHE out - of - head processing of hi gh per cEpTFRFEEE Ty and
| ow conplexity. The efficiency may b€ even further increased when the
decorrelation 30 of the portion of the md-signal Mand the side-signal S

i's conbi ne d i.led jn_the supbsequent and precedj ng enbodi nents.
Sunnarizin%§8§§ép§%% ch@%%%HFﬁ%n?P%Fe% EﬁaﬁglSpfﬁ%e%é%ge%chﬁﬁ?e?ﬁ dt her
wor ds, be @egcRi bed ssmiteld aps: suAD 200X D101 BPCTHEPRAA8LAG38712 MlGndessor ,

where origingl L eLEQLSI r stereo channels L and R are sunmmed up,
such as to bu%Fd f%eeguﬁggﬁé%aﬁ'M and a difference signal S. 5 Then, create

a high-pass-filtered signal path SHi. Add an scal ed (attenuated or

anpl i fised)reopy ekcbhe N ghigasgabilkered-shonalgmat oot &9, theygt tgnuat ed
main path S. ngle and decorielate a cggy of the hlgh-pass-FLItered Si gha
path SH afefofddelchramiated gral Frbitiedhddiomy | pft S bREbmeEsSpat h.
Furthler, pfbbwﬁecsh%ﬁi}m&l;i gaah Mﬂélsltch'tl@é\B:atcﬁreﬁﬁIaﬁ:eﬂi hfnﬁ'ﬂ}lc'}pagﬁastﬁi st.er ed
si gnal pat i of .the m d-.15 signal M _Atfenuate a copy, the |

hi gh- pass- ?%iér%n s?%ﬁ%frﬁ%ﬁégnﬁ ﬁaaysaﬁe£%8 HﬁggéPﬁéﬁﬁﬁﬂgﬁeﬁﬁﬁnsﬁﬁfh M

At t enuat e Tand plethr el anel/af welker tCopy ofgrdd @nidéortdekdgihbeisame. 20

Then ggnbi the: §i s by adding the attenuated, decorrelated and
possi bl'y Jgﬁzy dlsigagﬁ'portion MHL to the main path of the different

signal S. Finally, synthesize or create the output signals "L" and 25 "R’

by “conput i mg-dler Susm stedbeckd f§grencensl 1hgs mBLM si,gnal path S and the
main signal path M As depicted in Fig. 4, the decorrelation of the high-

frequency parts Mai, Sth may be partially processed in one 30 step. That is
because t herentwdianenighupbbbzgistgpabs shyedr ane tnit ugl | yr deger rakated,
\3{]?{ ?;gdélgfger{aelmbd.se&tu‘ggn&aoter easucl:cgpw5 t egolﬁgllig%naegs§%9E€(|a§egagiggal

Myr and add same to the attenuated main path M. Attenuate

and decorrelate a Ffurther 'copy' of My and/or delay the

same.

20 Then combine the signals by adding the attenuated, decorre-
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
25 “R” by computing the sum or the difference of the main sig-
nal path § and the main signal path M.

As depicted in Fig. 4, the decorrelation of the high-~
frequency parts Mui, Sa;z may be partially processed in one
30 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
35 and s’ 84 of the high-freguency filtered signal portion My
and Sp; 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 & delay circuit 94.



As shown in Fig. 4, the decorrelated signal portions ME 82 35 and s 84 of
t he hi gh fr @uenc%/ filtered signal portion MRS and SHi %:gbe added by
means of% on node 46a prior to the applicati onPofER240R0$}72
decorrel at or 92, which could furtherfore be optionally followed by a del ay
circuit 94. WO 2009/010116_PCT/ EP2008/ 003972 17 The conbination to formthe
enhanced side-signal may then be perfornmed after a conbination of the
decorrelated sig- nals, as shown in Fig. 4. In order to guarantee nutually
5 correl atBue scgnainpoibnorns, mﬁnothehenhlamemddescicﬂereéjagmb m4bh, thel, or

