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Appar atus and nethod for synthesizing three output

channel s using two i nput channel s Specification The
w@e@sent276 nvention is related to nul ti-channel PCT/EP2005/013738

synthesiz ers and, particullarly, to devices generating

three or nore output channels using two stereo input

channels. Multi-channel audio material is becom ng

noPRAEReRSHng pephofiafon| synthesirdingofbyser ohtpwt channels

envi ronnent. This ﬁﬁﬂ@ilt&bylﬁﬂﬁtt&;im;ts’:lct t hat

novies on DVD offer 5.1 nmulti-channel sound and

therefore even hone users frequently install audio

pl ayback systens, which are capabl e of reproducing

mul ti-channel audi 0. Sughe& rS@EWRGONSI sts e.g. of 3

speakers L , C, Rin thefront, 2 speakers Ls, Rs in

t he back and a | ow frequency enhancenent channel LFE

el prendndesitsmndgrian vel reknbwd 8d mahtagesamvelr synthesiz-

@r§héﬁﬂe| g%E%i@QléPP}f 0dUSt hOPi c€s genb PREOYGALFEOD or more
ity even outside of .thé op tinmm centra?

'gﬁé %ﬁfﬁ&ﬁ%?tPﬁﬁn%uEWTCFQQH?QJ%HPQF EhanRets (I ar ger
smeet spot” = optimumlistening posi tion) increased

HENSE 9farhniest %ﬂ@&o" anYQkY%fefé b&é&@fr%d ed NG d %t%rre popu-

f eakers. hbvert el ess ere exists e anoun
%’g Qddi FPEoRPRREMS e @@NéF@P%‘eBﬁl'y bis tip mainly due
€S sther eftd9t atdito rolvdeBebs, DEDgof oar Gnpaatlili-Stfnnel sound
{ a C n audi terd.al _
o%?@%er-ré.?fo‘ije 3év1%‘rﬁ ﬁgﬁn\é’gﬁgggg ?I:?Jﬁ eur%étalga audlo play
F onesteps, Péélr}tcé‘d@éfé Fﬁﬁabéﬁoanaepr%wcmmu channel
R [0 (0 =Y0) $1cg1|nad Ss OMEF &&%Mt@b%?shﬂﬁh@r?peakers L, C, R in
wely, pl ayi ack . n .t e
.Qﬁ§25§% utFoSpggggrﬁo gta e adva‘%ageq%fI%ﬁéyéf?yﬁggauency
r Senngl( OFft endamtovddes| ceyspedkerd)l-known ad-

vantages over 2-channel stereo reproduction, 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-
tion)

- 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,
e.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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2 . One may use a nethod to convert the two channels
of the content material to a nulti-channel signa

w@ edvwr®71zey happen on the fly" or by nmeans of PCT/EP2005/013738

preprocessing) that makes use of all the 5.1 speakers

and in this way benefits fromthe previously discussed
advant ages of the multi-channel setu Sol ution #2

cl ear | yIha®aghyaiit afes d¢ERCHL Vaut HMsH eohehion deme not
pr obl emsaks pegdwldtage tbfresm@cteguedd@a COBM@E S Of setup

the two g%ﬁe% %ﬁaryaé% BSEEF3€ ght = LR) to three

front c Itl-c anne Center and Right =
L'CR). Agood LRto L 'CR" conversion sol ution

shaul d tnefihl tbe BOkle@Woly toe@dnkementse twb FPannels of
recrealengd ShILLAL mgﬁ%ifpfqutab'Si§r9$h 98 Ral G enis

L'CR ack Ccaseé
channelméhab¢?9%ﬁw?ﬁnuﬂ@emﬂlYf hersbinteevents miEmivcessing)

ﬁ' :cy argh%erﬁtgkwdgtse %Err%lflr 19{% h§|1n ggbexdel veen thethis
eft an udspeaker, i e ner

"sweet sp%t}9 ?%éﬁ 3 spﬁﬁgﬁguF% +?c?§§ﬁ# ﬁﬁy§Ptages
ti ons shalthdenvldyrodacedlbyetup C | and signals in the
right front positions shall be reproduced by R'C, re

ctJveI t and C . Avepda "Spati a
B e F LB TP o RS Hge" OVRESYparic also concains
Qmm#ePEQQkﬁmibpemhagdd&’mmx% refpgctTheo suheokohhersion of

@ﬁéuﬁﬁéCfQOﬁﬁmﬁﬁBhﬂgﬂét(ﬂényahﬁeRﬁgﬂ@ neh% Ltoctﬁree front
shoul d -be egg to the sumof the oust | cal y

At diEE e ABARRES 192 G /n CSREEE FBda%hg%We'&nc'

equal 'y loud sound inpression for L '"C R as for LR

fsaeaanﬂRe%Ba&u%h%ﬁa%k%%%%%a8§ %B%@£H056B§8998 ELPPi11 the

channel s, this translates I nt
f?&ﬁﬂ%&ﬂﬂwréﬁPléﬁ@?@?Sof t he channels L'CR"' should
be equal to the sumof the electrical energy of the

SOEBC%O recreate a similar, but more stable 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-
tions 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 En-
hancement of Audio Recordings”, AES 23rd Conference,
Copenhagen, 2003).

2) 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 equally 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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channels LR " Due to requirement #1 the signals of the
Left and Right chan nels may be m xed into one

w@ sonm@reyo cent er channel. This is particul arl yPeT/EBR2005/613738

the Left and the Ri ght chamhel signals are near

identical, i.e. they represent a phantom sound source

in the mddle of the front sound stage. This phantom

i mage eilsechowceéplasegybyof "theal thanmgks garier &t edstppuld be

the Cepyker t%pgﬁgeéum%ﬂk{% [AGH PR cHSyr )%h:hs the source
Center si ?‘ﬁ? sha) | carry the sumof the L and t

Ri ght “BR& PF- the | evel of the Left or the Ri ght
channel signals is close to the maxi num anpl i t ude t hat

60 he ﬂa&%@hed#?ytﬁ@esﬁjm&e'of( thg ﬂ@ﬁs Ri]gmd%han-

FuII Scale), the sum of l evel s of both c anne
BE+T BXERE %%e%krefrﬁ;rﬁrveevé?ln%ﬁ cHEFhEheaped - This is
&t ech layr tyh e raleand €l thysLeﬁt dhd sths URl gyt r&@sdired isAgnals

ihe %aqesw@%eca@‘ TeEt e Of iy pBéﬁg%serhhe o€l § Hé’ﬁ@&n sound

situation IS tes

TP Shalref Biren I&]fddalesﬁgﬁqat} %Ofﬁﬂ%e%wﬂ b%ﬁa&epr a?@é§s@hantom
heagd ngs aadmame@smfrc@@sw | e duies h@b@eG%an@fwltegd Wltmﬂémen—
ive t 0 the.g i 1.t
B TS 2ha PERERCT B9, Dt o GARAD a1 Obnal
FFer MARP S thh\?eLfeﬁteghél #hanbighe mnqmmlf the level

éﬁgahev%dmr eshotls Raynbe c'hllnﬂgﬂ 'szl.ljnaléd tigy Y@Idhs\ée|ﬁ/o the
en . a 1 ql.t r Sor I.S Se re the

Heth S thoBl PRECOHN |1 MOSRHEREERCRY 40D dilifipel (= 0
@J@H‘S b@@?ﬁSdEoFubbpﬁﬂdlﬁgr toh@1sumand the Aaxehsnpf both
éKKKﬁéDgEﬁfM¥¥%¥HéédMﬂHel%%xf%%%ﬁ&e%%ﬂre%ﬁgeg'@Qntge repre—

Slneatlms ve orm epr esent ed
SRS V1 CoaRPF LS i CoBRTAG Lot g ap The un-
dﬁﬂﬂkmbl@etaﬁéent 327“<6Blmnd19¥’32768 it is easily clear
t hat hi gher nunbers can be ob tained, when, for a
cert i,n tine instapce, the first channel has a quite

Ri@%aRdtPREL Y2 coh FRIMENABI EdPsohakiy: 6 1llustrates

a tlme waveform of a signal 60 processed by a processor hav-
ing a maximum positive threshold 6la and a maximum negative
threshold 61b. Depending on the capability of the digital
processor processing the digital signal, the maximum positive
threshold and the maximum negative thresholds may be +1 and -
1. Alternatively, when a digital processor is used represent-
ing the numbers in integers, the maximum positive threshold
will be 32768 corresponding to 2°, and the maximum negative
threshold will be -32768 corresponding to -2'°,

Since a time waveform signal is represented by a sequence of
samples, 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 value and the second channel also has a
quite high wvalue, and when these quite high values are added
together. Theoretically, the maximum number obtained by this
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qui te high value, and when these quite high values are

added together. Theoretically, the maxi mum nunber
wa@bdogiomedo by t hi saddi ng t oget her of two channePGT/ERI00H@13738

