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WO 2007/071270 PCT/EP2005/013738 1 Apparatus and method for
synthesizing three output channels using two input channels 5 .
wpenifteation The present invention is related to multi-channelsyithRSsigrszss
ers and, particularly, to devices genetating three or more output channels
using two stereo input channels. 10 Multi-channel audio material is

becgming more_angd mare popu- lar also in the, consumer home
R e R h R B hrabamele
multi-channel sound and“ffeREfdrEceePibniageriequently install

audio play 15 back systems, which are capable of reproducing

multi-channel audio. Such a setup consists e.g. of 3 speakers L, C, R in

the front, 2 speakers Ls, Rs in the back;and a low frequency

enhancement channel LFE and provides Several well-known ad- vantages

over 2-channel stereo reproduction, e.g.: 20 - improved frontimage
stﬁ%‘ﬁtféx?éﬁ%tﬁﬂ%?ﬁ%%’bpl-%irﬁﬁ al T téRiAG poditen shestontess 1 z-
Cé&rter BHannef dhtger-sieet-spot e vhtinfuny Hstering posistion) 26r more
increased sérseef fistenerdinvalvementt ciegiad yhdhasear speakers.
Nevertheless, there exists a huge amount of legacy audio con- 30 tent,
whighiconsisisnly lawo Geteteoiaudio ghagnels, e oncompadt
Di§cs (CPS(?. 1o [%Iﬁl% back two-channel egacy audic material over a’ 1 "
muft-channer Settp thard ars Hvd BRSIcOPHo et - REPISddee TRé Tey due
aﬁ&ﬂéﬁﬁcﬁgﬁﬁeﬁggﬁaygﬁﬁﬁﬁson.DVD offer 5.1 multi-channel sound

and therefore even home users freguently install audio play=~
back systems, which are capable of reproducing multi-channel
audio. Such a setup consists e.g. of 3 speakers L, C, R in
the front, 2 speakers Lg, Rs in the back and a low freguency
enhancement channel LFE and provides several well-known ad-
vantages over 2-channel sterec reproducticn, e.g.:

- improved front image stability even outside of the op~
timal central listening position due to the Center

channel (larger “sweet-~spot” = optimum listening posi-
‘on)

- increased sense of listener “involvement” created by
the rear speakers.

Nevertheless, there exists a huge amount of legacy audio con-
tent, which consists only of two (“stereo”) audio channels,
2.g. on Compact Discs {CDs).

To play back two-channel legacy audio material over a 5.1
multi-channel setup there are two basic options:

1. Reproduce the left and right channel stereo signals
over the L and R speakers, respectively, i.e., play
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over the L and R speakers, respectively, i.e., play WO 2007/071270
PCT/EP2005/013738 2 it back in the legacy way. This solution does not
Yekaadvantage of the extended loudspeaker setup (Center B0W/FFapo5/033738
loudspeakers). 5 2. One may use a Miethod to convert the two channels of
the content material to a multi-channel signal (this may happen “on the

fly" or by meansg gf preprocessing) ghat makes use of all the 5;1,5peakers not
and in this WAV be&%g%{rom the yeﬁ@éjslghgjg&%ggd de%%tages 10 of

the multi-channel setup. Solution 42 clearly has a vantages over ﬁrbu?etup
also contalr{asl &5te be%lgﬁ%regﬁélaﬁﬁf%ﬁf felspect to the conversion of
the two front channels (Left and Right = LR) to three front 15 channels
(Multkehanfiet Left yCenter andRight —H3CERh & gootHeR tord'GRannels of
conversion sedutiosh sbaulddfuifikther fallowingnrequirements s 2G 119 (this

recreate a gigylar, BYL marg staple o t,lrggg%gp 4be L.CR than |notgéas|§|§ng)
playback ca etThe enter char]:neljg%au:ré?p n#ce all the s%un%revents bl
which usu- 315 ar8 Perceived to'cor he'middi8 Betfeenifd Lo this
and Right |§Gdsp&acer ethe e iéfisin tHé 255 isivedespstsed advantages
Furthermoref sigralmin teft flomposi-sidng shall be reproduced by L'C,

and signals in the right front positions shall be reproduced by R'C’, re-

2 pestiveltsasJ M%E%@gga% é%?eﬁ.gﬁ%%e sg(%%@p @r?hggeﬂr?e% Aontains
ngs rd Co

ngé glé?n ?égg%goust 3 endérg: %Fedft?ys ecchgcn n%i‘? L@ﬂvgﬁ aRp of

NS e e O L

in %?@@Flm»ss Henievedrrenaallytdid sbendsmpragsidicior [FCIRAR' ) -

A good LR to L'C'R’ conversion solution should fulfill the
following requirements:

1) To recreate a sgimiliar, but more stablie front image in
the L’C'R’ than in the LR playback case, The Center
channel shall reproduce all the sound events which usu-
ally are perceived to come from the middle between the
Left and Right loudspeaker, if the listener is in the
“sweet spot”. Furthermore, signals in left front posi-
ticns shall be reproduced by L'C’, and signals in the
right front positions shall be reproduced by R'C’, re-
- spectively (see J.M. Jot and C. Avendano, “Spatial Fn-
hancement of Audioc Recordings”, AES 23rd Confarence,
Copenhagen, 2003).

Z) The sum of the acoustical energy emitted by the chan-
nels L'C'R’ should be equal to the sum of the acousti-
cal energy of the source channels LR in order to
achieve an eqgually loud sound impression for L'C'R as
for LR. Assuming equal characteristics in all reproduc-

tion channels, this translates into “the sum of <the
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for LR. Assuming equal characteristics in all reproduc- tion channels, this
translates into "the sum of the WO 2007/071270 PCT/EP2005/013738 3
wieetizaremergy of the channels L'C'R' should be equal to t€ sirrebing73s
electrical energy of the source chanfels LR." 5 Due to requirement #1 the
signals of the Left and Right chan- nels may be mixed into one (single)

center cfgalmrl d%‘ils gyla@ktru“ehéf thcqngﬁea}Lnd tEe 5ghtc rﬂ b

signals are near identical, 1.7 they represent a phantom sound source in
the midd&Bfthe froht8othY Sfagh’ ?hes SRATO-L 0SS iChotyre source
replacedW&”?é&l"%age generated by the Cen- ter speaker. Due to
requirement #2, this Center signal shall carry the sum of the Left and the

Right energyqlftherevel pf thed eft ghihes Rightiehannelsignalsisflesenan-
tor@@sn@my@ amplitude that can ke @%@a'tt%grpefe@eﬁ%@%@@%' (-T%% is

dBFS: dB dB Full Scale)L he surrg Ie\flels of bot annels wi
b et

artd l tr
exteed the maimum jével- Wﬁldhc e fepre- fjpnnel signals

ci?a?ﬁel}”ﬁ?s’%en%.d?ﬁ?'sl&@dally teSults Tife URRRISHHRIBe éﬁe@lh@Ptom sound
"cHppirreg. 20 Theeclipiping sitaaticirdés showh i Figdd. Rigo6 illustiateshantom
timeavaveforavaf a=sigaakelproeessad: by ai RERRESFORHAV-HA0E; the Cen-
meémgaee@yveIﬁnees!w@@?}el%%mawur:fm%g@e%&é@r%qlgﬁ%al1
Deger}%lnghon the cagaghley Ll%e di ta@r g ssor groces&n%%h% gl&evel

S|gnal he maximum osmve thre fié maximd negatlve

thRIshbIFs rﬁ§§tbe0+rl g - T‘lﬂﬂﬁrnﬁwa@e%héh‘-’élﬁ?jtallﬁrocég%r j§0 the
uderrdapieserblingudie rlmbersin itteyorsiahenastirhtntpesitivennel {= 0
thezsrid deitishe-3226& abirespanding tonzl' amd the maximersnegativesoth
thraghold will pe1-B2768.correspongding 102 $3R Sincaa dime wavsform, .

S'%n%l 2 deRL eg%nteg\b)ﬂr?esie L}'r%ncce of This usually results in the un-

desirable effect of “clipping”.

The clipping situation is shown in Fig. 6. Fig. 6 illustrates
a time waveform of a signal 60 processed by a processor hav-
ing a maximum positive thresheld 6la and a maximum negative
thresheld 61b. Depending on the c¢apability of the digital
processor processing the digital signal, the maximum pesitive
threshold and the maximum negative thresholds may be +1 and -
1. RAlternatively, when a digital processor is used represent-
ing thes numbers in integars, the maximum pesitive thresheld
will be 32768 cerresponding to 2*°, and the maximum negative
threshold will be —-32768 corresponding to -2%9,

Since a time waveform signal is represented by a seguence of
sampiés, each sample being a digital number between -32768
and +32768, it is easily clear that higher numbers can be ob-
tained, when, for a certain time instance, the first channel
has a quite high wvalue and the second channel also has a
guite high wvalue, and when these guite high valuss are added

together. Thecoretically, the mazimum number obtained by this
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samples, each sample being a digital number between -32768 and
+32766, it is easily clear that higher numbers can be ob- tained, when, for
Biertaleytme instance, the first channel 35 has a quite high vafteras/therss
second channel also has a quite high value, and when these quite high
values are added together. Theoretically, the maximum number obtained

b% C{hls WQ 2007/071270 CT/EEa Oog:]‘_Ldglg a%cyggéog%thvgr of two,_ .