92 b i t t I ign. A
Further ddeo Pfapileboatits FIPGERBELE: ) BIC Ol SREo L YERLERT 18-
decorrel atris00aqi shown tipl Eigapu-s. IusPhdea decoyvatatoee 100tuailRy

mul ti pke Ié&%élﬂé@%l§ﬂapr9$ @etoh@e mn h&ﬁS@é éﬁf%gddéba%kl%%&enents

Mu and SHi_directly to i hput of ecorre at or

performs tHe cof P aﬁron9?anﬂaﬁfhé’ecd?f’ﬂﬂ%%€ﬁ ohnofqu@eg%n@ﬁ%@%m%ﬁl*gﬁap§ 15

i n accor dainge Mtdhed OinexapPbe, the processing of Fig. 4 . To this end,
t he decorrelator 100 coul d be understood to be a bl ack-box, inplenenting,

for exanple, the signal processing of Fig. 4. The decorrelator 100 could
further norfe fhertfrodd avescbiwe batdebayschersli i s 9depi ftaddehayifunst i apabi-ty is

20 qacto, oriideg W LBbDakbe  geger ARt o chO0nyl B BT LEAL Vo SOt Tent

a decorrel ato mul ¢ e out put s~ el ng dec
with r espé@CQ@eé'a%WIbtm Witlé muhidplel Jenmt@aﬁlyovﬂecborBravedeotlhput S.

25 In suchy@yrsganay u i [o t r
enmbodi nent % be di re%%niiﬁcg %g&%ag Iggﬁ §n§ﬁ¥s 2 ﬁg%@a%é (gl%)%&%g? ﬁo

r epr esent &N VY HeL nFhesA§RRFrEf atRe ér@f@ané*é’&cé"i denal grarfompeoklitng to

further erfatidmiticon theddeser r@i@ixﬂ&ti&x pef - tBe fc_féri’@@bﬂétitél@ apestral

domai?I such that fhe out-aof - h %ocejzm n@ﬁ that 1s,.the g ﬁ ication of
the i hventiV@STRE 1 ESTor s- O%a FRE £ i ek 9T aciided i h*¥hed decodi ng
of conpreskedrdisdiendsi gried sjecsmncﬂ'eba:tw&m wﬂd%eTMmSerrﬁyob@ bbgbey

benefiCia%‘MfgéﬁlﬂgéyEﬁﬂgﬁementing, for example, the signal process-
ing of Fig. 4. The decorrelator 100 could furthermore be
followed by a delay-circuit 94, if a delay functicnality is

20 not included within the decorrelator 100.

in an alternative embodiment, a decorrelator %2 or 100 may
provide multiple outputs being decorrelated with respect to
each other, i.e., multiple mutually decorrelated outputs.
25 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-
30 . 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 audic signals, such as MP3 or AAC,

35 This may Dbe highly beneficial, when & mid-side-
representation of a stereso-channel signal 1s generated
within the decoding process and/or when the decoding is
performed in the spectral domain or in the spectral repre-



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
t he sped¥VPapPeoyidpide- WD 2009/ 010116PCT/ EP2008/ 003972 18CTEEMOKMER of t he
signals. A typical application scend8io would be the inplenentation of
enbodi nents of signal processors into portable nusic playback devices, such

as for exaqglgé nDbiI% phones ,or apecial nuLtindia | ayback de- 5 vices.
One exanpl SN 8 i ereAPatiton 4 st¥RIGAL PRRGICH- LR SRERATLR Fi g.
6, mnusi C-d«acmaldisbstbhedimplpm@wt@edoinno@eeﬂnm!ﬁﬁﬁbﬁmrﬁﬁeﬁlghhpnpié@—éo a
decoder 1 | ck C or deconpr.esses ,nusic-data 110.to prqvide an
i nput  si g%%g@véﬂ gﬂggo%%g‘%%%peen F%fjcor?ltaﬁ as%%c?ﬂ’i:c?ﬁpl SRER aq‘%)o%,orbe a
'stereo sigpEIPonpribihg @hicefds ctranspkcaal aulitgmeddammbd visacla de-

m d-si ge-represent ati on having a md-channel and a side-channel

Furthernore, these representations can be 15 provided in a tine domain as
well as in a spectral domain. In the signal processing or the

