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Enhanced net hod for signal shaping in nmulti-channe
audi o reconstruetion Description Field of the
‘VQH%@Hypgh The present invention relates to a RoHEBP6/004732
of enhanced signal shaping in nmulti-channel audio
reconstruction and in particular to a new approach of
envel ope shapi ng. Background of the Invention and
Prior Art Recent developnent i n audi o codi ng enabl es

eat I%fﬂ a{?e]cibtgos, s%.t%{]a a(pn ! esent %tusl?cgqn gha@ﬂatfl audio

correspondlng control daeaoniheuetnenhods differ
substantially from ol der matri x based sol utions, such

as Dol by Prologic, since additional control data is
transmitted to control tRes@ERLEdHN, al so referred

to as up-mx, of the surround channel s based on the
transmitted nono or stereo channels. Such paranetric

mul ti-channel audi o decoders reconstruct N channels

based on Mtransnmt redighaanehs, iwkereidnh> M, "and t he
additional control data. Using the additronal contro

data causes a significantly |lower data rate than

t T8N S irlelsiend aihvéhth@mneiesLaWi ng tde coodiept vefy enhanced
ef ficient t ne ensu
(ﬁﬁﬁﬁﬁ%kﬁﬁ??ﬁp%m%q1Tﬁi% eV|€§§%§h pyction and in
chennistu e i tesa ﬂ&wad@pﬁnﬂnhﬂQi(EﬂV&iQHﬁHSHﬁPHﬁgy ngl e

nono channel, a stereo channel, or a 5.1 channe
representatlon Hence, it is p033|ble to have an 7.2

channel orBagkgrowndral  thiy

backwar ds conpati bl e signal, and spatial audio

paraneters enabling a sp atial audio decoder to

rwmc@e&eé@wwy %’éséHﬁlanﬁogléPgl SRaBLeph& SGhegitten of a

2] €NaEmShi%e 1 ateBrS8&h t a @Lish t bOnah Euﬁlbahﬁgnal based on a
over head. These gaLanetrlg surr.ound codi ng, .net hods

BHRFPY dGprigRe oG At T SR Gy FROREOL data
STigeed beskddondifferasdbstantially from older matrix based

solutions, such as Dolby Prologic, since additional control

data is transmitted to control the recreation, also
referred to as up-mix, of the surround channels based on
the transmitted mono or stereo channels. Such parametric
multi-channel audio decoders reconstruct N channels based
on M transmitted channels, where N > M, and the additional
control data. Using the additional control data causes a
significantly lower data rate than transmitting all N
channels, making the coding very efficient, while at the
same time ensuring compatibility with both M channel
devices and N channel devices. The M channels can either be
a single mono channel, a stereo channel, or a 5.1 channel
representation. Hence, it is possible to have an 7.2
channel original signal, downmixed to a 5.1 channel
backwards compatible signal, and spatial audio parameters
enabling a spatial audio decoder to reproduce a closely
resembling version of the original 7.2 channels, at a small

additional bit rate overhead.
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frequency variant ILD (Inter Channel Level D fference)
I nter Channel Coherence) paraneters. Th

and | CC ese
‘V%éWHﬂﬂpgfs descri be e.g. power ratios and cor Pel/EP704p{Q04732

bet ween channel pairs of t he original nmulti-channe
signal. In the decoding process, the re-created
mul ti channel signal is obtained by distributing the

Yy R rdnlts: o ec el wath FRWHE 4 i et s hetsiean ldomprise a

the channel pairs as described by the transmtted ILD
PRETARA S 2RV e EPRcSUE TG -PrifHel PRFGhaPP cdime and
wHE) poredntdi SLDi bohten baaweed aklvetharifdesence) and

Henesy

ile the signals in_.the different channels . are ver
i orhiger R b MbRErEhERY! BARATARARSL S ahehe) Bakaneters
vErsce il es.aundowde wadriectand denessl dtsi ot dietededry channel

s e alliriaihocingts sslasl s '
;BSgad{eEgCoﬁ gtggé bowa(#eh platfla?rée err?/ethéel _eclo'r rl; %@%@COdmg
\erastens of thérer et gnadtedf noAt arbanpef esionato igs asgined by

s dif s i 90ak, QR abped Ry Passi Vet RewahgRalchannels
through a reverberator,”’such as an all-pass filter. A

Hefeen orad bf §Beor A1 RAHHDI yRPg despEdPefc by the

detAyshix tde sLONphrakeperal | Yowkhere aiece lOtmdfti-channel
di fferent reverberators known in the art, the precise

i It GAT oMY t HRAYEY e rRRISE orIARTH RN nikfrveen  all
| A SNEL . wlThEﬁ otthputs ifgraihd hin deher Helfge@enbashannels are
tinme respeonse at.is usually very.flat..Hence .

95t RBLCTeREnal gty e Anil eyt nbt abras gL bp-Bgpion of a
Wiy i xdengs dired d eichoe redat ect ami;t:lerln@sari?_gi olati a imephaddy mixing
'éi#ﬁ%fgr. OPR a3 elh glgnal,dyhess |15 2PRLAUSBNe, as
si'ghal’s, inportant To perform sonme post processing on
tdesaigred by i harargnetdit+y of additionally

i ntroduced artefacts that may result in a | arger

percei ved room si ze and pre-echo type of artefacts.

IR rIpFIE T HREGHVERES bin ref dtR $H9Re Ly kR so referred
repr agenfest okt iciarasrel s Bk D, assa st i bp phssing the
qggéégl through a reverberator, such as an all-pass filter.
A simple form of decorrelation is applying a specific delay
to the signal. Generally, there are a lot of different
reverberators known in the art, the precise implementation

of the reverberator used is of minor importance.

The output from the decorrelator has a time response that
is usually very flat. Hence, a dirac input signal gives a
decaying noise burst out. When mixing the decorrelated and
the original signal, it is for some transient signal types,
like applause signals, important to perform some post-
processing on the signal to avoid perceptuality of
additionally introduced artefacts that may result in a

larger perceived room size and pre-echo type of artefacts.

Generally, the invention relates to a system that
represents multi-channel audio as a combination of audio
downmix data (e.g. one or two channels) and related

parametric multi-channel data. In such a scheme (for



downm x data (e.g. one or two channels) and rel ated
garanetric mul ti-channel data. I n such a schene

WO RHWAIMAbl e in binaural cue coding) an audi o BolfRFAR6/004732
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data streamis transmtted,® wherein it may be noted

that the sinplest formof dowmx is sinply adding the
different signals of a nulti-channel signal. Such a
sieganaplésum sibdmalurals aceonpadiireg) byara padacetdoegnmix data

"Channelr§ﬁ%ﬁﬁ?€é§anbgékg§n fo)?%%TQEesﬁgftﬁnEBat the

C% ?ISGS for exa e ohe or arane
typreglelstscmad abow@wmlekesml lsé mpRe sqxémrsg the different

'Q{?ﬁgf ah&@” mhﬁ%lgEhth@h C ﬂﬂﬂﬁis fudhea signal (sum

annel S|gna sense aranetric
nalgnehanasl Wra@ds l@xs a paéamﬁz§§t1CpMJcléés-é=rhatn@el data

t9€r§§ﬂdk§9ééeﬁ§f85ngTﬁ@dSP@etfﬁfé“@%ﬁ@ﬁ&é%ﬁfﬁoﬁEékample one
havi ng the sum signal and the side infornmation.

sREI MOB8 At &8 Wétramé:egurwge@né%w&ﬁlw FRAYA %Odaﬁ!%ﬁcrlbe
naue a@gatllamalllnytd&a:eqwie_@nu%mgtra@yoauglma;Dr chpeeells of the

transm.ssian of mul ti-chann nal s
Bt e B AL PinDdonrRge o SnBaRaRe BTt multi-
popahaeltheshemyst ant s alaso mommwst-gmqeaslsoaudlw the
C s r d" e I ev e .
-SehRtng/ r8EET B0 Lo on BREC SBFAMEYE do o i n iawing the
canmexigoalthegethechn@¢ogﬂé@rm¥U40m3 Irashall derl Foted that

Baygoan e, 5155 cCignt heprEsatat i gaaf n%Pﬁt b@bl@%’.@hglly be

usi ng percep paranetrization, " in Proc.

VASPRA u%ﬁ@nknywdmtorzmecfp goger. Baurrgart e and C

. Faller, "Estlnatlon of auditory spatial cues for

bi I

T

"E%Bﬁﬁéﬁb QBGUEMBMthEdeWEén@nﬂoeéfpbpanhr these systems,

resent ati on. of spatlal ud| ac. p
5656 ° BRoRa ez “Ragr Stab. pdfo rcolighga, Ry ouna”,
Fahirerbeéid\hyeblndavalopeé n@demglys

The following publications are known in the context of

these technologies:

[1] C. Faller and F. Baumgarte, “Efficient representation
of spatial audio using perceptual parametrization,” in
Proc. IEEE WASPAA, Mohonk, NY, Oct. 2001.

[2] F. Baumgarte and C. Faller, “Estimation of auditory
spatial cues for binaural cue coding,” in Proc. ICASSP
2002, Orlando, FL, May 2002.

{3] C. Faller and F. Baumgarte, “Binaural cue coding: a
novel and efficient representation of spatial audio,” in
Proc. ICASSP 2002, Orlando, FL, May 2002.

[4] F. Baumgarte and C. Faller, “Why binaural cue coding is
better than intensity stereo coding,” in Proc. AES 112th
Conv., Munich, Germany, May 2002.
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better than intensity stereo coding,"” in Proc. AES
112t h Conv., Munich, Germany, May 2002.[5] C
‘V%ﬂﬂnﬂﬂnoBaungarte "Bi naura] cue codi ng appllgﬂT@Bﬂmw‘m732

stereo and mul ti-channel autio conpression, " in Proc.
AES 112th Conv. , Minich, Germany, May 2002. [6] F .
Baungarte and C . Faller, "Desi gn and eval uati on of
binaural cue coding, in AES 113th Conv., Los Angel es,
Cct. 2002. @dQ Faller and F . Baungarte
"éln&;ré_falc]iﬁ-:r fy ARGt alRding Wohp Iass iSO imia h

al;imllfédi ﬂcﬁ'yﬂféﬂétgzaéxngﬂnﬁgcq&ck%% ehlbﬁdalt@rbbm predsion,” in
r eebaar rre,

(?rOCFaIptEesr%lJzo% F%Hb" : r‘]w{hy r"@“Y'D“’?éh 2042.
Pur nhagen, . Hot o, . hbu3|nger K. N orllng, W.