(F r?% ever
Annets car be 65536, However. th glta S|gnal processor Is not abl e

t6+EpTESent 1R gR “RGRTRST Instedt! the Aital procaesismi ortys 2Hab
represent urabers eqrleto $ie Hiaimeh pOSRARE thieshokiel thesHesE &t
mumegatier tiresbolch  hexeforey the digitab sigriat gsboes- sar pedformsi-
CM%&@%@ Rymbar highere egrad-t0 thednaximum pesitivel proces-
threshal LoLI ihe %X'mum negative threshold, is replaced %xae@;ﬂq@% the

eq ual Fot [2) maX|mu Eéﬁ tlve thresh- gand the maximum negat

(ATGSHBI SB9RAT. With (SR E0 1o oFig 65, RGBS o1 oo

appedrs M\t avclip- fpﬁé%‘ﬁné%ﬁoﬁ%?ﬁﬁe‘%ﬁ%ﬁ?@&éHdé@enBFreSh'
have itsmatuhral (singjshapegbut isflattemed:ol ¢lipgedWhenwhig: regard

clipped waveform:is evaluateckfrom a:spectradpoipbebview,wit recormestip-

cl %&%&5@83&@%9@%@ CUppnGIGRylisdn 45 S0 ABEMAINE 1t nata-
com ents aused b igh gradi n| tude at the beglnn%lg&%ndtms
the™ énd gflfhé ClipPTTS flme por-‘tlon%gfgll"h “Jigital cfpp?r?g i$ not

refatRPRFtHERTEIay S eldp, S PO CHe ARfiar 51%6%@%@%85@% view,
used forrenderingethe dudib sigial. Howevenresich amplifienibudspeaker in
cambbration-alse: hasenpoa dmited-ingarrapge aand givher dhis=dineatgn i~
rapge.is gxceeded iy a.processed signal,aisq a kind ofiglipning takes por-

place, w %ch can be avmdeg using the in- 25 ventive concept. In any case,
th oé%ur eénce of clipping introduces heavy dis-

This “digital clipping” is not related to the replay setup,
i.e., the amplifier and the loudspeakers used for rendering
the audio signal. However, each amplifier/loudspeaker combi-
nation also has only a limited linear range, and, when this
linear range i1s exceeded by a processed signal, also a kind
of clipping takes place, which can be avoided using the in-
ventive concept.

In any case, the occurrence of clipping introduces heavy dis-
tortiong in the audic signal, which degrade the perceived
sound guality very much. Thus, the occurrence of clipping has
tc be avoided. This is even more due to the fact that the
sound improvement by rendering a stereo signal by a multi-
channel setup such as a 5.1 speaker system is small compared
to the very annoying clipping distortions. Therefore, when
one cannot guaranty that clipping does not occur, one would
prefer +to only use the left and the right speakers of a

multi-channel setup for rendering a stereo signal.
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tortions in the audio signal, which degrade the perceived sound quality
very much. Thus, the occurrence of clipping has 30 to be avoided. This is
WoaRTBrE Wue to the fact that the sound improvement by retEEPRS /813738
stereo signal by a multi- channel setfip such as a 5.1 speaker system is
small compared to the very annoying clipping distortions. Therefore,

e0. one cannot guaranty that chpping-does NoLoccurpneeuld 35 oo g
prefer to only use’the left and the right speakers of a multi-channel setup
fgFr8RUEMng a stereo signal. WO 2007/071270 PCT/EP2005/013738 5
There exist prior art solutions to overcome this clipping problem. A simple
s@lusomid overdornécthis prablencistte scalesdowpbb=all dsarhrels egjlallgiown
to=a levehwherenoge.efi the chanael: sigral (@specialytbe Gentersighalhne
?éqgg%%athqé’s%@%m't- s cam,be.done staficallby-a predefipedy gprs
f|>§e, :.Q/@Iue‘ﬂlri Shls case ghe C{lxeézl valu Fanuaerhflsobbe \éahd Jgée orst &aﬁxe q
situations, Wﬁere t%enLe?t andpﬂlghfc annel hdve 10 maximum evels. For
thEdvtage’t Rb-E' CPRE Rofvérsiohihis T8ddetdd SyrificantRFqtigterd £o*
L'@Rsierskoretiait i ionginavsiereo TR VIHEER isumhdRbiableespesialpve
wheg 1isuers @relswitching heiweesrsieee.and snalticcranrelrepredue- this
tion, Jhis behayioLcan e ebsefved at commergialiyzavajlable 45 matix  the

TR Comarre, S iy Bublica Non BRIy Syrcae ot BB

to :C converters. See Do ica- tion: |
reproduc~

Dé%EHéF?PﬁHE¢ﬁ§§B?<§5§ﬁ%ﬁﬂwstere° and multi-channe

htpYrmanEHb I \REbRTASSeHpd PR CRtisIERFZ09t  BosgtStfrbtindPie lable

Lagie HiRectterderincipleslol Operationi2Q pdkariGliesinger, Bepder) that
"Muttichanngl Matdy Suround:Deceders oy Jwerzaredddsteners’, 2045t ca-
A %&Qf_‘vﬁﬁéi%‘ey LQ&A%%%LESQ%S%O]?%%@ FPrepnt,3402. Angther simple
Sqﬁgggggﬁgﬁgf dyﬁ@g???gg]fég%g§{33%9gssets/pdf/techwlibrary/209
_Dolby Surround Pro Logic II_Decoder Principles_of Operation.
pdf or Griesinger, D.: “Multichannel Matrix Surround Decoders
for Two-Eared Listeners”, 101%t aRs Convention, Los Angeles,

Ush, 1996, Preprint 4402.

Another simple scluticon is to use dynamic range compression
in order to dynamically (depending on the signal) limit the
peak signal, sometimes also called a “limiter”. A disadvan-
tage of this appreach is that the true dynamic range of the
audio program is not reproduced but subjected to compression
(see Digital Audio Effects DAFX; Udo Z&lzer, Editor; 2002;
Wiley' & Sons; p. 9%ff: “Limitexr”).

The downscaling problem is undesirable, since 1t reduces the
level or volume of a sound signal compared to the level of
the original signal. In order to completely avoid any sven
theoretical occurrsnce of clipping, one would have to down-
scale all channels by a scaling factor egual to 0.5, This re-
sults in a strongly reduced output level of the multi-channel
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25 in order to dynamically (depending on the signal) limit the peak signal,
sometimes also called a "limiter". A disadvan- tage of this approach is that
WeArEegdmamic range of the audio program is not reprodudseE BRRe0s/013738
subjected to compression (see Digitél Audio Effects DAFX; Udo Zolzer,
EdiLor; 2002; 30 Wiley & Sons; p. 99ff: "Limiter"). The downscaling

problem is undesirable, since. it r S el lume o oyn
GERAT Lo RS (s 2081 O e 5 inA el I rc i Compoialy=
vid &b CRSShEBralichY beEIARRES of SHBBIA, SFE vidd FAVE =2
dawn-sécale béveHarmals ByiaRcRinGHRRTSEEdHd 16155 RisHel @itsh &7
strengiy feduces Dutpetlevebet the muliiehannel \WQ 2G0H0PE270en sev-
RCT/ER2Q0%/013738:6 signal epmpared se theierginaksignalaiieen ore =
apjy itens 1o fhis dawnsgaled multchanpel signal=ons car.campensale .-
for |sI_FeveI reduction by increasing the ampli |ca£|0@ of "the soueg.
B MRS e vién ohe Siitches Bétwee sev Blera Sotires fhamnet
(legraeyJusteren signal will appear to a listener very loud, when it is

replayed using the same ampli- fication setting of the amplifier a set for
themultichanae! yepiedugtion. 49 Thusa uselworidibavedothinkabaute: -
reduging the.amplf- gation setting of - arppliiee peforeaudtching ramsh, o
mutl-cchar]nel représentation of a stereo_signal to a true_sterep
EPrelSEntAfon of tHe8lera8 Kignarin or erg?o SOt damageher or iis ears. <
OF ERTRSMERL IS TREGHRR pfir AR ethedSRiIny E)Ramidrange™s t° oot
campressionr effedtivelyaveidseclippingrnEioever, the audio signal itself

is changed. Thus, the dynamic compression leads to a non- authentic

audio sigpal, WPJ&DJ Lcvepwhen ihe infroduced; anti 20 factsate nkdoPession
ag%%gggigéﬂgegggQ g“%'?g%ﬁ%%?uﬁgagﬁer, thae audio signal itself
is changed. Thus, the dynamic compression leads to & non-
authentic audic signal, which, even when the introduced arti-
facts are not too annoying, 15 guestionable from the authen-

ticity point of view.

