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Description Field of the invention 10 The present
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and, in particular, to parametric nulti channe
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the two channels are often fairly correlated, it is bettex
“to encode the sum, ‘and the difference between the two. More
bits (relatively) can then be spent on the high power sum
signal, than on the low power side (6r difference) signal.
Intensity stereo coding [2, 31, on the other haﬁd, achieves
irrelevancy removal by, in each subband, replacing the two
signals by a sum signal and an azimuth angle. At the
decoder, the azimuth. parameter is used *to control the
spatial location of the auditory event represented by the
subband sum signal. Mid-Side, and Intensity stereo are both

used extensively in existing audio coding standards [4].

.A- problem with the M/S approach towards zredundancy
exploitation,” is that if ‘the +iwo components are out of
phase (one is delayed relative the other), the M/S coding
gain vanishes. This is a conceptual problem, since time
delays are.- frequent in real audio signals. For example,
spatial hearing relies much on time differences betwsen
“-signals (especially at low Tfreguencies)) [5]. In audio
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a0 sdsb@sosol ution is often used for the tiperEldYoiosss
issue: MS coding is only 52enpl oyed when the power of

the difference signal is less than a constant factor
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coding, where it results 1n a significant increase in
quality of  spending only a small part of the total bit
budget on the stereo component. Parametric methods are also
attractive’ since they are extendible to the multi channel
{more than  two chahnels) case, and have. the ability to
offer backward compatibility: MP3 surround. [12] is one such
example where the multl channel data is encoded and
‘transmitted in the auxiliary fileld of the data stream. This
allows =xeceivers without multi channel capabilities to
decode a normal stereo signal, whereas sugrround enabled
receivers can enjoy multi channel audio. Parametric methods
often rely on extraction and encoding of different psycho
acoustical cues, primarily Inter~Channel Level Differences
(ICLD's) and Inter-Channel Time Differences (ICTD’s}. In
[11], it is ©reported that a coherence - parameter is
important + for a natural sounding resuli. However,
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per.formed, . 20 Additignall rreters re
deSts i BHAL Tt 8 ghn%l %, é\% &F af e,
chmmmt ttmmeagdaamxmsr,e i nter channel coherence
relations etc. The paramsters are different froma . -
wavef orm si gnal suc 5 a side signal
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being transmtte roman encoder to a decoder,
wavef orm descriptions, i.e., residual
The parameters are different from a waveform signal such as

- a side signal of a Mid/Side encoder, since the side signal
describes a difference between two channels in a waveform-
style format compared to the parametric representation,
which describes similarities or dissimilarities between two

1ee¥ﬁnveeld encoder
I nter

channels by giving a certain parameter rather than a
sample-wise waveform representation. While parameters
require a low number of bits for being transmitted from an
‘encoder to a decoder, waveform-descriptions, i.e., residual
- 'signals being derived in a waveform-style require more bits

and allow, in principle, a transparent reconstruction.

Fig. 11 shows a typical quality/bitrate dependence of such
a waveform-based <conventional stereo coder (1104). It
becomes clear from Fig. 11, that, by increasing the bitrate
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signals being derived in a waveformstyle require nore

bits and allow, in principle, a transparent

reconstruction. 35 Fig. 11 shows a typica

qual ity/ bitrate dependence of gsuch a waveform based
conventional stereo coder (1104). It becones clear
fromFi g. 11, that, by increasing the bitrate 4 nore

and nore, the quallty of the conventional stereo coder
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wavef orm. based igfreo C b the quality difference
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ghhodi ments may provide an encodi ng/ decodi ng schene
alTow ng increased quality and reduced bitrate
conmpared to

. Above the cross-over bitrate, however, the situation 1is

completely different. Since the parametric coder is at its

maximum parametric coder quality threshold 1100, a better
quality can only be obtained by using a conventional
waveform-based stereo coder using the same number of bits

as in the parametric coder.

Summary of the Invention

Example embodiments may provide an encoding/decoding scheme

- allowing increased quality and reduced bitrate compared to

existing multi channel encoding schemes.

In accordance with a first aspect of the present invention,
there is provided a multi-channel encoder for encoding an
original multi—channel signal having at least two channels,

comprising: a parameter provider for
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there is provided a multi-channel encoder for encoding

an original multi-channel siggpal having at |east two

channel s, conprising: a paraneter provider for

............. 4a providing one or nore paraneters,
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downm x channel s derived fromthe nulti-channel signa

and the one or nore paraneters; generating an encoded
residual 10 signal based on the original multi-channe
signal, the one or nore downm x channels or the one

or nore paranmeters so that the reconstructed

mul ti-channel signal when fornmed wusing the residua
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~In accordance with a third aspect of the present invention,

there is provided a multi-channel decoder for decoding an
encoded multi-channel signal having one or more downmix
channels, one or more parameters and an encoded residual
8ignal, the one or more downmix channels depending on an
alignment parameter or a gain parameter, comprising: a
residual decoder for generating a decoded residual signal
based on the encoded residual signal; and a multi-channel

decoder for generating a first reconstructed multi-channel

- signal using one or more downmix channels and the one or

more parameters, wherein the multi-channel decoder is

~further operative for generating a second reconstructed

multi-channel signal uUsing the one or more downmix channels

and the decoded residual signal, wherein the multi-channel
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5 channel signal, and to subtract the decoded residua
signal fromthe dowm x channel and to weight a
channel resulting fromsubtraction using the gain
paranmeter, or to de-align a difference between the
downm x channel and the decoded residual signal when
obtaining the second reconstructed 10 nulti-channe
s'%nag In accordance with a fourth aspect of the
;ﬁ& t %%v@ﬂﬂf&ﬁﬂf PhRFet1%e pkoviraéahh FBEhggwpmix channel
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, ownm’x channel and again weighting a
resul ting channel to obtain the first 15 reconstructed
mul ti -channel signal, and subtracting the decoded
resi dual signal fromthe downm x channel and
wei ghting a channel resulting from subtraction using
the gain paraneter, or de-aligning a difference
bet ween the downm x channel and the decoded residua
si gnal when 20 obtaining the second reconstructed
mul ti-channel signal. In accordance with a fifth
aspect of the present invention, there is provided a
mul ti - channel encoder for encoding an origina
mul ti-channel signal having at | east two channels, 25
conprising: a tinme aligner for aligning a first
channel and a second channel of the at |east two
channels using an alignnment paraneter; a downm xer
for generating a downm x channel using the aligned
channel s; a gain calculator for calculating a gain
par anet er not equal to one for weighting
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30 an aligned channel so that the difference between
the aligned channels is reduced conpared to a gain
value of 1; and a data streamfornmer for formng a
data stream having information on the downm x
channel , information on the élignnent par anet er and
informati on on the gain paraneter. 35 In accordance
with a sixth aspect of the ,present invention, there
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3ﬁ$8ﬂﬁaonre?hsPa Sbﬁﬁ@&deggamneF 8d ngﬁﬂéﬁdlﬁﬁaaﬁel and

@enghnahgnuitch&ﬂm@hekegmgmahghm%hng ahbkea&tlbWOLmlng the
n onprisi.n all ni_ng irst chan

gggﬂa%%ég%ﬁa q'Ig’haﬁnelqje fe gleasgl¥§%r%%% é%ween the

devngian ahagnaknt ang pahaneﬂecpdgdneraSmdgaa dsmgnak when

£PREDREnYSERY é@@oﬁ&'9@?5ns£9@5@§&5muf9£Cehgﬁhgg 8ignal.

gal n paraneter not equal to one

- In accordance with a fifth aspect of the present invention,

there is provided a multi-channel encoder for encoding an
original multi-channel signal having at least two channels,
comprising: a time aligner for aligning a first channel and

a second channel of the at least two channels using an

~alignment parameter; a downmixer for generating a downmix

channel using the aligned channels; a gain calculator for
calculating a gain parameter not equal to one for weighting
an aligned channel so that the difference between the
aligned channels is reduced compared to a gain value of 1;
and a data stream former for forming a data stream having
information on the downmix <channel, information on the

alignment parameter and information on the gain parameter.

- In accordance with a sixth aspect of the present invention,

there provided a multi-channel decoder for decoding an
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wei ghting an aligned channel so that the difference
between the aligned channels is reduced conpared to a
gain value of 1; and form ng a data stream - havi ng
i nformati on on the 30 downm xeghannel , i nformation on
the alignnment paranmeter and information on the gain
paraneter. |In accordance with an ei ghth aspect of the
pasramtﬁd mmlegtdzlﬁ)ﬁnnéhgéeg%lalphﬁl\iﬂi@@? ﬁqfrﬁtn:[wﬁlcq{ on one. or
[ 5..enco mul L1 - channel signa avin
0 BB B e Bror A S SHRRER Enagihars, 9ot Bhrameter,

|1ﬁfﬂﬂﬂﬁhkﬂn(m®na gai napagameter, parametaatlanumneﬁn encoded

%ésgﬂﬂﬁﬂt DALUPEL €L o eizpfjsfﬁ%'engogggmg ﬁﬁhggi‘l decoder for

si gnal conpr|5|ng er at eco

GfRtEting o@esgiﬁﬁ@ efo derndsy d‘éﬁhﬁhﬁl&lt‘:haﬁ‘mé}rwwr for

tmc@aalmgoaﬁ:al@t arecbaeabt abeamalﬁl réﬁa&%pdaﬁs% PUhe gain
channe rocessi ng t ge g% downnm x channe

%t et ¥ S hndeg0 daPHERRENEPBREES GRY for
tﬂx@c&lssgmgsntthepadan?eﬁed t doobhdkn eéhsecond weigefdedthe gain

%%t%ﬂa té”ﬁg QPCOdIngltgguagcg e%gﬁgg§h€P§FWEter to

to o ain a deco res
%aé{nepaofs%?@cés@lﬁﬁgdﬁdcl Qleigzut pmhmmelly wenghta ngesidual

e c n her
%ggfﬁgﬂ?ﬁzﬁae€%§§g5$£§?d%aﬁﬁ§¥ﬁﬁg? dﬂﬂgecongg wherein

ghPFAGEEEPAg the WL tPdCanePEr R’%lWh]rfﬁ avelqurtsltng the
ﬁm@m&ru@hadn@manﬁgh anghsubjd A€t ik atnh@caecow add the
eSI%F sigﬁ%_ fromthe do n1x chan f
©SAnttde-SH9 G R4 o“ObTEFR™ ﬁﬁl EcBRLEPELREqUSing
$éeogdluhaamemete15tbnobtamndanéérwttheaonsﬁkhca&ﬂeehannel,

t he .pres: on .S..p OV|ded an .
g&godg §,§§?I_~a ann&flé sn%na[% awiﬁeg lJ af or ima <_31na1 ﬁfrom the
6ﬁ@n@#Xn@h@ﬂ@@hnh@éQﬂﬁnﬂﬁﬁthum@'Gneiotondeeallgn to obtain

pacapBbehsti-asukbhi BecowhepngaAkined with the one or
nmore 20 downm x channels, in a first reconstructed

mul ti-channel signal, and an encoded resi dual si gna
mﬁsubt:bbgdam@n wa@mbi ned dvdndrhe e%}@e@& Ny e Q;Q@mbh_éesent

EHven gvsgcond recoqﬁ%%icted tl-ch%nnenc ding  an
vvher Tt het Sedond” orfst ocing
-ﬂnkgnnehamuétlscgaahelssngnelshavtag Ho aﬁast two channels,
comprising: time-aligning a first channel and a second
channel of the at least two channels using an alignment
parameter; generating a downmix channel using the aligned
channels; calculating a gain parameter not equal to one for
weighting an aligned channel so that the difference between
the aligned channels is reduced compared to a gain value of
1; and forming a data stream having information on the
downmix channel, information on the alignment parameter and

information on the gain parameter.