" Spati al di ng, MPEG Suyrou
%e\r}. ﬁ\/P earﬂdétJ Eolj"lsl'Cio €Iy1 9ty AL enta\rlélr?tlon of
el ayorakl Zﬁ%,cd%he}cg,l’htlrﬁm [9]3th .Cdader.r,e Ldd Angeles, CA,
E%&nh%gﬁﬁa J . Breebaart, C. Faller, S . Disch, K

or'ling,” E

) . Schuijers, J . Hlpert, F. Mburg, "The
Ref erence Mbdel Architecture for MPEG Spatial Audio

i " pahh8h AR Comepid Hbe Baf}ﬁ‘:%laﬁﬂ%lz% codlng
reprint 6477 [10] J . Herre, . Faller,

. o
apEkigd tp aydigEampressiqie|idh ﬁéexmlrﬁzrﬁﬁr&em@gr in

neened 11340 Anv Spatd Al ardies Cai n®ct . 2002,
Next - Generation Efficient and Cbnpatlble Codi ng of

Mul ti - Channel Audio", 117th AES Conventi on, San
Arggnci SOS’re%OQaﬁbrﬂDr eps iHerGaLSfE:.[ FHlikr, HerR$dén,. F. Myburg,

et s ringRen G Tt Mind S Ans & Kiorling,

@bdnmmmaﬁ PMMREG<Bpath1.AMmﬂx¢'CdﬁﬂﬁdeAmSWKbnNEnnqund

%Wéfﬁe%p%% %lﬁprrérpg sﬁc% ’A rle.L heq-\ SeCd'Hchélﬁetlon, New
'

focusi'ng o ransm ssi on annel's via one
tYr%rﬂQQ-‘ed Bugrr igitgrfdi 99 s cal I ed" paranetric stereo"
and for exanpl e described nore

[9] J. Herre, H. Purnhagen, J. Breebaart, C. Faller, S.
Disch, K. Kjorling, E. Schuijers, J. Hilpert, F. Myburg,
“The Reference Model Architecture for MPEG Spatial Audio
Coding”, 118th AES Convention, Barcelona 2005, Preprint
6477

[10] J. Herre, C. Faller, S. Disch, C. Ertel, J. Hilpert,
A. Hoelzer, K. Linzmeier, C. Spenger, P. Kroon: "Spatial
Audio Coding: Next-Generation Efficient and Compatible
Coding of Multi-Channel Audio", 117th AES Convention, San
Francisco 2004, Preprint 6186

[11] J. Herre, C. Faller, C. Ertel, J. Hilpert, A Hoelzer,
C. Spenger: "MP3 Surround: Efficient and Compatible Coding
of Multi-Channel Audio", 1ll6th AES Convention, Berlin 2004,
Preprint 6049.

A related technique, focusing on transmission of two

channels via one transmitted mono signal is called



extensively in the follow ng publications: [12] J .
Breebaart, S . van de Par, A . Kohlrausch, E

W@MIIUPE "1 gh- Qual i ty Parametric Spatial ARET/EP2006/004732
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Coding at Low Bitrates", AES 116th Convention, Berlin,
Preprint 6072, May 2004 [13] E . Schuijers, J .

Breebaart, H . Purnhagen, J . Engdegard, "Low
CopplexetyifPar ameirdcr’ Stenéo Codi ngéxaidS 116ekscribed more

nvention reprint 60 2004. In a
s%ﬁ??%?lgﬁaYOI%et%%eE ff%%lﬂ%lgug%ﬂgﬁ%érlupnix is
conputed froma direct signal part and a diffuse

99 IJpa Eee%égﬁ“%ed@éhv ? lbgr neﬁnSchﬁlra%sch E.

rera I on direct part
nEQhuomedsabbﬂegh?@u@lltﬁ @@n@m@¢r1¢rﬁpaﬁialmﬁuikntCOdlng at

hﬁéwaB$F££€é§“t A§§p9i§#he@8 opeishansd e di redprint 6072,

e term "tenporal envel ope” describes in this
cMﬁYe%Qoﬂhe variation of the energy or anplitude of
the signal with tinme. The dlfferlng tenporal envel ope
| eads to artlfacts gre- ost - echoes, ora

"$hehr EngPShphIeRe. upm RESE % Flr fior ??ﬁﬁﬂa%ﬁ
t hagdbgueda mde sbﬁpeexiﬂygmmdetmctmﬁwmddmg",a AES

GLhBrDl FonrBeLrBnarss IRt BrePtaryi fh 3t rogI ST a
short tine period. The probably nobst inportant
egfgn‘p% e%pa%ﬁatlh@u&#gs%e@co ignal feang i ac%m%ﬁlél' K@pmix is

signal s h are tTrequently 'present
r eeoputags.fam o d@lrlrte@tamqpaah epakt §I’t9au%eéliltf)fuse signal

I phedugingndisfs fusel fegory ehakag %QUQQdUﬂﬂéﬂyilon from the
i happropriate tenmpaoral envel ope into the upm x sig

al
adhuRBESr Péﬁfttre@ﬁnlac}ﬁéé‘dbla\?@rﬁé@ﬁ‘e& FRSE: ngs,ugn %géneral,

appki gafirgeel éQQGhéQZa( EkféﬂéﬁtSﬂéﬁﬁoﬁbﬁpéﬂ@ei@ﬁeEEKén the
Schenmes and The t t he. pergept

& REone 1 n this
qBaFPFy BREE: | ThEat SrRantRERPESL gRRYS1eRR b e%ﬁ5+%%%dl

byshapkng HHwe tveppatiabnemfel tpe ehetrhe diAf f amplstgdal of the
tglgnal with time. The differing temporal envelope leads to
artifacts (pre- and post-echoes, temporal “smearing”) in
the upmix signals for input signals that have a wide stereo
image and, at the same time, a transient envelope
structure. Transient signals generally are signals that are

varying strongly in a short time period.

The probably most important examples for this class of
signals are applause-like signals, which are frequently

present in live recordings.

In order to avoid artefacts caused by introducing
diffuse/decorrelated sound with an inappropriate temporal
envelope into the upmix signal, a number of techniques have

been proposed:

The US application 11/006,492 (“Diffuse Sound Shaping for
BCC Schemes and The Like”) shows that the perceptual

quality of critical transient signals can be improved by
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mat ch the tenporal envelope of the direct signal. This

aﬁfroach has al ready been introduced into M
WQahy

EG
Ul t echnol ogy by different tools, such BST/EP2006/004732

"tenporal envel ope shaping"G(TES) and the "tenpora
processing” (TP) . Since the target tenporal envel ope
of the diffuse signal is derived fromthe envel ope of

the 41 ans ikl edo AoWAm X o tRisS B hod M08 NQignal to
require additional_ side information to be transn1tteg.

Meleste rthey st e RiEIRECPS Hf tidipatiaredt nel dadict ure

of the diffuse sound is the sanme for all output

channels. As the direct signal part, which js djrectl
iIVePPPENRthe PRENsALEREHYdORSR X ﬁ%ﬁ‘iu%(des Ja{}fs% MPEG

hawver dursd hntéahnbea@w@ly enviedfent t hbs18pt Badhmays “temporal

i nproyve t er cept qgual ity of,appl ause-1ike C

SRt ShETRThr s oot P RtfSesaing” (1)

t$iemce hehali tacdetsi terapovanll ehté Uspe sofnidhe hdvef ssan $agnal is

LEIPRr &y SRV O Toér%@éioéQané‘f' Str%éucﬁér?&@f‘.;@%c?s downmi x
nmay ‘enhance the Subjective quality of applause-Tike

s$ygrd b, buthktanmethogpr odees henspat requurest radditbenat  side
Sir?ﬁérgmé’tpﬂl)r‘?‘%g et Sy ddh e Sl 9Bl ev@s, t BisS b tsequence,
only be possible, when one reconstructed channel woul d
behdrusrmpereli gt eSAruEhBr6c @ r Bhee Biffupe sound is the

ts ARSI ;eglk %ihlqnaéuw@@ t:lhsnatﬁmg_r. @fégnﬂ@ésldll%tbﬁh dignal part,
| 0SSI bl e having_signal g snarjn asli Cca e Ssa .
UBR It nEarSEE LYANISF L EFfla ] A mbPRod 8RSV Befte downmix
t(@ﬁgrgépbljﬁﬁ}eisaﬂﬁﬁﬁlrh@ﬁd ay é%mcicc%mﬁoﬁallle(}g@w&, this
"indi yi dual . Channe api n r nes_and The .
TRENGS . RaY; SMRERYEa EHeRET oS e gP AN erfor P ause-Like
bs Dguda beinthn st ebems nd Hr Yt i op-ndds” ) site andowevex, bys ttieen the
e t rform,a fi nmp hapi : t

PELERE PR rrbl et ERubs Mo S ARy, BLn22al [fpora)
appyobepe 2l fonsabl tehponel sf i sreckt technrguephdnay senhance the

| Db ye duade T Qfy LG, oypul phannel-1ard tBYgnhesabb8t cannot
improve the spatial distribution of single applause events
in the signal, as this would only be possible, when one
reconstructed channel would be much more intense at the
occurrence of the transient signal than the other channels,
which is impossible having signals sharing basically the
same temporal envelope.

An alternative method to overcome the problem is described
by US application 11/006,482 (“individual Channel Shaping
for BCC Schemes and The Like”). This approach employs fine-
grain temporal broad band side information that 1is
transmitted by the encoder to perform a fine temporal
shaping of both the direct and the diffuse signal.
Evidently, this approach allows a temporal fine structure
that is individual for each output channel and thus is able
to accommodate also signals for which transient events
occur in only a subset of the output channels. A further
variation of this approach is described in US 60/726,389
(*Methods for Improved Temporal and Spatial Shaping of
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to accommdate al so signals for which transient events
ccur in only a subset of the output channels.

W‘P YHEH Y ari ation of this ﬁ%pr oach is descri b%ﬁT/FHZ‘)@@)O“BZ

60/ 726, 389 ("Methods for roved Tenporal and Spati al

Shapi ng of Mul ti - Channel Audi o Signals") . Both

di scussed approaches to enhance perceptual quality of
tM@mimﬁamem@dmaeﬁgmmr i SeBaH eimlms@aﬁdprr@aﬁhes to
the}}envel %pe of thej[dlf nal |nten.de tch 1
OB pond T W e tg?‘i%lor 41°envel ope & slgnals
botrip pt &vi @uséypdestr shedipgi of - ahe eevkddpecad the diffuse
HLMLE (AR ALY R (Y ARl | dEfect signals

ntermns Cri sp- ness,
apprpachl cenvel &ee i nprove t he spatlal redlstrlbutlon
of the reconstructed signal. Still, the subjective
3ﬁgl|ty of the synthesized applause signal s remai ns
Bt stheihr yoroekeusky t ries@mRahl RFi#F fof Msddreds  can

teﬁhéﬁw@|ﬂﬁé|98b9§c€£VeaQQth£§U§Qd Qﬁ@sbedd&etglgnals in

characteristic distortion attacks of th
LRI G0k EFSBE-Aretel (Y pEREs VAt Sk RBEOREniean also
WheHr &N Y td oepetiempo:feﬂlﬁmmmdrs pér f oheedec@nstructed

di duced jf._sh he
Crita e CPRadia: 1OiF PSUEEERT vl ! BRed el (fi P HE M si zea
bmmlmS@VI deghalvsherreanadlrfa‘ usensa’gnafacctsosy;rpl pegause the

SI g fﬁ%gg%h?é rﬁ:: (?ﬁ rect Si g{]}g% . &ﬁ%lknﬁtﬂ trg' Ld;f'l\/:‘%ﬂy and

diffeused amdaﬂe@dﬁpmtuc@@rtaﬁaﬁrtlﬁélm r@tetex-‘@mms (the
Thus c@yegg'{hérﬁhéiW@ﬁﬁﬁfféféﬁ%xﬁfgiéf%HB?‘ﬂbﬂdBived as not

envel ope of the direct signal, different spectral
co‘u’c\%gh*but‘t”éﬁ‘l% Omby %rl%‘?%ﬁ?{@?%%kﬁh%#ﬁ%rﬁ% merformed, or

oaigt@atléﬁgnarém LhtBedpeegentst i BhhBengecenst r lacteery high

Shiab ol e thLLEFY o SAbELA 05 L LRI SHe becones

par t

(erati@ehOudeRen dar difftibe se&gaadt dectsiioplywaenletlhged copy of
d#éfuaerec s1gna150%hé%t‘%ﬂ%“&ff£@§é§”¥§§89f 8§xegeto the
direct signal is 1likely to have a different spectral
composition than the direct signal. Thus, even if the
envelope is scaled to match the envelope of the direct
signal, different spectral contributions, not originating
directly from the original signal will be present in the
reconstructed signal. The introduced distortions may become
even worse, when the diffuse signal part is emphasized
(made louder) during the reconstruction, when the diffuse
signal is scaled to match the envelope of the direct

signal.