It is an object of the present invention to provide an im-
proved concept for multi-channel synthesis using twe input
chaanels.

‘This object is achieved by an apparatus for synthesizing in
sccordance with claim 1, a method of synthesizing in accor-
dance with claim 14, a computer program in accordance with
claim 15 or a three channel representation in accordance with
claim 16.

The present invention is based on the finding that, for over-
coming the clipping problem and for nevertheless achieving
the advantages incurred by replaying a sterec signal using
fhree or more channels of & multi-channel setup, the center

channel is generated as usual, i.e., receives sound events
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ticity point of view. It is an object of the present invention to provide an im-
proved concept for multi-channel synthesis using two input 25 channels.
Whejeeris achieved by an apparatus for synthesizing in &€diEH20H6613738
with claim 1, a method of synthesizirlg in accor- dance with claim 14, a
computer program in accordance with 30 claim 15 or a three channel

rese tation | accordance wt@ i e.present.ipye oud—
§§&§ on the fi %engmm C?l or ov%regﬁmr@geihggchtgp%ﬁg% é)r%%%ey%q grri%s olr o
FEFETRERss Wehidving® 351Re a&@aﬁt%% g? inchried by Tepraying & s eregg

signairesingithece thmorethafABISST A/AtHE cﬁﬁﬁﬁelé&ﬁp R centBPing
channe! isgenesatesrad tsuakl i ehpreseimgysodind eventsyW® components
Mﬂ@!é@@n C&%%EBQQQQAOll%??&J located inthe-middleshetweamthere

'%ﬂga”d the 1, e “%Qt ﬁ%&%ng&hw%%a%ﬁ@e@ 'tpal ROt e rgy of

rendering owever w e real center would come into the.clippin
rﬁﬂﬁﬁeoﬁﬁ)lﬁ%o?YgﬁBT tﬁ‘g eﬁgfjg} 8fthe s:gnal comrgonents ge R o
repFasEming HE8 B\ eRRR IR fe nAdREBRIRS a bR Se thFBre TR RS- 9 -
center channel. The remainder of the energy of these sound events is fed
bagkdntorthe first-and thifditer, lefhand right)eharnels pr cemains there the
"o e noning, 10.Tus. e o ot ™
Wi c

tﬁ@%eﬁ?&t%ﬁaﬁﬁgﬁ%egcaﬁd d()v‘?/L ?hd é{)/el ?é o?v or é %% to‘gtég U <o

MdamuRT ievst possisle wﬁﬁﬁl}lb&i?ppwrf@é?@erﬁle}@%“%e RfsgngPetess.
patitenergyioithe sigrahwitizh canhbebe tenab defelchy fidBehtdre Ten-

chanael isyrepredusadavitirthaelelt chan-setanddibe righticharnekas achan-
"yityal.center’ or. “phantoim, certer; s The signal of the realcentse anghgtom

V|rtual center is then
cent er

The signal of the real center and the virtual center ig then
acoustically combined during playback recreating an intended
center without clipping. This “mixing” of the real center and
the virtual center results in an improved more stable front
image of =z stereo audio signal, i.e., in an inecreased sweet
spot, although the sweet spot is not as large as when thare
would not be a phantom center at all. However, the inventive
process does not have any clipping artifacts, gsince the re-
mainder of the energy not being processable within the second
channel due to the clipping problem is not lost but is ren-
dered by the original left and right channels.

Tt is noted here that, for any situations, the energy of the
left and right channels in the multi-channel setup is lower
than the energy in the original left and right channels,
since the energy of the center channel is drawn from the left
and right channels. Thersfore, even when, in accordance with

the present invention, a remaining part of the energy is fed
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20 acoustically combined during playback recreating an intended center
without clipping. This "mixing" of the real center and the virtual center
wesuwhzimzre improved more stable front image of a stereo R{HGBI#I]13738
i.e., in an increased sweet spot, altfough the sweet spot is not as large

as when there 25 would not be a phantom center at all. However, the

inventive process does not have any.clippin ifacts, sl h
RSP of o G Sfoy ROt Bt proLEeaanlE At I e ahani ="

@uié 35 the THEPMEG roBRM FE ntt 15 U1E 76n SdEPRFbY the original left
and right channels. 30 It is noted here that, for any situations, the energy
of theleft andrighi-channals #héhe mustzchahmed setum istlowarathdméehe n-
neroyjo the priginaldeft and dght channeds,rsince the eneegy ekthe, in a
center channel s drawn from ihe Jeft 35 and right channgls, [hetefore; on-
éVfﬁ?WﬁJé%, it accordance WIIIPI the present invention, a remai ing&a&gt}ghy
e

REBheGy I fe PNETOTAOTIS76 POFRBE20081015738 ‘$BackYS
lgftremckrighit oudidticharinetst therelilmevet BRRR digingTobfém ==
V.\!!Fh_l&éhQﬁ%Q_Baﬂ_aelwﬁtﬁurthesgaﬂvanuagewfethemege’ntﬁﬁvéﬂtﬁ)rpisimal
the i9-.3 ventivesignakoengiatiopdsperformathita way thleit ave of the
pézrfpgré%d f%%%%‘&e”%ﬁhest%gllae%e,cg'%t_w grousticalen: %r%yngﬁt% ren-
generated three out%ut channels (and optionally geQeragced a ditiqrﬂ{%I
oRFEEchafiet sichas T8O RSTEFLFE "~} 5is preserved with res ectto
theéerergy ohthessriginal 16 stere8SiGHal “PHE Same BN 10adnass Se+wP
'IH@SM@UM@@I theawaywof rerdering thesigriag, icglawarsthedthe signal is
ren- de;red using a stgreo setup having only two speakers or whether the
Slf%]raé%ll% rendered ysi nﬂm@'éﬁ‘é@k}%hgﬁ%%laﬁetﬂ Rnbaving morethandng bution
speakers, can be guaranteed. 15 .
of sound enerdgy to the center channel and the left and right
channels is dynamically applied only if clipping would be un-
avoidable, i.e., the second centsr channel is completely un-
changed in situations, which are not effected by clipping,
i.e., when sampling values of the second channel remzin below

or are only ecual to the mazximum thresheld.

Furthermore, the resulting acoustic combination of the “real
center” and the “phantom center” produces a signal which is
much cleser to the optimal three channel configuration, i.e..
three channels without clipping or three chamnels in which
sampiing values without any min/max threshold are allowable.
The inventive sound image is, thersfore, in preferred embodi-
ments neither different in level compared to the stereo input
signal nor non-authentic as would be the case when using a
limiter or a simple clipper.

preferred embeodiments of the present invention are subse-
quently explained with respect to the accompanying drawings,
in which:
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Furthermore, the inventive signal generation and distribution of sound
energy to the center channel and the left and right channels is
wyrranicaltyoapplied only if clipping would be un- avoidable, irertherces/o13738
second center channel is completely®un 20 changed in situations, which

are not effected by clipping, i.e., when sampling values of the second
channel remain below or are only equal to the maximﬂm threshold.
Edi#hefmorei & PESatRG Ao FRRACSBatioh SFihe F8aF I8 cahferPPer
and the "pharitermednteirpradaesdansignaliihichis riger erdsst t6thedi-

- optimal threenehanpel ensfiguration, i.eovénrebochannels without clipping

or three channels in which sampling values without any min/max

thieshojd are alouable, I puentie sound itiagedsollorelilgeltcor of
pre?errea em%pal 50 ments neither different in level compared to the

stereo input SighalmEPRoR%GhBREE &25W6GET5E the case when using a

limiter or a simple clipper. Preferred embodiments of the present invention
aesulRe- 35 quenthrexplained withrespectteothe hecompangegessor of
drawings, inwvRichs WO 2007/071270 PCT/EP2005/013738 9 Fig. 1
illustrates an apparatus for synthesizing the upper channels in

accordance with_the preferred embodj- ment aof the present invention;.5 B

Fig92a4 prePerrjé‘él%rl% %d?r%ﬁ%?\?ﬁ}ejc sio%al%eene%ﬁﬁ)?no al=T .S_Llﬁg\?%ggaen

post processGE T 2bEy préfeifed ifipRm& t"Fta‘ﬁB’i‘ﬁlc?ﬁﬁecﬁﬁgfﬁ’ﬁdcessor

of Fig. 2a; 10 Fig. 3 a further embodiment of the inventive signal gen-

erator havinganstiterative upmixereantrolFigréka furtber embogiment ofen-

ghe inventive signal genz 15 eratar compleiely operatingin the.parameter ge-
0_

main;

Fig. & an example for a 5.1 sound system optionally also

having a surround center channel Cs;
rig. 6 an illustration of a clipped waveform;

Fig. 7 2z schematic illustration of the energy situation of
the original two—channel input signal and the
three-channel output signal before and after clip-
ping; and

Fig. 8 illustrates a preferred input channels analyzer.