- In accordance with an eighth aspect of the present

invention, there 1is provided a method of decoding an

encoded multi-channel signal having information on one or

more downmix channels, information on a gain parameter,

~information on .an alignment parameter, and an -encoded
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25 original multi-channel signal than the first
reconstructed nulti-channel signal, wherein the

encoded multi-channel signal is a scal able data

stream in which the one or ngse paraneters and the
residual signal are in different scaling |ayers, or

the one or nore paraneters include binaural cue 30
CD@I’sn@uéBC@)igparlarmcﬁlﬁﬁsisSjllmj’t ﬁgeh@katiﬁbarﬁlehebaﬁéﬁ downmix
d ce .0t er-channel ., coheren arane ers
|é§%§%ggha§ro' %gln Fereﬁbégcgr&% CRAURPHpysing the
cOrabn @mr@m@;tﬁldam:eomuaum @ tigntdt atqmmteobfouﬂmltprcemma and
| PVEAL s OThg  3Td h%l %oa%dpraksw%!xa ERARHLET. LAY A®he  gain
for perfornlng runni ng on a conputer,

RAFIE ran@ﬂ%nea oﬁerﬁélg@e@ﬁa bagaft honsewdst h adrgnment
E@éﬂﬁﬁb@§ﬁeﬁbsob@%lnE&ﬁ”Bé@oﬁﬂb@@dﬁﬁ&ﬁ Al basedafel, and

di that t obI ne, related to conventi ona
‘?f%]{}}gf gg%ﬁc%@&) egn or it #B2ed toncie & afte decoded

mmsaeld bygunahpi mh@geanpatﬂaasret;tep emoﬁmgeaﬁﬂng includes
(BT POSEd REIRG e SN | RYERELY® SREOEP the gain

nerates a scC ata stream avi ng, as

grfanadfeEnt | agdingan Wmeodeld qealeshet eesidual  signal  and

- rRRIgSRIMal) Qi AU g agh& §f§ﬂ?a§9£@@@§n§8tobtaln a

| ayer, an encoded resi dual gha
d%é%%%aﬁ?ﬁon%tﬁ@CR%QeF@@ﬁﬁ§tyIea%ﬁgﬁéptr@§ﬁéﬂﬂISheaﬁ@COded
a@;ﬂdmalsf@sﬂuaisomsw@aldowmu@dﬂ d1Saritd 1 PpeYLEEd Wl ghting -

t encoder al |l ows t
Fﬁ%#%%% t %gggh:%Faﬁkéa&&aF%Fyrﬁﬁonﬁngc$ﬁgaFeEQPﬂeEﬁannel
the cross-over bitrate in Fig. 11 and 7 the nHX|num

&5@%%&% %EBCQUQH%%Ya n%ﬂnagﬁe %e%flghel rese t g%%%ntlon,
5aer

om1the cross-over bitrat Irnventi
élhgéﬁ thi BUeCpeEedr A aelpgfp@e@amﬁmJﬁC@ammeth @immanbl having

Qﬁ@@@ﬁbthhhohe%ﬁ%Cbrtﬁoggahb%¥m§k %ﬁgﬁﬁéﬁglegn one or more
bitrates. 5 npared to a fully waveformbase

P@ﬁ@g‘ﬁftieﬁalr@sst‘-@rté&g'en‘é]&ﬁ‘ér CORBEEY WiHe TReemiisyeor more

- dowhintied cipatasted er Awavef @ﬁﬁsencm&drgét@hﬁﬁcﬂ@bwgm&m@ﬂehannel

bit-efficient. Stated in other wo
F%% mven?l{\?/e v itRESIeGht Fﬁﬁﬁj’;}agon%}r?féa hé"esuldcmg' when
advaatedewich pacametr icr emoodidgands channel, in a second

reconstructed multi-channel signal, wherein the second
reconstructed multi-channel signal is more similar to an
original multi-channel signal than the first reconstructed
multi-channel signal, wherein the encoded multi-channel
signal is a scalable data stream, in which the one or more
parameters and the residual signal are in different scaling
layers, or the one or more parameters include binaural cue
coding (BCC) parameters such as inter-channel level
differences, inter-channel coherence parameters, inter-

channel time differences or channel envelope cues.

In accordance with a tenth aspect of the present invention,
there is provided a computer program for performing, when
running on a computer, the method of any one of the second,

fourth, seventh or eighth aspects.
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10 wavef orm based encoding so that, even above the
cross-over bitrate, the inventive coder profits from
the paranetric concept, but outperfornms the pure
paranetric coder. Depending en certain enbodi nents,
t he advantages of such 15 enbodi nents outperformthe
prior art paranmetric coder or conventiona
wavef orm based nulti channel encoder nore or |ess.

va i.ments provide a better_. .
e D Lo SRR her b HARe Leh Bhbu finging that the
@msddieorent selated ha opresenenthvent | pareeguirie |@ssoders and

i roj e e der ec r C
s S Phe. a1 Gty Srtodag combining
PEGEMEAT 1§ gpraf_ding | 6Rca WYt errnguased y enlsgdiagpureuch an
RaraiRifeC ceReARe! getlehte cshe qualiclly da@h LReeBY ®aving, as.
paranetric encoder is lLimted by the threshold
Gual ity 5100 SPHPECGTSEE. 25°YRE | nvéhti vencoded  parameter
gﬁ@ﬂ@%ﬂ@kd&d@dhn@n&bh&nﬁjkﬁfaﬂya@tage@ud ehRahbaheht layer,
i.S, a t ve sean.essly. frompure paranetrjc
o e RS S oSl ol Lo LR ATEL b reraby,

- Wavetorm stiamspat@ml cofemgralddyPr efer @slditional residual

Baganet riymister£9 eodi ng-Angid di i de LT %@@&%g& multi

e conbined into_a scheme that has t

a
- EORVBRdePERErYs L a8 phPeATPEAHE] £)e pRhERVEIP1E quality in
paetecuedrModcidr shereeckelated pehesee therig. 11 and

correlation 35 between the signal conponents, i.e.,
the left channel and the right channel are nore
efficiently exploited. WD 2006/ 089570

PCT/ EP2005/ 010685 8 In general, the inventive idea
can be applied in several enbodinents to a paranetric
mul ti channel encoder. In one enbodi nent, the
residual signal is derived fromthe original signa
wi t hout using the paraneter information 5 al so
avai | abl e at the encoder. This enbodi nent is
preferable in situations, where processing power and,
possi bly, energy consunption of the processor are an

- | ssue.
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Such a situation can occur in hand-held devices having
restricted power possibilities such as nobile phones,
pal m 10 tops, etc. The residual signal is only derived
fromthe original signal and does not rely on a

down-m x or the paraneters. Therefore, on the decoder

side, the first reconstructed nmulti channel signal,

Wi € fnd s rg @ el rdtrth a st G tdoWaaos rc hanRlerane ey, 11,
paranmeters is_not used 15 for_generating the second

FSiihs PRdetedt il (55 CITE®  BGAATES: NobRF! HePEaRt ive coder
tehleycer dithns o tipedtfitdancy a npuie pakaniicers conmutld orfannel

e, I es) sign . the_other hand..A ,2
r egunganc%?ﬁgdﬁ%sﬁ)o%ﬁ%tcalﬁgbgi%ab laﬁ%eggbyc%r{l%ae]fa &hto é(r%éfates ¥

- [gEredEd syst efs, Twhizh, viorfeeded 2ed ngarhwentdneeded stereo

reeiqieal, si gnaloagke use offhe par amBi&itive combined
|nfornat|9p avai | abl e at_the encoder an optionally,
HASEN T HE VRS R ITOR CORA RIS CRRILEN nFghenal sbs pawuch more

a;}dﬁj—le&_lﬁi@i@tn;]: 25thede lrielo @%hgrDar@Q@@i, B@h@n ih%ln%ﬁ%aig’évices
sl tuati.qn t [T eS|l dua enc er can e an _anal ysi s

QriRedly FoPARee APEUPAT PG 2605 Sip PRt FEEsfis ERGEfela and
mivieif oghadrasleds iegralding rep ttiemtdovwevad abxvehaheekrasd-over

Eﬁ%r@%@?m¥ﬁ¥ EHE@BEEEEqu49F5 rgffgg %%q&r¥%e ﬁarametric
a | or eac

reconstructed signal, erence srgnal 1
CRARREIL  cRHtheu§ersiareg sbet Parcaraybiietehansetearror
representation is obtained, which can be processed in
gifferent manners. One way woul d be to apply anot her
SPERAZREE 19t RAEFERLRh&TEdigReddingt ke heswapsepre of such
-ﬂmbbhim?haﬁmﬁuﬁgfﬁﬁomﬁptﬁée?&@ﬁﬂﬂhr@m@bHQMetrﬁc coder or
ibility. woul d be 0 performa trixing schene
PRt AR ke R AT BT EPpBp"LRERE nore or
fepsesentlatre on.advaided pos®idiindntswulpdde D a  better
0964 089810 BCL/ E P, 9yho dekgle e -
SamA & Piom Che | STT Saatr 2Rt "BoHEonay thuetcFhBhd ments
P56 GhISy RIRSEIE theverhier tREnASP lessormigpmding , pewer in
2ddi téRBodd s abs@/ePcaiecddier | &fflde ChiREl @dQfise of the
S|gngl an? t he rlggt channel_ error  signal.
additionally encdded residual signals, allow a better
quality than a pure parametric encoder, since the quality
of the pure parametric encoder is limited by the threshecld

quality 1100 in Fig. 11.