65536. However, the digital4 signal processor is not

able to represent this high nunber. Instead, the

digital processor will only represent nunbers equal to

adag ngaxiogenhposicfi werat hrheshelld cant Hee ned hum hewgrdve the

d%?&%ﬁﬁoEQnghebggeégsofh?sdh&%té%lé'Q@akeﬁf9§§§tS@Hls high

forms hat a nunber hi gher. or e

per
RRB e FAFFEGs | Lo dHcolRF e SEE M L gheF Sesent
rutbesbokduat teptheedabiyman mosierdveqealresbol heonakhenmaxi-

nR&?h% X@l%gr §£b§ﬂé& ”%hEQSfHPé'f%HE %b%esﬁgﬁg§hﬂféhes—
CRreaard L

g he |I ustrat éd
%I’t @&ﬁfeﬁmap%bw&lnwv%nmtﬁa éWW%d‘W}?& Q6r EABAL &0 the
Irtahﬂm\ﬂ@V@f)@ﬁ.m.ﬁ@ gnessieitd hav echiet Snaxa.hmnmr aleg@Sme) threshold

%% 1agg& Eiﬁ%hﬁ%@?ﬁ?%gﬁgchbppﬁg ?b§#%559p€ﬁresh—

ormrs roma spectra p0|n Vi ew
thd k?é@orﬁi@ Srasdmumh egekiget thee b nSel Fppfngwith regard

deeFulot. S6i. N Bhé ONOL I HERRIGC s@ﬁﬁaen@mt@pamed Wiy han hi gbil ip-

adlent na u t th ng
éﬁﬂg CPPSpPﬂg@%lnﬁggoﬁl |on gggkﬁh <%ﬂg|t§l %ngﬁﬁs patu-
nai nésine) asbdreo OhE ﬁéplﬁ%a%ﬁﬂﬁﬁﬁ- Pre‘3lHPﬁ§d hen® this
ekl eJ@vaBerhh@sl @ugﬁmaal@rﬁous&d shektrandebing dheview,

u |o si gnal each anp |f|er/Io dspeaker
20 S, PR e AP SR 1
sunbonharm@hus bpmeanenaageauseéxbﬁededlby arpdb%@%s@@gnl"

Eﬂdyuﬂb 1HeS bRy i g0ohnal kRRI BEAt 8kesnpl atepp g Chik@Npor-

be vglded using thé inventive concept. In any case,
$Ccurrence of clipping introduces heavy dis

tortlons in the audio signal, which degrade the

PELO %ﬂt%unQ1%g bylgeﬁxtnygmatg@u§o the replay setup,

occurre has to be avoi ded. aeﬁ g

it dUE (FRHEIFECETEhde HOUSSBRAERB BIEToAPT byoRaering
trendarding A ggkar edosegaal bycla amplifier/loudspeaker combi-
nation also has only a limited linear range, and, when this
linear range is 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-
tortions in the audio signal, which degrade the perceived
sound quality very much. Thus, the occurrence of clipping has
to 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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channel setup such as a 5.1 speaker systemis snal
conpared to the very annoying clipping distortions.

wab@refare, when one cannot guaranty that cli pptT/EPTI0OE613738

not occur, one would preferSto only use the left and

the right speakers of a nulti-channel setup for

rendering a stereo signal.There exist prior art

Bodng | ersst opovercems tinlsitglongspity prebtems Ahisnplépping
SRbuttdpn to overcome this problemis to scale down all
channels equally to a | evel where none of the channel
signal (especially the Center signal) exceeds the 0
AB&ESnpien solufhics: dan demome $hatsi pabbyebyia to scale down

Mfdéflé&%’lé . é&gam} Ugor LN fthied Gasg < hendd Xsd ‘éﬁ!au%hannel

must also be valid for worst casge situations, whe
FHEAlof (SERECHEGHE ER&nrEn Ay oS HBA unFFEvets. tRer 0 dBFS
I1heitaverage kRnt dod dGhR 'statheel sy omyt ha splreddfited afixed
\?‘éﬂ%f' n{:llli/s q&'i% eé\},ﬁ &5:1 vy Ehe! AR Ehéfscg hse valid for
original stereo FS" undesi rabl e especua F

S S §1§Pété@P§chWH@r%eF%ehe%§ear Rt channtl have
m&immfnawe&ls rerprrodue bivepagd LB behleVi’®’ camviegsion this

Y c a e WRb Li X r
J(()‘%%% %gro 0g f J:‘%L‘JLJ}OIy égi%e%odgff % hat&%%%%glesb%and the
@%lqgmatlo SEe'rQORLR, CWmi/eh tlesr $indssd rpploy FRRFGIcH Ity ghen us-
£D|£WéS%Wfﬂhﬂﬂigph@th@@hCstbrEBC@ﬂ@rmulEE4dH3dﬁe&Sr@broduc—

%fgcﬁt OQ?gFﬁﬁgbBr can bék%ﬂg%rve% gségﬁﬁéfélally available

ngot By @awcwrﬂj _PalhwgProlegimecodend PEPEEF DI Bscofiethethat
@ﬁl@@ uBdl 85 SR @% NY&R’D converiikki CBABNEL1MRL Mk 1ica-

Sur roup s fo ared steners”, 1

B encPorEY LOSSeiH <0 e Td obb  DRRaiST i digsctbies of
@petdigrors’,npl Btpol viondddy. congesdghapet feamje library/209
SO Ssﬁir%uha 959% pcdmr@@c%alewpwﬁ@ﬁmé%mp%@uon
'Slg [imt The tlnesaso—clpr#a q

% JgedetkngLadhan tl\%]gjé’fh 24 UphF b o Koy pecdders

fhe TvoeEabaamiicreaege of 1OAE" ARH Coregrtdon, s Lest Angeles,
H&Rr oied gyl $HPI ggg£d to conpression

Another simple solution 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 approach is that the true dynamic range of the
audio program is not reproduced but subjected to compression
(see Digital Audio Effects DAFX; Udo Zolzer, Editor; 2002;
Wiley & Sons; p. 99ff: “Limiter”).

The downscaling problem is undesirable, since it reduces the
level or volume of a sound signal compared to the level of
the original signal. In order to completely avoid any even
theoretical occurrence of clipping, one would have to down-
scale all channels by a scaling factor equal to 0.5. This re-
sults in a strongly reduced output level of the multi-channel
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(see Digital Audio Effects DAFX; Udo Zdl zer, Editor;

2002; Wley & Sons; p . 99ff : "Limter") . The
walown®celo ng probl emis undesirable, since it PET/ER®S5/013738

the | evel or volune of a sound signal conpared to the

| evel of the original signal. In order to conpletely

avoi d any even theoretical occurrence of clipping, one

y\gwépl daprarica downseadeignalclsdgmells Bypen scaldmy listens

acf oL SQH?LC%P? rg]l Th—cﬁlarn‘?leiu'stl%da'l a&H% Yeompensate

uced e, multi-cha S
f@@nfaait@dlﬁ‘ée% héeéwfglr%al Xéut;’h%lfeaw&qn‘g}?e ‘H%?q;}ﬁﬁcﬁéﬁ& of
the bbihsd dgwsisicraleed MUMéWeEhaWheh shgnavitcmss daatween sev-

ensate for hi
N A o s e
1@ﬂ*eersw et l@elfiwe@he%evérﬂaff ISEUrRYES, u?ﬁ@G(F%%a%%ﬁ)e ampli-

f§&§f§&h5ééﬁﬁin%Mdﬂ g&@p%@@l&ﬁlerlasbeﬂefoﬂetyeImmﬂtlchannel
is replayed using the sanme anpli fication
rggf???ﬁf%ﬁnthe anplifier a set for the nultichannel
reproduction . Thus, a user would have to think about

TﬁgggcanGséﬁeiﬁﬁmﬂ|Hdvéﬂﬂd Q%i&&tﬁbﬂgtOEedﬁslﬁqqﬁhéI&mpllfl—
re switchin ma_nulti-cha e i o

CaFlansf%%éﬂﬂﬁlg%% 5 athue s ergo%re%réégﬁgg%?E F¥om °
ntiheistermrelsi geptesentartden tof not d&rege Hienadr Hpsa true

@EéooEeﬁggégﬁ%ﬁﬂloﬁThﬁfOﬁﬂ@rsﬁétéé gaignaet had o8By to not
ynam C range .conpression effectévely avoi ds cli ppi ng.
BT eReT tHe MfdiPG TSI GRaP AT tRETT 1 s changed. Thus, the

dynan1c conpression | eads to a nonauthentic audio

g%aclh'e \gﬂiﬂ%m epan yhend hesid @?x‘x‘&r@ﬁc apindActSmPFSssion

not too | guesti onabl e he .aut hen
e@i@PFyvﬁ%ﬂrﬁVQﬁéAHQ%WPPFPgrSH%%G%%TEégl uﬁﬁS 5?%@%%tltself
1|ancﬁ{Hﬂg@al t ChrsQVi e adyhamir ovenipresnsiept ferds to a non-
agbh QQ&Q %%g%1§$|§hgéhnge$¥@ WHHH”tH%hQHE§5§uca@|é&tl—
I's acC y an apparatus ign% S|%|ng |q1
facts are not too annoying, 1is questlonab rom 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 two input
channels.