reconst r ugrone M maLsli o datians kW M Ehéht H5 1 8 USE! sERALS Ol aki oWsgaccess
to sone p ranqﬁfrs of fhe s%stenl,as descri bed bel ow. 20 The i nput signal
114 is in%’[ﬁ 5 "b“a“by%h%s t r BUSEC/RICEN I SdSFHEDh PP ENE dRSr 1R nplit of
the user cantaddd lﬂ@réﬁ/@aﬁéf morgnwﬁb@di I&Ef&ilfed]a-\,l;cfiéaa:n jirn/h,enxr{w@n i&ﬂ@@@&les ,
processor eds or_forwar e.sikgna to the signal processor
The s?gnal&pr%éc%gsm olge%sepsr o%?%ljé%_‘?ﬁ%apézéi 5l ipﬁfvtléieerﬁfbnjc@g?% ‘T‘ﬁ‘éﬂaf '

per cept ualwigirdl iaoplsd, tdwwestdbimap i gried | speciependempl@fentstion, be a

par anet eri LN, o gy AL 1 f 3 jon. kn,t | e he
frequency-stzj%tﬁﬂaﬁ.?l\%ngénl tCLe S|lg§n§fgsiés),lféefd]§a Qngr?%i b%%sas-%g?i# rl@%?r%'lt’l%ie

unpr ocessé¥ sfgiBid ey e empRte hdoian betvilewal seduiddidtmnngl ansedat o

modi fy the isiegcr3tmal, deperdenimade USeheRar a%fﬁ%igg?‘f?%?goﬁﬁfﬁﬁfe%? e

contr 116, so to provide. a head hone_si gnal,

devi c $ erW%MEgiﬁﬁt e§%ﬁ%a§§m§f%eg§ Vﬁéisgﬁnﬁnt%JQR?WFREE FIFBLE he
signal prdecessibe 2ignafl- of rbeadspngcensi tjecaredhpericfimd be deidMe a
per cept uald.y enansed 5t 35! 8- 380aLon: 191 20996010 LIGRCT ER2008/ 003072

parameters of the system, as described below.

20 The input signal 114 is input into a bypass circuit, which,
depending on the user input of the user control 116, by-
passes an embodiment of an inventive signal processor 2, or
feeds or forwards the signal 140 to the signal processor 2.
The signal processor 2 provides the possibility to enhance

25 the perceptual qguality 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-

3¢ nal dependent on user parameters provided by user control
116, so0 as to provide a headphone signal 124 at the output

of the device. I£f, however, the bypass steers the signal to

be input into the signal processor 2, out-cf-head process-

ing can be performed to derive a perceptually enhanced ste-

35 reo-signal.

According to the embodiment of Fig. 6, the operation pa-
rameters such as scale factors or the threshold freqguencies



19 of high-pass filters of the signal processor 2 may be influenced or
controlled by a user control 116, providing the control or steer values to
a cont r VO OPocessing circuit 126, which nay be i FHITETRMSEE3%D
cross-check the user 5 input and to Bur t her nor e modi fy the user input
parameters, such as to, for exanple, provide energy preservation of the
processing. After haV|n% bheen processed by the signal processor 2, an 10

optional po§t pEbEREsSENd itkEse Der e NEAIPY Lla IFESESHTcebsBRAY 1 P8, Wi ch i s

optional | yrshertabl 6r b&oﬁtﬁé@ﬂ.ednﬁyt apte¥irdednyi-a 1usek, CoMRAlii kb6 thauch
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decodi ng o e conp resse 'S ~Eont rve
si gnal protessors ﬁ@y ﬁ@ru%E@MPbethgrondehen@ﬁwuapaeservataohre@uehey
representaﬁfgg?ggl§ gme. Alternatively, the method can be integrated into
t he decoding of the’ conpressed audio signals directly, either in the

spectral or in the tine domain. Optionally, a possibility to 25 control the

met hod or Aheesi Q@ahn@@@@&S%rd@/ssk@illﬂff" eRENtREnIUCH AScd Hs M pChahhe
proce Furt hernore, the parameters

i t he, si rocesspor on and of f.
such i@ tﬁﬁpg Kl 1 eéh%ﬁ§£ﬁ@%%§%§n?hén§an9? pPBEESERRY, Ry Be RAPGSt abl e
by the userrodessdw s128d, whishi tabb@t&@maaflyccyﬁersﬁab&(}s Vta_sJ/u@SuBay he-