The inventive encoding/decoding scheme is advantageous

- in that it is able to move seamlessly from pure parametric

encoding to waveform-approximating or perfect waveform-

transparent coding.

Preferably, parametric stereo coding and Mid/Side
stereo coding are combined into a scheme that has the
ability to converge towards transparent quality. In this
preferred Mid/Side stereo-related scheme, the correlation
between the signal components, i.e., the left channel and

the right channel are more efficiently exploited.
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5 Thus, many possibilities exist for inplenmenting a
residual processor based on an error representation.

The above-nenti oned enbodi ment allows high flexibility
fwow 200d/8k9s@al abl y encodi ng the residual signaper/kb20ésR10685
however, quite processing-vower demandi ng, since a
conplete multi channel reconstruction is perfornmed at
the encoder and an error representation for each
Chazﬁlnglan@fa]t hethall inveattdveelidesi gral Hes dmplied in several
ge@rﬁb n%gd 1:I n%utpefr'ahgtt:b@ ﬁﬁﬁfguélhaﬁr@lpr&ﬁ%‘?_r I one

t hé 'S necessary to . fir

ca?%QRQﬂW?W?he Fb?str?%ﬁQﬁﬁﬁrtﬁﬁﬂﬁi mut-Ei 5 ¥#ﬁﬂ it the
anerigiierl, bbged onitheutlecedsd s dpatamsitgnal infwimgifion
s, ADY C%’{%%Gi%t at%ton @éethcgm%cfeqf signal Th&&%ﬁ%ﬁed is

reconstru Sl gha has to generated

i rpesfriatlee 6F tHECYAdCnSwhetRere t RFQGESSEng  power  and,
I eseRSivINGt @flergy ghdlsunptiionbef ot uircaessotr, are drasissue.

pre‘?eh cal éir’%,gl'aggogn can€ ﬁ&ﬁo‘jgﬁ %a%%lwhle@dawﬂ%ég hr.]av1ng

erred e I ment o resent 1nvention

anegsfeiisteg Q?H‘Fﬁe@?%sﬁ?ﬂﬂr%@ﬁ SHCRhES eREBHES - %l?cai‘eesané’alm

t heoeal C@ic&tlﬂﬁboieﬁh@ﬁlrsigm&hoﬂst putyediemied from the
f';c?{‘lgge' ina Sls%tgélatl I{Qesggggl}{gto 1@ éifr@cé JMELREF bE the

are repla
stwa agietefsr vva'?hﬁ@rféﬁ@er oRj cFélecaFiEEP‘a‘F’F or?léjl‘e thghe first

I e8d cBidc riikcgeal muﬁmls thahesed signal30 wieight éd generated

ori gi nal chapnel ch depends gﬁ apggéﬁ%té%¥a nelhot used

pat e ase on a ki'nd omn m X
whiwh &g@ﬁﬁade@@nd@hQn1%%¢oaﬁlgﬁﬁ%ﬁﬂSRﬁHQ%%EteWUl?h tfagnel
schemy .t he additional information, i.e., the residua

signal is non-iteratively calculated using t he
paraneters 35 and the original signals, but not using
t hewnehel ersr ethalmwi-niserehaadeldancaD IP0G6L0Ba5FEELers on

PGHERZQOS QL0685 +1Q Thiksassheseqhs: ved Yttﬁéfcbtﬁ’leﬁﬂtha@ﬂ A

t he encoder decoder si des. en t e, residu
si Gffn a§°ﬁcfe$%%ﬁﬁﬁﬁtteaa%r h&€ pedh s%rf%ped%gff othexr
f remaalessdBeablier daspstemeam Wekduse &fr calculating the

encoded <residual signal, make use of the parameter
information available at the encoder and, optionally, also
of the down-mix channel, which might alsc be available at

the encoder.

Depending on the <certain situation, the residual encoder
can be an analysis by synthesis device calculating a
complete reconstructed multi channel signal using the down-
mix channel and the parameter information. Then, based on
the reconstructed signal, a difference signal for each
channel can be generated so that a multi channel error
representation is obtained, which can be processed in
different manners. One way would be to apply another
parametric multi channel encoding scheme to the multi
channel error representation. Another possibility would be

" to perform a matrixing scheme for down-mixing the multi
channel error representation. Another possibility would be
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bandw dt h requirements, the inventive decoder
automatically 5 generates a first reconstructed. nulti
channel signal based on the down-m x channel and the

o9 ocao@sal | gnnent  paraneters, while, when gef/gslotiiabess
signal not equal to zero is input, the nmulti channe
reconstructor does not calculate the first

reconstructed nmulti channel signal, but 10 only
catsulddles et hehseeamdrr esbgsd Yactiedmnutite dleeditnebnd right
Si gRAL sunb Usharfldhi$ eaﬂffpd@é/ QEQQd%cé‘age%e' Scenter, channel

advantageous _I1n that 1t al U|te effic
cafEtfat SoEdh Phe Jéhcﬁaﬁ?t%?%@ 58 Wﬁi a8t tRE" 1ert
decmmhﬂekmaiepragﬁbnaﬁeanbhehepaLQMEt@hanngiresenra$1qnal

for reducing the redundancy in the 15 residual signa

so that a very proceSS|ng power-efficient apd X

bi Thi e TBFH SPERLPERELH g7 tetodioRg igpfERenting @ residual
obpesdetor Baked ddeser ieptroenreprésmnibrtawnngs 20

Preferred enbodi nents of the present invention are
described in detail with respect to the attache

Fi Bg eabove-pephieped pegpodinents adlawr Bighr Sﬁ?’&bﬂallty for
gefedlalbIve péeselinat | tite ofres2Buthe dimredt.i vEL milst i however,
Ch U.lr']:el ;?Poccoeds%ﬁnga#QWeg 'f:lﬁmgngi ?k g%ﬂ@é am on@;lete éndxltl

era epresen 1on O annel ecoder;
F. ‘E}ha@ells LRCHNBERUE HRJY abf P BEIRED Adcdd RGesREr and an
ensadar reptesenbadidreor Fagh @hbﬁn&lbbﬁCkhdlxﬂlgItalmcﬂfannel
gﬁdzer_qnaqer nggdl}:?gcée%&r:atége Edg J.r%uetncglql?cg ‘ct}ﬁét Slsidual

znﬁﬁ%ﬂﬁ&§05y §9nt%%s@%FOQQﬁﬁﬁ}@§mcé&e#seﬁﬁﬁﬂﬁ%%%ﬂ tapFirstly

ZQ%/ﬁg%EOtﬁgff@Q%Mctéa hugti6chsneblaigiaal and
ram.o ecqQaqer t t

tg% etf?cs(‘je o 0%, %gl &‘eccicpecf r_%s:l.d%\%ﬁ.r %%.%%g_di.l ngilhg'gfl EE any

5di Fren genér
duagﬂaﬁﬁutabl@nraﬂﬁﬁt f&h@%ﬂ(Fﬂ?oéncoééﬁnéhbodl?ﬁﬁn second

h%d&ﬂm’t@déﬁé‘&j redupdancyhkp the enzpdedeheshtié@l  Thus,

1%:respect1ve of the fact, whether the first reconstructed
signal is to be output or not, it has to be calculated on

the decoder-side.

In another preferred embodiment of the present invention,
the énalysis by synthesis approach on the encoder-side and
the calculation of the first reconstructed multi channel
's:Lgnal irrespective of the fact, whether it is to be
output or not, are replaced by a straight-forward encoder-
side calculation of the residual signal. This is based on a
weighted original channel, which depends on a multi channel
" parameter or is based oh a kind of a modified down-mix
which again depends on an alignment parameter. In this
.scheme, the additional information, i.e., the residual
signal is non-iteratively wcalculated using the parameters
and the original signals, but not using the one or more .

down-mix channels.
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Fig. 8 is a preferred enbodi nent of a decoder
corresponding to the Fig. 7 encoder; 10 Fig. 9ais a
preferred enbodi nent of an encoder/decoder schene

bwo esbsogpstohe Fig. 7 and Fig. 6 concept; Fi gpcBBriobsifiosss
preferred enbodi nent of thewFig. 9a 15 enbodi nent,

when no residual signal but only alignnent and gain
paraneters are transmtted; Fig. 9c is a set of

equat § onshesedisnvehe efticliniside e Fegcoder agrd Figeoder

53 a2P. FiGen Yhd Sré"sz_%%talOfSJ.%ﬁH@t EQNsodSedaftmithed or has
decoder -si de i

dE
angf§Ri st *E’Q?‘g Q%%Wﬁt%ag%qasﬂegpﬂ?epﬁgﬁkStE%aIBag%%ause of
enbagdwnidith ofequieckengts 9aheo iFvgnt 9de dahaies; aghdmatically

1156 hd B3t d AL LS 8 F0MRRELSORu e dHiC¥haRRE] OF based
of paranetric and conventl naI %ﬁv form hased .3

en%%de?@eaﬁH“Fh&anVEHFPQ %endGdlr . 2Bt af+hgpment
deparamﬁtams,thuhe,pwmémﬂawm¢sadb9@|ﬁ@gnaiIﬁq} eglughois zero

a preferred empadi nEnte 0f @AM %@eﬁgkru&?olenm not
f or encodl an orlglnal multi ¢ annﬁ al havi n but
at SRt ben SARET sTeoaRe SRS PY cRhie | © f%ég?& shgnal, bu

| edbilghanienlabas arre thecs:e@on@oohannetta@y rrtové.ta channel

ri nahapnel |G d N R8s 6%@ cBBYI-" QBRERL - 1 Q&I%geous
the 1 nventive WO 2006/ 08957 PCT/EPZOOS/O%R ? h
enbodintiE fldoHss EPFhRIIPHES e ideriedytt S @?Je%oon the

sdmwﬁﬁeﬁrmu@ateasm@mltmsathétdech@mmebléeheaedlyses the

| s;\gf o 1048 Fe&;@&%na £ %dagweéhé %ﬁ%ﬁa%@}tf ' A the

20

25
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OI‘ ex I ve channel s as” sever al palrs of
a Jses'rnfdml th‘éJrli'ﬁél send-hatts @c OFRF Yo HFTSISS 1P PRECERE Bigient

of ardl ik ratereo8indi @oheneodtihg/fbcsdimhanhemecan dietained.

the front left channel, and the second channel can be

the front right «channel. Alternatively, the first
crBinied] Deserhptipe 9% gy Drawings

Preferred embodiments of the present invention are
described in detail with respect to the attached Figuzes,

in which:

Fig. 1 is a block diagram of a géneral representation of
the inventive multi channel encoder;

Fig. 2 is a block diagram of a general representation of
a multi channel decoder;