This object is achieved by an apparatus for synthesizing in
accordance 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 stereo signal using
three or more channels of a multi-channel setup, the center

channel is generated as usual, i.e., receives sound events
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accordance with claim1 , a nmethod of synthesizing in

accor dance with claim 14, a conputer programin
waewondance wWith claim 15 or a three channel PCT/EP2005/013738

representation in accordance with claim16. The

present invention is based on the finding that, for

over comng the clipping problemand for neverthel ess
186htevi g the adudbéapesweamuthedlbytrepbayhegraght loud-

sﬁ%%%gps Si gpaly usisng, {4y eg; Pfedrose “Qs@:@@n%&t@: ra renderlng

-channel seétup, the center gannel .S
HageugﬁalWh?QeFFeréééﬂv§§n§86nﬁogg nF§P8C&P§ %% tﬁglpplng
rahgéleobB§WEQﬂnﬁh&nieﬁit&edehhegylghttheudlgwehksmyonents
rég%ggeﬁéléa] z%déﬁ%s in r%ﬁE ﬁ@&&fé"ofeﬂﬂ§réﬁﬁho setup are

real center would cone into
f@ﬂlppFﬁgthangént%ﬁl9h%P?Rﬁt|?ﬂ?cﬁeWQﬁQqﬁﬁefgyt@F Fﬁgrgy of
tﬁbgeaboﬁ@meﬁerw iepresepddinginte wwenfiscsin adte third (or

lgﬁgg%§?0f t % C %5% igtgg f%ﬁ%fﬁngH@f% %ngcﬁﬁgf%eglnnlng

r §Mai nder o e energy of these sound
events is fed back into the first and third (or left

Tﬁﬁg ricght )} %@@eﬁﬁam@r rmﬂf@:lenS:ltﬂﬁ)@Ii@gfﬁrﬂm tdeeur, when the

nin for. a tine
<o PR o b e o S B A BBk LRBAN S one,
tiviet hentenuochdriredt ilonscal hd @@ﬁ%éﬂ“tﬁéﬁﬁélb?éogc%ﬁeﬁﬂual to
tf@Whd:heke VRl vdiel 94 ofp raual i dutt h@lﬂiﬁ@ﬁir{@m Keveltheless,

ossible wthout c Nevert h t.h
t@ﬁr fSdrgy Part{ ﬂ%e§$>8n%f t‘a\% hg%aarrﬁz“@“b%l f%anmé‘%%' ?f%b FenT
delredcbpt ehe oderirest qhanne@rodun@ﬁt&d&dedImetheihecl@§$ Chan'

d&% a%%dtk%erﬁ g@tcﬁgﬂﬂgflagsaa“ vYkELARl cE88P €T "0 " phantom
hant om cent The signal of the real center and

qg%§e¥|rtual center is then acoustically conbined
durlng pl ayback recreating an i ntended center w thout

f%é % cen? §hen}é GcePfed NEJ Gl QQQEﬁﬁlaegnﬁéﬁ is then

i tud resu ts in an I nproved nore stable
aQQMﬁﬁlpﬁﬁég @@m@;gy%qu;%ﬂﬁ“g}gy §ﬁ§|repr@at1?% %m intended

dditieeanedhsue et SaKing .alrthhieuthi  hey’sweletthepotal scemter and
tS%lé?f%%aaségg%grtqggﬁlts in an improved more stable front
image of a stereo audio signal, i.e., in an increased sweet
spot, although the sweet spot is not as large as when there
would not be a phantom center at all. However, the inventive
process does not have any clipping artifacts, since 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.

It 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. Therefore, even when, in accordance with

the present invention, a remaining part of the energy is fed
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woul d not be a phantom center at all. However, the
i nventive process does not have any cli pping
wa@edorharre, since the re mai nder of the ener gyP@DEP2005/013738
bei ng processable within the second channel due to the
clipping problemis not lost but is ren dered by the
original left and right channels. It is noted here
bg@gttof@meangf§igngnﬁﬂym5 oultpueénehgyneist hehdmef twiddd never
right_channel s in ' s | ower
efﬁ%ﬂ ¢ ne dher prog?%en%%%%ﬁﬁa. Ieffﬁgth%tht
channel s, since the energy of the center channel is
Adﬁgﬂ@héfoga¢gﬁtdgg1bfa&%er@@h&eﬁbamﬁeéstl&meieftH&L the in-

accor dance mnt S t i nt
V?Eﬁb?%lﬁbgﬁ%ytg%$e¥?E§%ﬁmﬁ%y 'S @mﬁ%§ Q%Z ?9 I a
paaﬁerrgﬁnemhn@mmen@haﬁ@@l§OtﬁﬁeﬁéeﬂFFFcﬁ%v%¥ %&?%ﬁt%§al en-

ef ypgfnghﬁifghﬁﬂhﬂé&htﬁrégeéﬁtﬁﬁﬁnﬁﬁéﬁneﬂ%f(ﬁ?dﬁ%ptlonally
vant a t,ne pres vention | St t e
gpﬁ@§ﬁ¥? na eﬁg BPF %h n?%ﬁf%ﬁ%#e%% Lg Rsy Cs, LFE,

) hdts, dresarpedf ernkbd resbedimsnt thehenagyl of dere | @aginal

s‘EEréSOH%&h&P' "ﬁ{bega%él lczi’véﬂae_lgqtré%abgg %hf@@;la@@ttmtof the
channel' s ona genera e i tiona u _
wgﬁaﬁﬁergné ¥ q1%%ﬁr t% renggf s ren
derteh respect at ostetusaceneegypofhamg)r pglllsnaltm espgakers or

gﬁélr' t-}EQe sS.L@_]JPI%lOV'L%r aﬁ}énde@‘é@%ﬂd’ r§5ﬁ§;‘?£i-\/<§ha@fnetlhesetup

renderin e signal, 1 e signha
hlaé’ 1pgnmere? e@%gwj’ &PSREPES! s%"t”bd"%aﬂ}’laﬁém&ﬁ 5 ’

speakers or whether the signal is rendered u3|ng a

fnfkh iﬁQ§ n JK?E.Q@ﬁRﬂ¥%ngl %f 6$ﬁgkéﬁ%%nsBﬁﬁkﬁi§tr£ﬁﬁtlon

guar an e Tnyentive_ si

Oéeﬁ@ﬂaﬁl ﬁeé%ﬂ H@s¥h¢kﬁﬁﬁ§ﬁ¥(ﬁh%ﬁﬂﬁﬁdaéﬁeFB ?8?¥ hgpd right
dh%ﬁh@&schan@ﬁﬂaMMuiﬂﬂ@eab@ﬂteandnlygﬂﬁ cdhppiebswbsld be un-

3[2/% ghgal Iy appl,lced ol df e‘}lée[lp'cfﬁ%ﬁ‘ﬁfgﬁ'ﬁ shBoMBietely un-

e Secon center channel 1Is
chemglet dlny s;rtmemgvea,u whsichy @neo Mot whf £3Fte% hpt clipping,
iefdf ect,gdnbyampi RG1luesCof Whenssesid idignvnalluesmain below

e second channel, remmin_ bel.ow groae pnly equal to

Furthermore, the resulting acoustic combination of the “real
center” and the “phantom center” produces a signal which is
much closer to the optimal three channel configuration, i.e.,
three channels without clipping or three channels in which
sampling values without any min/max threshold are allowable.
The inventive sound image is, therefore, 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 embodiments of the present invention are subse-
quently explained with respect to the accompanying drawings,
in which:
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Furthernore, the resulting acoustic conbination of the

"real center"” and the "phantom center" produces a
wakgnalizami ch is much closer to the optiml thPEPEP2005/013738

channel configuration, i.e.9 three channels w thout

clipping or three channels in which sanpling val ues

W t hout any m n/max threshold are all owable. The

rigventive1saundatamoe iapparbenef doe, syntipeefzirmedhe upper
embodi ments_nejther diff | 02 LBV CHUMAET O 8-
stereo i MBAPSrgnal r?grco%g%f-?é%t ﬁéktﬁl c as vvo%lre be the
case whemensi n§ Bh¢ iniasentolndSBEAPRe cl i pper.

Preferred enbodi ments of the present invention are

subsequent | pl ai,ned. wi.t h respec 0 l: £ £
Fi@cofpanyi %‘e%)réé\ﬂeﬁggnbloﬁl%?%hfgﬁi tgt.hiél sltﬁ%ﬁ&%t Fstesan

appar at us'ifger lsharhesixzinsgtt REogppePr ¢hannel s in

accordance with the preferred enbodi ment of the

present invention; Fjg.. 2a referre odi

Figle P gnd pﬁ@ﬁ@F’é‘F%rl‘%@?leﬁedl.%a%lﬁgvf)rggggggg%?t Bllcdsor of
processorEigki ga;2b a preferred inplenentation of the

post processor of Fig. 2a; Fig. 3 a further enbodi nent

of the inventive signal gen_erataor having.an iterativ 3
Fugmi Ror ContHRAneTRiGLOR Lo Frrer- ot T Sof RE L Ton
i nvent i veersitgrahagtngrat drtegeripivet ebypisper eentrgpli:n t he

paranmeter do nmain; Fig. 5 an exanple for a 5.1 sound
system optionally al so having a surround center ,

FéBanfel Gs:CEtgReTs APANipgstr &t i W i pFefional gen-
wavef or medit@r 7canschenst igpddduistyr atn obhef palremeter do-
ener gy Sint1 uat.ion of the original two-channel i nput
si gnal and tHe three-channel out put signal before and
after clip ping; and