provi ded, &ﬁﬂ% %rgggdgan%ﬁgtegségto quﬁppiegrl%ﬁ%:Sg#gi gg£§8?¥ﬁgpﬁbre an

processin a con val Ug" pr oce
opt i onal ?%@%E%%Angomsnchease@@@éumzaldﬂSqn(ﬁvmnmLWMaprosepsmngSS|ng,

may be applied 49 dfeadIPrOuR. i es§1%|2§%?§%$f?hké56|f provides a

user-ggntrolled equal i zati on algo rit m may additionally be
WO 2009/ 010116PCT/ EP2008/ 003972 20

-Summarizing, implementing signal processors into portable
devices, in which musical content is usually stored in a
compressed manner has several major advantages. After de-
coding of the compressed audio content, embodiments of in-
20 wventive signal processors may be used, either to the PCM-
data or to a frequency representation of same. Alterna-
tively, the method can be integrated into the decoding of
the compressed audio signals directly, eiﬁher in the spec~
tral or in the time domain. Optionally, a possibility to
25 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
30 values may be provided, which are converted into the appro-
priate parameters by a processing step, that is, by a con-

trel value processor 126.

Furthermore, an optional post-processing, such as equaliza-
35 tion or dynamics processing, may be applied to the improved
signal. If the device itself provides a user-controlled
egualization algorithm, this algorithm may additionally be



applied to the output of the signal processor and/or to the output of the
opti onal post-processing. The output of the conplete process chai i.e.,

t he outﬁﬁgzgwﬁﬁqﬁﬁ embodi ment of a signal processor, pcggmpwgm%wﬂ

post - processi ng and/or the user-cont®ol | ed equalization, is provided to the
headphone plug of the nusic playback deV|ce Fig. 7 shows an enbodi nent of

a net hod for rati a 10 ster signal 4. .w th enhanced .perceptyal

qual i ty, G O Rt R R Pk osBEoRh 879G, 281 AtFon
step 150,axuﬁuﬂnaﬁﬂ&hexbpmqmmﬁﬁﬁp@$tﬂmr@¢easzhgast a portion of the

m d-signal 152 and/or a decorrel ated representation of at |east a portion

of the side-signal 154 is created. 15 In an enhancenent step 160, an
enhanced Sitde-milgral 162t8 pompletearadcesonisiiie iy al repr eSeat attpht( SR)

of thegsidg Séﬂ”%‘mb%%rﬁ@r{ﬁ 5?9 de§9c§r'i§i a%:%ce%l%r%se”éﬁt LEN &ietB%];sEQ”i on

of the md-signal 152, with decorrel a repre- 20 sentation t he
portion ofPRARESH NG Oq@%ﬁéﬁ%ec%%@%%@fat e@uebpEetéAbat L6nPEPt he

portion ofyildes sidleisd gnadddibdhe 05104 tHE thiee pRRE i @NpDEybhexnhdvskgnal 168
and the decorrelated representation of the portion of the side-signal 154.

25 In an upm xing step 169, the stereo signal 4 with enhanced perceptual
quality i &ideri V/edshou&i ngn i enbbe ieehancefl ai deetshghafotbyearskating a

| :
gener 201 on cetes” el £ Wl oMin | PRl BRbe T e e BN P
MR and SRrrasiwéanaels & gm Pporidornsi gnahddk. olntaqedwcalrsega‘akoaaséﬁn t he
si de-si gngls 6b Jreye e & ey r%%ﬂ@@éie!ﬁ'df e&@%ﬁ&é‘@rﬁtbeﬁt%n?@?se

si gnal portlons may be |rectl mented within the renainin
processi n§hét ep vhei i nlgS%naﬂﬁéOﬁota pleeprsdedsct eRFRFSItaRbeNi 8T the
step of the neprasentddtabrgenerald ot deys hend ol Boens edrabt 8D ot her steps
of t nmet hod for generating a stereo signa WO

2009/1010116PCT/ EP2008/ 003972 21 Dependi ng on certain i npl enent ati on

requi renedts af tdmhancemeertt | geepethalls, abheennvered ve inkettxddsiadant b2

inplenentq%,) is created, combining a representation ({(Sg) of the
side-signal 164 with the decorrelated representation of the

portion of the mid-signal 152, with the decorrelated repre-

20 sentation of the portion of the mid-signal 152 and the
decorrelated representation of the portion of the side-

signal 154, 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 sterec signal 4 with enhanced
perceptual quality is derived, using in the enhanced side-
signal 162 and a representation of the mid-signal Mjz.