Summary of the Invention

It is the object of the present invention to provide a
concept of enhanced signal shaping in multi-channel

reconstruction.
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WQ

signal. Summary of the Invention It is the object of
t he Present invention to provide a concept of enhanced
A1018hapi ng in mul ti-channel reconstructi oRCT/R}046/004732

obj ect is achieved by an ap’bar atus in accordance with
claims 1 or 29, a nethod in accordance with claim 28
and a conputer programin accordance with clai m 30.
e Praspsit | Iwesdh e bpsel gpphhethisndhngctbatiance with
recanstr.uct ed2$ut£ut c}tlwannel, reconstructed vmih.a

M Harffel 2 e coiiE FRRE of * LAFRGT AN P Rakt TBnEL ddlinAf xand @
clhranned e rderdomathnb i rd @wad vdargeea wal iy adlidiyn &0 .or i gi nal
channel s and using a paraneter representation
including additional information on a tenporal (fine)
Sthreucpreseoft annvengionl thamesledarnbethecohistding edhat a
ldd i ANl 3 4 .té;w;%@@. GHétheX’, %%n%tqgl%%regt Qfi fiPfa multi-
generating a direct signal conponent and a diffuse
sihpmdie corpeneat reated &%inke HowhfPrRtclRatheoyrmigeghannel

el idy Sk Bssent bahlyl eppaseedribingnl ¥hbhBels and
di rect signal conponent is nodified suc¢h ﬁh t the L
WS4 al2 1 FRISTE LY ur 6BFCBRBERELORS! LOELBA-BH( pacditional
Pihgﬂ_'d’t&rtaﬂ;jisobrf i &xtrl] i 8g g.gm@_@&iaﬂed(_ﬂieimorﬁrlfdﬂ’lﬁ:étdSﬂChtir eriginal
i ndi cate t addi tional informati an _the . ,
L B’ oo preST et rafeR e <l SRS itn  high

spad liingy t hehdhr ectgeiggretiopafdos dieneckltyindera vétrécomsignal
the d ] X _Signal, i_nt uc LLio

acr%llqoa\é%}? ataﬂdﬁegrm?ren lSJIéaé(t rga?L rl%gint géf“g%gfakgcﬁ%‘?d on the
Wmsimmiazs chapnedr i@ tyusede idte sggakdlitpacan sbecglsegntially
t a S| el it e e;th : £
SR FESBhEY, RREC e s (el SHamiShinPCi Modi fied
retdhsthalet e chemperal sfipskelrpytareepphibpz&gconstructed

dffglse sktHRghel xad torfheifyreat diided Whishpdtdl fine
be nore extensively described bel ow. ) .
structure, indicated by the additional information on the

temporal fine structure transmitted.

In other words, scaling the direct signal parts directly
derived from the downmix signal, hardly introduces
additional artifacts at the moment a transient signal
occurs. When, as in prior art, the wet signal part is
scaled to match a desired envelope, it may very well be
the case that the original transient signal in the
reconstructed channel is masked by an emphasized diffuse
signal mixed to the direct signal, which will be more

extensively described below.

The present invention overcomes this problem by only
scaling the direct signal component, thus giving no
opportunity to introduce additional artifacts at the cost
of transmitting additional parameters to describe the

temporal envelope within the side information.

According to one embodiment of the present invention,

envelope scaling parameters are derived using a
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W et

The present invention overcomes this problemby only
scallqﬁrthe di rect signal conponent, thus givi

Alty to introduce additional artifacts? %%E?H@WNMIQ
cost of transmtting addi t i onal paranmeters to describe
the tenporal envel ope within the side information.
Accordi ng to one enbodi nent of the present invention,
ef@ﬁ@@@@@@iémgopataaeaefécar@ndethaedlﬁshsg signal with a
are {esent at i og of the di regt anahtf fuse gTaI £
A EiG: RneirGhect ron TAEES GHEFEZORF( SPEREETT barts o
suagtsagnparhavefaHMBsngﬂﬁﬂnﬂmnaﬂeﬁmmmgleﬂenTheabdvantages
enger gi vant n p e
@F g gﬁgc%gﬁg%%e%he dgi g?é gwﬁggiﬁeneg%sgg%{a%ﬁé hand,
assmcbasu svhfidentelge &r&t@malt i ®$1 @f basssalfiowy thet grlculation
Useda L Q- SE2h & ?Q Pkrﬁgédstgnékaﬁéleﬂ@ f9retBesignal allows
transm ssion o y one paraneter per tinme slot
|$Qiu§hﬁgtﬁﬁm§ﬂ#§ﬁM9@(ﬂft?@ﬂYeﬁﬁ@r&anﬁmﬁ&ﬂﬁﬂﬁﬁrA&lm? slot

| Sn&Bdd nd anEbEﬂna’éB@Hnéh andi e eRdmd tdatusidal sas it is
are processed t hin nunerous fre uency bands, this
f‘é%\‘f%l‘e R |d@~1:'ttol A 159 adBeti osappgls are

r}ﬁﬁﬁ*@&s%clgiemrtfﬁﬁmnahm@r@@si ifeclmf e}qrhigl bghndétethls feature
ncr eas o] e tr sn133|on of _the it al .

IRELEE0 8 Yanasd IR RarBE ot R Ny | negsted side
ahmlfcbﬁﬁ?a‘axqmt ram;mltetre:mb ondees péritt i n:atfer afmcaedse for the

B AU £ DA, £ AnLNEARUOYEL Of pBBLATELE BORISATRY, ocher

or-a
tpmteml suche asi nglld pardneCer ag@r fcmﬁi@ltted once per

(%qﬁ%akame'Bnﬂuba&a%%%@dedﬁﬁn'ﬂb SAINMROb&F €of parameter
processed in a frame structure, i.e., .in entitjes

Heandy Ser BE shihehg thanuedl: f ort eddnph e M pafvantage

fh&FEn F%t Reamemet ¥h1al fcﬁfb,dysffﬁj\lé Opgfaméber Spghakhannel .

are sp into several ortions before bein
p@%%%%%%hy r stiBh @5@ (SRS ysb?féaisccaﬁﬁdprgcessed

IﬁLDapafaaiaéersﬂxszdtnmam ited, pein f eagetasd specinql several
g%?ri}f) ﬂ%gggt?g}}gtsé l%%g e&a?npslec%tfadgeapt §9§m8f Lf:l’%er@germOJ:e,
as already mentioned, the signals are split into several
spectral portions before being processed, such that
finally typically one ICC and ICLD parameter is
transmitted per frame and spectral portion of the signal.

The second advantage of using only one parameter 1is
physically motivated, since the transient signals in
question naturally have broad spectra. Therefore, to
account for the energy of the transient signals within the
single channels correctly, it is most appropriate to use
whitened spectra for the calculation of energy scaling

factors.

In a further embodiment of the present invention the
inventive concept of modifying the direct signal component
is only applied for a spectral portion of the signal above
a certain spectral limit in the presence of additional

residual signals. This is because residual signals
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physically notivated, since the transient signals in
guestion naturally have broad spectra. Therefore,

‘V%8@BGH{ O} or the energy of the transient S|gnaF§T@WFﬁWW”I”

the single channels correcth, it is nost appropriate
to use whitened spectra for the cal culation of energy
scaling factors . In a further enbodi nent of the

?ﬁ@ﬁ%ﬁkﬂ{W&ﬂﬁ|@ﬁstSWhﬁYQPEhgﬁaQP%QQ@ﬁ(ﬁ%fﬁﬁhﬁygﬂgquallty
e lrec Sl gnal _conpanen only plre or a
SEEHFRN A (%n T He i IChamged sg certain

spectral limt in the presence of additional residua

nal s. .This ji.,s because.residual signal sto r
o e EPHRE 8 bR HRERY S0 ROFIET e8! bloviae
mﬁﬂﬁndumiltwmmdraheandlgpaaha¢h@mnéh$y Sunﬂarrqsp@gt to the

dPV%r}tt' VSgE?{JS@ﬁEsUaléj\f @ﬂ?ﬂ tt%eprg;‘i‘o 2 tﬁ'ﬁhaggggm.ated

enpor al” “and respect e prior .
aritt hap prhsesch e & e chvdiatiasg tﬁ@emeé@lr@ms &dsleci anderwptaon 1is

té?%ﬁ%ﬂf%ggﬂqggsdegg%ﬁ%@mfhesfﬁﬁe'Q@%@nﬁhﬁ@léﬁe structure

transmtted to describe the fine tine envel ope

éﬁ?ucﬁ%ﬁ% of nER¥iARALyi dBARNREARnel 3And tHs a@lidww  fine
éMbﬁﬁﬁM%B%ﬁ#ﬁﬂ@tSHépﬁﬂ@gbﬁgﬁ?etbpmﬁﬂmdhdﬂhﬁ¥ﬁﬁlgnals at
nals a e .deco [ de. e ti.ve, net
T g edier B RE S M et vent nie ol E ROt AR {13 g1 this
fdduhmgﬁdconsid&ration$asedAppIausa li ke shgnal s cénllOW1ng

en a . Sonpose of single, distinct nearby claps
a]ﬁdmgl B85 eraﬁ’oloélnce originating fromvery dense

far-off claps. In a spatial audi o decoder, the best

t f

oosp AL A D SR FEPRR P At Aol
di r ectsigigrral cinastplrrmsgmmy alps rarshtd Vo g Hoidee

Si nce ihe didd lb?zelc%rgéﬂ?ind' USRS Sy MRy fd¥e-off claps.

anbi ence part of t signal, any processing on a fine
e In a spatial audio decoder, the best approximation of

the nearby claps in terms of temporal envelope is the
direct signal. Therefore, only the direct signal is

processed by the inventive method.