Fig. 5 an example for a 5.1 sound system optionally also

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

Fig. 7 a 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 in-
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 10a, which chan-
nel can be for ekample the left channel L, and 10b for the
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Fig. 8 illustrates a preferred input channels
analyzer. Fig. 1 illustrates a preferred enbodi ment of
wa@poo7ovent i ve ap paratus for synthesizing threrCDEPIING/013738
channel s using two in put dhannels, wherein a second
channel of the three output channels is intended for a
speaker in an audio replay setup, which is positioned
seebwneenhh e 5peakidts , carhibeh téee rilghéngbdnnel r ReeTlve output

c%ﬁ%neigs% Qulﬁ&ETéqgﬂngg fygjﬂbgetha'&QgﬁHtEHEnﬁgﬁnrﬁﬁb for

ut channels are | ndicate % th
%@Feéaﬁhﬁén?braré@(ah%? efehehere éhéi]i’l‘?éllne& éﬁati%‘bal out-
guer chhasetsndag heangtne mtiech scah be hé eftgurchamheputput

|%an Ihe ,qut pyt r%%g&”eémfrr_% 84l %%Lt%@%e@:h%%néia 1f2@r atnﬁe a low
At chanhel”, ter channel and 12c fo %
freRneBRENRINANAGHPEE orFAIATBEL putc- ChERRePSTeaReBgnT OF the

&ﬁ&@% bﬁdlﬁglcip@eaqsagé efolr sués@uﬂdammtlscmnel id4Big. 5.
i roun u el; ,14b d 0
&%eﬁ&éagﬁhgncgﬁ%% 8%3%%% E% %%g a??gnm%ﬁ%ntliﬁ =

sivetcoppEspRNdiRy spdakéraerots thREE NtheliShie Shevfiest

dootfi @hed hel & the RHdd] @208 dhesgtmpenkensdliapré2bion.
2c, 14a, 14b is a sweet spot 50. Wien a listener is
p03|t|oned within the sweet spot, then he or she wll

HMusics ianadpyi none solglt | agd e TR ARHELRE! [GpangAe 51 Cs,

dﬁ%ﬂ% 1§gg8§%€$8ﬁéﬁ B%Hﬂé@%??h@hﬂéﬂ€|ifﬂﬁfﬁhd}MMa@heﬂSl4a and
] et wee urrgund channe d

‘ﬁﬁ% F1gH §E?F% Eﬂ%%% i%% $ﬁ g naﬁ'f%?:?ﬂﬁy center
suﬁuumndsuhaouaﬁ Bhanael bé lcgkoulsd eshaluaiingt d¢deusphg PHecess

ag peal i t hgesi f _
L TR T e

tienedtlan e thal davsatigeplrethosd AR ¢ SEF£?¥%m %? 9 e ap-
EEMErt s Ut o uadl chbnniedn | of otlter centavosdredouppi pgpnnel in

%{ae cqny %Rfoiaféfgpgl@aﬁn%e bbnisrt SuPeonint edhabhhat .
e cess

i nvent rve pr i's usabl e for each audi o channe
constellation, in which two input channels intended
fiorigweodbkf epest spati ghepasivehoisei praceepl ay ssdlpe for

arc%x used 8a%glahﬁex\hégﬁséﬁl%etlgﬂt pul, gRaGNelS afput channels
1ntended for two different spatial positions in a replay
setup are used and in which three output channels are gener-
ated using these two 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 synthesizer apparatus of Fig. 1 includes an in-
put chanhel 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 both
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, a stereo signal includes a lot of such mono-

phonic signal components such as a speaker person or, when
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usi ng these two input channels, wherein the second

chan nel of the three channels is |ocated between two
wadarniamnal speakers in the replay setup, whi CPCHER2005/013738

provided with the first andithe third i nput channe

signals. The inventive synthesizer apparatus of Fig. 1

includes an in put channel analyzer 15 for analyzi ng
e t siognaipeutach arved isleneder dersingedetadt A ok gt rument

p8§’ 1W1'f‘EGnQC% ér‘ﬂ bethebtbipait agBaANRBleTerbese posi-
conponent s whi ch occur in both input channels

I gha
té%%@%é”hé%@“?ooﬁuFPﬁ PREFEA center channel, i.e. can

be rendered via the center channel C shown in Fig. 5 .

Tl:[éfp'lﬁggh‘é’lv@ §%§$ﬁ@s§i&naé d’k‘ét‘%ﬁesacﬁiﬂt@ton%fll_syuqfﬁlcludes a

monophoni ¢ si onent's

tope %‘énﬁ{%cﬁ‘te%ciygr%@cﬁﬂé(ecaﬁ gi’l@gheﬁm ?%ag%grga?f Zcpepend_
e80| 91 gmsl rgemerttpesibi doedgeneratdmy sheabhoeehestpyt chan-
nﬁ_gg 1£ger B &P :|.ntgJ qped B fHeat ehahhel AuthL£nC®L and

InventT Ve synthesizer apparatus additional I%

i nformRletom ¢ NS ERRE 9T eI UGS fRFUrring in both
J.flﬁ’ﬁ{:h@lﬁéﬁl{éﬂ:ﬁla@n@kodeﬁeﬂdvmtl:&iegﬁa Femeéiandbarly, figre in-

v%ggeratln l géﬁ UEQU %éé%yanﬂgg %%@d 42bPecdLs signal

o i np u 8 anne Ob and nfornatlo
cgmpd@@@‘@?ee@tsleg%ﬁdl REcTRIohEmtS SEeusrrRgd ﬁhB’a% i npugther-
mekannehs aenpravbdedsViopekhBevd3toPanliycfleatl Y, ddigciion of

e nal, erator _is,opetative te
té?g ﬁilﬁ\éeggﬁ'go ﬁéﬁ T Ofngon?nﬁgr ?Fﬁ elhr?t og th d;n%gg%%ﬁrb%q Yrnen
tbhaaneleFmrah@qtuﬁﬂkpndIm@ @@ﬁ@haﬁoﬁom§léh%r§f?@%9q(Pf the

derkyrEged ignpar téspsedthe detiegt edssilgnain cexperdnhy the
in.the second channel, when there exists a situation,
ﬁ1WHWcFP%F§6ﬁ54ete feedlng of the detected signal

conponents would result in exceeding the maxi num

ThitseSReld. TJEHI%: 5%@@081@%1%[@ PHL s CRanigle heSrdidr,Mewhich
porti on, Ich only i ar.t of the detecte%1
QﬂlgndﬂmééﬁﬁénéhtEaY% 8 oF d ﬁﬁ% pcgpenents  to

afdichileranpppayt i @hidé tihe asectoﬁﬁ:érent portlon of the second
output channel, the complete detected signal components have
been 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 inventive concept, the
“portion” of the detected signél components located in the
second channel, and the remainder of the detected signal com-
ponents located in the first and third channels can be an en-
ergy portion or frequency portion or any other portion, so
that the second channel only includes a portion of the de-
tected signal components and will not have any value above
the maximum threshold and will, therefore, not induce any

clipping distortions.
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out put channel, the conplete detected signa
conponents have been fed into the second out put

wa ba@noei270 The remai nder of the detected si gnal PCT/EP2005/013738
conmponents are included iniethe first and third out put
channel s and, therefore, formthe "phantomcen ter"
when these channels are rendered via the speaker setup
for exanple shown in Fig. 5 . Depending on the

Figp ggfeg&fﬁg@fa@és weﬁ»f@ﬁ/@ﬂtéd/eemmht tJ¥e theoritnvent ive

etected sign on dint
ssgrvhdarhbFRd |, Langt tﬁégrgﬁ)m% ?18%" 'de%%cpg%l Fig. 2a
esb@dahercgm ’ph)@emh.zgnbdaca%twdylmrt rﬂelﬂudﬁs and 2t Brppmixer 16

n (0] -
%%??ﬁgﬁﬁ%r L ?ﬁg p%??%gﬁ E&hﬁ%bfﬂefﬁﬁﬂQ§ﬁ§ﬁnput chan

nehanded 1 Gy ]15h<9ﬁJcFé§ ‘a poFPFoﬂuBPuT’ h%E d@?eec%:o% WBrgEgr b
RPOﬂp@@@nhﬁmaﬁddehhnmEﬂsfﬁﬂﬂwaﬂﬁrﬁuﬁhaanaﬁoﬁéHﬂ@@t be sub-

| d, her efo -
TR R R B el Pl bt e 60
1éﬁbbﬁ¢%%?ﬂ dﬁlﬁﬁ@chn§éﬁ$?¥é“§%ﬁﬂﬁF‘§n§F9?e %élﬁﬁﬁnnel
ahd. fP&f tidildighy, chanh8e &i¢.adecengdichent , the

signal analyzer includes a 2-3-upm xer 16 perform ng

an upm xi ng process controlled by the_ input chan nels
Thmalgpber 16hatngl o¢ is . impet olfbRit2 of LiPRINE RehHASeEr 16d,
whlchF%eeé%aé é&ﬁn%%ﬁté§b®&nﬁbﬁ Howexek]lschasnoelves infor-

ect to ¢ nc

A s (e s
péogpdatatsof r b tie c»pemat@wanﬁ@l cEATLRE ORIE h*élmer gfve form

oghanpete & addediogether. The center channel Cis
Input 1nto a clipping detector 16d, which feeds a post
processor 16c¢, which also receives infor mation on

pdetedied sigried izpiporehasioPartic ldnpingt Hetectppigry e
g%E@EE?Ee%GQn'ﬁl@@@EéﬁﬁV@?§9 eWﬁghn@ttm%‘édEQMQaVQhat the