Fig. 3 is a block diagram of a low processing power
encoder-side embodiment;

Fig. 4 is a block diagram of a decoder embodiment for
the Fig. 3 encoder system;

Fig. 5 is a block diagram of an analysis-by-synthesis-

based encoder embodiment;




| eft channel, and the second channel can be the center
10 channel. Alternatively, the first channel can be
the center channel and the second channel can be the
fwopiosodogiht channel . Al ternatively, the fir str/ebmisnabsss
can be the rear |left chanmal (left surround channel),
and the second channel can be the rear right channe
(right surround 15 channel). An inventive encoder can
i ncFidle & dowf- nfxeplock 1 Giaggahereti iy slesodernpeebodiment
down- ni x . charneksspdrtinie tet eh€oFi®N\d ceRBEBE, edth®liment ;
down-m xer 12 will generate a single down 20 m x
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preferably e t 1. annel s.
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t han the nunber of channels in 25 the original multi
chamirel 8si gnak. Ehe ppyfatiae melbbdehemnel ogncogler decoder
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one or nore paranetérs, e one nore paraheters
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gh&u@e! %ai %nak ﬁaprbﬂgfﬁdffeémbﬁdﬂﬂadthl%f_ Oékeh@ﬁccﬁ'ffl{xe/decoder
own-m x ¢ e riye r,om.t.he ti,- .channe
si gnal and ?%éehégﬁeeggrs‘g%{fo?% Wi ar%gll'e?géniirf%%ﬁtt ;Hr:ﬁo)r/‘,mpt"
the inventive multi channel encoder further 35
in@ﬁgngba-n§§idyaJPﬁg@fﬁ@ﬁklﬁmm@@éggﬁgrabgngrﬁ@_ Fig. 9a
encode resi qual. si gnal . e_encoded. resi dual signa
1>7s gener at ed Oaslgangh t'HE%r P§i nAFS HiHRY éﬁgﬂ‘ﬁil BT only
signal , the @drdgngenpoard govin-pairemehannedse diranseibhed;
or nore paraneters. Cenerally, WO 2006/ 089570
PCLL EP2005/ 010685 ,13_the encoded residu sighal is, ,
.gg%égétg% such & REE PheS WAt Migfeqn Tieéﬁﬂéﬂﬁéﬁlde in
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Fig. 10 is an analysis filterbank/synthesis filterbank
25 based eémbodiment of the Fig. 9a to Fig. 9d
scheme; and

Fig. 11  illustrates a comparison of a typical performance
of parametric and conventional waveform-based

30 encoders and the inventive enhanced encoder.

Detailed description of the preferred embodiments

Fig. 1 shows a preferred embodiment of a multi channel
35 encoder for encoding an original multi channel signal
having at least two channels. The first channel may ‘be a
left channel 10a, and the second channel may be a right
channel 10b in a stereo environment. Although the inventive



havi ng a higher quality than the paranetric quality
threshold 1100 shown in Fig. 11. The one or nore
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iwid soosrogdsoa 10 stream fornmer 18, whi ch f or nspar/gedessnicess
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a separate transm ssion of the down-nm x channel (s)
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generates two down-mix channels. Generally, the number of
down-mix channels is smaller than the number of channels in

25 the original multi channel signal.

The inventive multi channel encoder also includes a
parameter provider. 14 for providing one or more parameters,
the one or more parameters being formed such that a
30 reconstructed multi channel signal- can be formed using the
one or more down-mix channels derived from the multi-

channel signal and the one or more parameters.

Importantly,- the inventive multi channel encoder further

35 includes a residual encoder 16 for generating an encoded
residual signal. The -encoded residual signal is generated
"based on the original multi channel signal, the one or more
down-mix channels or the one or more parameters. Generally,
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In one embodiment of the present invention, the scaled data
stream further includes, as a base layer, the one or more
25 down-mix channels. The present invention, is, however, also -
applicable in an environment, in which the user is already
in the possession of the down-mix channel. This situation
can occur, when the down-mix channel is a mono or stereo
signal, which the user has already received via another
30 transmission channel or via the same transmission channel
but earlier compared to the reception of the first
enhancement layer and the second enhancement layer. When
there is a separate transmission of the down-mix channel(s)
and the first and second enhancement layers, the encoder
35 does not necessarily have to include the down-mixer 12.
This situation is indicated by the dashed line of the down-

mixer block.




15 Fig. 2 shows a preferred enbodi nent of an inventive

mul ti  channel decoder, which can be used in

connection with the Fig. 1 encoder. In particular,
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large quantizer step size will result ln a lower bit demand
- 25 for the encoded residual signal and, therefore, will result -
. in a scaled data stream having a reduced bitrate compared
to the case, in which the guantizer within the residual
- encoder 16 has a smaller quantizer step size resulting in

an encoded residual signal needing more bits.

30

Strictly speaking, the above remarks apply to scalar
guantization. Generally stated, however, it is preferred to
use an encoder having controllable resolution, which 1is
based on a vector gquantization technique. When the
35 resolution is high, more bits are required for encoding the
residual signal compared to the wcase, in which the

resolution is low.



second reconstructed multi channel signal 27.
Alternatively, the nmulti channel decoder 25 cal cul ates
the first reconstructed multi channel signal in

ag8izbdsRgdste the WO 2006/ 089570 PCT/ EP2005/ 01Q ?%EPO#&HN%S
second reconstructed nulti ghannel signal. f

in all inplenmentations the nulti channel decoder 25
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encoder
parameters, but not using the res:Ldual signal. The second

reconstructed multi channel signal 27, ‘however, is

25 generaﬁed using the one or more down-mix channels and the
decoded residual signal. Since the residual signal includes
additional information, and, preferably, - waveform
information, the second reconstructed multi channel signal
27 is more similar to an original multi channel signal

30 (such as channels 10a and 10b of Fig. 1) than the first
reconstructed multi channel signal.

Depending on the certain implementation of the multi
channel decoder 25, the multi channel decoder 25 will
35 output either the first reconstructed channel 26 or the
second reconstructed multi channel signal 27.
Alternatively, the multi channel decoder 25 calculates the
first reconstructed multi channel signal in addition to the
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quanti zer and/or an entropy encoder such as a Huffman
encoder or an arithnetic encoder. Thus, blocks 30 and

31 of Fig. 3 provide the functionalities

Sgbesbdsnml |y illustrated by blocks 12 and J4rebrebddfocss
Fig. 1 encoder. 35 The resigual encoder 16 |ncIuJ%s a

side signal calculator 32 and a subsequently applied

data rate reducer 33. The side signal calculator 32
perdemons aicdetsugbad WOLR2006h@RASY0 signal. Naturally, in
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beegggﬁrougﬁglg 3. bitrate control input as already
Scussed" connection with Fig. 20 1. In another

enbodlnent the data rate reducer 33 is arranged for
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| agmeqnajlf phe idat aonat dand and parametrlc intensity stereo
direction information on the other hand. The mono down-mix,
which 1is preferably formed by adding the first and the

second input channel are input into a data rate reducer 31.
For the mono down-mix channel, the data rate reducer 31 may
: 1nclude any of the well-known audio encoders such as an MP3
encoder, an AAC encoder or any other audlo encoder for mono
signals. For the parametric dlrectlon information, the data
rate reducer 31 may include any of the known encoders for
parametric information such as a difference encoder, a
gquantizer and/or an entropy encoder such as a Huffman
encoder or an arithmetic encoder. Thus, blocks 30 and 31 of
Fig. 3 provide the functionalities schematically
illustrated by blocks 12 and 14 of the Fig. 1 encoder.

- The residual encoder 16 includes a side signal calculator
32 and a subsequently applied data rate reducer 33. The
side signal <calculator 32 performs a  side signal



reducer output, one can, for exanple, use 0.5 bits per
sanple. For the first enhancenent |ayer one can use
for 30 exanple 4 bits for sanple, and for the second

aRbangasent | ayer, one can use, for exanpl ercifﬁﬁﬁbéﬁoﬁss
per sanple. A correspondi ngizdecoder is shown 1n Fig.

4. The data stream input into the data stream parser
21 is parsed to 35 separately output paraneter
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~residual signal in the data stream \Wen it is

sensed,. that no such encoded residual signal is in
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enhancement layer, a residual encoded with a medium number
25 of bits per sample, and which has, in its néxt enhancement
layer, a residual encoded with an again higher number of
bits per sample. For the base layer of the data rate
reducer output, one ‘can, for example, use 0.5 bits per
sample. For the first enhancement layer one can use for
30 example 4 bits for sample, and for the second enhancement
layer, one can use, for example, 16 bits per sample.

‘A corresponding decoder is shown in Fig. 4. The data stream
input into the -data stream parser 21 is parsed to
35 separately output parameter information to the decompressor
23. The encoded down-mix I1nformation is dinput into the
decompressor 24, and the encoded residual signal is input
into the residual decompressor 22. The ¥ig. 4 decoder




basi s of an anal ysi s-by-synthesis approach. Again, the
first and the second channels 10a, 10b are input into

a downm xer 50, which is followed by a data rate
WRSIMfGbsosh- At the output of block 51, a prgégtmbsiosss
conpressed downm x 30 signalg having one or nore

downm x channels is obtained and supplied to the data
stream forner 18. Thus, blocks 50 and 51 provide the
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Fig. 5 shows another embodiment of the present invention,
in which the -encoded residual signal is generated on the .
basis of an analysis-by-synthesis approach. Again, the
© first and the second channels 10a, 10b are input into a
downmixer 50, which is followed by a data rate reducer 51.
At the output of block 51, a preferably compressed downmix
signal having one or more downmix channels is obtained and
supplied to the data stream former 18. Thus, blocks 50 and
51 provide the functionality of the downmixer device 12 of
"Fig. 1. Additionally, the £first and the second input
channels 10a, 10b are supplied to a parameter calculator 53
and the parameters output by the parameter calculator are
forwarded to another data rate reducer 54 for compressing
the one or more parameters. Thus, blocks 53 and 54 provide




procedure is performed for each pair of origina

channel and reconstructed channel. The output of the

error 25 calculator 56 is - again - a nulti-channe
rnepe@sesysat i on, but now, in contrast to thepotkpiodiosss
mul ti-channel signal, a musti-channel error signal.

This nulti-channel error signal having the sane

nunber of channels as the original nulti-channe
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generating the encoded residual signal. There exi st

numer ous i npl enmentati ons of the residual processor

57, which- all depend on bandw dth requirenents,
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Sl%?@kedure is performed for each pair of original channel
and reconstructed channel. The output of the error

25 calculator 56 is - again - a multi-channel representation,

- but now, in contrast to the original multi-channel signal,
a multi-channel error signal. This multi~channel error
signal having the same number of channels as the original
multi-channel signal is input into a residual processor 57

30 . forrgenerating the encoded residual signal.