e Since the diffuse signal represents mainly the
ambience part of the signal, any processing on a fine
temporal resolution is likely to introduce distortion
and modulation artefacts (even though a certain
subjective enhancement of applause ‘crispness’ might
be achieved by such a technique). As a consequence to
these considerations, thus the diffuse signal is
untouched (i.e. not subjected to a fine time shaping)

by the inventive processing.

e Nevertheless the diffuse signal contributes to the
energy balance of the upmixed signal. The inventive
method accounts for this by calculating a modified
broadband scaling factor from the transmitted
information that is to be applied solely to the direct
signal part. This modified factor is chosen such that

the overall energy in a given time interval is the
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be achi eved by such a t echrli que) . As a consequence to
t hese conS|derat|ons thus the diffuse signal is
unt ouched (i.e. not subjected to a fine tine shaping)

by thesbﬁ%e%ﬁ%%%np%%%%%%hn%ounH%VQEt9?'%ﬁé B?Egghgﬁufgctor
signal .contributes to the enernépﬁa ance of

upni xe82§i GRER. aPﬁélﬁﬁvéﬁtPQéh odiaeebuang £be ehfuse

by cal gulrat oifg taenedighiagd 1br eadBandtseghing factor
fromthe transmtted information that is to be applied

sol ed yUsdnghehdi iecknsigrahmepabt, Bbss papiétedvéagtio

i h h.th h i ' i

|t orv Ao a A8 aRR A DR n CEaF PSi ROBORRAL ASTPFaFAGR OF the
ori gi nabataeflocukad ibeehoappl tedbtolbet h fbe itlhseahce ‘full
and t hgdijf,fi ugR- parEOOERgg§e Eggéhrbgtﬁ hSoENLELYREA)

Using the inventive ubj ective au
qual i t yntegsbtyi pEdthe tﬁéngpentSaconésonaduon dhet siegnal.

Spat'aﬁncﬁﬁis'%a%@os%ﬂetﬁreﬁoggﬁlmeEH?d'8§é§nﬁ§t ﬁg&éssarlly

bandwi dth' - to ensure preservation o
|ntegrFP?réﬁsﬁhéh?r8ﬁ§FéE?ssEéﬁ@Qinéﬁd?nlﬁﬁ@r@ﬁgh@m bitrate,

In thi siaasespbherpnopeseluiBbhodsd9gse NPt + PEGESSASL | Y
i ncrease the verag&HFEatlal side infornation bitrate,

since SPERPFAr FE&S BR-is safely traded for
tenporal resolution. The subjective quality

i nprovenent is achieved by anplifying or danping
(Thhapihgertive dnglpayt improhemsngnat avkeietédebpnl y

s DR B U LA 001
mﬁFB@aév@VGFnQl@@dpﬂlﬁnanddtéu@rt|on originating from
a

¢ Enhancing transient quality by strengthening the
direct signal part at the transient location, while
avoiding additional distortion originating from a

diffuse signal with inappropriate temporal envelope

¢ Improving spatial localisation by emphasizing the
direct part w.r.t. the diffuse part at the spatial
origin of a transient event and damping it relative to
the diffuse part at far-off panning positions.

Brief Description of the Drawings

Fig. 1 shows a block diagram of a multi-channel encoder
and a corresponding decoder;

Fig. 1b shows a schematic sketch of signal reconstruction

using decorrelated signals;

Fig. 2 shows an example for an inventive multi-channel

reconstructor;
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di ffuse signal with i nappropriate tenporal envelope

OV|ng spatial |ocalisation by enphasizing th

rt wr.t. the dlffgse part at the spﬁ?PEFﬂmwm”fﬂ

origin of a transient event'?and danping it relative to
the diffuse part at far-off panning positions. Brief
Description of the Drawings Fig. 1 shows a bl ock
diaggan1of a nuLti-channeI encoder and a correspondi ng
eco FL.g S C t Q08
?eQOngtruc%lon£u3|n é%%fr% %ﬁ%}gs?g%aﬁgloéﬁf% ¢ multi
shows an eahapnelfoecenstnueh@rVe mul ti - channe
reconstruct or;Fig. 3 shows a further exanple for an
i nventive nulti channel reconstructor; Fig. 4 shows an
Bxarplie foshpuPametal barRK¥EDFesentt® onsPgEedetsr  band

identify dké%?é§85t9@iéﬂ§teru@@ﬂdsﬁMtiﬂﬂ@éhtlfy different
mul ti - channe

decodi ng sc ows_.an e

for an i nvBAERDELRTI tq%ntﬂ?an‘f’ﬁe?hﬂ‘ecé‘dé?u GheB e ngnEeCOdmg
shows a bl gekefleagram detailing an exanple for an

i nventive nethod of reconstructing an output channe
Det ai | ed Description of the further enbodi ments Fi 1
ghgus 5an exhopke arorexamp hey 6brmairt | inhembive andils1-channel
data accor p r art, to nore clearl

iIIustrateg%ﬁg %?ob%é§1solved by the |nvent¥ve

concept. Generally, on an encoder side, an origina

Rl xechanggl,si gn hoEQ H%ab?@ﬂtdb@EQlﬁhé an example for an
nultl-channel encoder deriving side information 14
|ndlcatlnglﬂﬁén§95?|ameﬁh§ﬁrlBétléﬁCSPSFﬁécgéPgouén output
channel s oknkRgedki gi nal multi-channel signals with

respect to one another. Apart

Detailed Description of the further embodiments

Fig. 1 shows an example for coding of multi-channel audio
data according to prior art, to more clearly illustrate

the problem solved by the inventive concept.

Generally, on an encoder side, an original multi-channel
signal 10 is input into the multi-channel encoder 12,
deriving side information 14 indicating the spatial
distribution of the various channels of the original
multi-channel signals with respect to one another. Apart
from the generation of side information 14, a multi-
channel encoder 12 generates one or more sum signals 16,
being downmixed from the original multi-channel signal.
Famous configurations widely used are so-called 5-1-5 and
5-2-5 configurations. In 5-1-5 configuration the encoder
generates one single monophonic sum signal 16 from five
input channels and hence, a corresponding decoder 18 has
to generate five reconstructed channels of a reconstructed
multi-channel signal 20. In the 5-2-5 configuration, the
encoder generates two downmix channels from five input

channels, the first channel of the downmixed channels
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fromthe generation of side information 14, a nulti
channel encoder 12 generates one or nore sum Si

W‘ié‘mﬂé‘?lﬂb downni xed fromthe original nulti- Cﬁ%’?{ﬁgg(}%/omnz

signal . Fanobus conflguratldﬁs wi dely used are

so-called 5-1-5 and 5-2-5 configurations. In 5-1-5
configuration the encoder generates one single

noywidoni ¢  Roirdshgnaln fhorfatdrorf | o enpleftchandel ®raml right

hence, _.a correspondi hg dec 18.:h : fi
r%‘%%sf?ﬁgtéé ch%%%%?% 0 égg}ecoﬁgtfﬁ% éﬁﬁnﬁﬁﬂ&ﬁi thnnels
nub X d irdhaimd rrsd et @0.tHeh atfee5-2dee .confi gur ati on,

the encoder generates two downnmi x channels fromfive

i nput channel s, the first channel of the downm xed

&mspwﬁa@aﬁﬁysmiecﬁqrglhmrﬁﬁ@. Spaghad |E¥gtrikption of
Ofhé loirdlti ngiidecraghé he %ﬁ%pnda§h§ﬂﬂﬁ|eﬁémpm@ indicated in

downni xed channel s holdln in t|on on the of her

SFi: banphe RERARTr% H&W; HET A% C% and ICC.

di stribution of the original channels are, as for

e l e indic d_in_Fi 1 ,.the_previous

1 it chd haPEferars verptanghPcaRR YR REy kgt wbpggthe side

thafomathiamthe andle/ssampéesviafy the sirdginafloretetnmonls of
t al fi t gi an h :

e DTSR DO 1) aehenosh ocoly{ processea sn

ssibzamd doomé hss r eppeseant hyg aaspgepﬁ-ifa;Cf feggeapgy interval

IQEGEMQI i i %loré}*gé&ﬂgélé:haﬂn%ll glé Sﬁf&&lferfcr qi:'ﬁ@&fval is

interval 1sndicate |Cat|ons
i wp@%c%mnéb/s KrmyIfbeSPi“Ft @P@élwtéoWbr ithe | 1rRWE b&ﬁﬁnnels

fr &d her Processi ia € hyBA1Q) parianRirer aaRdsbKfeRE  the
urt her suhdi vide each "subdi vi si on denot ed

th_k
P?‘Bﬁ?ﬁ%%%rel ‘€he prtePaLAgRL hBaRdfpiie Pavy ¢ "firther
degisd i i dgd Ane ot géuted i ehwimel derst etbnei i la.
frame-w se manner within each single paraneter band,
i.e. several consecutive sanples forma frame of
frurteeduonej on.tliEhe BCOcessamgt er sfnenth®nedaaipdee values

té(é’é&?lwnge%%”@&@iééd'CBBRHEL is done in a frame-wise
manner within each single parameter band, i.e. several
consecutive samples form a frame of finite duration. The
BCC parameters mentioned above typically describe a full

frame.

A parameter in some way related to the present invention
and already known in the art is the ICLD parameter,
describing the energy contained within a signal frame of a
channel with respect to the corresponding frames of other

channels of the original multi-channel or signal.

Commonly, the generation of additional channels to derive
a reconstruction of a multi-channel signal from one
transmitted sum signal only is achieved with the help of
decorrelated signals, being derived from the sum signal
using decorrelators or reverberators. For a typical
application, the discrete sample frequency may be 44.100
kH, such that a single sample represents an interval of
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A paraneter in sone way related to the present
i nvention and already known in the art is the

| CLD
WRAHR8E, describing the energy contained wi PhI/RPH06/004732

signal frame of a channel Wt h respect to the

correspondi ng frames of other channels of the original

mul ti-channel or signal. Commonly, the generation of
aiddinlﬂeon]aéng:tharmﬁl sboot dérDeema rodfcanstonigimml ofhannel. It

| anne naI te al :
B €L el S SO 0L o sl el sorse
S‘lfglml sumbepng d@wm@bl fpmmsnheesgm steprgsenting a finite
qﬁﬁ%{ &laf ofﬁt fvéfv‘érfbed}?é 05?1%5.: L1a ghiypiaqal T% compensate

cation, e di screte sanpl e frequency ma
1] 0GR kmow&iet hathcx eqisgg| énsaﬁ’}é‘lrémﬁéﬁlréseﬁ?§c§hblng the

idHaneal, 0£ﬁé”hﬁ%&‘¥§ﬁ3&&ﬁuﬁb°ﬂ§ Qd@&dﬁi%ﬁdéﬁkeased such
ori al naI channe It ma|¥|lbe not ed that, us

in
e NditGnal Rt pEile| MY tiier SBECEHY ﬁgﬁ%l &Dﬁar&l gsingle
Q&ﬁﬁﬂkﬁpﬁ@ﬁﬁﬂhl@QTﬁuIt@itﬁaﬁkeQ¥ﬂmﬁMlIm&yrgﬁbr@bsbhaxD more
ari gi n nal.. To conpensate 0SS] i ncr eas
bt nde el el AR e 18 el ARy ot &R F0 and

r]e‘sodlsml on is normally decreased, such that a finite

length tinme portion described by a single sanple

within a filter bank domain may i ncrease to nore than

M iming Ty cdgcdreadatehgetomay nay ynpkewssn 26 dadferent

]fl 595%1% DRk iR @ nge Segpif eld%tl%@ss' QPalcdﬁﬂﬁ’lr{%eodésethereof

erent fi ter structures and/or del ays, or
COHBIGHRE | dABithBEedther BRERE 195 £hAg Jtrh‘éerétc]dﬁb of tt Hery be