Fig. 1 illustrates a preferred embodiment of an inventive ap-
paratus for synthesizing three output channels using two kot
put channels, wherein a second channel of the three output
channels is intended for a speaker in an audio replay setup,
which is positioned between two speakers, which are intended
to receive the first output channel and the third output
channel. The input channels are indicated by 10z, which chan-
nel can be for ekample the left channel L, and 10b for the
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main; Fig. 5 an example for a 5.1 sound system optionally also having a
surround center channel Cs; 20 Fig. 6 an illustration of a clipped
wewformizkig. 7 a schematic illustration of the energy situatipgigfptlaes/i13738
original two-channel input signal andithe 25 three-channel output signal
before and after clip- ping; and Fig. 6 illustrates a preferred input channels
analyzer. 30 Fig. 1 illustrates a preferred embodlme tof an |nven ive a
pAPRRRFOF LRIzt e & Tuthit cHEh S Using f8 Tn- pu ann§§?“t
whisToirea Secondicvdmadiast the thrée 6afpd%h@ha‘fﬁﬁé|§ |§Wt’éﬁ%d fofa for
speaket-incaaaidio aaplayzsetdpr vihieh is positioreeebetwebli tonal out-
speakers,which atgdniendech3s fedaceiverthadirst Qutput shanpehaneutput

the third utppt chanpel, The, npels-ate ipdicated by A0a, which
chegn he C;.EIJ'IE%G for exgmple w&b%aQ%%L ri;r}]_pd 10b for the WO Lou

266 PRSI0 PETTREIBE013738790 secsnd Channal WWheH Garr bé Ofhe-1e
rightelsapraPRyT hersaipiScharn sl m%&t@&l%s’-ﬁﬁ%f"ﬂ]e‘ﬁgﬁ%g
channelz 12bdok ecerfiet thanneband<l:2c fotahe 18k chahnel. JHdditidhAal 25 &
Ol&a@éﬂ chiannels canhe generateshsuch asalaft surreundieutput the sweet
ﬁ)%n!:el 14a..2 right sugkaung eytput.channel 14h-and alovw freguencyon.

ancement channel 14c. The arrangement of the corresponding
speakers for these channels is shown in Fig. 5. In the middle of these

Sphskikiers o 112b O, I 1 4R sw&%bo%%ﬁr%ﬁan%{lﬁgfé%r ig Cer

positioned svithinithecsvedebt0wper, tHeh hedr shewilkhdveanepiimuin and
sounsl impressiens rAdditiosaly.nene might aritka eenter sufoundichanreter
51.Gs-whichds.pasitioned between the loft sugoundichanne! Idaangrocess
the rlggetafggloaqcnidngh%%gelslziflgbria-&hefso’lgnailfeor ct:g%igeep tecrhannel 12b. Addi-
tlonaily, the inventive methods can, therefore, alsoc be ap-
pilied to the calculation of the center surround channel in

order to avoid clipping in the center surround channel.

T+ is tc be noted that the inventive process is usable for
each audio channel constellation, in which two input channels
intended for two different spatial positions in a replay
setup are used and in which three output channels are gener-
ated- using these twe input channels, wherein the second chan-
nel of the three channels is located between two additional
speakers in the replay setup, which are provided with the
first and the third input channel signals.

The inventive svnthesizer apparatus of Fig. 1 includes an in-
put channel analyzer 15 for analyzing the two input channels
in order to determine signal components which occur in both
input channels. These signal components which occur in beth
input channels can be used to build the real center channel,
i.e., can be rendered via the center channel C shown in Fig.
5. Typically, & stereo signal includes a lot of sugh meonoc-

phonic signal components such as a speaker person or, when
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15 surround channel 51 can be calculated using the same process as
calculating the signal for the center channel 12b. Addi- tionally, the
weeniive rethods can, therefore, also be ap- plied to the caleGftibrwesie3738
the center surround channel in ordet}o avoid clipping in the center

surround channel. 20 It is to be noted that the inventive process is usable
for each audia channel cons llat

tellation, in whi 0 input c els,
iftehded” f‘(ﬁlﬁvosdﬁflé?erﬁospalt?aef%%ti%siggb%plaé sittfpgg?% usggra%n er.lt
an ere

ingFiEhaRede Sttt eRENds &2 gc’éjﬁcekrL afed Using thesetwo ﬁfpu?c -

ctieonrsls iwhéreirtthefsébond eRamt At of the three channels is located
between two additional speakers in the replay setup, which are provided
with the, first and the third inpw-chanpet signalss &0 thedaventivinciudes 2
R e i i iy
TN SR in BOUR- LR cHar2is SPRSSE il Camponents hich - =
ouelsirlBath iRPut ERENHERNCArtBE LSEY Al (HAFEHT tentdfendiRe e
35rim reant berrenderek viatie cenjeréharmal @ shivivnoiadeigrisy in both
TyRisallys a:stereq signakipsludes alet afisuch mormemphanitsignal the in-
cF:>om oqrefggg%s %&7& e%%ﬁ%%‘é%r Q‘;’a“iﬂ;‘li‘e‘%%ﬁ’ﬂ%%n %%3@@7@1:]&7&d silgnal
| 1 music.signals arge_considered, or .
infSHRRBAE FodittonEd i frBRT of gnlﬁgﬁes%g aﬁ%,%ﬁere o%g%go%i- ti%%gd = .
irmaRt oftie ARIIBRRECK THE iRVERtVE EnthBsiZer 8pparatus adafionaly

inchedesea stimecar freglencyrpeleztive ahd, firtheARBPESighatHependy en
entsignal.geperator 4.6-fex generating ihe daree autppl ehanf{pefsit@apcf the

12h,:12¢ using {he two jnpus channels, 108,410 and infarmatigaautiing  the

detected signal compgnents occurring in both 10 input channels as
DR bid TRE T, 4

articularly, the in-

Thus, the second output channel has a time portion, which
only includes a part of the detected signal components to
avoid clipping, while in a different portion of the second
output channel, the complete detected signal components have
pesn fed into the second output channel. The remainder of the
detected signal components are included in the first and
third output channels and, therefore, form the “phantom cen-
ter” when these channels are rendered via the speaker setup
for example shown in Fig. 5.

Depending on the implementation of the invantive concept, the
“portion” of the detected signal components located in the
second channel, and the remainder of the detectad signal com-
ponents located in the first and third channels can be an en-—
ergy portion or freguency portiocn Or any other portion, s0
that the second channel only includes a portion of the de-
tected signal components and will not have any valus above
the maximum threshold and will, therefore, not induce any

clipping distorticns.
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ventive signal generator is operative to feed detected signal components

at least partly into the second channel. Further- more, the generator is
wpeamtiveitoonly feed a portion of the detected signal compeaantsnines73s
second channel, when 15 there existg a situation, in which a complete
feeding of the detected signal components would result in exceeding the
maximum threshold. Thus, the second output channel has a time portion,

which 20 only includes a part of the detected signal components to_avoid
lispin; ke e ceront pBFFGT6F e SAEBRpuUE Chaniiel-(HEw o~ 7

complete detdgted:sigial chniiicnents hZee e 36d Tnto the SeRoAds- 22
Qputichannel. The remainder of the detected Sigieal compobewtsiarer 16

} E%yﬁi%ﬂignegtﬁ%%@@i%gwigg:@am chanpels and ,dmerefgeﬁ@fm thean-
- ter en these cha S ia t essp%ﬁ}@g

s%?t% f%rﬁaex%zr‘ﬁprlelgoovgn Ellﬁ %i CDS n@é%e%?ﬁ%?ﬁe Jiﬁ%&eamer%gtiobn g;‘: .
the invettive BIRCETR, RSP HortiBR 6 fHe dStatied sighal components, B
Geatedtin thd isoémed chanPR|, TP IR rémamnder i 1RE HetBEEWsighat 2%
cony panenisdpcatedin the fistrand tringehannelstcan bdhan wtteigyannel
POREOR of freqiency pertianenany-0ther pesion.se that the second

channel only includes a portion of the de 35 tected signal components and

will not have any value above the maximum threshald and will,.t fore,
By BB Gt orE 0 Z0Or tar L DLt CEIEe See,
PO EP 2005191378312 PigCoa Tiistidtes abret8rralBmboafiment of tHe™ ™
inventive sigris cnalyzes16wf FigotpPastictdarlyairttheufpy Ry the clip-
emhodimentthe-signal apalyzer ifcludes a 2-Zanpmixemt6 & perfeemimngtorm
ilg%lp{gl%(lr&g@q_,e%%ggﬂggllgggy the input chan- nels analyzer 15 of Fig.