35

There exist numerous implementations of the residual
processor 57, which all depend on bandwidth requirements,
required degree of scalability, quality requirements, etc.

In one preferred implementation, the residual processor 57
is again implemented as a multi-channel encoder generating
one or more error downmix channels and error downmix



20 A decoder for the Fig. 5 encoder is shown in Fig.

6. Conpared to the Fig. 2 enbodinent, Fig. 6 reveals

that the nulti-channel decoder 25 includes a

RPb 20¥Bbdoke Mul ti- channel reconstructor 60 apdr@pacesioiosss
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requires a higher anmount of processing power,

storage, battery resources and algorithmc delay. 15,
A pr aesoded compr bhesdilget weegnthdeFi dis 38w 4n Fig., 6. -
en@&%d@ﬁ tARGhd rF%.g':' 4. eRb5H Smerd: er@}“ BMevieSils that the
SUbSJ.eiglue n¥1e €s relcoger 25 includes a parametric multi-
channel reconstructor 60 and a combiner 61. The parametric
multi-channel reconstructer 60 generates the first .
-reconstructed multi-channel signal 26 only based on a
decoded downmix and decoded parameter information. The
first reconstructed signal 26 can be output, when no
encoded. residual signal is included in the data stream.
When, however, an encoded residual signal is included in
--the data stream, the first reconstructed signal is not
output but input into a combiner 61 for combining the
parametrically reconstructed multi-channel signal 26 to the
decoded residual signal which is one of the representations
of the error representation at the output of the error
calculator 56 of Fig. 5 as discussed above. The combiner 61
-combines the decoded residual signal, i.e., any
representation of the error signal and the parametrically



with reference to Fig. 7 as to an encoder
representation and Fig. 8 as to a decoder
representation. The encoder includes a certain
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first and the second i nput ghannels 10a, l[ob. In
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channel results in a_ smaller residual bgnal whi ch
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, parameter generated by a parameter calculator 71. Here,
25 both input channels 10a, 10b, are time—aligned to each.
other before both signals are added to each other. In this
way, a special mono signal is obtained at the ocutput of the
downmixer 70, which mono sighal is different from a mono
signal for example generated by a low-level intensity
30 sterec encoder as shown at 30 in Fig. 3.

In addition to the alignment parameter or instead of the
alignment parameter, the parameter calculator 71 is
operative to generate a gain parameter. The gain parameter

35 is input into a weighter device 72 to preferably weight the
second channel 10b using the gain parameter, before a side

© signal calculation is performed. Weighting the second
channel before calculating the waveform-like difference




resi dual signal includes |ess redundancy than the Fig.

3 15 residual signal. Fig. 8 shows a preferred

enbodi mrent of a decoder- inplenentation correspondi ng
twogdeogamwoder - i npl enentation in Fig. 7. Coptrapyodmoesss
the Fig. 6 decoder, the nulZi 20 channel reconstructor

25 is operative to automatically output the first
reconstructed nulti-channel signal 26, when the side
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PC}éEP&MW HIHHAS 1rdd eRish RAsAMBIRhdandyt REahi MBe Fig. 3
% n$ Rarameter. The gain paranmeter is operative
Bht't Stlﬁgmgai n stage 84 applying a gain in
accordance with a first gain rule. Additionally, the
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%e he first recons ructed mu ti-channel signal 26
when the side signal, i.e., the residual signal is zero or
to automatically output the second reconstructed multi-
channel signal 27, when the residual signal is not equal to
25 ' zero. Thus, the Fig. 8 multi-channel reconstructor 25
cannot output both signals 26 and 27 simultaneously, but
can onlyloutput a first one of the two signals or a second
one of the two signals. Thus, the Fig. 8 embodiment does

not require any decoder control such as shown in Fig. 4.

30
In particular, the residual signal decoder 22 in Fig, 8
outputs the special side signal as generated by element 72
of the corresponding encoder in Fig. 7. Additicnally, the
downmix decoder 24 outputs the special mono signal as
35 generated by the downmixer 70 in Fig. 7.

Then, the special side signal and the special mono signal
- are input into the multi-channel decoder together with the



Subsequently, reference is nade to a preferred

enbodi nent of the Fig. 7 and Fig. 8 encoder/decoder
schene. Fig. 9a shows a conpl ete encoder/ decoder
swoemBossreaccordance with 15 an aspect of thecpipmessioess

i nvention, in which the resisdual signal d(n) Is not

equal to zero. Additionally, Fig. 9b indicates the

Fig. 9a scal abl e encoder/decoder, when no difference
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only the alignnent and gain paraneters, since no

resi dual is_ received at the decoder-side,
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ang &choc{érgml %Hgngﬂj 9a embodiment, the Fig. 9a embodiment
becomes a pure parametric multi-channel scenario, in which
the alignment parameter and the gain parameter are the
multi-channel parameters, and the special mono signal is
the downmix channel transmitted from an encoder-side to a
decoder-side.

The multi-channel reconstruction on the decoder-side is
performed using only the alignment and gain parameters,
since no residual signal is received at the decoder-side,

i.e., d(n) equals zero.

Fig. 9c shows the eguations underlying the inventive
encoder, while Fig. 9d indicates the equation underlying

the inventive decoder.



10 and is estimted preferably using tinme domain cross
correlation techni ques. For the case, when there is no
alignnent gain in a subband, for exanple in the case

G0 20088@RNdent signal s, the del ay paranet er ptfeifbsdifess
zero. Preferably, one del ay (tine-alignnment f

paraneter is 15 estimated per subband in a subband
structure. In a preferred enbodinment, a fixed
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to formthe special nono signal. WO 2006/ 089570
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binaural cue coding scheme. Alternatively, the gain wvalue

25 can be calculated using an iterative approach, in which the
difference signal is fed back to the parameter calculator,
and the gain value is set such that the difference signal
reaches a minimum value as shown by a dashed line 90 in
Fig. 9a. As soon as the parameter alignment and gain are

30 calculated, the downmixer 70 in Fig. 7 as well as the
residual encoder 16 in Fig. 7 <can be started. 1In
particular, the downmixer 70 in Fig. .7 includes an
élignment block 91 for delaying one channel by the
calculated time alignment parameter. The delayed second

35 channel ra(n) is then added to the first channel using an
adder device 92. At the output of the adder 92, the downmix
channel is present. Thus, the downmixer 70 in Fig. 7
includes blocks 91 and 92 to form the special mono signal.




first weighting rule used in a correspondi ng

decoder-side block 80 is perforned. Thus, the

resi dual encoder 16 includes the alignment device 91,

t\h@me@h’tm ng devi ce 93 10 and the side si 9”?&TIEP2005/010685

cal cul ator 94. Since the aliasgned second channel is

used for the downm x as well as the residua

calculation, it is sufficient to calculate the aligned

ri ght channel only once and to forward the result to
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sc -.qper.ate_-w th graceful degradation over
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nu ranggé as indicated in Fig. 11, line

1114. -In particul ar, wthout residual coding, i.e.,
d( h@fefe.@a%lﬁe ‘M?; &Q@&%&%?Qn&f@éﬁ?zﬁ&gi&g@@%% ABsen such
sC reduces to parametric stereo codi Yoo o
tr gﬁlsg?ri tting PO % he®al F%Y]%srﬁ%lfndsﬁai ﬁg?;%tr athst efdg- 9d
(asqmatitnzhames peldnsiedisddi n addi t i e daiéynoneell-

20S1 gBalifdsndde Downm x channel). This situation is
illustrated in Fig. 9b
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A generic mono coder can be used for mono coder 51 to code
the sum signal, and a preferably dedicated residual coder
33 is employed for the residual. '

When the mono coder 51 is loss-less, ‘i.e., when the mono
signal is not further gquantized, and either the residual
encoder is also lo.ss—less or the alignment signal model
matches . the source signal perfectly, then the inventive
coding structure shown in Fig. 9a has the perfect
reconstruction property also assuming that the alignment
and gain parameters are only subjected to a loss-less

encoding scheme.

The inventive system in Fig. 9a provides a framework for a
scheme that can operate with graceful degradation over a
nultitude of ranges as indicated in Fig. 11, line 1114. In
particular, without residual coding, i.e., d{(n} = 0, the




5 Additionally, the inventive system has the advant age
that the alignnent nethod automatically addresses the
nono downm x problem Subsequently, reference is nmade

two bdogrosodfd il lustrating an 10 inpl enent ati opcREpdobRi06ss
i nventive enbodinent illustxated in Figs 9a to 9d

into a subband coding structure. The original left

and right channels are input into an anal ysis
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20 MBE MU ke EGOEFGE ﬁﬂb téﬁ%oageoggdét@&ecﬂes RBderTbEde as

coding structure Is then I'ied_to subband pairs
%W&ﬁ&?n@ytﬁnl%‘ﬁo“ﬁﬂ@zpl 4Rt FE%bbHhd channel s). WO
2006/ 089570 PCT/ EP2005/ 010685 27 The correspondi ng.

.gr'ﬂ%.)i n@r@fer.trlé% S%@tﬁan@@t\ﬂ@ﬁn totfe the subband coding
structure of .Fig. 10 is based on a cosine mcdulated
"25 filterbank with two stages, in order to achieve unequal
' subband bandwidths (on a perceptually motivated scale). The
first stage splits the signal into M bands. The M subband
signals are critically decimated, and fed to the second
stage filterbank. The kth filter of the second stage, k e
30 {1, ..., M}, has My bands. In a preferred implementation, M
= 8 bands are used, and a sub-subband structure as in the
table in Pig. 10, xresulting in 36 effective subbands after
the two stages 1is preferred. The prototype filters are
designed according to [13] with at least 100 dB damping in
35 the stop band. The filter order in the first stage is 116,
and. the maximum filter order in the second stage is 256.
The coding sifructure 1is then applied to subband pairs

- {corresponding to left and right subband channels).




first and the second stage filterbank is shown in the
table to the right of Fig. 10, which nakes clear that
the first 5 subband k includes 16 sub-subbands.
Adldhdososvatd y, the second subband includes 8pcrEp2005/010685
sub- subbands, etc. Efficiemdr paranetric encoding is
achieved utilizing Gaussian mxture (G vector

quanti zation (VQ techniques. 10 Quantization based

on GM nodels is popular wwthin the field of speech
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structure is explorted for coding the residu
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si gnal s® ar en _encoded usi ng unif'orm scal ar
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procedures of parameter models do, however, indicate that
this is not a problem in this case. The resulting bitrate

for the gain and delay parameters is 2.3 kbps.