'fﬁ%ﬂﬁééﬁbrétn@?édbEhEHthQ”ﬁEdédﬁgﬁﬁijfﬁﬁenﬁhole spectrum
necessarily the whol e spectrum has to be

deas vEor rp—)edé‘éSF‘r et 8§T4VGnatae §8F°é%§ﬂﬁ%§g o?ﬁ‘%flals For
Sél&ﬁﬁ;fpé pPehiliyonspaborel a Iﬁmﬁldrfd b@wra baurgbectral lower

cE)}mﬁlifl C V%| (i of }S[% of th F‘domrrrllgl ownmix
) (FRGCHELGs TP d8F| rrS('ié1 At Bt Ynd

usigrp el apy dvel/ arseld | ter sde_mmlaecbheelﬁmh:mlgmﬁtd 81gnals
%ﬁrﬁi@%ﬁgvsy ﬂ'?c?fcgf b%ﬁl%e%'sgna?k gi%ﬁ:'o‘f%@lfarc%@_tg]fgnal thus
generally describes a signal derived from the downmix
signal (downmix channel) such that a correlation
coefficient, when derived using the decorrelated signal
and the downmix channel significantly deviates from unity,

for example by 0.2.

Fig. 1lb gives an extremely simplified example of the down-
mix and reconstruction process during multi-channel audio
coding to explain the great benefit of the inventive
concept of scaling only the direct signal component during
reconstruction of a channel of a multi-channel signal. For
the following description, some simplifications are
assumed. The first simplification is that the down-mix of a
left and a right channel is a simple addition of the
amplitudes within the channels. The second strong
simplification is, that the correlation is assumed to be a

simple delay of the whole signal.



10

15

20

25

30

35

si gnal (downm x channel) such that a correlation
coefficient, when derived using the decorrel ated

WQRMRAIIRhG t he downmi x channel significantly BeVEEII8g004732

fromunity, for exanple by 19, 2. Fig. Ib gives an
extrenely sinplified exanple of the downm x and
reconstruction process during multi-channel audio

cogi &g tl@e@épbgbﬁmbhﬁfﬁétﬁab g@aﬁ@t bofa tlreeftl BiRiHiele 21a and
conce cali.n n e direc conponent
o ERBhE SenrERene 2aBn el b et odt a0 kel APBaRgRRg) on the
skgm?i? Gbrth@esﬁ@WﬁOMim@om@scimrmulﬂu -&mamnel audio coding,
ificatiaons are ssune Th [ | .0
PENT Rt SS SHoRh- b x PR e]Tyt § B %eah%chfﬁ%g‘éﬁ%i ralues,
asammm@ \addmtaoﬁlmdtmiakmlfltwe&nWt Hl"hnls tehall, for ease
chan econd I at
CRE"88papaREoner B AT AoGPaLLOR i, M eollouing
whlod et sPgakrYnder t hese assunptlons, a frane of a

| eft channel 2l1a and a right channel 21b shall "be
encoded. A s indicated on the x-axis of the shown

WRdRWES ARy RePEIoRAANN? HRRII RIS I98ve HriftidsAn right
lé?éfilﬁképaiéylc@rﬁ}?i@écﬁfedd@xﬁh%ﬁhﬂ%@ vahwfsa @@thm% WiHdhnel 22
a | Xe S e equenc or eas (0]

Srras o e FEARRBILbee koot cietRieRa Byl i ipcoder
shibdé, suamardecoAredlateady siegdlorzyl, D& t Herémedderfrom the
Sj . ] ef right I

(gféa%a@rﬁ‘nléﬁ%%l AIEChIY AT I CHDLRCHs the gum of the
tl«aﬁ‘sm’:}namﬂel 021 heandcoerrignt t¢leanteebddlb smjethJas example.

§°r£f£é‘£ﬁgnne{3§% KQ’V\%' s deLiv &éﬁé’@%éé‘&h&{ ark?f“ Rl 1eft

mn mXx C chi1s t e sumo
chhameel 21 Amen Rerfomed heror| S2anain ftrﬁm§8e>@eﬂ¥ﬁw@d from

A Be 8h6RR0N RXBhahReD, 22 Nend e Sdd ¢k STh 1044 tdiggrl£ff 123,

channel is then performed from signal frames derived
fromthe down-m x channel 22 and the decorrel ated
signalay23pbe | thotRyd behaot edchhasiegld giraglke s ammdetgoing a

ugggégflgga?ing before the combination, as indicated by the
ICLD parameter, which relates the energies within the
individual frames of single channels to the energy of the
corresponding frames of the other channels of a multi-

channel signal.

As it is assumed in the present example, that equal
energies are contained within the frame of the left
channel 2la and the frame of the right channel 21b, the
transmitted down-mix channel 22 and the decorrelated
signal 23 are scaled by roughly the factor of 0.5 before
the combination. That is, when up-mixing is equally simple
as down-mixing, i.e. summing up the two signals, the
reconstruction of the original left channel 2la is the sum
of the scaled down-mix channel 24a and the scaled
decorrelated signal 24b.

Because of the summation for transmission and the scaling

due to the ICLD parameter, the signal to background ratio
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gl obal scaling before the conbination, as indicated by
the | CLD paraneter, which relates the energies within

WQRWIHHEPYI dual frames of single channels to tHel/BRUPg Y4732

of the correspondi ng framed®of the other channels of a
mul ti channel signal. A s it is assunmed in the present
exanpl e, that equal energies are contained within the

f f . I
Aol ehigr ol IA0aE) IR, R LA oyl B resyor of
a:mdlqhie/ c?ecd?w@fmr@wrsa,gnwerQ@mpelyS@aidelmqo;theom yignals,

theaﬁagéeit95n915egﬁgo&% Q1§°§Pt89§é9nwoﬁmétbbsuntroduced

when up-m xing is equ i mpl e down- m1 xi ng,

A Ry ags@héow@fsutéw/al%elqmd r*é’é%%%‘?%‘étﬁ*éﬁ‘l@?ufﬁeln the

ydAidaldd &frirohannels i1l 940e sum of the scal ed
down- m x channel 24a and the scal ed decorrel at ed

signal 24b. Because of the summation for transm ssion
and 1heissedd ngndwagt 0 Ide pEldx par_ranaixares tth@ s'vgaabme the

t o .back rati oof the tr sient
R S Ay O Sodiifid 3, s idlRe o O ¢ poaled
ﬁeuﬁqmeﬂhhm@ $hgnahn2$bgmm:makeamta@@dndnﬁﬁeeehmelope of

type gt ef u at_th Lt i.an
Ul
déé&ﬁﬁbldh@d3%|ghal prpme A34h ndi BaeedtPn Ehg. Bgaling, the

@H fléﬁ&etéﬁeéhé0p8¥§££8HEoEh%h80%91§&9€h6@9£5s1ent signal
i ng the anmplitude of the scal ed decorrel ated

s%rgnahembef*é flleanal fdechmalie kéhvdnsgeasedt hellQeayes, the

tynsdnd it e@oﬁ@%@ﬁ%ho%aofaStH@dld‘e%‘oQQLemétfe@e g@ hed at the

Ilnes |n fr ne 24b. ﬁu tpo the scaé . gg % %

ROTHTSHost 4 | KA oFCRAENGr 1Bi AERTEr AAT Lt fgﬁaﬁn fom the

td’tﬁedtﬂfatl ciwmpﬁisﬁl@nrrayafbethecr@ﬁsgﬂnalrlovas/a&rsléd’te signal.
ectr conp05| n of f%g?decorrelated

al ,at .the
Sy TR, rtefertsor 5557 ShsRbRlReAr AhDS  the
tshiegrslectevadn cdnpogi ttiten gendrted dmitggnslt yt resndibentsignal may

Sc;eg nraéproduced well.

The great advantage of the present invention is that the
present invention does only scale a direct signal component
of reconstructed. As this channel does have a signal
component corresponding to the original transient signal
having the right spectral composition and the right timing,
scaling only the down-mix channel will yield a
reconstructed signal reconstructing the original transient
event with high accuracy. This 1is the case since only
signal parts are emphasized by the scaling that have the

same spectral composition as the original transient signal.

Fig. 2 shows a block diagram of a example of an inventive
multi-channel reconstructor, to detail the principal of

the inventive concept.

Fig. 2 shows a multi-channel reconstructor 30, having a
generator 32, a direct signal modifier and a combiner 36.

The generator 32 receives a downmix channel 38 downmixed
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Therefore, audible artefacts are introduced into the

signal , even though the general intensity of
wa i

t he

fthy be reproduced well. The great advaRtH§B204$/004732
the present invention is t Hat the present invention
does only scale a direct signal conponent of
reconstructed. A s this channel does have a signa
clonmponent ptoraésppndd g ardgtim@lor chanaelsr aarsd e@t parameter
Srlegﬂ:aésé}?cva{ﬂ%ﬁ het1d' th}‘ltc]%%e.L‘h:?r al; nGFRASH Lo oANd st Neemporal
right timng, scaling only the down-m x channel w ||
vitatur i pee coh sy vt deti nsd lgriidlannedonst ruct i ng t he
original transient event with high accuracy. This is
t he case since onl arts are enphasi zed b %Ee

si gnal
S [FRPATAOT RN Fet Sant AHERET aPL BRAhOSPTRORCRL §heand a
ofi ofiued 4Tl erdmsdrgiel .4 Fihsed Fowhea dadwotki x channel.
di agram of a exanple of an inventive multi-channe
reconstructor, to detail the principal of the
iTheendivectonatgpal fibdif2eshOs reomilviels glmrwel’l the direct

rec tr Vi g g r j

FERIFE SRR, L300, g SPERLOT o 0t UhiBthane 14 ans
risteiadield td odowhht x pEvanRsie 38 repuRAeRédtiom 240 having the
Pl Ad i o5 gipal ¢ pels apghérPREaNBELr the original

representation 40 1 ncluding information on a tenporal
sthapek e dECaEIdPPgi Hal tBRarfkdsethelg¥RBEAPRy the direct

aenpiat esmeqdriest sugnalbdagireneni4? akk a difésse signal
si gnal conpggent,44 based on the downm x channel. The .
FIRINTgndf REAPEI ENBPIERG T PRIt Wi r bt derive
Sd oned i i adiernd c 4 2s iagnd hecahigdneser sig@nal conponent 44

and in addition the paranmeter representation 40 having

the information on a tenporal structure of the

Orhgi nabichadnelireigrosiignglt canpenendgseht iandertheondiffuse
theodlf eebnabinal TR TiRlcid 130didd e810kYg! BY HieChirect
si'ghal_ conponent 42 Usi ng fhe paraneter representation
tolgetl veodifbarf i¥d directnpugnaintconpbhegompgner 36 that

combines the modified direct signal component 46 and the
diffuse signal component 44 to obtain a reconstructed

output channel 50.