fer channel” 12c. ndj
Figpl et gRRONISRHER QY ﬁﬂfh@rﬁéﬁéét C GPmRERS bﬁa"mg 3 magni-
t@RStyairiedni ghett f taaRNta Waysdetthemnined | maxiguunethiesold,
gﬂ@% the clipping detector 16b simply examines the time wave-
form to see, whether there are higher numbers than the maxi-
mum. threshold of the subsequent processing stage. When such a
situation is detected, the post processor 1l6c is activated
via activation line 16d to start post processing such that
the enérgy of the center channel is reduced and the energy of
the left and right channels is increased so that the three
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 is done as usual. The
internal first-stage center channel signal 20b is analyzed to
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 a modified center channel
signal 12b and distributed instead to the intermediate 1left
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Fig. 2a signal generator can process nunbers having a
magni tude bei ng higher than a predeterm ned nmaxi num
wo beoeshol@, then the clipping detector 16b si nPCYEP2005/013738
exanines the time wave formsto see, whether there are
hi gher nunbers than the maxi nmum t hreshol d of the
subsequent processing stage. Wien such a situation is
aQQ:%QQEQ chFﬁn@pﬁt%pgpcgsgoas150“phaatbmvaéﬁdem¢acontrlbu—
activ on line to s c t
tiRB- e%%#%? gt &5 géﬁFerggﬁgnﬁefélégﬁﬁ% ucegg g g#éﬁga 12b
ienepgyn obeldre 4 e¢f®@FSand ri ght channels is increased so
that the three output channels 12a, 12b, 12c are

f | t
PG ERRE. SR, B CeBoaP e RERE ot e TR Y IR
Euqnvéb3|mhepcen965 ¢hantore 2% @gEar. tTReUPRi¥ehal6a 1s in-

Itr §bt§t§g§a§@@ﬁrﬁ%&n9’5 STE@%aﬂQ_@Xt&a@ﬁ@&Yﬁ@dei\ﬁbs in-
c ec her cl in moulg occur

TRt ORoL b AR S R L sTUTP ARG AROABS RBEF g 519"
nad SRBI Biher ekl fmbmntmb|slhappeqsdehegb¢¥,oWh¥¢hamay also

1‘?‘1'09.@9% %le c%r{g%fxd d dhe.hostt phpcessencdHion. Alterna—

resultin center channel na
oot s o) od conterpchamnel Skanal 1bAndy ve
fakadnehdepladePD o sy 'bphant bny cehtmringornd Bo %t%ﬁﬁtlve

ﬁ%‘f t?ﬁ.r/e!mt_lgr pgﬁlbcﬁ{e%%esé%rg e hgpﬁﬂgcfr tehasneda & gﬁ]ﬁ&reas:.ng

IS agal rﬂewedeMmdwmg
Fpangss O Iprdce Sede atse @§g§ﬁ6wﬁomﬁoﬁ?@ 2b" ¥hé Sgn?%rStep
ﬂ3§M&6ﬁ|u%@@laﬁh%rcﬂh@puﬁg1metedS@rIS6bnd@®$ not odgtect any

Ao 25! LAChRLe20 nLe i nﬁagfrﬂ%tdorcénec%@V ninfél 12b is

Por on detecfe conponents an
m@rnuﬁolbyg.@xm@am 2eFiFRECEBY fanshn e BNPHIRT of the de-
delieet @n nﬁ@' @Bmﬁaﬁeﬁt§0cd>ﬂ_€é$§ﬂﬁcaﬁ’ngl rdi caki estobcaed part

anount extractl t ern Yy
IE???éfﬁgSane?l?Yﬁﬁeﬁﬁon stgge ig?% a?égéﬁﬁﬂpg%%gﬁ ent20cr
2ffa aputrodce dpyr itig oldngpieng 2 £aRd alﬁlrttléita%weby -5. To this
élx{d al 1Ry N s PR3N kR 1apRki edot AueXipBCérs 26 in each
q%c%%g\f%%g%;\gggg eS Ict)uf.ll\t:Jr.]{';".leeeJ.I ekgtJ.gcgreSIIgPaaAcI?i%@orh% Sy left
adder 27a and a right adder 27b.

When the 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, a phantom center is added to
the left and right channels.

Subsequently, a further embodiment of the present invention
and, particularly, of the signal generator 16 of Fig. 1 is
discussed in connection with Fig. 3. The input channels are
input into a controllable 2-3-upmixer receiving information
on detected signal components for generating three output
channels in a first iteration step controlled by an iteration
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fashion until the clipping detector 16b does not
detect any clipping anynore. Then, the nodified center
wa@banoei27d2b i s output by the part extractor, BOTEP10e5/013738
remai nder of the de tected1isi gnal conponents
corresponding to the extracted part have to be
re-distributed to the left and right channels 20c, 20a
cautypidl ey 3Ohe TineriSierstafater it gﬁi ¢y Bosthgoupmixer
o%§¥é%f%addﬁthggpogg,pﬁoge§saheinehudeschmnnanlEODItemshave
6 i.n eac ranch, or, a sj,n L Pl f.qr
cHmRRE ﬁﬁ?bgﬁﬁsa. i aaé&é%bg9§u§%gﬁéﬁfﬁ%ﬁﬁalgd Srd§$%?ted
by\hencl hep el edetertaof e stynaeetPonknt ShecELdrify -
bdd%#&ﬂﬁ)'tQBﬁElgﬁﬁﬂﬂgB§ef%§$@§eﬂﬂpeﬂﬁﬁﬂbl5thﬁ@ tbaikeft 16a
cand rig channel s, C of . u n
lm"?ﬂéﬁﬂ%ﬁ%@?&nygy"YlﬁbaP%v%??l %gzéﬁﬂq%§lt%gn%xﬁgaggeghange
tloononiering faleein milddmidica vevoRobyhat sihe gansggded cen-
té;:?'g : n;el azdﬂﬂqusc@bl‘v‘é%f)t %trfltieSr fzb@hf@edm}1 QlottﬂﬁtJ;Jt%frbtaﬁd steps
[ channe| s. . Subsequen afu r [ t ,
2§ HEPTIGRa PHVERT | DrF S DR ATy 2 Cor G 2 gaapved
pEetnesata the dét&tged Isignadi conperants BRNHEER i'dh Ca,iipﬁing

og%&ksi% The input channels are input into a
contror1a e 2-3-upm xer receiving information on

detected signal conponents for generating three output
Tehanngles Him.as3f emstdinentatildmsstrepesonanr bt ¢eat iyie @yocess.

iterat] r gkl 3 ' ik | : | _
L, LA O Shehoptacd fbssiap il b pers
tgpranhel Ao amiSiale i ﬁsﬁngugPBBr efpdetglpy 16b checks,
wgéit:wi{ rtgli?éig@q} besunk | |wiben datieptied by detédppinghis time
et ector .. ln.contrast i g s RNt
EFRBS o P ppitRg CEet e %l BbDEQnFEgPE ?ﬁﬁgﬁﬁﬁgggghl aimn oo
andf esthdack 18ay 1epact he R QT W6nCrBESF| ed®Al (feray to
thBange: tHR URhXi BHahtéEs i 4k & GRlahabn waytsp ¢dratrittheion.
generated cen ter channel 20b receives, after one or
nore iteration steps as controlled by the iteration
Thentirigl.| ér e3Bodomeyt agonbletely peperakedf inhdhgetRtaTpLer

ashgnal e9mMpAneNtsdsoahhab-nox&ti pRi&eter calculator 40 is
provided, which is connected to a parameter changer 41. Addi-
tionally; a clipping detector 42 is provided, which is opera-
tive to examine the original left and right channels or the
calculated up-mixer parameters to find out, whether clipping
will occur 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 parameters, which are then provided to a
straight-forward up-mixer 16a, which then generates the
first, second, and third output channels so that no 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 12c¢, 12a, have a phantom

center contribution.
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occurs anynore. Thus, the Fig. 3 enbodi nent

illustrates an iterative process. In a first pass of
WO b@7ioterat i ve process, the up-m xer operati onPCHERIN®013738

as usual. At the output, aldetector 16b checks,

whet her clipping occurs. \Wen clipping is detected,

this tinme frame is processed again, now using the
Tnecomppisiy py odes ¥ iand 2uendg Fig- r dueihgdBrent parthepfinven-—
t%ﬁan gpggggsun@gﬁt@grenagbutto dalted efrtb gisktdd gy parameters

center co

t%%o@?%ﬁfe%o?% é%eéﬁl}ylgﬁe&gﬁegugﬁu g“ﬂrggr%snl a’FI2Q)b “20¢,
odompap. 17, tiks forumh tée umpntxétepa@aﬁé@%@l%aF%Wﬁatéﬁ or-
dég LS ;?fc?xyl > P h@ﬂtéi%l&@é"Wﬁail'ﬁ%ttlg_lalbﬁéﬁn@énﬁfutatlonal

tionally, a cl d
CERBYPELEY, Wi Th HS GhePRLPgedEse B ree t%ﬁ%‘?zr%ﬁamn

oLfefstlgaad legBlschanpeks off tile aom ded smde cPrup-hve xarocessing
rar}gﬁéleés 'fl'g dind ﬂytcoﬂf‘éﬁé%ertcplﬂ@'ﬂgg Wiz |anQIC(Burenﬂ?fod1—

rarght forward -m X process., \Wen_t

m@lﬂFBpl hg dBiekt BRC 4PN ERR LTS BE WS Tpity Fhigss Lltt % ac-
taamt éahﬁoacp@:ﬁ@émtﬁrgrmnang:&a&lwema alceady otrédtmsl 4£pr the

chR 5 RhEEELAARE UPoBLY; PAL AR WOLIR BE Cadtitited.