The subband structure is exploited for coding the residual
signals. With the same block processing as described above,
the variance in each subband is estimated and the variances
ére vector guantized using GM VQ across subbands (i.e., one
36-dimensional vector is encoded at a time). The variances
facilitate bit allocation among the subbands employing a
greedy bit allocation algorithm [17, p. 234]. The subband
signals are then encoded using uniform scalar quantizers.

The instantaneous gain g(n) and delay 7 (n} are obtained by
linearly interpolation the block estimates. The time




varying delay is realized through a 73rd-order

fractional delay filter based on a truncated and

Hanm ng wi ndowed sinc inpulse response [18]. The
fwbbekogenf ficients are updated on a per Saﬁ@bﬁpﬁﬁﬁhaws
using the interpolated delag 5 paranmeter. A framework

for flexible coding of the stereo image in genera

audio is proposed, Wth the new structure, it is
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Sah@ approaches transparent quality. In particular, adding
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25 stereo width is also increased. Furthermore, flexible time

15

segmentaticn, and wvariable rate (e.g., bit reservoir)
techniques are préferred to better exploit the dynamic
nature of general audio. A coherence parameter is
preférably included in the alignment filter to enhance the
30 parametric mode. Improved residual coding, employing
perceptual masking, vector quantization, and differential
encoding, lead to more efficient irrelevancy and redundancy

removal,

35 Although the inventive system has been described in the
coiitext of stereo-encoding and in the context of a
parametrically enhanced Mid/Side encoding scheme, it is to
be ' noted here that . each multi-channel parametric
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when the encoded residual signal is stripped off. In
accordance with the present invention, a purely parametric
system is enhanced by transmitting various types of
additional information which preferably include the
residual signal in a waveform-style, the gain parameter
and/or the time alignment parameter. Thus, a decoding
operation using 'the additional information results in a
higher quality than what would be available with parametric

techniques alone.

Depending on the requirements, the inventive methods of
encoding or decoding can be implemented in hardware,
software or in firmware. Therefore, the invention also
relates to a computer readable medium having store a
program code, which when running on a computer results in
one of the inventive methods, Thus, the present invention




35 software or in firmvare. Therefore, the invention

al so relates to a conputer readabl e nmedi um havi ng

store a program code, which when running on a
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ar met ers bei gg%‘{]or med such that a reconst ruct’ed

DYEREARBY can be 10, formed using one or
nDr[e13d0\Xnm xLihaamk |5 PdeVavadyhifaydinant he Anliht $exc hamiael

roaBf E8§ €H55d@él rés ﬁfﬁﬁﬁﬁyﬂ%r§1l§ef§36f“€g31ne
enco eg I: % an eEn oded -lreS|
badBdusA e et b kSp1)) TFER i amat ?Fﬁﬁﬁ?suﬁée‘:&ﬁésr

100r viedr e5domm6<, mﬂ‘taﬂﬁéLtS@,r 1998 .0ne or nore
paqngtﬁrsHéﬁéffﬁnéﬁﬁhg r§ﬁﬂ£ﬁﬁﬁ?°“§@c€8kt %hon based

when formed u3|ng ne, resi dual I'S nore
GRUSHL I AMGEUFCNBPIR T 4| I@'ﬁ'gnrn"éia%r g‘?’%ﬁeqlh%d\%\ﬁen
Zorrboeaemg\n tvedut 8yushag 4 hey. e§|86ua015| gt . the

reghgya pengadenl @Q}nugﬁ&“?ﬁ B.ml P?}P”@ﬂatl GGer

for "generating a decoded mult |-cha nne usi ng
15t hBarghetoic ﬁtﬁ%oafow%ﬁﬁlmm@e% SRESEROL iR SHeCHBRS
pafasgtetsies’ QEEEr Teahculicechf andtal Bxdbedddigga 261. 11,

nuhLi -ghannel; gy ngh s | representation based on the
decoded’ %}F 36brannél k%lsl;gnal and the original multi-

chéﬁﬁlesﬂglﬁ‘leoﬁlnénﬁ P edfafigdiingr o¥essalplg tiimension
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processi ng the multi-channel error signal

Lrepresent ation to obtain the encoded residual signal;

30 and a data streamformer for formng a data stream
having the encoded residuab3 signal and the one or
nore paranmeters. 35 2. Milti-channel encoder in
accordance with claim1, in which the data stream

former is operative to formggéﬁg%cal abl e data stream
in which the .one or nore D SHEET G1$/12/2006"

34 paraneters and the residual signal are in

di ff errﬂHEtJ.-Stﬂ?elﬁr{Egl | Y5 Ser 3fo§mvﬁh!coﬁl3%g;nezln € g?fﬁai Multi-

accordance with clai m 1, cht reS|

‘encodéhaigdper 0P8 1t o h%‘é%-'é‘ﬂil AR t hd @armfode o channels,

resi dustimpidigialg:as a waveform residual signal. 10 4.
Mul ti -channel encoder in accordance with claim1, in
whi ch the residual encoder is operative to generate

- the resi guadarsitgnal gasedieon tHier onproid@ng one or more

par anEE?Bﬁe@Qgst,hetl% | gl a|ogm{?g%jﬁ;|rﬁﬁ&1%1%%% e?ﬁ a#)etlﬁlg formed

one‘or moré downmi
reS| dedFhsitasl %ase@mdcélectn&mgyquhannpar issgmatlo can be

a gensbﬁhéenusint;hanéeékdh{akesaat}ﬁhl %QM{ S 1 Jﬂferg from

one of, nDre parameters. Mul'ti - anne

" accor tafice MHLEH -ahanned, |$|19%lchatl1¢b pthgnet@ye or more

pr ovipkerameigrs ses: an al i gnnent cal cul ator for
calculating a tinme alignment paranmeter to be provided

to atinme aligner 25 for aligning a first channel and
-a seconkesidimmk| entodéehe fatr Igm::amtng:hanneh&odéﬂ &esidual

Por Al Tefted Mn RS AL ARLPATERENT, mapal. cne

.20

25

30

35

one  or more downm:.x channels or the one or more
parameters so that the reconstructed multi-channel
signal when formed using the residual signal is more
.similar to the original multi-channel signal than when
formed without using the residual signal, the mesidual
. encoder including a multi-channel decoder for
generating a decoded multi-channel signal usiﬁg the
one or more downmix .channels and the one or more
. parameters; an error calcula;:or for calculating a
-multi-channel error signal representation baséd on the
- decoded multi-channel. signal and the original multi-
channel® signal; and ~a residual -proces.sor for
- processing the multi-channel error signal
represeptation to obtain the encoded residual signal;

A wmd 2

and -

a data stream Tormer for forming a data stream having
the encoded residual signal and the one or more
parameters. '

Multi~channel encoder in accordance with claim 1, in
. which the data stream former is operative to form a
scalable data stream, in which the one or more

.....

AMENDED SHEET tisH22006.
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30 two channels i reduced conpared to a S gain val ue
of one. .6. Milti-channel encoder in accordance wth
claim5, 35 in which the residual encoder is operative
“fo calculate and encode a dffference signal derived
from a first channel and an aligned or weighted
second channel. AMENDED SHEET 13/12/2006 35 7.

Nhlti}ﬁneﬂa C r .kin accordance W claj .
further cqm?rellgl]n‘gg&at ST X& unfor Sgghlé}at%%q gm different
downniscadi@gndiayedisng the al i gned channels. 5 8

Mul ti -channel encoder in accordance with claim1,

further cqnprising an anal ysis fiTterbank for .

'$| i t&%lrﬁ@aﬁm i SoERRied] i geserdRnGea Wit kadm ok

frequency bands, 10 wherein the paraneter provider and
are grate on the

the residual. .encoder . joperative fo op h
subbantt §$ﬁﬁ§1s,€h“anﬁef%dWﬁ raq?qﬂé§§kuéﬁstf@§ﬁﬁtlve to
f or nerailsudpeeatihe encodkbHeatesisheddedigraillduss a waveform
signagésgaﬁ%Fagggﬁggrs for a plurality of frequency

9.

bands. ti- anhel encoder in accordance wth
claim1, in 20 which the residual processor includes

&. nul g} €DacK@hne BNERESH 0L n98BBH RikABAwith claim 1,
mul ti -channel representation of the nmulti-channe

error signal representation. 10. Milti-channel encoder
i n acioorvtaince thé hres bidva®, ehsod@b whi opelrhe ivesitduaglenerate

proc or |j ti to.further, generate one or

nor e. gomﬁ§9§§é\%ne%gggfﬂt'héaarﬁﬁqi-O%ha %’(.9 ftpr Or more

si gn#anegetegent aandn. the.  Miliginedanmehl ehcobennéh  signal

accordamertMitl CoatMol Mdire 3oihhel R@nnels so that the
residual signal has a smaller energy in comparison to
a generation of the residual signal without using the

one Or more parameters,

5. . Multi-channel encoder in accordance with claim 4, in
which the parameter provider comprises:

an alignment calculator for calculating a time
.- alignment parameter to be provided to a time aligner
" for aligning a first channel and a second channel of
-the at least two channels; or
. a gain calculator fofléglculating a gain not equal to
1 for weighting a channel so that a difference between
two channels is reduded compared to a gain value of

one.

6. . Multi-channel encoder in accordance with claim 5,

in which the residval encoder is operative to
calculate and encode a difference signal derived from
@ first channel and an aligned or weighted second

channel.

AMENDED SHEET '- 48112/2006]




10

15

20

25

30

35

paranmeter provider is operative to provide binaura

cue codi ng (BCC) paraneters such as, inter- channe

Il evel differences, inter-channel coherence

paranmeters, inter-channel tffe differences or channe

envel ope cues. 35 12. Method of encoding an origina

mul ti-channel signal having at |east two channel s,

conpri sing: AMENDED SHEET " 1/712006 36 providing one

or nore paraneters, the one or nore paraneters being

f dr.med Meuth-chatnelr eenosderctiad  auddidapfennelity geakim 5,

- can beg d or _nor Quwnm hannel s
derlved %gg%?thgaﬁggfgggﬁannel4§ﬂ§$\%%§ %F{heg%“%r%Flng a
nore pdPYRBLErchageekrasing the entighed resaonalssi gna
based on the orlglnal mul ti-channel signal, the one
og ﬁ sowwgﬁ channels or the one or nore '

r anet Bt 5L SAMRL t IRRCAsiSecdist AGEOEdamas | Wikhnnelaim 1,
si gnlal fuhetef or rmhpﬁjsigag t Ihanr eshﬂﬂéllbsilsgnakllﬁe%éﬁk for
sim hanne
ahen o bERF I Wi e, CHians LS NRAL HEF81 2 whigrarity of
step ofremismcat hagldsncl udi ng generatl ng a decoded
mul ti-channel signal using the 15 one or nore downm X

channels and the one or nofe paraneters, calculating
a nul fhedRiRnether r Raxangtar repPeidarat Bod bided cresidual

t he deczo:deérrrulai:e chpapakive gral éﬁ@ﬂaft% Oidi i¥e  subband
nultl-ghani nal . and processi ng the.

mul ti ScHARnNRY %? or S|gnal 20 representation to obtain

the encoded residual signal; and formng a data

st i d.th
oL comba kb DeasEaUE e by SLORSE AN SRS e
decodPREPeed end6gddumli t i signals and parameters for a

plurality of frequency bands.