By only modifying the direct signal component 42 derived
from the transmitted downmix channel 38 without
reverberation (decorrelation), it is possible to
reconstruct a time envelope for the reconstructed output
channel matching closely a time envelope of the underlying
original channel without introducing additional artefacts

and audible distortions, as in prior art techniques.

As will be discussed in more detail in the description of
Fig. 3, the inventive envelope shaping restores the broad
band envelope of the synthesized output signal. It
comprises a modified upmix procedure, followed by envelope
flattening and reshaping of the direct signal portion of
each output channel. For reshaping, parametric broad band

envelope side information contained in the bit stream of
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The nodified direct signal conponent 46 and the
di ffuse signal conponent 44, which is not altered b

WOQRWdiM_Et signal nodifier 34, are input intoP¢HEP2006/004732

conbi ner 36 that conbines tfe nodified direct si gna
conmponent 46 and the diffuse signal conponent 44 to

obtain a reconstructed out put channel 50. By only

nodh f yipeganteec edi 1 ectersiegrealt acdmponents 42udedi.vedThiem side

tfﬁ%é r8§t8€399¥@g]Xa%%%@ﬁ%hgsaxynBﬂgu%qaodiment of the

rever eration ecorrel ation) 0SSl
mmﬁﬂﬁnULuxn%ﬁmthﬁlenv@iop§a¢b®sthéGFQB@ﬁSP}ucF@éatlng the

unda[e}ﬁmlcg@émeldém‘fnﬁm ng icresely %nt\z'e'I%tp%nV%loOp%h@f bPeginal

ying original channel w thout introducing
detuh odlardretlef #40824nd aBAVBLePE: stbh titdis, dkgoder, gain

P d o3 ta k& Ol OHES - ff@mWtﬁés@er§t§6§3§6dbénaﬁplged to the
detail in the_ descript on of , the nventi

Ve Jpe SEARBL NPT eSB6 e S SEBEd Yand op8 ofa given
tdlet@ymtblﬁe@mz@ﬂ omheutimfgeal soundc gt ises @f nedchi etdlannel

d f ol b I fI
Bl i o (e ol v e o R oot

channel For reshapi ng, paranetric broad band envel ope

paraH%{gfg{?géc%h5§ﬁ%£%H@d fntﬁgepgégeﬁ£r239Eﬁ£EBﬁ shown in

Fepresentation i s used IS Si
i tor metliosk codbigram acedor dFhg- t o onelénbai nBwd tdf-channel

tf@c&{se@ﬁm;tdf‘v%@t | 98ai Pled att'oosffﬁm’i%'"t tak rcféc%dé’kﬂ signal

the transn1tted omnn1x signal's envelope to the
of byt e 3 AERAG cHRAn L A'fRie% envel ope. In the

decoder, gain factors are derived fromthese ratios to

U8, GPRLLE-LRthe iyl s gnalo oncgach L o oL LR racor
pez t ifwr obedachtihgnnel direwt alilgersdd aompodeny t&4 and a
echentiupasnsshlonIE RETGEIRY SOBLIRLL Qg oo
|GEEuvedtbychanmmix:ngoasplucabltﬁOoﬁDdrﬁgédaﬁoChannE&S and
th 8§§8H8Ee§igQ%5resentation 70 having information on
spatial properties of original channels of the multi-
channel signal, as used within MPEG coding. The multi-
channel reconstructor 60 further comprises a direct signal
modifier 68, receiving the direct signal component 64, the
diffuse signal component 66, the downmix signal 69 and

additional envelope side information 72 as input.

The direct signal modifier provides at its modifier output
73 the modified direct signal component, modified as

described in more detail below.

The combiner 74 receives the modified direct signal
component and the diffuse signal component to obtain the

reconstructed output channel 76.

As shown in the Figure, the present invention may be
easily implemented in already existing multi-channel

environments. General application of the inventive concept
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flow of a MPEG spatial decoder. The nulti-channel
reconstructor 60 conprises a generator 62 for

WQeHer i Phg a direct signal conponent 64 and aP@l/EPH8e004732

si gnal conponent 66 using d°downni x channel 68 derived
by downm xing a plurality of original channels and a
paraneter representation 70 having information on

spathd  puepent i@Hioly asdiginnal cehpangks sofi tidhedmdrt i and off
channel, si gnal , as used vvith'tn MPEG ogli. ng. Ihe gulti tted
et 11 %BconSt rexPor BBTPUFEREP cOABFri8Ea4lyi( sgpnsmitte
si grtad n nodinki erpHmeteeei viong t hetxdarect &ognalexample, an

g&’&ﬁ’f’@%ﬁﬁ* lt%g ?ﬁgg&ég)‘;}ﬁp%ab&%rm%%%ﬁtd .Ggg tl_:i]ﬁtroduced,

ownmi X~ Signa envel opé si ' .
iwii brhmatindd c22eas iwipen . sEiie Wi r éct w3agml ofpdilfe einventive

PLSYL Al jdSuymdifier output 73 the nodified direct
si gnal” conmponent, nodified as described in nore detai

b_eI ow. The conbi ner 74 rec_ei ves th_e nodi fi ed direct
sr@hahe SRORONENin andagheighé f uselsygnabutanppaent nt@oduced,

obtai n_the reconstructed output chapne] 76. shown

i P Frel Y Rr SRt he 7 £Eent e nUeRt i 9 ﬁ%ﬁ BBP§§§PF§°H of the
i pvenened icdnalepeadyoexi st i nghantél - chgnnethannel basis.
envi ropnents. Gener,al .a ication of the inventive
cﬁ%%%%f%f?hiﬁ”%u@ﬁdét&Sgghg g%ﬂ%ngwgbupg b S t CHed e for
oex anpll ©f bsEnvShdpefhaonedne Tarantlegs adwiitliapdal | for each

t i,thi n+ he a rbif. a or
e&‘gﬁ%ﬁ&%ﬂ \é%c]{dgl}irlpaolrfal "%I%';gQgéﬁenggﬁégééﬁaﬁ%gcouuﬁed t())éf the
i nveautee, comcedpt i ndieatset Wheh. set to 1 , usage of
the inventive concept is required. Furthernore, an
additional flag could be introduced, specifying .
spechey cApryhereoreeBeonotRe SpplLi £ti 6ASEF Ofheresentation,

i_l_ﬁf«{ﬂ?% bve;vxa)r@%nfp @olﬁb? aeétbangﬁ@nr&dsd&asﬁa dirfl Fig. 3.
rerore, an adaltl ona ag na)\ e . use call e r
ngnﬂoélrﬁﬁnv%%pk?@?m.lﬂ%?%t%/?%g,lsav%ﬂaﬁpéef’&e% to be

eathited to a two channel configuration only. Moreover, any
channel configuration may be used in connection with the
inventive concept. For example, five or seven input
channels may be used in connection with the inventive

advanced envelope shaping.

When the inventive concept is applied within an MPEG
coding scheme, as indicated in Fig. 3, and the application
of the inventive <concept is signaled by setting
bsTempShapeEnable equal to 1, direct and diffuse signal
components are synthesized separately by generator 62
using a modified post-mixing in the hybrid subband domain

according to the following formula:
Yira =M™Wi, 0<k<K
Yk =MWt 0<k<K

Here and in the following paragraphs, vector wyx describes

the vector of n hybrid subband parameters for the k’th
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i ndi vi dual channel, may then indicate the use of the
i nventive concept, when set to 1 . It may furthernor

W@'diYl that for ease of presentation, only ECT@ﬁﬂmwm”In

channel configuration is délcribed in Fig. 3. O
course, the present invention is not intended to be
limted to a two channel configuration only. Moreover,

%b%]ﬂ&‘engk %RQ”&;%%%HGO’I%&W%UPG Réeq 'dlcf%%@le%ry Xhe above

I nventi ve conce or exa Ive Oor seve
iafpiat idannel is anty @éldJs@dflfNS@onﬁegﬂlaén RBTAMERELS y are

| entd e pdwaneed qenvel ape sBaRiRIngWIeihd N@irect outputs
inventive ‘concept is applied within an MPEG codi ng

NHe¢hethasdipBFfEafd@npR [OFPORENty /NG Hehappt§ EAEdbnsignal,
Qihit&}ﬁ idvendi r@aPOﬂQ@ptmé§ §égaaa@albuaﬁgpt¢f>ﬁgsent in MPEG

Sl Shaﬁd,gﬁ%ﬁ%s S B el L% EBparatatiyenysanal only.

gersyadiorg 62 ushdagimvemtl ¢ edopospt M ambhyg thetliérect signal

A JATUD IR0 0 L B enverove

paregmirap hisshey eigtvm tvirmd erdesladebeshagheglect or of n

hybri d subband paraneters for the k'thsubband of the
subband domain. As indicated by the above equati on,

direect eavelgioef usehapgnal ppra@eser s kY sepainat eeyvelope

‘3%ﬂﬂ§3&16htBEeHQB&&hngnlT@?fﬁéf@ﬁﬁ QYLRYLS . h%ﬂ%tgﬁvelopes
di rect signal conponent and the_residual sign whi ch

iSXEragtohl tERCHBS bed hHRE t i BhaFEy ﬁ%%@b‘ﬁt @hrﬁP'EG signal
Q’&Qilnﬂlelu féwselgut a@ts&rab@w dent heridHeayse @é@hﬁi in the
Accor di n h e i nvegt ive concep onl & £
e nar ahBhEnd Sthpt s pr Goebalirh, fpp pefore
gap;d]ad:aam/cﬁ{ opé sth&pl mgvéhheven\amdlﬁaa:aamcei ope the direct

anlg)Com Tohee etnvel ope shaping process enploys an

r? ope e raction operation on different signals.
The envel opes extraction process taking place within

(ﬂgegﬁr§539mnentioned, within the hybrid subband domain,
subbands are denoted k. Several subbands k may also be

organized in parameter bands k.

The association of subbands to parameter bands underlying
the embodiment of the present invention discussed below,
is given in the tabular of Fig. 4.