raig orward up-m Xer 16a, which
then generates the first, second, and third output

Tﬁ@aﬂﬁeéﬁtﬁget?Eipﬁihgﬂddﬂﬁduloﬁ¢eUh8rbh the lsecpewformed by

el an or a

adéFE%i Fogﬁsﬁé%gorléF%hlﬁﬁg Pt%ﬁd%@ EBP%Qf%f%ﬂFﬁ%fEheters

apeobmwzeﬁean@fmoqu g’a”ﬁcoéﬁléﬁﬁe[@ the, lﬁ}?%nth‘é% copcept
%&B@Eﬁ@eehn%pﬁﬁftiﬁﬁéﬂIﬂHéIsyn&@@@&asbft@hEhECquﬂ Qitput

e%%ﬁ@sba&’d% P&%égg: Eq\gé‘%gar Ia\r/na et S‘ﬁfﬁg;%é S}?arameter

dh:sm@ef ol der iwiancant hetmtp‘u{e svaal snperdedoponiyEiog pa-

o gﬁlggag%gngiQQQJr“WHé%nﬁaﬁﬂéﬁrQ%Fsbgﬁ@h551§h@§ ,thdl real
enmentati ons S

StHpuHGOal USRBRES T5T CRFOE ¢ NESoICPBBRRY dot BRETIRESCS

aajwntolaiefliam prhe, dheoforsicgnal i evedin ctazaed andj finally,

Jﬁ%ﬂ@% %ﬂahgglpégﬁﬁgﬁﬁrgke 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, subsequent 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 81a, a block of values of the left channel and, on
line 81lb, a block of wvalues of the right channel. Then, a
frequency analysis is performed for each block individually.
To this end, a frequency analyzer 82 is provided for each

channel.
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parameters. This is in contrast to the Fig. 2 and 3

enbodi nents, in which the inventive process is
we@awioed7out on actual audi o channel signal s tPel/Ermons013738

already created for the center channel after a

possi bl e clipping could be detected. The inventive

clipping detection/control can be perfor .
ThosErpAGEREE: ABRLTRES, CERe Tt hae e bbY e gF oyeerating 2
fE@ﬁ@@ﬁﬁyﬂdbmm&@ aBpkyzentanibrmud fa édmacdomdimgsianalhe Such

g%%altéélér\llsy ga?nnatﬁﬁgz act%uaar QY46 4€! hpehggtaéhﬁé i‘@@rler trans-—

out put _audi o si
falner pat iKFE Ry ard tesnt rog] @heMB%?aﬁﬁ?ng9ﬁ3n8€ RRYj Sther
t)’.‘hﬁs%‘rrﬁt ed@fices waylteribendelly convie si bnegaenaetarslyzer

i Fa’cpg edalsV\heir}ipcl%giteer yt %%bﬁ}{at @ ﬂ:ér Of)altx}befcgleacjenerat—

ccur, the converslon
ipar metetangsce 3Rngibpard qh@weltsf]@rpraoéégéersoaglawr num-

békﬁ?ﬁggu@k@ﬁné 'c;f}ﬁir{r%élst E&oﬁubp%tloe:haﬁlﬁeh_nﬁu’g nalgnalr evalues.
i ze ou
Dﬁﬁanﬁh%?]t B )@féﬁt é’?lp;:%rﬂ%/rﬁab% olrgno;pl A hge\&%%rr?cg? ploln ?ank
tbhafinetsiosubsequentihe frapiapedegdcenpl epBht B¢ o’ﬁr%ffuency
ak%?gégﬁgklggﬁn?gﬁl:§naB@' Y%r@ﬂte%lélteaeg@ﬂ %sz§51ﬁﬂ-e Téigitally
C o Fig : ic

lWPFEQ??%ﬁ%§“§§@Wda%ﬁF§?ga?%%k1nput channel s anal yzer

15. Flrst of all, subsequent or overlapping frames

T&%kl OW —a&h@emcﬂ%rssaESr9§D§E?$r€dléJ§3é’i@o§tm‘éfan§V\hﬁ@1cated
¢k 8 , at the output of. bl ock 80, t.here

hﬁwquﬁ€38§é ghBFocﬁthc€8Fﬁe§05¥e}$%lﬁe??t HHARS @ “eross
o@&delaﬂlbmnmeéﬁﬁmezbéﬂwxﬂn(ﬁbnnmspesd@ﬁgthend$ght e., bands

05T 150l AT I oo 1 e
u@ﬁa@@iéFmBQe¢sber%QQﬁu?%(ﬁanegéﬁecﬁaﬁﬁ PeTﬁggV?%%u% ol

wiRalkyaen QlebataByndewbaeeﬁatlgmneaad|wgeaeimehuen@ycates
ffgﬁgalﬁgﬁ%y PLESGD! qhlean t?xf afa%%gg é’?r@ﬂﬁbﬁag%allowsHEQSﬁ cor-

anal yzer can short-time Fourier
nqkﬂmQOﬁomﬁﬁsaﬁeFtha$g@?@@ﬁn?h@F Eheméﬁﬁtt?%ﬂst?%Fo?lgnal

cﬁ‘ﬁ%o‘ﬂ%ﬁ%& in the respective band are different from each
other so that this band does not include signal components
occurring 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 component
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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transform device. Alternatively, the frequency

anal yzer bl ock 82 may al so i nclude a subband filter
whank/ofaro generat ing for exanple 32 subband cherRPR1085/013738

or a higher or |ower num bdf of subband channels from

a bl ock of input signal val ues. Depending on the

i mpl ementati on of the subband filter bank, the

SPEREEPENEIRPEY Gt KETEAER 119 AR BT arkl t fsfferent from

chicaqueney. anal ysi s bl ock 82 can be inplenented in a

single digitally inplemented subband filter bank.

Then, a band-w se cross correlation is perforned

Thiedi @2RTIY LB A e YBAMCaTHIRS  PHEPEY oBY- @@F’ﬂ@?a?ér and the

ARlser momeelatgé@sfseacwﬂeeloaiﬂpm measlerecbesdeene both input

1 %rresngghngkggg$§h stggs cof PD?Noggheﬁetéageconclu51on

f?equency I n cro n neas
thetter fimedl ByrbtorkiBMTana hapstaiyabaadbét isemre afd both

cllaém‘é‘l?r %'rp n:%ltl n@blheat eaen@eeqrs&ehatsteae &Gddlgh@frﬁir[esl that
| Ndl cat e u corr (0] n ce 4 ou put
EQ%(ihQEPESQCSBFSr% :?$%ﬂ1 Qﬂﬂﬁi§’ tHIS neéﬁss%ﬁafit?PEElon
ilseffledandtei g cimheal cbenpeheht so¢nendie vespeeti genter”.

band are different fromeach other so that this band
does not i ncl ude naI ogBonentﬁ?occurrln i n, both

BEndg, SHEMEh 2&n 8 BEePEs Fed™PhEBSAt tEht C+ERHF chan-
riéfien, artoweseer., Adudtéposs eobpdliments measknevis ihi gine art

an@g'%%kl%&aﬁgﬁe tb?l§é§¥5ﬂéﬂ'ﬂ%.b@&ﬂtQ%@dénﬁﬁﬁc¥ﬁ%ﬂ% of au-
simlar to each other, then th has_a s

HOnpbREM R i gt .ﬁneheAY%ﬂa%d ??gm I 1§n§& AES
Oomefle rehice, bangheshagkd, bdanmaekt edMdnt23-2Be cAier Particu-
1%*}:%_ ebende dxlfk?z! e %%%Fg%ﬁgrtxﬁ'@%r% 1‘@“%“?%01 signal
signdl s in bands are sim each other i s
cIpeREnEfei gy theper ghaprely nguske sted Leibeat neht 2pflyti-
dafle drauenthyembORcds Chadineds @malyziercipiel edegonent analy-

s %nd W %geeq_%hd%é gé&%" %‘ﬁ Eg%geu i t‘igsggl %lij aéiﬁ’?ert hrﬁethods

energy in an ener ,
kigwn dn thy arbs @Udd eaellmglsvmzé%hetrhetq?e me%}épéﬁ egave in

dotrddhe t¢RR! eFRYNEcRGchardgnal e csibhanhté Ooeagtir tiiein both
é%a dlfferth fr

nhels, which ghould be fed into a center channel to gener-

ate a real center.