he output of the 2-3-upmixer L, R, C are upmixed channels. However,
channel C might be sub-
Depending on the implementation, the clipping detector can be

constructed in different ways. When it is assumed that the
Fig. 2a signal generator can Pprocess nNumbers having a magni-
tude being higher than a predetermined maximum threshold,
then the clipping detector 16b simply examines the time wave-
form to see, whether there are higher numbers than the maxi-~
pum threshold of the subseguent procsssing stage. When such &
situation is detected, the post processor 16c is activated
via activation line 16d to start post processing such that
the enérgy of the center channel 1s reduced and the energy of
the left and right channels is increased so that the threse
output channels 12a, 12b, 12c¢ are finally output by the post
processor 16c. Thus, in accordance with the Fig. 2a embodi-
ment, the LR to LCR conversion process 1s done as usual. The
internal first-stage center channel signal 20b is analyzed o
check, whether clipping would occur if it has to be output as
an external signal such as in an AES/EBU or as SPDIF format.
When this happens, a part of the signal 20b is removed in the
post processor 16c resulting in & nodified center channel

signal 12b and distributed instead to the intermediate left
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ject to clipping, since channel C is generated using an add- ing process, in
which signal components from the left channel 10 and from the right
wioenenebarmmwdded together. The center channel C is input irt0BEHpEiNG3738
detector 16d, which feeds a post prééessor 16c, which also receives

infor- mation on detected signal components. Particularly, the clip 15 ping
detector 16b is operative to examine the time wave form of the center

ter .
cRRnEL 2Dt DRpRREITy dAthe AliDIehferftatish the BipPTRG Hete P ek ™~
biei consticted i difforernieaps AMpen tiCasemrRE Hatrel26Kg22alzl
sighal genenséarean preeess numbers having a magni tude being higher
than a predetermined maximum threshold, then the clipping detector 16b

S n%')é’e%a@é%e%ﬁ%eogﬁ_“fewwgf form to.see. whethetherere iglebyy, in
numbers than the maxi- mum threshold of t esu%lequent,procei%mg‘S sy
sEge. WRen L858 SitGARON Ts d&fEetéd e post processor ¢is® 7

aptivatert via aetvation inected 16 Stak PoeprocEssing=ich ffdsties 17
esermpaolthe tenter charnekis retiused ardhfiveenksgypof thedeficaned sig-
right,channals;is incgased sodhat thesthseagoutpri channelmiza, &2k, also

log ggggglag;q ol Ry the Past 30.processer 166 Thusainacaordaneerna-
leﬁ%t e Fig, 2a embodi- ment, the LR to LCR conversion rocess is drg_)ne be
aS uEtAY. The Sn@ AMrsCstagl certter charnel si'"g,neé:lazto%jfls analyzed to,

cléeiednABARICIFRTIG Wo R0 QIR HAS fo bEBtBut A8 aAbxt&fid -1 7e
signak sdelas-in anoAESIEBIdDr & SRPBIF ferinat 359k Hercthisincreasing
happens..a partfdhesignal20hsisgiemoveshiscthen post pracessepibg-step

o et e W0 T 210 TP S00SI0L3 738 Agard

riﬁﬁti&?agﬁ}geléﬁgg?%b a%‘g mph&%\%mr%oednjtré%@%on?ﬁg%’? ﬁor?%gﬁérétagg% e

pGatBRoteseihgt Bfe BaRter Bhantiet $fgnafd3b ‘Reageiibeldiio aBrshe -
tected signal components corresponding to the extracted part
have to he re-distributed to the left and right channels 20c,
20a output by the upmixer after multiplying by 0.5. To this
end, the post processor includes two multipliers 26 in each
branch or a single multiplier before branching, and a left
adder 27a and a right adder 27b.

When'fhe detection of the signal components occurring in both
input channels has been perfect, then the left and right
channels 20a, 20c do not include any “phantom center”. How-
ever, by adding the extracted components (after multiplica-
tion by 0.5) to these channels, a2 phantom center is added to
the left and right channels.

Subsequently, & further embodiment of the present inventlon
and, particularly, of the signal generator 16 of Fig. 1 is
discussed in connection with Fig. 3. The input channels are
input intc a controllable 2-3-upmixer receiving information
on detected signal compeonents for generating three output
channels in a first iteration step controlled by an iteration
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5 A preferred embodiment of the post processor 16c¢ is shown in Fig. 2b.
The center channel 20b after the upmixer 16a is in- put into a part
ERIRAEHOTI281 The part extractor receives in- formation 13 on Petetres/613738
signal components and a control sigt¥nal via line 16d from the clipping
detector, which may also 10 include an indication of an amount of

Sae Hgﬂeg\'tgm?j-ﬁveelgféﬁgta%%@t Gilﬁz@raﬁﬁoré@@aﬂe@i%@e@ﬁﬂaxer
e fixed independent of any, occurring cli j a trialler

ﬁ?&&%&%ﬁn Jb% gﬁ“ﬁlie% fu e%tfgét'inéﬁéas%%ﬂ%rfo%%gé% tﬁ%e%tgégd ﬂ%l;re,
SR cofinBEABAHr 2 SH6- - Gl P s ion i the Hibpi§ datcor*
B6b aloes nutidetedeany telipphfl anfhofE HER thé nddified t8nter® &0~
shannehi2b isoutpus pyrihedeart extracicib andithesdmaindenpfitiredel 62
teeted signakeomponents corgspopdingds therexdeactedipart thaye hbeges
re-distributed to the left and rj nnel : Oa,qutput by the n—
U%%i)?gr aﬁef}%lﬁﬁ%ﬁ/ing bi/ Cé)%%tc%%?%hrg%r%g& th%pa%os?%j) Bgés% incﬁ%é;eZsp 5

- {998 nflifipRERs 26"t E5CR Bidtch®or S Single miultiplier before branching,

annd eolett cidst Ia Bl & FiRjFR BeRier 278 25 Witert the ORtaCiSh HHTE e
sighal sampbnenrtsdeceurting iniiothl inputcheericls fastiedn perfekipeing
then the left.apddight channels 20a, 20c do not include any "phantom
center". How- ever, by adding the extracted components (after multiplica-

tion by 0.5) to these channel|s, a phantom center is added to th

AT Pt ehe s, S THRRIEAT & T B ey ST b egaa ===
ifveAticH TaRdPpaRicalySof fHE &gt gRRBRRF 16-0FFIp Thkrer opera”
diseussied itoenpecticrewith Big. 8hd helinput chanselsssecds putintshs
centrallable 2:3rupmixerdeseiving daformatiom onideteeted sighaltnis time
Compy ”% s for generating three output els,p afirspitgration glefess
controlle an iteration Q 259 Oga{z.qv‘?tlggotpheTé%E%QQS/san_lg%%?f@ e}xﬂsrgy to

and using re-routing oI

the left and right channels as a phantom center contribution.

The Fig. 4 embodiment completely operates in the parameter
domain. To this end, an up-mixer parameter calculator 40 is
provided, which is connected to a parameter changer 41. Addi-
tionally; a clipping detector 42 is provided, which 1s opera-
tive to examine the original lsft and right channels or the
calculated up-mixer parameters to find out, whether clipping
will ocecur or not after a straight forward up-mix process.
When the clipping detector 42 detects a clipping danger, it
controls a parameter change 41 via a control line 44 to pro-
vide changed up-mix parazmeters, which are then provided to a
straight-forward up-mixer 16a, which then generates the
first, second, and third output channels so that nc clipping
occurs in the second channel and, for a time frame, in which
the clipping detector 42 has originally detected a clipping
problem, the left and right channels 12¢, 12a, have a phantom
center contribution.
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controller 30. The first step will be equal to the upmixer operation in Fig.