First, for each slot in a frame, the energies E;, of certain

parameter bands xare calculated with ™ being a hybrid

subband input signal.
Ef =Yy M) k={k|R(k) =K} VK0 <K<K,
k

with x,__ =10 and «_ =18

start stop



nDdifier 68 is described in further detail in the
ol | owi ng paragraphs as this is a mandatory s

\N%gwgpgng plication of the inventive nDdIflcat?%ﬁEP%mmeIn
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the direct signal conponentz1 As al ready nenti oned,
within the hybrid subband domai n, subbands are denoted
k . Several subbands k may also be organized in

p%ﬁ@”@&ﬁﬁag %‘S é‘ffo ngg, dgfttﬂ%?@gs £b%ne

par anet er s un yl ng t
ppé§élﬁﬁt¢ﬁv}éﬁﬂ@oﬁ aﬂ%a:rlsﬂslg@d t@elT@\nla &.dgi-ven in the
tabular of Fig. 4 . First, for each slot in a frane,

ge energlgayE oi certaln garaneter ban szﬁAare h
FREFIFEDACW t h2y*ORIBEFHY FRYHY i 4V Stdbantei Hyuteac
Spghahetér” bahd~ié tafckidkdd (k3 ] 51011 K Kislop with
star, =0 and K =18The summati on includes all k being

attributed to one par aneter band tc according to Table
A. 1. Subsequently, a long-term energy average Esl ol

far & RAngh e dyys calculated as ) (I--) )+a (
-1y Wgﬁ% ""W% & qn 14100 10 Wth a being a

m@uggbgng_ﬁﬁgéi} corresponding to a first order HR
| owpass Q.appiek. 400 ms tine constant) and n is

denoting the tinme slot index. The snoot hed total
average 15 (broadband) energy Etolal is calculated to
be

With a being a weighting factor corresponding to a first
order IIR lowpass (approx. 400 ms time constant) and n is

denoting the time slot index. The smoothed total average
(broadband) energy E,, is calculated to be

mtal (n) (1 a) total (n) + a total (n - 1)

with

Etaral (n) z :Ial (n)

+1

stop K=Ky

a=ex (-6—4]
Pl 704-42100

As can be seen from the above formulas, the temporal
envelope is smoothed before the gain factors are derived
from the smoothed representation of the channels. Smoothing
generally means deriving a smoothed representation from an

original channel having decreased gradients.

As can be seen from the above formulas, the subsequently
described whitening operation is based on temporally
smoothed total energy estimates and smoothed energy
estimates in the subbands, thus ensuring greater stability

of the final envelope estimates.
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"= (i -) ()+,,_- 1) with As can be seen from
bove fornulas the tenporal envel ope is snoot

‘V%%ﬁgpgnPhe gain factors arﬁéderlved fromthe gqggpﬂggmmrn

representati on of the chan Snmoot hi ng 25 generally
means deriving a snoot hed representation from an

ori gi nal channel having decreased gradients. A s can
Eeeseemlbroﬁlthesab@verg@eﬁuuasdetﬁémsneeeaeeﬁbt?ln welghts

§%§cr|g g@lge@ R ARBEAbLERakSoRased on tenporal ly

snDo tota energy estinmates and snoot hed energy
estimates in the subbands, thus ensuring greater
st?bllluy,mﬁ)the final envelope estimates. The ratio o
xepsrgies is determned to obtain weights for a
lot + H H .
spectra itening operation: The broadband envel ope
estimate is obtained by summtion o f the meighted

but fhh b '
AR Ry Sra A BBy A0 B3¢ BRGcArcP kAT oR oot PRAnSEion of
shear eneng;lhtamv( c)onﬂ;rEbmAhs@ls) e { ):hw t hp&Eramefsy( n) bands,

g%%ﬁ%l}5&554_ %)lgngltglﬁnﬁgh qf ? é@ and) c84chilation

odr téspsutiang K@Oé first order H R Iowpass (approx. 40
ms time constant) . Spectrally whitened energy or
anpl i tude neasures are used as the basis for the

cal cul ation of the scaling factors. A s can be seen

féo?Bth makb(® formul as, spectrally whitening
Ehv(n)

with
Ksiop

EmvAbs(n)= Y, w(n)- E5y(n)

K=K yan

Env(n) = (1- B) EnvAbs(n)+ BEnv(n-1)

ﬂ—ex __6:4__)
P\ 70.04-44100

f is a weighting factor corresponding to a first order

IIR lowpass (approx. 40 ms time constant).

Spectrally whitened energy or amplitude measures are used
as the basis for the calculation of the scaling factors. As
can be seen from the above formulas, spectrally whitening
means altering the spectrum such, that the same energy or
mean amplitude is contained within each spectral band of
the representation of the audio channels. This is most
advantageous since the transient signals in question have
very broad spectra such that it is necessary to use full
information on the. whole available spectrum for the
calculation of the gain factors to not suppress the
transient signals with respect to other non-transient

signals. In other words, spectrally whitened signals are



neans altering the spectrum such, that the sane energy
mean anplitude is contained within each spectr
W‘Bé‘w&/lbqlmc he representation ?f the audio chann%?yEPW?/go‘mz
i s nost advant ageous since“he transient signals in
qguestion have very broad spectra such that it is
necessary to use full information on the . whole
ay@i;hablset&eectrfaim f@gspfcbbem:aa&@w at§oal Ofentelﬁgyga_irn different
act o suppress_the transient signals, with
¢ B85 Rl coBRHar ShOREe T arer et P R ESS e Bt
words, spectrally mhltened signal s areS|gnaIs t hat
h i.nat e g [ {eshec [
p2iSs TR HYrgturs BRI Oddl alele| Sl e SOETHRE airect
5 dbigoealsicgnabngodi.f ifer aﬁ:rcha‘d}esmemtelmece,ctpsogﬁaislng may be
CoEpEPEAt e qA $oAl T T a0ed, si
restr?cteg t o some subba 4 ce€§§%§$§|ngga99% g with a
sERAFEARYI ddelex i niphdhsr eBEpgenet fanthpnglitted residual

r §§!;§H§E si gﬁ@f@hefﬂé%@er MO £ocdd SORP S| r}&away génerally be
gener al é be restricted to subband indices above a

t ﬁ?%EHbF efdnBexSuRhaneniRE bpes shRpY i p‘ffb%%%}éo%%njs‘i‘%%’é

10 of a flattenlng of the direct sound envelope for each

0 ut ch nneI follomed b reshapln

CEb e e AT | BENPRSE, ROBRAtT (Eve Hdagening of

appélddreottBeuﬁdr@mWeib@emfdﬁ &Eﬂﬂ]dnﬂ GﬁEﬁﬁEﬂ féllowed

bsEnyS SsLg

t%g éigggR%B ko&aka hé g?%éggseﬁ%efgﬁ ﬁPﬁ?@ eé&ﬁts in a

cgaiainnnVnrl@esuw sabbahdd Konkhe kdireat prsdgmade of each

15 {paBSOL! LRnhES! dHabsthISRbpeckabde FIESED L0gRRIdd for this
bove the highest residual band i1nvolved in the upm x

ﬁh@ﬁéeéhaﬂnehelﬁlééeevf@hmatb@HS 1-5 configuration

the target envelope is obtained by estimating the

envelo e of the transn1tted downm x Env , as descr.i bed

i kD ?h@rﬁ%é%ﬁg $8ctPBR, TAhdCSTtREyURRT{d sub-subbands k
only:

20

k>17

In presence of transmitted residual signals, & 1is chosen
to start above the highest residual band involved in the

25 upmix of the channel in question.

For 5-1-5 configuration the target envelope is obtained by
estimating the envelope of the transmitted downmix Env, ,
as described in the previous section, and subsequently

30 scaling it with encoder transmitted and re-quantized
envelope ratios envRatio, . '

Then, a gain curve g,(n) for all slots in a frame is
calculated for each output channel by estimating its
35 envelope Env, and relate it to the target envelope.
Finally, this gain curve is converted into an effective
gain curve for solely scaling the direct part of the

upmixed channel:
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scaling it with encoder transmtted and re-quanti zed
envel ope ratios envRatioch . Then, a gain curve ch

WO ROTHEHOL| | slots in a frame is cal cul ated f oPCEHEBHV6/004732

out put channel by estimatifg its envel ope Envch and

relate it to the target envelope. Finally, this gain
curve is converted into an effective gain curve for

solely scaling the direct part of the upm xed

h . rati,och =ni 0. 25, gnch +anpRati och
AT PR S o2 B PR R e Mo () & ()

= : Envch () anpRatio ch {) For 5-2-5 configuration
the target envelope for L and Ls is derived fromthe
Waft channel transmitted downmi x signal's envel ope
EnvDnxL , for R and Rs the right channel transmtted
downm %, @RNE(PPEnb S (Hsed EnvDnxR . The center channel

i&(ﬂ)eﬁ—ved—grm'{rt‘he—s-um of left and right transmtted
n\[c,, n)

downm x si ghal”'s’ envel opes. The gain curve is

cal cul at ed f§r:|ykf‘%ﬂ out put channel byestimating its
empRanfEnERyd--———and relate it to the target

envel ope. IE'aﬁ';;,s,edbﬁd step this gain curve is
converted irfto an effective gain curve for solely
sbg{ig €. ReRgi rect part of the upnixed channel :
ratioch (n) =mn (4, max (0.25, gch +anpRatio ch (")
(gch - 1))) withRs) e Raao n) .E BnL (n) t Envch {n)
Envch () f _ envRatioch (") 0.5 {EnvDnxL (w) + EnvDnxR

) S—éaﬁ”gbﬂfpguration the target envelope for L and Ls is

derived from the left channel transmitted downmix signal’s
envelope Env,,,, for R and Rs the right channel transmitted

downmix envelope 1is wused Env,,,. The center channel 1is

derived from the sum of left and right'tfansmitted downmix

signal’s envelopes.

The gain curve is calculated for each output channel by
estimating its envelope Em*™¢* and relate it to the

target envelope. In a second step this gain curve is
converted into an effective gain curve for solely scaling

the direct part of the upmixed channel:

ratio,, (n) = min (4,max (0.25, g, + ampRatio,(n)- (g, — 1)))

with
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For all channels, the envel ope adjustnent gain curve
lied if bsEnvShapeChannel =l . y c rec, §ﬂ% =
), ch {L, Ls,GRRs CHEBY06/004732
the direct signal is sinply>copied Finally, the
nodi fied direct signal conponent of each individua
channel has to be conbined with the diffuse signa
component ofzgpgkﬁgrresponding i ndi vi dual channe

L DRdpiot he=hy FdSubb nds deprei g gaccording to the
¥%+56€fﬁgﬁqu é&Qﬂ%EASgcaL be segﬁFfron1the above

par agraphs, the inventive concept teaches inproving
t he, pereehtionln) oiwal,i () and @pgt}i al distribution of
aﬁpf use- 11 kgnsggnal s rna sp Vi al audi o decoder. The

enhanc%%ﬁ&%oin_ =GO ,bished by deriving gain factors
Mfg;htn)éi-ne—ér@m&'lggr-al cle ghydklarity to scale the

di rect part‘%WM?ﬁe spatial upm x signal only. These
gai n f asiratis, @) @.5Emiy o) €8egnL@al |y fromtransmitted
sBd&) Fnformation ??g(bgvel or energy urements of
the direct and diffuse signal in the encoder.As the
above exanpl e particularly describes the cal cul ation
based on anplitude neasurenents, it should be noted

t ] |ve h ' t ' Q. thi :
et conf ORI LY i B Tor e R e i e 10
nepsli edenf sbsEnviheapeChapnel+ks suitable to describe
a tenporal envel ope of a signal. The above exanpl e
descri bes the calculation for 5-1-5 and 5-2-5 channe
configurations. Naturally, the above outlined