30 In an optional representation generation step 148, a repre-
sentation of the mid -and/or the side~signals Mz 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-

35 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.



in hardware or in software. The inplenentation can be per- 5 fornmed using a
digital storage nmedium in particular a disk, DvVD or a CD havin

el ect r orWeaP%P19dadabl e control signals stored thereon?CWEQ‘?S/@g}?%rate
with a programmabl e conputer systemXuch that the inventive methods are
performed. Generally, the present invention is, therefore, a 10 conputer
program product with a program code stored on a machi ne readabl e carrier,

t he program code bei ng operative for performng the inventive mnmethods when
t he conputiEmpgrdgr@neproetcs inuispbanantanpohereqhnrembet swofdshet he-

i nventive er ef,Qr e, ter r hayl n ram
code for p;_}egr‘r%%?ﬁ‘léngég?oﬁgés?h%:]el%‘?er?ﬁgpgn@gﬁ ?\E}g rarcregt ?c;és mﬂé%é?ﬁglé%gnputer
program r uis fehrdwaeppatein Weilltearige fTdvee aimipnas: Haam peanikal aeky shown

and descrihadaM t hshieker encel d o PAr tdecille epbadinent 5, t heneqfy,12Q- ih will
be understood by those skilled in the art” that various other changes in the
form and dEtSHi- sPHey Ge #ab® Wdhold BeBSFEPRECRASM tiRaERYS t candrséope

thereof . Ididgrial® dreorudleriss Hosh} h@&i&l@%@%ﬁeﬁ@@@%ﬁtw BeofRERmkBPle
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m d-signal or with the portion of the md-signal and the decorrel ated
While the foregoing has been particularly shown and de-
scribed with reference to particular embodiments thereof,

20 it will be understood by those skilled in the art that
various other changes in the form and details may be made
without departing from the spirit and scope therecf. It is
to be understood that various changes may be made in adapt-
ing to different embediments without departing from the

25 broader concepts disclosed herein and comprehended by the
claims that follow.



15representation of the portion of the side-signal; and a m d-side upm xer
adapted to generate the stereo signal with enhanced perceptual quality
using a representation of the md-signal and the enhanced side-signal. 202.
Audi 0 processor in accordance with cld2m 1, in which the signal conbiner is
adapted to build a weighted sumof the signals to be conbi ned. 3. Audio
processor in accordance with claim1, in which the decorrelator is adapted
t o gener &flat & decediel ated representati on of a high-frequency portion of
the m d-signal and/or 250f the side-signal. 4. Audio processor in
accordance with claim1, in which the decon-elator is adapted to

decor r el &t udihgrqwssor dor gﬁne}tah'eg risthrel o prad! vettdérdundddepesdegral ygihiay u‘sllﬁg gderive

a decorr S th im4,
"y cht e EheRere e St oy AR QRN EERERNnL ", BGF OF CADEE M B el ay
to the delaspels| adethespig ﬁﬁlg@ai representing Audifte rmc@p or otiginal ddt dadoighii t h
claim1l, dﬁ@na@u@HHﬁQ§15|gnal conbi ner is adapted to 35use the m d-signal
and the side- S|gnal as the signal representations to be conbined. 23 7.
Audi o processor in accordance with claim1l, further conprising a

re 8 resenk ﬂEd:cﬁfklzg@ﬁ&j‘apfed o fgemerge Refeadrrdlgtcl h@réﬁﬁfaﬁ&ﬁ Ialf tai.t Te®dt aQforfidieof the t
si de-si gnal .usi,n ass- f.i al portion
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whi ch0 t he representatlon gener at or further conprises a hlgh pass- fllter

adapted {9 erh%'irﬁntu?er alag'ptgél &ﬂ gé?:l%xsa 3 8%}3&%%2&%&%31@ Q%Fa%prgsenéldgn

processor |n accor danc alm corr ada t ed
t o 10genef @ sidetsiengbwsh tha decemelpiep r@g@m’aﬂp@ﬁf 8fe pohéonsifdle smcbﬁghalumthng t he

hi gh- pasgrefdebdrenfedd sépaahaler bi @8 sf?ﬁ: sigiRl ghdteHeBRBlated representation of the
portion of the mid-signal or with the portion of the mid-signal and the decorrelated
15 representation of the portion of the side-signal; and

a mid-side upmixer adapted to generate the stereo signal with enhanced perceptual quality

using a representation of the mid-signal and the enhanced side-signal.