:9, Mu;ti-channel encoder in accordance with claim 1, in
which the residual processor includes a multi-channel
-encoder for generating a multi-channel representation
of the multi-channel error signal representatioﬁ.

10. Multi-channel encoder in accordance with claim 9, in
which the residual processor is operative to Ffurther
generate one or more. downmix channels of the multi-

‘channel error signal representation. |

11. Multi-channel encoder in accordance with. claim 1, in

which the parapeter ‘provider is operative to provide

- binaural cue coding (BCC) parameters such as inter-

<hannel level differences, inter-channel coherence

‘parameters, inter-channel time differences or channel
envelope cues.

12. Method of encoding an original multi-channel signal
‘having at least two channels, comprising:

AMENDED SHEET | (48/1512008)
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channel signal having one or nore downm x channel s,

one or nore paraneters and an encoded residual signal,

the one or nore downm x channel s dependi ng on an 30
alignment *"'' paraneter or3& gain parameter,

conprising: a residual decoder for generating a

decoded residual signal based on the encoded residua

si gnal Itl-channel decod r_for generatin

o P oo ol O TIRRE RARREF Cergoa iR, Rgsondr moxe
or noParateMeFiISx bhangelﬁoamddtheuohe thator® reconstructed

par a4 ~ ANENRED éqﬂ%% urai'rﬁlggl% Y ﬂf'}ﬁr‘{ eble! 3% more

mul ti -channel decoder o) era |ve

‘gener SPHRBLE §B€Bﬁﬁlﬁe§‘8ﬁ§t"?dctfé@whﬁ mgh4rimsthannel signal

si gnakngskhg bhe @Erem@Eengéﬁaﬂ@ﬁ@ﬂ‘s¥ channel s and the
decoded resi dual - si gnal wherein the nulti-channel

decoder is further operative to weight the downm x
channgénesabingheargabncoflatianeéeidusd addyridle #esededon the

h | dt
ol O oko EREN S0 endih el SF R s BRBa sy Rfge Yownmix
{1 stchamembs r e cthe mohei <chanaek Papatetend o that the
subt rl%‘doﬁé@rﬁi‘?é‘é@eﬁiulfﬁsbﬂaﬁheﬁ' gée%fzeti %ple FOMREE X using

channel and tqQ wei ght anne [ting from
subt rti’@( i DRSLHERRY SHengdi nis p&‘P&l%t@mlb@rt odethg | giginal

a di Mﬂtﬁﬂmd@ﬂie&eeﬁlghallﬁzmm%énchﬁ@ﬁﬁédaﬁﬁ.ﬂl‘hﬁzt using

deco re d naI tain t he secon
recog u&ssé L}ﬁlll t? egﬁesﬁ ﬁB: ééj%e’mf{‘s’?“&%aﬁﬁ‘éiudlng
decogenemta@goraiamim:qdetdw phatinr-tBannel 20iqhalh udimg the
encog[gg i shaneel, 19:na}:héﬁgaﬁgre §8' 8% e D%t or more

scal ed data stream t sca ream Avi ng a
f|rsPa§€§PFﬁ§5lray%ﬁl¢\rk¢ngat Heubpb-ghanped error signal

par asgpeesentdtdoheCBadesCaldnNg HiY eraddidaldli NAuiPE-channel
encoded L eS| dugl SI nal

original multi-channel signal; and
prqcess:mg the multi-channel error signal
representation to obtain the encoded residual signal;

and

forming a data stream .having the encoded residual
signal and the one or more parameters.

- 13. Multi-channel decoder. for decoding an encoded multi-

channel signal having, one or more downmix channels,
one or more parameters and an encoded residual signal,
the one or more downmix channels depending on an
alignment paramgter or a gain parameter, comprising:

a residual decoder for generating a decoded residual
signal based on the encoded residual signal; and

a multi-channel deccder for generating a first

reconstructed multi-channel signal using one or more
downmix channels and the one or more parameters,

St e

AMENDED SHEET | §18[1“2]2006




10

15

20

25

30

35

25 wherein the multi-channel encoder further
conprises: a data stream parser for extracting the
first scaling |ayer or the second scaling layer. 30
-15. Multi-channel decoder #h accordance with clai m
13, in which the encoded residual signal depends on
the one or nore paraneters; and 35 in which the

nul ti -ardie] ©ORC QRelt 1 ScoPeh &l | décd@eSEs ERPLRAS Qfagrative

nore downm x channels, the one or nore paraneters an
t he de%b‘ﬂe&efl&"la&&glg sfgrificanst TRGERBEDUSHEET madfi-channel

2/ l200&£ig’:i‘ﬂal g.eﬁaigittl:il@ bhe aelcmqga Qﬁﬂml‘irtigut‘dr?imels and the
mul ti - QQQE si.gnal.. 16. ti-channe ecoder in
'accoré%nce \%t‘ﬁasc%g‘}arﬁ £397% 4 n which the downnmi x

channel depends on an alignnent paraneter or a gain

para“%%%&eiﬂ”@ﬂ#7ﬁﬁﬂﬁﬂléqgiﬁﬁgtdé E§5(¥ﬁ§%ﬁgrgéperativé

operative to wel ght t ownm X channel™ UsSing

first tRei gIRIGRL r $he bdewnmix t hehganglparwsdeer &he gain
to wepghbmeher, doyemagdchenaeladsdded ar88¢8081 signal to a
melghtlng %u&e sb$ggﬁ%he ai nSparaneter, or 15 to
de- al '§ASBRE ou%ﬁ nifdfenfieh rPbectot 03@REN otfRIRt a
oult puteshihiaty uﬂia;gxéhet&l | gt p:aﬂtaanﬂ?st delconstructed
Mul ti- n er; | ccordance w th clai in

whi chm'tgggfpgﬂ?%ﬁgggr S&}Jaxg?%‘de %rlqﬁau A H etré%%l ng]gt:ﬁzeBC&e‘:Oded
20 pa¥esidezl sighaisframethehdnwsnikecbandiefllf erghdss weight
intergc ;1C ,arﬁ@rgﬁte j =ch t] ;
differe%?ggﬁ%} gﬂgﬁﬁe f%(gve ope %ﬁ%%#?%ﬁ%oﬁnqgﬂﬁgk Fﬂg Jain
nul t iPTHRRHSE T deOddetoi doprligrve t8iffsrpapporieiween the

mul t ideraning| cHeRAdLNGmPetRé | aBcbBedAGEy HHRALE BitRad when
bi na%rbaéai%%%é: Odlttl]]% (ngz:orslghen;éconstructed multi-channel

signal.

14. Multi-channel decoder in accordance with claim 13, in
which the encoded multi-channel signal is represented
by a scaled data stream, the scaled data stream having
a first scaling layer including the one or more
parameters and a second scaling layer including the
encode_d residual sii_:rnal,

wherein the multi-chapnel encoder further comprises:

a data stream parser"fgr extracting the first scaling
layer or the second scaling layer.

¥ ol a1
o

'15. Multi-channel decoder in accordance with claim 13,

in which the encoded residual signal depends on the
one or more parameters; and ,

in which the multi-channel decoder is operative to use
"the one or more downmix channels, the one or more
parameters and the decoded residual signal for

AMENDED SHEET . #3n212008]

ey g




18. Multi-channel decoder in accordance with claim 13,
in which the one or nore downm x channels, the one or
30 nore paraneterss and the encoded residual signa
are represented by subband-8Pecific data, further
conprising: a synthesis filterbank for conbining
reconstructed 35 subband data generated by the
mul ti - gha s decoger, t in |l -band .
represgntg??gﬁggf ?&gffé%gggf'tﬂ%c£€%%5%ﬁged multi-channel
reconsf+888&d nul ti-channel signal. T:-n AVENDED SHEET
13/ .y2~pQ fi+: 39 19. Method of decodi ng an encoded
ti-ghannel signal having one of nore downmix _

gzghneﬁgfgﬁﬁ%h%ﬂgﬁﬁr%sc%%? et FSCRAFERAES eviébleglaim 13,

35 residual signal, conprising: .5 generating a decoded
resid - Si I sed._on .the.. encopded residual ]
signaﬁ?ﬁaﬁggggngpgﬂqéfqy%ﬁr%ﬁaqg%gnéﬁPﬁeaédon an alignment
mul ti -ReERRileniqgghal galgi mepamee torr erred downni X
channel s and the one or nore 10 paraneters, and
generating a second reconstructed multi-channel signa
usi ng ¥he"Bheh orthfor BudéinehrnneBardesedend.is hoperative to

10 decodeeighsi diteé sicdiadix t BRagheR Olsi®eney aFiRge weighting
|nclugh§§n3§gggilng t.he dowmm x channel™ using the
gai n par E=2 aBli fg'] n2dBc RFPIEISuandistej yrdght the
to a dewghisd dewmslx uhiéngela asdcagdi e Mfitgiig Ngude using
resu!Eh@gg££ﬁ“§?£a&?t89t359 the first reconstructed

mul ti - chahn na ahd Subtracting the decoded
residual signal fromthe downm x channel and

15  wei ghtd ndieaaQfiamnebné elitdid EBQﬁhéﬂ!btJf&ﬁi%f%fsé%ct to the
usnnq)the g%ggﬂgar neter, "or'de-aligning a di rence
bet wedr¢h i haMFhersipg the abigueanteppdameter.
si gnal when obtaining the second reconstructed nulti-
_ pﬁgngﬁi i 25 20 Milti-channel encodey for . )
enco |€§§5%ﬂ%%vﬁﬁ%a e%%%%?-lEh?ﬁﬁ@Fd§¥ﬁﬁﬁﬂﬁﬂﬂ%iﬂbaﬁ$ 13, in
| easthiygh dihgnpEirgmeters include binaural cue coding (BCC)
20 - parameters such as inter-channel level differences,
. inter-channel coherence parameters, inter-channel time
differences or channel envelope cues, and '
"in wh:i_.ch the multi—channel decoder is operative to
| 25 perform a = multi-channel decoding operation in

accordance with a binaural cue coding (BCC) scheme.