2a, i.e., the center channel 20b can have clipping problems. Such a
whippwmy sitnation will be detected by a clipping detector 16betrramtkast: boss
the Fig. 2a em 5 bodiment, the clippldg detector 16b controls the upmixer
16a in a feed-back way via the upmixer control line 31 to change the
yomixing rule in.a cetain.way so that thegenerated, gens fer.chanel:200. -
redeltes; Hiter onhe or moreﬁteratlon steps as controlled by the iteration
dortrollRF 3R Bhlyidn SRGHEECLPBEMIBRT IS BeRttsT Signg Parameters
dgraporentsisethataro SHEPINGRDCElFs aRyRIbFe STRUELhe Riy. 300, 20c!
eynbedimentifystratesraniterative process: elrea fisstypads of The terdtiverr -
Riopess, e URdBiXasoRR(an 45 ien is dope as usual Aldhe-ouaitagi onal
detector. 166 checks, whether clipping geeurs: Yihen gipping irdetscledon
tﬁlsrrhmme frame is processed again, now using %he re-mapping process _.
&l FiRgFe-rotifgof pato o céﬁte?%@naﬁgﬁgrg?/ to L%he ftand o
et ohrireieds aBlalphastol® cERTErETtribRid =26 e Bigf 3 embodi-
emsbadiment campletely©porates: invtherparaasetel sdoraairi <Fo this epldl, 2
ap {4R-MxeY Paraneien CalcHAlor 40Hst prpvided, whiclyis aonnacteddo ahe
parameter changer 41, Addi- fignaly,\a clipping:detectpn 424s pisvidacq .
which 18 opera 25 tive to examine the original left and right channels or the
calculated up-mixer parameters to find out, whether clipping will occur oy _
nBRaftbRESFAIGAT forRi 4ne-AfikG5btess CWhER thEThpPd BEtdBr42°7
detestsa-glipping damger, Thwontrdis a Paransadr CRTeE 21ovaRRESREBRT S
ling 44.:0-0rp,30 Vides changedds-arix pasameters, whicharerthene concept
ot 1A ity Shamncls St dliogind ooae Ifner
irst, d, ird outpu ] q ippi

SEESHE cifATRE &rd, 15r aaqﬁir.ﬁeé: fame.in which' the %01%5%119 gntéecf%%,}thg srer
h&‘@@ﬁ@%éﬂ‘y detected aaaipﬁmatlve way. LIntendad

rameters are analyzed. When, after the synthesis of the real

conversion pa-

audic signal, clipping may occur, the conversion parameters
are-modified. Then, the process is again started and finally,
the output channel signals are synthesized without any clip-
ping and with real center and phantom center contributions in -
the corresponding channels.

Subsequently, a preferred implementation of the input chan-
nels analyzer will be discussed. To this end, reference is
made. to Fig. 8, which illustrates such a preferred input
channels analyzer 15. First of all, subseguent or overlapping
frames following each other are generated using a windowing
block 80 so that, at the output of block 80, there is, on
line Bia, a block of values of <the left channel and, omn
line 81b, a block of wvalues of the right channel. Then, a
fregquency analysis is performed for sach block individually.
o this end, a frequency analyzer 82 is provided Zfor each
channel.
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35 problem, the left and right channels 12c, 12a, have a phantom center
cc_)ntribution. WO 2007/071270 PCT/EP2005/013738 15 In contrast to the
wigz@eoTd2iRig. 3 embodiments, the inven- tive process is camMetER3005/013738
b_ased on processing parameters thit are used for deriving the output
S|gnals_ 20a, 20b, 20c, or 12a, 12b, I2c from the input stereo signals.

Thus. ;n.ora der to.provide implemenéationg withvstiklower compeitatiangl a
con%lexrg/, -glso t{lne cllegéj)}%ge%%te%&igg and the. manipulation of sighal sych
IETIESP At S afe BEsed on the pro essing;—a ameters, This is ir{E
Conftrastsnfié Az uicd Bﬁﬂbbaﬁiﬁgﬁts? in W%Ir(gﬁ‘ﬁ]léa ?nvﬁé%ltlﬁ/%esroc%%%s—
i€ camiechouEEH ae dgowibt Hudicehaihe Sighals HRAE W8 affbadyy °Other
oreatertfomthedeentar .channel afteriarpdssible-oippiriy coutd be detegletrer
The, invenfive.clinping defectiop/cantabeambe partermedby dor generat-

e e oAt 0 e I Snes coneaes OB o

accarding to the jnventive concept to. id
BB aREP S Sy RS bF e SEu Al SUTRLL SL0 Soale . oo
alterrativawayito ContioTEieTRrAReEr changB2 1983724 iterative way ™"
Inteadedreanversiort pac fametersariarmiyestop/ hieh, afer he sYRfESECY
of.the (eal2Q,audip signak clipping mrayveaurdhd corverdionlpardmsters 1y

a%% gi%cfggggé hen,ihe precess is again started and finally, the output
channel signals are synthesized without any clip- ping and with real center

and phantom center contributions in the corresponding channels. 25 .
Smbsequénﬂ?{lﬁ‘mé@rééﬁfpléﬁf@fﬁ&ﬁﬁﬁ%?tH€ iR h &g alﬁ)‘éilil/%g}rted
witkbeidiscussed. Toithis enderefareneeds - HRRERFFIGSBEwHiIERS @ ©ross
ilustrates sush apreferedinputahannels apalyzend Sofirss of als., bands
Ega%sv%%%e@; Qr Querlapping 30, framessfollowing eachMiher are Denesatatbas -
ur%é%gggéﬁgggﬁ by block 84 can have a value between ¢ and 1,
wherein 0 indicates no correlation, and wherein 1 indicates
full correlation. When the device B4 outputs a low cross cor-
relation measure, this means that the left and right signal
components in the respective band are different from each
other so that this band doss not include signal components
cccurring in both bands, which should be inserted into a cen-
ter channel. When, however, the cross correlation measure is
high, indicating that the signals in both bands are very
similar to each other, then this band has a signal cocmponent
occurring in the left and right channels so that this band

should be inserted into the center channel.

A& further criterion for deciding whether signals in bands are
similar to each other is the signal energy. Therefore, the
preferred embodiment of the inventive input channels analyzer
includes a band-wise energy calculator 85, which calculates
the energy in each band and which outputs an energy similar-

ity measure indicating, whether the energies in the corre-
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block 80 so that, at the output of block 80, there is, on line Bla, a block of
values of the left channel and, on line 81b, a block of values of the right
wlemoehTiten, a frequency analysis is performed for each oakep2605/013738
individually. 35 To this end, a frequehty analyzer 82 is provided fdr each
channel. WO 2007/071270 PCT/EP2005/013738 16 The frequency
aQE%{@nﬁ%@y%V'C&Mwef@'n@a%ﬂr%@}CYdiorﬂa'fEerent from
re resent ion of a time domain signal. Such a frequency analyzer can
mc‘?u&e A short-time Fourier trans- form, an FFT algorithm, or an MDCT
transform or any other 5 transform device. Alternatively, the frequency
afiblyzendigok 82mady Bisy inckrRya SUHARE FildhbaARToFgeheralthgthe

fane@mpler32 ssthbandrehannelsorahighey otdowes mirmalver obth input

subband, channelsfremsa block-alinpst sigpal valuesy-LependingHirthesion
implementation of th[é‘sﬁbb nd fllter Jbank J.Qjmeg}léqglopagtgcqﬁtgem both
the

framlng device 8

ency analysis block 8%
e a%’fﬁglé“&%ﬁta%;? et ECHBENE ST BAFR TR b
a P dswise brossesirelationdsperhrmed- s ifditated i B&W@Bﬂtwr
Thus fthe cross-carretator determimesia crosseparedlatien ‘measurenter™.
between corresponding bands, i.e., bands having the same frequency

'”E'fé The gross Cgﬁreé%{b%mr%ar& %%QGE%BTQ&Q&XQLOCEH%“ C%%&@V&?m—
valué between 0 and_1, wherein.0 mrgécaées no correlatui)(n and w

nil
inBfcie S50 YA TorrelSiom \WHEh tE eVits B2 oL tpiits 3 oW cross%:%r-
refdtibn FEastiFeliHi§ méans HiariFeefit 'Eﬁﬁgﬁf‘@rbn%’lﬁt%fﬁﬁ%ﬁ’éﬁt?ﬁ au-
théirespestivedband 'are differemtdrofreacirother2st thatrthisrbahéddves AES

neidneludensignalccosprngsts ooeusing:dn boty bamedss whizhoshoukd bei cu-
inserted ina.g cen 25, fer channgl, When, however, the, cfass corelation gral

m fe is high, in
ggrsn%oenmsn sgl?m gllnceasg—:n gc ha?'ztlxtlh?.ss ! na E%Qthgggggl%glveg¥ analyti-

cal analyzing methods such as the principle component analy-
sis "or the Iindependent subspacs analysis or other methods
known in the art of audio analysis. A1l these methods have in
common that they detect signal components occurring in both
channels, which should bz fed into a center channel to gener-

ate a real center.