Subsequently, reference is made to Fig. 7 to illustrate an
energy situation before and after a two-three upmix process
has been implemented by the two-three upmixer 16a in the Fig-
ures. A left input channel L illustrated at 70 in Fig. 7 has
a certain energy. In this example, the right input channel of
the two stereo input channels has a different (lower) energy
as illustrated at 71. It is assumed that the channel analyzer
has found out that there are signal components occurring in
both channels. These signal components occurring in both
channels 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
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each other. The energy simlarity measure output by
device 85 and the cross correl ati on neasure output by
walenw7oe128¢ are both input into a final decisi OPCHERLE5/013738
86 which cones to a concludBon that, in a certain
frame, a certain band i occurs in both channels or
not. When the decision stage 86 determ nes that the
arsi gnatgpctimst i nwhetéichbmetBerghiehinht sagj gapt roughly

lfﬂféqr%éss thed tﬂéosi&%lceiatvahgcl@aeneb mglgeé}ﬁgx@tyenas am-

real center”

D} ipienouRg RETnsHE ERAN PETE. ARAT0brtARIE fongPere-
ferbodiniants mreilnowt kthet hrergy ’é?]dlsfmplé‘-xmloethe real

Cr%%:%k?tdlrwﬁlth’% Itﬂe" %ﬁ&é%/%gﬁ ano, 23'1*3 Ie&uayﬁy? "on: I RS
r ern

u’@ﬁ‘]f‘é?e‘ﬁt% @fﬁ’@ﬁﬁéﬁ@n Bk nAR? kTR ‘%’f‘ ﬂ'ggaané R' as

i Paidtirxdtdandyy arabher 7&et hods of anal yzing two channel s

to find signal conponents in these channel s i ncl ude
statistical or analyti cal anal qg nethods such,,
oritth

Tp hEhp? | AeR PP corpohento dPfal 5T e hTfe Ferd e -erent
wSPHSPRCE @A SIS0y etdesy nfeidnoc&eknemﬂaernchmezir toagk to

t$Udlo nal |§1%ﬁ%|chggﬁglgEEHOdﬁopaYﬁthdQ nathﬁkrect

tec onents occurrin
ammmh@% equh fsrmma@ p&igénaint8th E‘gﬁ%‘%l A%hA® qrdat-
nQﬁnﬁig@ﬁ ec@rfr%a_l meﬂ €he &HisequSiainng] . reﬁeremmh:u Sfor ex-
magde to ust r at er
anB% %,r es%?'lfd’g q@Iw . aht vvo§ ’rreeci salaﬂeaq c%}ﬁgég%ff 2 s ea certain
dowpasm@dqumeamwmww%nﬁ%rd%asq%e@héllglnsl into

tHée%eneeEeﬁﬁwhﬁEMt @B@Bn@ould|ﬂdﬂﬁréﬁﬁﬂiEﬁodﬁéqm&nEeg for
as.a. certain ene

In t
tpﬁpu?l%%]nneqonﬁ?onteﬁggt V\bnstee?éﬁc’ eo)r(la%u cha%ﬁgl él ghlﬂleqa‘\lency_
sdiléfetentard lowar) weserpylaed | IAlIsﬂl‘r@ttéd'eéﬁh 7qne |goyld also
p@%%&?ﬁd & heind e Shapnelq n%bﬁ%@61h3$ﬂﬁﬁﬂnﬂe§m§ that when

ere are signal conp nen urr i.n_both
tBRAANRRES k???éééieéﬁe Eoﬁpoﬁ@ﬁ? %gcg\fr g R Both signal
components, one could 1ntroduce only 5 bands into the center
channel and leave the remaining 5 bands in the left and right

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

Depending on certain implementation requirements 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 a disk or a CD
having electronically readable control 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 program
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 is also a computer



channel s have an energy as illustrated at 72 in Fig. 7
When the whol e energy 72 would be fed into the
we@esnwmrizehannel as shown at 73, the energy of PEEEP2005/013738
center channel woul d be abd%ean energy limt, wherein
the energy limt at least roughly illustrates that the
signal having such a high energy has am plitude val ues
pabgvent hevanpl it utwarari mafe irEsheeHt oThere e einventive
meRh¥da P& 1ok Hordhi® c@NpEgyraik ditnd NPUita iddk@utbe. r eal
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
di fferent ways of redistributing energy fromthe
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 channe
into the center channel. One could, for ex anple,
scal e down all detected signal conponents by a certain
downscal i ng factor and introduce the downscal ed signha
into the center channel . This would have equa
consequences for the signal conponents in each band,
when a frequencysel ective anal ysis was appli ed.
Al ternatively, one could al so performa band-w se
energy control. This nmeans that when there have been
detected e.g. 10 bands having detected signa
conponents, one could introduce only 5 bands into the
center channel and |eave the renmaining 5 bands in the
left and right channels in order to reduce the energy
in the center channel. Depending on certain
i npl ementation requirenents of the in ventive nethods,
the inventive nmethod can be inplenented in hardware or
in software. The inplenentation can be perfornmed using
a digital storage nedium in particular a disk or a CD
havi ng el ectronically readable control signals stored
t hereon, which can cooperate with a programmabl e
conput er
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system such that the inventive nethod is perforned.
Cener ally, the present inventionis, therefore, a

W@ 0wt ero program product with a program code BCDERZO®O13738

a machi ne-readabl e car riery the program code being
configured for performng the inventive nethod, when
t he conputer program product runs on a computer. In
other words, the inventiorCi&l® so a conput er progr am
havi ng a program code for performng the inventive

met h when_the_cq [ ogr n
1ot N0 aUED, B3, CQURYLEL, PrOOT BM LN 002, channels (122,
outpdﬁbehéﬁﬂél@S{WQannag@pujzépaggg % f¥&?4rﬁﬁhr wherein a

Cﬂan%%b%nﬁlgﬁanﬁgp)?f Mﬂ@;ﬁ%{?éﬁéﬁﬂﬂﬁﬂjdHMMﬂ@&E 0k Fbedable
three out put channels is a p n. an
i nt efed® ad&~8 51Fjéno“é)rl Ay st |s%%%§?lflno% geneme,

bet wediichwd ss peaket snéei b@twmawe smetatketrﬁe bejiipgt feedable

OUtp%ﬁtﬁh%HQef1§§@ dhedthichdnaut PHhd Chigd iglnd output chan-
con‘prli an, anal yzer (15) for analyzing the two

i nput*eehafRBPELF Y det ect i ng si gnal conponent s

occurring in both input channels; and a signal

general OJna(l%)e fo{)lﬂerﬁﬁfratér@egl§ﬂ%gt hfige oMb PYhput channels

channels usi ng the two input cha

(10a, ofOE})e e\ﬁié’r‘%l Aig S?W%%e%cwrﬁggobﬁrg?ﬁé input
to fetdndelecta@ddsi gnal conponents at |east partly

into the second channel (12b), and to only feed a part

of the detected signal conpo nents into the second
chanrfe|sigras) gengheRon Ebm pfet I9dtHGdofthehéhree output
det ecireginsilgnallcapmerenti2aoulshinestihd two exepetli ngaanels

th I b
R i L e L e
sig nal generator (16) conprises: a two- three up- m xer

(16a) for tgemerat Hgette®esigifl Momponents at least partly
into the second channel (12b), and

to only feed a part of the detected signal compo-
nents into the second channel (12b), when a com-
plete feeding of fhe detected signal components
would result in exceeding a maximum threshold (61a,

61b) for the second channel.

2. Bpparatus in accordance with claim 1, in which the sig-

nal generator (16) comprises:

a two-three up-mixer (16a) for generating three interme-
diate channels, wherein the second channel includes the

detected signal components;

a clipping detector (16b) for detecting a portion of the
second channel having an amplitude above the maximum
threshold; and
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di ate channel s, wherein the second channel includes
the detected signal conmponents; a clipping detector

W@ 1@b)p7f200 detecting a portion of the second chemBRRt005/013738

havi ng an anplitude above the maxi num t hreshol d; anda

post processor (16c) for renoving a portion of the de
tected signal conmponents fromthe second channel in a
portion detected by the clipping detector and for

addi B0pés i PRle B g3BENdENY tamdhing enpead ipor bf othe de-
to the first.channel an t hi I . :
ropar Sered s hi AN EenBRRe A,  BROhLLE SRR crdanel in o
t he BPYRBON giatercitest bylEhe cohppPP S def ackert RReefor adding
up- n]'ax%g]_gﬁﬁ@a)chéﬁrewl aiagi n® athé e&éinoﬁelaﬁe@@mdion to the
i nter.nedj at.e channe 12 [ [ t .l east a
porthﬁs%fCQ§ﬁp f%%&%& g%angfiggﬁ%%ﬁgﬁ?§; a clipping
detector (16b) for detecting a portion of the second

3Qhanﬂﬁba9§«&/&£lgi@na@éwdatn%e wakave1bhf MBYENMDPM in which the
threshol d; and a two- m xer controller (30,

tnr -
31) FOPRbNITHIGTRF ﬂﬁg)ggﬂégﬁi?%%zof the three out put

channel's so that only a portion of the detected signa
conpgn ditF§F%quL%d&%% sed gbangeheandidg af_ leiit a
remal nder of e si gnal conpo ne remai ns,.positione
in t RECPPASENBRENEHE thi TR TR pﬁi%)hah%%f%d%n% at Afedst a
Appapaltson noAcitor deteetwdt hignyl oreumdnaiis ipr ecedi ng

claims, in which the signal generator (16) conprises:

a clipping detector (42) for determ ning a portioqn_of

t he PnphiPERAHMSEECHar HiSeh Fﬂér%eF%cfalgftq i%;ﬂoﬁélon of the
pr obabkbhlly ;chanhen- thweimqupati xeplitédy fabovgensreat magimum
thre%hknggrﬂg_q&§§e channel s, wherein a second

i nternediate channel

a two-three up-mixer controller (30, 31) for controlling
the generation of the three output channels so that only
a portion of the detected signal components is fed to
the second channel and a remainder of the signal compo-
nents remains positioned in the first and the third out-

put channelsn

4. Apparatus in accordance with any one of the preceding

claims, in which the signal generator (16) comprises:

a clipping detector (42) for determining a portion of
the input channels, in which there is a clipping

probability;

a two-three up-mixer (16a) for generating three interme-
diate channels, wherein a second intermediate channel
includes at least a portion of the detected signal com-