18. Multi-channel decoder”i}l accordance with claim 13, in
which the one or more downmix channels, the one or

.30 - more parameters and ‘the encoded residual signal are
-represented by subband-specific data, further
comprising:

- a syntbesis filterbank for combining reconstructed
35 subband data generated by the multi-channel decoder to

obtain a full-band representation of the first or the
'second reconstructed multi-channel signal.

AMENDED SHEET 1aj12/2008]
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conprising: a tinme aligner for aligning a first
channel and a 30 second channel,of the"at |east two
channel s using an alignment paraneter; a downm xer
for generating a downm x chafnel using the aligned
channel s; 35 again calculator for calculating a gain
paraneter not equal to one for weighting an aligned

chganne t.hat AVENDED SHEET } 13/ ~2f2Q06 40 the )
d??fergﬁggogef“%eﬁeFﬁglgﬂigﬂ%d‘%h%ﬁ#%%smqiq%ﬁﬁﬂﬁﬂfEI signal
conparkdving a e noral meref dowmmilxa cledrnelspamne or more
former ] t eam. havin S.information. .

on t hep%g%/\%%n%x{gc h%ﬁn%e%? él?&?}ﬁ?%??ét {%%1%%&} h%lgﬁ??gnﬁ%rﬁ?rlslng’
paranmeter and information on the gain paraneter. 21.

MIl 11 -ghaanal iR cadehebBaBAC OFRNARaY i A Mifheq 18n the
further_ copprising a resjdual encoder for”cal culating
and ey &t sdtledndgnanderived fromthe

first channel and an aligned and wei ghted second

chann 5.,wherein_the data streamforner_is further |
oper aTSTAF LRGN A (GRS ERCoRElIPEGeAL AT K firianRly signal
t he datsangsoneamr R@reMdadvinndhamisdnmscodatd flie one or more

decodi ode l tj_- n Sj havi
inforEggfg%tgggéneggg?wgkgg%%g§£ﬁpx%%hé%%%ﬁ%? W&hstructea
i nf or BELtdnchAnBEdaisigRahnatsdng theoremei ®r omoas downmix

al i gngRBhnB2S ABRHCheARE AU CPESHdus 855900 1S AR step of
conprisin hannel decoder for “generating

a dec%ﬁ%39%5§§%$¥ﬂg#§ﬁ 9 eeightbresshhe f glownmix channel
processimg the dedadedutmwirdr, chadiey thei k@ddiRAJaidEidual
Do orEgHal o 00kt Beliile et Pl BHLSY  Sha  again
weighting a resulting channel to obtain the first
reconstructed multi-channel signal, and subtracting
the decoded residual signal from the downmix channel
anq weighting a channel resulting from subtraction
using the gain parameter, or de-aligning a difference
between the downmix channel and the decoded residual
signal when obtaining the second reconstructed‘multi—

channel signal. .

20. Multi-channel encoder for encoding an original multi-

channel signal. having at least two <hannels,

comprising:

-

& time. aligner for aligning a first channel and a
second channel sof tﬁéfét least two channels using an

alignment parameter;

a downmixer for generating a downmix channel using the
aligned channels; |

a ‘gain calculator for calculating a gain parameter not
‘equal to one for weighting an aligned channel so that

S g e
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channel using the gain paraneter and to de-align using
30 the alignnment paraneter to obtain a second decoded
out put channel; and a residual decoder for generating
a decoded residual signal, 485 a wherein the processor
is operative for primarily weighting the downm x

channel using the gain paraneter, to add the decoded

resi du&ihélcﬂiﬂelﬂﬁﬁ:é e tAMNPER SHRGT ri]é% 13 ?63094,"113 reduced

secondarlu¥ %@ ing using the gain arane
obt ai n &t c GnSieric tved uen&indl, aadd to subtract

the decoded residual signal fromthe downm x channe
ort de-ali n to obtain the 5

bef or e \nej
reconsf%uc ed secoﬁ%:%ﬁaﬁﬁ%l £o% 31 ORE%HBdaoﬂa&ﬁuﬁﬁﬁﬁ?m having
an ori gnfeirmetlion- ohanhel dewgndl chawvined ,atid@RAstadi¥h on the
channeb;, IS I gni a_first channel
and a seéoﬁgggganhg?am%%8&lg%g?lled%fg%%% ERRANNeRs the gain
usi ng BAY&PPEAREent paranmeter; generating a downmi x
channel using the aligned 15 channel s; cal cul ating a

to one for weighting an

not. equal
? | gn@%’lfﬂgn%@ &t FRCARF dithf erEReEdapeewsehth heelaim 20,
al : gneg{.lxsﬁmml eteupsisingcad rt@@rj]at@raqd érﬁ:cﬁjeﬁo_fgﬁl Balculating
val ue rngn a_stream
|nforrmat(? or?n%%gtlh n% gd]?rfg tHArRel 519 aJo ﬁ‘%’?:‘d‘\‘?%nfrom the
the afigiftenchapaednessd asd i aldgneti oandn #B88gh8k8 second

par ameghehnedy 24. Method of decodi ng an encoded
mul ti-channel signal having information on one or

nor e downm x channels i nformati on on a
gai nr pheasthethei dh@aMBLir@RdmOFcter is further operative to

include an encoded residual signal into the data
stream.

22. Multi-channel decoder for decoding an encoded multi-

channel signal having information on one or more
~downmix channels, information on a gain parameter,
“information on an alignment parameter, and an encoded
residual signal, comprising: a downmix channel decoder
for generating a decoded downmix channel;

@ processor for processing the decoded downmix channel

~using the gain parameter to obtain a first decoded
output channel and for processing the decoded downmix
channel using the gain parameter and to de-align using
the alignment Jarameter to obtain a second decoded
output channel; and

2 residual decoder for generating a decoded residuél
signal,

wherein the processor is operative for primarily
‘weighting the downmix channel using the gain
parameter, to add the decoded re31dual signal and to

Pl ---'1————v-;w----
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al i gnment paraneter, and an encoded residual signal
30 conprising: ~., generating a decoded downm x
channel ; processing the decoded downni x channel using
the gain 35 parameter to oBtain a first decoded

out put channel and processing the decoded downni x

channel usi ng the gain paraneter and a de-alignnent
based of*PRBCAF+ fimewrlghEMDERSSIRET thd Y4 2Y P eter to

42 parcleies LOf [ nd.decoded odut put
channel , and d ng}éﬁg??%gig‘%%g%gga Wnilsi gAYl toeo subtract
obt ai n &'® 598erdRdd resd duadl signel , Evbar &ile tA6wERER channel

of prodesfomy iveldesaPri SRa1 | Yo Wej.ahti.ng the :
e%q&g%l s %t e gain Ba\r,\gfﬁeg-t%elrl,rb%add??lg pRtain  the

decoded residual sﬁﬂg &C chapngdoondari |y wei ghti ng '

using the gain paranmeter to obtain a first

r @@Qnsikeebad Span .and subtracting the decoded

AR RbR, o o B Bl s G Lbdr remnel signal

resi dual , signa

wei ght PAYiBAdagelarFgNEWG thaoheakn Cofp iQGARpd I uct ed
second channel. 15 25. Encoded multi-channel signa
having&infor tion on one or nore downm x channel s,

on one BPE bt EIBERANBt E4EStr ehainmiedg, andlea sembindedthannel of
wi t h ttihee onator Jexst do I X cHAUEL S, | first .
T chamaLl ¢ usﬁ 3 n 8Rcodfddgnment

recongfugted mlti-channel 20 signal, and~a ,
resi dz)taﬁr S|e§:gezﬁ' resul ting, when conbined with the one

or nore downm x channel, in a second reconstructed

mul ti gehapael ngl gnal ; i,h the second . '
reconsyr uct eé'nr%'rllul tr? cﬂ?ﬂﬁféﬁ&si M pPELNG ni the t @ligned
an or FGPRRFLRI ti - channel signal than the 25 first

reconstructed nulti-channel signal, wherein the

enco | :channel signal is a scal able data

streg%}ﬁi%%%ﬂ tahegf'_i‘r"ré1 oP3fBMetedr aneteraquall tte one for
welghting an aligned channel so that the difference
between the aligned channels is reduced compared to a

gain value of 1; and

forming a data stream having information on the
downmix channel, information on the alignment
bParameter and information on the gain parameter.

24. Method of decoding an encoded multi-channel signal
f)aving information on one or more downmix channels,
information on a gain” parameter, information on an
al-ignment parameter, and an encoded residual signal
comprising: : ot

-

generating a decoded downmix channel;

processing the decoded downmix channel using the gain
parameter to obtain a first decoded output channel and
processing the decoded downmix channel using the gain
parameter and a de-alignment based on the alignment

A ——— e
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resi dual signal

the one or .
30 (BCC) paraneters such as inter-channe

irf different scaling layers, or
Dar ant cue codi ng

nore paraneters include binaura: I
evel

di fferences, inter-channel &8herence paraneters,

i nt er - channel

cues.
runnin

clainms 3gd 19, 23,

" wherein the

25.

36.

[ [ | ope
time differences or channel enve
perform ng, when

m f or
3Eg%ggegggﬁg%féﬂﬂﬂgﬁ£aﬁepﬁ@9ndfdgqundaoﬁtput channel,
J or 24. AMENDED SHEET

decoding the encoded residual signal to obtain a

decoded residual signa;,

step of processing includes primarily

weighting the downmix channel using the gain

parameter, adding the decoded residual signal and
secondarily weighting using the gain parameter to
obtain a first reconstructed channel, and subtracting
the decoded residual signal from the downmix channel
before .weighting and de~aligning to obtain the

reconstructed second channel.

Encoded multi-channel signal having information on one

Or more downmix channels, on one or more parameters

resulting, when combined with the one or more downmix
channels, in a first reconstructed multi—chanﬁel
signal, and an encoded residual signal resulting, when
combined with the one or more downmix channel, in a
second reconstructed multi-channel signal, wheréin the

Second reconstructed multi-channel signal is more

similar to an original ‘multi-channel signal than the

first reconstructed multi-channel signal, wherein the
encoded multi-channel signal is a scalable data
stream, in which the'one or more parameters and the

residual signal are i different scaling layers, or

the one or more parameters include binaural cue coding

(BCC) parameters Such as inter-channel level

differences, ﬁnterhchannel coherence parameters,
inter~channel time differences or channel envelope

cues.
Computer program for performing, when running on a
computer, the method of any one of claims 12, 19, 23,

or 24.
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