Subée@uently, reference is made to Fig. 7 to iliustrate an
energy situation before and after a two-~thrse upmix process
has been implemented by the two-three upmizer 16a in the Fig-
ures. ‘A léft input channel L illustrated at 70 in Fig. 7 has
a certain energy. In this exemple, the right input channel of
the two stereo input channels has a different (lower) energy
‘as illustrated at 71. It Lls assumed that the channel analyzer
hag found out that there are signal components ococcurring in
both channels. These signal components occurring in both
channels have an energy as illustrated at 72 in Pig. 7. When
the whole energy 72 would be fed into the center channel as
shown at 73, the energy of the center channel would be above
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similar to each other, then this band has a signal component occurring in
the left and right channels so that this band should be inserted into the
wenter/eharnel. 30 A further criterion for deciding whether sigualzrobandsss
are similar to each other is the signdfenergy. Therefore, the preferred
embodiment of the inventive input channels analyzer includes a

band:ise enerqy calculator 85 yhich Galeutes 33 e, engin SaRle

Bgn(f%%ﬁ%hlcﬁ outputs an energy simi measure indicating, whether
i BGI68 Tn IS COrRE WRR007 R 1270 PETEP U0 EST36! 17 =
spidriding baaides areabipnitartioce £8P b8 dIFEaH oM BaeAGtheF PeTe
Fae €nesgy gimiladty:measufe owputierdevice 85 ahdithe Sndrosshe real .
cQurelation measurg Oulputby deyice 84:a5e hathdgpult igta adinaldi strib-
dedgonstage 50, whichcomesdoa anclusign. hakngieerainfame a.
Qer?aln and | oceurs in both. channels or not. When the decision stage 86
dettTiTés BaC & SIE ockurs in both channels, then this signal
portion 10 is fed into the center channel to generate a "real center”. Fig. 8
showshan embodimentifor impleméestimptirdinpbt thihenelssasaljzéEerent
Addjtioal embodiments alg kiawain theartand:darexasplepdiustatedto
o A e o, 3335, 7005
, nhagen, Denmark, May 23- .
L 1Yy, BIRSELR Gl 7 e bt Ot 08 i gl b
BMIpGHERE ifRRRRICHArT oIS RcIttR SRt SHEA G an AV E- C8FaRalyAfg ®*~
naethbels such asdherprridipléstemipohent aialy 2omsiswIthe iHdepeftiertin
subspace analysis ot othemmethads dnawntindhean staleio anglysis. into
Allthese methods havein sammen,thay they.detegh signabeempenenls for
i e e

Tselective analysis was applied. Alternatively, one could also

perform a band-wise energy control. This means that when
there have been detected s.g. 10 bands having detected signal
components, one could introduce only 5 bands into the center
channel and leave the rémaining 5 bands in the left and right

channels in order to reduce the energy in the center channel.

Depending on certain implementation reguirements of the in-
ventive methods, the inventive method can be implemented in
hardware or in software. The implementation can be performed
using a digital storage medium, in particular & disk or a CD
having electrenically readable contrel signals stored
thereon, which can cooperate with a programmable computer
system such that the inventive method is performed. Gener-
ally, the present invention is, therefore, a computer progran
product with a program code stored on a machine~readable car-
rier, the program code being configured for performing the
inventive method, when the computer program product runs on a

computer. In other words, the invention 1is also 2 computer



ate'a real center. 25 Subsequently, reference is made to Fig. 7 to illustrate
an energy situation before and after a two-three upmix process has been
woplernented by the two-three upmixer 16a in the Fig- ures.:Adefeinpedio1373s
channel L illustrated at 70 in Fig. 7 hi&s 30 a certain energy. In this
example, the right input channel of the two stereo input channels has a
different,(lowen) enetay, as dlustrated at 21,1t js assumed dhat ihechannal,
a a? er has found outthat there are signal components occurring in
R CRRNNEIS T dge %‘?&Wﬁ%%ﬁgﬁ%‘ ot EFINY i SIRTEE thannels
have an energy as illustrated at 72 in Fig. 7. When the whole energy 72
would be fed into the center channel as shown at 73, the energy of the
center channel would be above WO 2007/071270 PCT/EP2005/013738
1s an energy limit, wherein the energy limit at least roughly illustrates
that the signal having such a high energy has am- plitude values above
the amplitude maximum threshold. There- fore, only a portion of the
energy 72 is input into the real 5 center, while the exceeding portion is
equally (re-) distrib- uted to the synthesized left and right channels L' and
R' as illustrated by arrows 76. In this context, it is to be noted that there
are different 10 ways of redistributing energy from the center channel
back to the left and right channels or for introducing a correct amount of
energy from an original left channel and an origi- nal right channel into the
center channel. One could, for ex- ample, scale down all detected signal
components by a certain 15 downscaling factor and introduce the
downscaled signal into the center channel. This would have equal
consequences for the signal components in each band, when a
frequency- selective analysis was applied. Alternatively, one could also
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perform a band-wise energy control. This means that when 20 there have
been detected e.g. 10 bands having d%ected signal components, one
could introduce only 5 bands into the center channel and leave the
remaining 5 bands in the left and righf €kannels in order to reduce the
energy in the center channel. 25 Depending on certain implementation

irements of the jn- ventive methods, the inventiy d C ieing
: req%%%g%%(?% o §rl W;%%Wﬁé@% Dods, the iven 6V&%\t?@°vh%%%s :

imp or in software. The implementation can be

perforiRed i8inG a ehitdl &totage MEditnm’ inpariEGara diskyratep o the
havingelectronically readablelcontrol Sigadksistered:3G: thgreafawhith an in-
can.cooperate,with a pragrammable computer gystem such Matthe oneag pe-

inventive method is performed. Gener- ally, the present invention is, N
therBi6rE  COMpGAT progrant product FHAE progFaThltola Sidrbl Th £°TPHT
machine:readable’cart ik theprogriam todd: e corfigured forng :
performing the 35 inventive method, when the computer program product
runs_on a_cqmputer._In other ordsﬁ theﬁhné/e%%n :;Lsnalag a_computer V\%%r do-
2007/071270 P /EE%BO?J& 38"%9 program hawﬁg a program code

for pesfotriny thée dRventiveT AR T, SvHEnthe Tofsputér pregFam Fuistorfhan-
a compuier, 20cctaims deApparaius forsynthesiziag three outpiat

channels using two input channels, wherein a second channel of the 5

three output channels is feedable to a speaker in an in- tended audio
rendierifig BehentéS Wi Rpositoriétf be-tiveRh tivospeakefs beingt™ chan-
feedableswithsthedirstloutputcchanpeltandtibe: thifdsoutpiitcchainmelt he  signal
comprising 10 ananalyzer for. analyzing the two input channels for de-

tecting signal components occurring in both input chan- nels to obtain

detected signal components; and a signal generator for generating the
three output chain-three up-mixer for generating at least a sec~

ot

ond intermediate channel including at least a por-

tion of the detected signal components;

2 clipping detector for detecting a portion of the
second channel having an amplitude above the maxi-

mum threshold; and

a two-three up-mixer controller for controlling the two-
three up-mixer so that only a portion of the delected
signal components is fed to the second channel and a re-
mainder of the signal components remains positioned in
the first and the third output channels, when a complete
feeding of the detected signal components would result

in exceeding a maximum threshcld for the second channel.

Apparatus in accordance with claim 1, in which the sig-

nal generator ls operative to generate the three
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15 nels using the two input channels, wherein the signal generator

comprises: a two-three up-mixer for generating at least a sec- ond

intermediate channel including at 'Least a por- 20 Lion of the detected

sigral EBmpoRERsT & efipingrdetécdor fof étettintapbtion-dfthepreriod, a
secenrd shannekbhaving aif amplitude, abevedthegnaxi-onannthresheld; apd ten-
25 & a-fhreq upmixer gontiallar for.contiglling abe (o Uee UpINEY..1 o
so that only a portion _of the detected signal components is fed to the ,
secénd cﬁgﬁﬁélrWé re? aitider 8F tHefsignarédinponehts FéiRaing’™©  +nput
positioaed 1 30 the first and the third output channels, when a complete
feeding of the detected signal components would result in exceeding a
maximum threshold for the sgcond channel. 2. Apparatus in accordance

- with SR £ SiRSwHieh 86" SiES 3BTl Jererafor s Operafive to gerlerdts'the 7€

three 2aneltpgtchannels suth thapoed terairt time pedod,t# totale second

energy:Qfithe three gutputchannels and paten-tially generated gdditioradl= ot ed
output channels is eq/éjail,ltﬁoS ar%glgctrﬂcatl or atti?gstical energy. fatggt 0. .o

. neal Ccompone I L LSeCcon ¥
mpu?lgcﬁannels. <) pparatus in accordance with claim I or , I which

the SRjfféF geReRiGES Dperative b gerttatethé $econd GLitpaESithep U tPUT
such:-thatthe poriionof the detected 301signaleomponents fed intodheecected

sec -dg%%%nnsblﬁ%%%&rgg agln,s)g?iio'eh%%thgt %89?%%99{ Oéhh}?ﬁe&%;e@' below

output "channel, which includes only the portion of the detected signa
compbnéfitsiaiwags hag dirakitdm dmplittide Below or equal to the

maximum threshold. 15
Apparatus in accordance with any one of the preceding
claims, in which the signal generator 1s adapted so that
a remainder of the detected signal components, which is
not in the second channel, is included in the first and

the third channels.