20 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
25  ofthe side-signal.

4. Audio processor in accordance with claim 1, in which the decorrelator is adapted to
decorrelate the portion of the mid-signal and/or the side-signal to derive a decorrelated
signal.

30
5. Audio processor in accordance with claim 4, in which the decorrelator is further adapted

to apply a predetermined delay to the decorrelated signals.

6. Audio processor in accordance with claim 1, in which the signal combiner is adapted to

35  usethe mid-signal and the side-signal as the signal representations to be combined.



10. Audi o processor in accordance with claim?7, in which the representation
generator further conprises a first and a second signal scaler to adapt an
intensity of the side-signal 15and of _the high-pass-filtered signal portion
prior to the conbination. 11. Audio ocessor in accordance with claim1,
further conprising a second representati on generator for generating die
representation of the m d-signal usin%.the m d-signal and a .

hi gh- pasé- fuficeprgespy ﬁmac%gm nwER elpim rh dfighepnaempong 12 repagrghigtion
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gener at of. éurth r %fngglses.a coq%hhl -pass-filter adapted to generate
the hi ghligh®assriiliqred s %P@fﬁ%&r‘ﬂg 35182t he mid-signal. 2513. Audio
processor in accordance with claim 12, in which the decorrelator is adapted
to generat he decorrel ated, representati-on_ of. .t.he m d-signal using the

i ghpast: PP e DN TBr L e Seigh She vepr el Rty

pr ocessofurthar gompriskane enigh-phssdiler madbptedi v whiahict he kighqask-filkpedsembht i on

30 generﬁgrﬁg)n_further conprises a third and a fourth signal scaler to adapt
the intensity of the md-signal and of the high-pass-filtered signal

portion of the md-signal prior to the comnbination. 15. Audio
processos, AididGHoARNGE abbdrBarfcbal iR Laith G JiScRARPHER bR HSE RaftbEgrency
35represent atign af thffalLFgll d- si gnal. ang Ehe, side-sigpal. 24 weighted sum of
t he Meopregsmtationegrelard mpessntghen ohrfhe sifs-damhneng Siedushipgsraliltaasnt t o

gener at esifph poitightof leandeadigraf. the stereo signal with enhanced perceptua
quality formng a weighted difference between the representation of the

m d- si gnal and the enhanced side-signal. 17. Method for generating a

st er eo si@gnatdiaiprdressohan aechrparce epithu @laigua| it whidls ithey represeatasong padersiod a

si de-sig 1.0- G r [ f__orl gi: f n i ght
channel taingr fitferiteds Hrdfl o SRLEETR Q0 O MR sl AEPL el 'y,
and Y3 ghandofdhmiicl-passolprredsisep! pgdivamator fyths cambimetiet.at ed representati on of
at least a portion of the md-signal and/or a decorrel ated representation
of at least a portion of the side-signal; generating an enhanced

si de- si ghhl P@éﬁ?oim???a%é b pAEQEACR (R oflaifthel.sitWéhesi 6MRPHITRE he t $reonds

decor r el @pedeit@&nesasihal ifongdbratifg tRofehieatht@iont di'[&hﬂhﬂd%idﬁﬁladls.in%/\ihﬁ ifihe
decorrelateq rggﬁﬁientaﬁbon of Hhe sidefﬁi nﬁl.a d the decorrel ated

repr esent Bl 8% B EPHESHEHTFH B ROREHY &-%ﬁb 38"t with the portion of the
m d-&l gnal and the decorrel ated representati on of the portion of the

si de- ST 9pAl i@ draQUAN i1 Doiifed &AL CIAMH 31! B whlcn! BE WoblicP Le@endifith N
enhanced side-signal to derive the
generator further comprises a second high-pass-filter adapted to generate the high-pass-

filtered signal portion of the mid-signal.