ponents; and
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includes at |least a portion of the detected signal com
ponents; anda controller (41) for controlling the

wo I hnree upnm xer (16a) so that a generati on Per/aPEBDE013738

for up-mxing the portion determ ned by the clipping
detector is con trolled such that the second channel

al ways has an anplitude bel ow or_equal. to the naxi mum

t hr esheird:rod lerAdda) afas FANEERHE Hihce S TP grwe&nélp@flxer
the M@Qedéwgtkﬁtala{fsgemérmm dehensitgmalf ogengr-ati@ing the
(16) .0 tive to geper t ; -
CariE S BuChE EHER o 08 G ara b e parod 5 15 ai™"
enertggeldfect fﬁelqhhrté@tod?chﬁutse&%ﬁn&h@néﬁél f)‘éi”’éﬁ?l EPFyan am=
gengsadiedicaddi bi;0sal eQud P Wo ah@nmeksmig egredhdia.an

el ectrical or acoustical energy of the two input

channels. 6 . Apparatus in accordance with _any one of

5t he Apmoediusg 10l ademordanaghichi hRngi ghal oferdratfeceding

(16)cisimperat ke cho taenaighelt Bensegosl (LB)puUls operative

chanpel” such t hat or t| on , of t d na
conpoheft T8 F aﬁ'heohttelﬁge S STEHRY ¢ hgrr]lﬁleeﬁgl gg%g Itgllag Ifor a
poss¢ditteniso tilvat paniedergytofal h@r@éf@&néfo’altl%uifhree Output

changel,n sy chninchirdas ienhy t@@né&ﬁtéd'Dﬁdaﬁtlbﬁal output
detected signal conponents al wa

s

anpl?lfwlbselwe&u qir& 3o &LRE ﬁﬁ%?iru?ﬁt%?omlcia& enexgy
(bl apf 6t two/ inpAppanatmsisn accordance with any one

of the preceding clains, in which the signal generator
(16) is adapted so that a renpinder (73) of. th

Sdet eRPRAF i Unatl cBRPOFRANSS WhilthaP% RBE 1 tﬁ%‘ee RESSiRFIng

changedimd s imotnided tihe tdienkilr genandtohe (16l ris operative
chanpel ederateA‘y?L%r %%Hénam%?&ﬁp{ dancae tshcﬁ”ﬂh&flec&f por-

the pre he maxi num t hr eshol
(6latienmf ithe delrrtsdas &9t que@@eﬁﬁﬁnéﬁt‘bytqehesec_
appasal ushdfel is as large as possible so that an energy of

the second output channel, which includes only the por-
tion of the detected signal components always has a
maximum amplitude below or egual to the maximum thresh-
old (6la, 6lb).

7. Apparatus in accordance with any one of the preceding

claims, in which the signal generator (16) is adapted so
that a remainder (73) of the detected signal components,
which is not in the second channel, is included in the
first and the third channels.

8. Apparatus in accordance with any one of the preceding

claims, in which the maximum threshold (6la, 61b) 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.
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synthesizing or a digital or an anal og processing

devi ce connected to the apparatus for synthesizing.9 .
wae\ppanaas i n accordance with claim8 , in whiBOT/ER®05/013738

maxi mum threshold (6la, 62B) is equal to a nmaxi mum

al  owabl e positive or negative sanpling value of a

time domain waveformof a signal. 10. Apparatus in .

BccoPppacetwit bn arscansenste whshpededdihg 1 aitksh the maxi-

\(Ngi4;3 hmu&nh%haegha%@r ({1kD) d1p)oper alt;ha_g t@béi&natﬁﬁmﬁimnallowable
a neasure for a cross-correl ation bet n at ,

| easPOSLHOVEI GF HFeHE A r SRSt ¥ g%%efjﬁﬁad ?Jr{[ée domain
secoméviefipun chamnsigraxdd to detect (8 6 ) a portion

havi ng a cross-correl ati on nmeasure above a simlarity .

thresh old, 11. Apparatus in accordance wt one .
W0 CROrBreted g AACREEnFR WEEh Tio Sl Sbef i1 BForgaing
oper atliaviest, 0 ide wheéch (BB) aanlgmergy1bf aspeorerahivd to de-

the fdurghnehanngl and apertdan of ctdes secerdachanAngktween
and to detect (86) portions of %he channe| s gaV|%§ 4 th
ener §ites-FE G 1 i ERT I AYTDY FBRUC fEFnRT anc the
equaldeicpntiht ephol charkizl Appartat dstent a¢or damrse tilonhhaving

any %pgéfg éjgargﬁgﬁgggﬂgmggéhﬂg’abgv@hﬁc@i%ﬁ@a?@@&y%ﬁEesh—
(15) an the signal gen erator (16) are operative to
perféﬂﬁ%a frequency selec tive or tine selective

anal ysis and synthesis. 13. Apparatus in accordance

i th of, t r LNQ. Gk ai ' EC h :
11 80350l ARSIy Gl 0L pcasing
and #leilgst dRahéch( Rheofnalygeredlpeples@RERRFHYE of0 de-
aﬂ auﬁiidt de)ala%n aétdenflrgg?wm ﬁé} pbletidsnﬁ eefowhputfirst channel
channe ar e J 1 oNt- t C nne ' , cent er

ChanfBie (CICRRR &% i Lo qrannst eRe°fD Bpegor (26
r ear HoafttiophanfieltheL cBannal § ehavigeht&redigsndeipg gpual or
and irfgrihgdBy chadnglar @Gn) equality threshold.

12. Apparatus in accordance with any one of the preceding
claims, in which the analyzer (15) and the signal gen-
erator (16) are operative to perform a frequency selec-
tive or time selective analysis and synthesis.

13. BApparatus in accordance with any one of the preceding
claims, in which the first and the second channels are a
left channel (L) and a right channel (R) of a stereo
representation of an audio signal, and

in which the three output channels are a front-left
channel (L’), a center channel (C’), and a front-right
channel (R’), or a rear-left channel (Ls), a rear-center
channel (Cg), and a rear-right channel (Cs).

14. Method of synthesizing three output channels (l2a, 12b,
12c) using two input channels (10a, 10b), wherein a sec-
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14. Method of synthesizing three output channels (12a,
12b, 12c) using two i nput channels (10a, 10b), wherein

wa@a2@eoond channel (12b) of the three output cheemePm05/613738

feedabl e to a speaker in anm4intended audi o rendering
schene, which is positioned between two speakers being
feedable wth the first output channel and the third

out p@ncciehanarl ¢6HpY i oF nghe A S i RFRUSG ) chapgelgolis feed-
i nputapakanBekssheskaletiectanngneegdadl acohparenicring scheme,
occurki.ng i.n hoin ; t (

Che ties dd Bar shali, SOOMEL Sy b amas ddlao Hbaaie
chanvélty, thef &rat tantrstteghepngénapat Fhgy el gherput chan-

tivendlQ temgrdeimet ed signal conponents (72) at |east
partly into the second channel, and to only feed a

part of the detected signal conpo nents into the .
secormdradlvannel (1hhefhen toompnpré Feadnags ofox Hetecting sig-

det egl-gd csingBALn €9 NN Hi HigWRHI Bot BSUhput NcreXERAd; NEna

maxi mum t hreshol d for the sec ond channel . 15.

Conput er program for perform ng, when running on a com

put ergen@rastihod (b6) sym hdsted myptimntacdmmadedse wsiing the two

cl ai Mokt LBanAeldl GhaRamneher %EEESSEt@éﬁ@fhﬂi}%ﬁis opera-
12b, 12c) of a two channel input signal (10a, 10b) ,

wher éiY®3 second chan nel (12b) of the three channe
representation (12a, 12b, 12c) is feedable to a

speaker i Roakdat epdedaudi o £80 desddiheiener o whiehiecast
i s positioned between two speakers bejng feedable wth
the first PeRahRetMfLIDe SRFOPACRARRY ciiftthel (12¢) of

the three channel representation, the three channe

represent at.i 0 Lsing.the q&gd:ﬁg%Qﬁ [ L -
havi ng a ?anﬁégr??%ﬁ %6%?%@iﬁ%ahlch only %dpgﬁﬁﬁéﬁ g mpo
si gnal coRpBRentiPtE72FhecERdonsy channel, when a complete

feeding of the detected signal components would re-
sult in exceeding a maximum threshold for the sec-

ond channel.

15. Computer program for performing, when running on a com-
puter, a method of synthesizing in accordance with claim
14.

16. A three channel representation (12a, 12b, 12c¢) of a two
channel input signal (10a, 10b), wherein a second chan-
nel (12b) of the three channel representation (12a, 12b,
12c) is feedable to a speaker in an intended audio ren-
dering scheme, which is positioned between two speakers
being feedable with the first channel (12a) and the
third channel (12c) of the three channel representation,

the three channel representation comprising:
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in both input channels is |ocated, and the first
channel (12a) and the third channel (12c) hav ing a

wo eovaiondes (73) of the signal conmponents, whi CPCHER2008013738
included in the second chanfel in the tinme portion

(62) . 17. The three channel representation of claim
16, which is stored on a conputer readable n%d|um

17.

the second channel (12c¢) having a time portion in
which only a portion of signal components (72) occurring

in both input channels is located, and

the first channel (12a) and the third channel (12c¢) hav-
ing a remainder (73) of the signal components, which are
not included in the second channel in the time portion
(62).

The three channel representation of claim 16, which is

stored on a computer readable medium.