Apparatus in accordance with any one of the preceding
claims, in which the maximum threshold is a full-scale
amplitude determined by the apparatus for synthesizing
or a digital or an analog processing device connected to

the apparatus for synthesizing.

Apparatus in accordance with claim 5, in which the maxi-
mum threshold i1s egual to a maximum allowable positive
or negative sampling value of a time domain waveform of

a signal.

Apparatus in accordance with any one of the preceding
claims, in which the analyzer 1s operative to determine
a2 mneasure for a cross-correlation between at least a
portion of the first input channel and the second input

channel and to detect a portion having
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10.

4. Apparatus in accordance with any one of the preceding claims, in

which the signal generator is adapted 8o that a remainder of the detected
signal components, which is not in the second channel, is included in the
firsttand® 26 Thé tHircPdridniiels. BEAPPaftUEIA B cordancelwRi ahy orétresh-
of the preceding claims, in which the maximum threshold is a full-scale
amplitude determined by the apparatus for synthesizing 25 or a digital or

an analog processing device connected to the apparatus for synthesizing.

+ 6. Apparatts iy acdorddnce Vit cigint's in whith thé faRit m preceding

thresheliris equral terd. mraxingm atlewablerpositiver 80 or riegative detect an

samplinggualuerof a time domain,waveforn: of & signaln A-APRaatus ibortion
accogdar% e with any ane of the giecedicri\g 1_E:Iaimdséén which the analyzeris
ope?a‘tive o detérming 35 a'measuré 10r a crosS-correlatibn between a ©
leastizaportida of the st inplit Ehamtel &d-the seeord input chanRerand oy
to detect a-periion having=22 &, Ccross-sonelation measure above a

similarity thresh- old. 8. Apparatus in accordance with any one of the

preceding 5 claims, in which the analyzer is operative to detect an

- enefdiPEfa poition of tHedisréHrifheldrid a porior? st tHe'setBRd Preceding

chanﬁne]iapad, tgjdeteﬁnportions@f ﬁreabgaemelahdvim@ena*g&ﬁsabei@@ne rator
equglor %E%Wégc%ée%oth%%ggo%%‘aﬁty- ¥esnald 10 9-Apparalus ifr time

accordance with any one of receding claims, in which the analyzer

9
andifie Sinal GeRBratr are BPErative 15 pardrm a frequency selective or

time selective analysis and synthesis.

Bpparatus in accordance with any one of the preceding
aclaims, in which the first and the second channels are a
ieft channel (L) and a right channei (R} of a stereo

representation of an audio signal, and

in which the three output c¢hannels are a front-left

channel {(L7), a center channel (C'), and a front-right
channel (R7), or a rear-left channel (Lg), a rear-center
channel (Cy), and a rear-right channel (Cg).

Method of synthesizing three cutput channels using twe
input channels, wherein a second channel of the three
output channels 1s feedable to a speaker in an intended
audic rendering scheme, which i1s positioned between two
speakers being feedable with the first output channel

and the third output channel, comprising:

analyzing the two input channels for detecting signal

components occurring in both input channels; and
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15 10. Apparatus in accordance with any one of the preceding claims, in
which the first and the second channél$ are a left channel (L) and a right
channel (R) of a stereo representation of an audio signal, and 20 in which

the Hire8 GitpitThaiRels’drasa fBRBIRR ERATHE {5), Sédiftef-BRantel 1nPut
(C"¢andadtant-right rehianneh (R}, wara reardefb emannel{L Jpaprises:
rear-center channel (C,), and a rear-right channel (Cs). 25 11. Method of
synthesizing three output chan?nels using two _input channels, wherein a
second ch8RAEGH tHe thrée oufptit channefiS tEedable id's Spaaker 2" e 1
an intendetabdidirendering selséme, whichisposifionsd béevesrttvo 80gnal
speakers heing ferdable with the first output channel and the third output
channel, comprising: analyzing the two input channels for detecting signal
components occurring in both input channels; and 35 23 generating the

three outp@Edtahinblstusing e &7 ifput LeHanhekoWhetSinthe StepRgfing an
generating=eamprises: geperatingiat least ansecondhatermediate ehannel

5 including at least a portion of the detected signal components; detecting

a portion of the second channel having an amplitude above the maximum

threshold; A8 16%Controfling the Steprof genétatifg $6that oty & ot LY 2
of the detested:signalcompenents iscfeddo sthersecondrghanael-anda fed to
remainder of the signal companents remaing positigned inthg firstand i gnal
the components remains positicned in the first and the
third output channels, when a complete feeding of
the detected signal components woulid result in ex-

ceeding a maximum threshold for the second channel.

Apparatus for synthesizing three output channels using
two input channels, wherein a second channel of the
three output channels is feedable to a speaker in an in-
tended audio rendering scheme, which is positioned be-
tween two speakers being feedable with the first output

channel and the third output channel, comprising:

an analyzer for analyzing the two input channels for de-
tecting signal components occurring in both input chan-

nels to obtein detected signal components; and

a signal generator for generating the three output chan-
nels using the two input channels, wherein the signal

generator comprises:
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15 third output channels, when a complete feeding of the detected signal
components would result in ex- ceedihg a maximum threshold for the

second channel. 12. Apparatus for synthesizing three output channels

using 20 tivo fiputithAAnels Witterein atsecond ER&Hinel of thedthiger tion of
output channels is:feetakle 40 @Speakenin an inzltendedraudiosrendetingeping
scheme, \A%Iygb%oﬂt' ned be- tween two speakers being feedable with

the first output channeland the third output channel, comprising: 25 an
analyzer for analyzing the two input channels for de- tecting signal

components agecutrimg reboth imputehadomels towsltain detectedssignat t erme -

components; and 30,a signgk generatarifor generating the thueg outnitte chan-
chan- nels uséng the ﬁw% insput channels, wherein the silgnal generator,
comprises! '3 24 "¢ i"fbp?ng detec o?%gr"de?errﬁf?ﬁ:ntglg porﬁén of the |r€13pu cre
channels, mwhieh thereriszeclipping? probability; 5 a two-three up-mixer

for generating three interme- diate channels, wherein a second

intermediate %ho%rli nel knézLUdﬁé At least QOQOIQ%%OUQS detected, sianal ;oo
components; and 10 & controller for controlling the two-thrée upmixer s6

that a genératior parameteFRst UptrBingtheé 2p6tiBh detefmined By thed the
clipping detectari isrcofie troted sach that the: secanebchannst atwaysrhds con-~

an amplitude belaw or egyalto the maximum fhreshold, .15 13, Method of . 4n,

synthesizing three output channels using two input channels, wheréin a
Secondchgm%%%ﬁﬁ%§ﬂ#§éow oy equal To The maximum threshold.

Method of synthesizing three cutput channels using twe
input channels, wherein a second channel of the three
output channels is feedable to a speaker in an intended
audio rendering scheme, which 1s pesiticned between tTwo
speakers being feedable with the £first output channsl

and the third cutput channel, comprising:

analyzing the two input channels for detecting signal

components occurring in both input channels; and

generating the three output channels using the two input

channels, wherein the step of generating comprises:

determining a portion of the input channels, in

which there is a clipping probability;

generating three intermediate channels, wherein a

second intermediliate channel Includes at
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output channels is feedable to a speaker in an intended audio rendering
scheme, which is positioned betweenztwo 20 speakers being feedable

with the first output channel and the third output channel, comprising:
analyzing théatiwo ifpitchanfils $6r détectitfRsighaldcompadentsomponents;
occurring iarboth input channels; and 25 generating the three output

channels using the two input channels, wherein the step of generating
comprises: determining a partion of the input channels, in 30 which there

is a clipping Probabifity generating three hteriTietliatd Rannets, Wiereif a95™~
second intermediate chanaekineludés at 35 25b1 leastia portioncofthen deter-—
detected signal gomponents; angcontrollinghe step of generatingstq  such
that a gen- 5 eration parameter for u -mlwxmglthegor ion deter- mined by ~
the clipping dtectdfis tonhiftBited Stich thafthE Sétond chafndEiwaysce e
has an amplitudezbes dovi or equalte the maximuph thresiiold.. 10 14.

Computer program for performing, when running on a com- puter, a

| 4metE%% 8!1 @énthesmng alpn a%%%rd%%%ef\évéth.clalm 11 or 13

¥ prog ming, when "running on a com-
puter, a method of synthesizing in accordance with claim

11 or 13.