25 13. Audio processor in accordance with claim 12, in which the decorrelator is adapted to
generate the decorrelated representation of the mid-signal using the high-pass-filtered

signal portion of the mid-signal.

14. Audio processor in accordance with claim 11, in which the second representation

30  generator further comprises a third and a fourth signal scaler to adapt the intensity of the
mid-signal and of the high-pass-filtered signal portion of the mid-signal prior to the
combination.

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

16. Audio processor in accordance with claim 1, in which the mid-side upmixer is adapted

to generate a left channel of the stereo signal with enhanced perceptual quality forming a



stereo signal with enhanced perceptual quality. 18. Method in accordance
wth claim17, in which the generation of the enhanced si de-signal
conprises formng a wei ghted sum of tﬁg signals to be conmbined. 25 19.
Met hod in accordance with claim 17, irfr*which the decorrel ated
representations are generated from hi gh-frequency portions of the

m d-signal and/or the side-signal. 20. A non-transitory conputer readable

medi um sYeEhisg sem b sutcarespitadaa tamidgizabend thegmbam eddedetdgnapend or ni ng,
Whﬁn ru n@&t@ﬁﬁf @ig}épéﬂﬁﬁlltlﬁ{of tRe Eﬁﬁfehcéihnfag{vitﬁ%ﬂﬁiiﬁteﬂ grc%pﬁgp(ﬁﬁﬁtysfolglﬂﬁ'{ghaw th
enhanced perceptyal quality using a md-signal .and a side-signal, fhe

ni d- si gn‘é{&gﬁ*ég %?ﬁ%%&t‘ﬁe@dﬁ? 6?9%65@’6?%@’5%& migeRigngl %ﬁéwaﬁwépé sigfrd t he
si de- si gfighalrepresenting a difference of the original left and right

channel s, conprising: 25 generating an enhanced side-signal conbining a

représentation of the side-signal with the decorrel ated representation of
t he portihiehod fe grictaSignatereosighalthich ddcorekpatardualepnbsendss & arid-of t he

si de-si gn [ : r i gQn . tion of the
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r epr esertl@nidn and thasidpugndl oiepsenting sidifershemal ; thaneigipati keftngnd hight

represengﬁhﬁgﬂcg&ﬁgﬂg;nld-S|gnaI and t he enhanced side-signal to derive the
en

stereo signal wt anced perceptual quality. 1021. Audi o decoder for
generating a stereo signal with enhanced perceptual qualities conprising:

a si gnal gepeavhgardctotelpred vestegitaaioni d- giigRak @RMoR of ifen8d-gial, andn a

m d- si gnal rqgrgsentiqﬁ.a S§¥H0f or%gina Ieﬂ%ﬁgnd right channels and the
side-sid%?PH? 158 BPERETRUCL O Afast RRUHOB L b S1desghai nal Ieft and right
channel s; and an audi o processor according to claiml. 22. Audi o decoder
accordi : i i j :Si .der i . i 0
odecomEeaaf i Rishead %ﬁ%“@gfgﬁ?lh%&%{%%@ ?gﬁ%ﬁ%%ﬁ%%%h%ﬁﬁ?‘g@?is?%ﬁgﬁﬂﬁ%
decofpr edespriglaigd cispspasgin ghdihe pertian sefr dwmmid-signal, with the decorrelated

representation 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 decorrelated representation of the

portion of the side-signal; and

20  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 generation of the enhanced side-
signal comprises forming a weighted sum of the signals to be combined,

25
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. A non-transitory computer readable medium storing a computer program having a
30  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 representing a sum of original left and right channels and the side-signal

representing a difference of the original left and right channels, comprising:

35 generating 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;
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generating an enhanced side-signal combining a representation 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 sterco signal with enhanced perceptual qualities

comprising:

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

original left and right channels; and
an audio processor according to claim 1.
22. Audio decoder according to claim 21, in which the signal provider comprises an audio

decompressor for generating the mid-signal and the side-signal by decompressing a

compressed audio data stream.