P gl () € racel) @) b, Apph) edh afBJIsgOUBRY} for e.g. 7-2-7
and”7-5-7 channel configurations. Fig. 5 shows an

exanpl e of an inventive multj-channel audi o decoder
16b6ser bR J1 FECh LI x1 T haHMREY 192PIRG i ved

j):h,direcl (n) = y:h,direcl (n)’ Ch € {Ls LS, Ca Ra RS}

Finally, the modified direct signal component of each
individual- channel has to be combined with the diffuse
signal component of the corresponding individual channel
within the hybrid subband domain according to the

following equation:

y:l;k = j’):lfdirect +y:lfdiﬁiue’ Ch € {L’ LS9C’R3RS}

As can be seen from the above paragraphs, the inventive
concept teaches improving the perceptual quality and
spatial distribution of applause-like signals in a spatial
audio decoder. The enhancement is accomplished by deriving
gain factors with fine scale temporal granularity to scale
the direct part of the spatial upmix signal only. These
gain factors are derived essentially from transmitted side
information and level or energy measurements of the direct

and diffuse signal in the encoder.
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by downm xing a plurality of channels of one origina
mul ti-channel signal and a paraneter representati

‘VQG%”PH@Phdlng i nformation gn a tenporal struc?ﬁP@P%PWNMI”

the original channels (Iefﬁ front, right front, left
rear and right rear) of the orlglnal nulti-channe
signal. The multi-channel decoder 100 is having a

geger atis 106,506 genermtidg %ﬂﬂfé&la‘-‘ﬁﬁwa' ofé@m%%%t the

and.  a diffuse signal conponent for each of
o??b?%]a?t%%nﬁé%duﬁ@eﬁ“iﬁln‘gtqq?e I&%@ﬂ%ﬁ%&“%ﬁaﬁme}t 16hould be

Thet &dll thaehanaeli ndecadete ﬁ(%lﬁwtf%gn@@ﬂﬁﬁggg%ﬁéw to this
i.nventive.direct S|gna ifiers ajto 0

ath of© Pﬁg C?LCgEaF%coﬁgﬁiucté%?fsuﬁﬁa?ﬂ ¢ energy
tihea st émechan el den@de@umﬂnmﬂxeﬁcmmltm%rwttﬁha@@§¢§lbe a
( fron ht front,.left rear and right rear) on
|¢§I£%u A émﬁjzgp %o%g% T !

puts & 1 nventive nul ti-channe
decoder has been detail ed using an exanple

GﬁﬁéiSHaééi%ga%%%éo%%é€£ﬁ%é3“tﬁéﬁ%gf%élég Q@ for 5-1-5 and

reconstructe nventive conce
i rp? ehrent@Rnne nul conéhanmer igngi-o sﬁﬁéﬁé@lhEV|rm;he above

asbtiiRey pyrperplel channebs. JBhlicl iV BFKfor e.g.

d|a ﬁ detailing the inventive nmethod of generating
Fechmtd utted’ othpire L et 4R el Yeher ati on step

110, a direct signal conponent and a diffuse signa

C onent is derived fr t he downm x channe

TEIR T T cat PBRYE: P 1 AT it ot S8 AT EomRongiHL tig channel
nanatil £ 6 ede osdag Daﬁaneéeé$v®ﬁgthedpahamﬁtehannel 102 derived

t Vi nmat | enpora o

O SRR, " | Gk SN el b haransy original
smw*ﬁnjﬂhammﬁﬂrnaﬁqhadd dndect pbgambtemanEgm&senthﬁimn 104
dirﬁéi@c?lﬁ £ AP0 t feg rrﬁgzq:ntlo %kﬁtr%&uQ‘e of the

reconstr u out put annel . g on certaln
i Pipl Ehent at:h@nneéauu ﬁéﬁéntfsr@ft,t rrequrtvefmm@ nme¢fbdsear and

theghtiverddme et h@ls C8Pif€nal multi-channel signal. The
multi-channel decoder 100 is having a generator 106 for
generating a direct signal component and a diffuse signal
component for each of the original channels underlying the
downmix channel 102. The multi-channel decoder 100 further
comprises four inventive direct signal modifiers 108a to
108d for each of the channels to be reconstructed, such
that the multi-channel decoder outputs four output
channels (left front, right front, left rear and right
rear) on its outputs 112.

Although the inventive multi-channel decoder has been
detailed using an example configuration of four original
channels to be reconstructed, the inventive concept may be
implemented in multi~channel audio schemes having

arbitrary numbers of channels.

Fig. 6 shows a block diagram, detailing the inventive

method of generating a reconstructed output channel.
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i npl enmented in hardware or in software. The

i nplenmentati on can be perforned using a digita
wQ e

|
A% edi um in particular a disk, DvVD or BCEEP2006/004732

havi ng el ectronically readdbl e control si gnal s stored
t hereon, which cooperate with a programuabl e conputer
system such that the inventive methods are perforned.
Cemes abkierhbeoRr asept 1i1ovent idnds: 4Ll dEdmpdhent and a

c ter program product with a program cqode stored an .
heEb he TENBD] CTMMDT (o PESGVEM codembethy downmix

opedmtié Ve fior perdiedif ngathen i meent | ve2netwdsiiweert signal
t he conputer. progra oduct runs on .a co ter. In
STPBTONG s 51 HECH HAS | 9818t HEUT 815 hBF efgice, Paraneter
cospes eenprogrannaavngagiafprogtammcote & otemeofal nshgucture
cigy S(Srfc#]ﬁ\é)f dhg, idventive met hods when the

er

conpu ptogramruns on a conputer. While the
foregoi ng has been particularly shown and descri bed

wi h ot eberBnagtiBnPastdgulian enbadi npsdseidier eQfredt! signal
w || be understood by those skilled in the art that
VERTRRRERE hrd chbdigest frse hel gt in aPPeRe Rl | 3reagopeined to

n@ishea Wk th ot c stepardd e farpdtherskiddit. and scope

thereof. It is to be understood that various changes

may be made in adapting to different enbodi nents

vidd penud 1 ke pant | ogr 4 Dm tig lereadert iconcephsi terehosedf the
her ei n_and cor%r ehended the ¢l ains that fﬁlol ow. What

P EPRERED § SR ¢ -WanndPVERESNSt r uBESPOES0; BB} Pe
fionp bmentaegd non aha edwanrse roct ol saf puérehafihel ipDem&biation
i ng I d ' ha . 8; ri . .
b 88 Pata s e ot B YL, o
PPl betar rfepPdséat abVBn ¢40;2 79D hayipar apkeetronically

L &SeNE abbARrb40:siehallNCL UG tREQEBRL | QM i¥h acooperate
tenporal structure of an original channel, conpri si n%
d“g‘éther &t oPTCEFAMERP Ieor AW ngSUSHERecSUSHgndtha the

inventive methods are performed. Generally, the present
invention is, therefore, a computer program product with a
program code stored on a machine readable carrier, the
program code being operative for performing the inventive
methods when the computer program product runs on a
computer. In other words, the inventive methods are,
therefore, a computer program having a program code for
performing at least one of the inventive methods when the

computer program runs on a computer.

While the foregoing has been particularly shown and
described with reference to particular embodiments
thereof, it will be understood by those skilled in the art
that various other changes in the form and details may be
made without departing from the spirit and scope thereof.
It is to be understood that various changes may be made in
adapting to different embodiments without departing from
the broader concepts disclosed herein and comprehended by
the claims that follow.
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conmponent (42; 64) and a diffuse signal conponent (44,
or the reconstructed output channel (50;

6@@ f 76
WRI2H1YR t he downmi x chann% (38; 68); a di re%?T/EF@HﬂPMBZ

nodi fier (34; 69) for nodifying the direct signal

conmponent (42; 64) using the paraneter representation

(40; 72); and a conbiner (36; 74) for conbining the

modi fied direct signalyhgenpanentifdq6iy and the

di ffuse signal conponent (447 66) to obtain the
reconstructed output channel (50; 76) . 2 .

Mul ti-channel reconstructor in accordance with claim1l

10N ich the generator (32; 62) is.operative to .
Gener APE AT, o7 Gt CERThehi0 [ 4807 64PE giRgTating a
only conporemtisctofd t diet downehenckanne0;( 386) 685ing at least
Mul ti - npel 0 or 0;.60) LN of.da I
wth S reotnBEROBRERHEN T Jie eEh et PLPEF ShY g mngcing o
oper atpwralo tgenef aveigheadi fdhasmesisgnand coapoeaent parameter

(44; 68) ' fdt d apd/ or del i ;

t he dovvl%)rrr":‘é)c(g C aa.ﬁcnle(?r{ gg@' _68§ ?'4rt. 'QMEI t ?nce%%:]%eﬁ{gbfgsentatlon
reconst4Qict’ot) (BOE1wHYNg nlnkdrafaiiie of th tamPyfal structure
clai My 4P rigidh Wirdhddre ddngati sirgnal modi fier

(34; 69) is operative to use information on the

tenporal structure of the original channel indicating

]Ehe erselrgynéﬁata'rne(@zi;n ¢he ?birgig‘é?xiext‘ai”tal'ﬁlfQE|?]VV'dﬁhieﬁta signal
inite length ti portion t he. origi na annel . 5 .
i Goiins | PERbmd s dhde (e R Senelarinsht (40

w th &%) ofoel atlms Fecondtruateshi cutphe diheectelsi ghak 76),
nodi fi 4, [ rat |,V use, | rimation on

t he te%so%(glor%%ectiore 0 Qt%eaeno&relolgi ﬁ%’ %@ﬁnel

indicating a nmean anplitude of the original channel

wi thin, agfipite digpahh hb8Br POF 1187 ;0fgd)herQFi GbBdlEying the

direct signal component (42; 64) using the parameter

representation (40; 72); and

a combiner (36; 74) for combining the modified direct
signal component (46) and the diffuse signal component
(44; 66) to obtain the reconstructed output channel
(50; 76).

2. Multi-channel reconstructor in accordance with claim
1, in which the generator (32; 62) is operative to
generate the direct signal component (42; 64) using
only components of the downmix channel (38; 68).

3. Multi-channel reconstructor (30; 60) in accordance
with claims 1 or 2 in which the generator (32; 62) is
operative to generate the diffuse signal component
(44; 66) using a filtered and/or delayed portion of
the downmix channel (38; 68).

4, Multi-channel reconstructor (30; 60) in accordance
with any of claims 1 to 3, in which the direct signal



channel. 6 . Milti-channel reconstructor (30; 60) in
accordance with any of clains 1 to 5, in whic

WQRMMGIINEPL (36; 74) s operatjve to add the nndyep@gmmwmmrn
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di rect signal conponent (4 2 ) and the diffuse signa
conmponent (44; 66) to obtain the reconstructed signal.
7 . Multi-channel reconstructor in accordance with any

of clahpgititp §34; '%9M“£§‘$$@&£%ﬁ$é Egaﬁgglinformation on

reconst r uct or i s operative to use a Tirst dowim X
channefhRavitegPosedr matiBiftoren 1eft &hge origi®al channel

plural ihyiest Ohg0i pak chasrghs apk@taiseeond dOWHE X original
channel éS8 68). havin fnformaejron on a.right side of

the pl GRaPREY &F BNy Ralf 1OR&Snet 9hetdlf #95tiqn of the
reconsdrugiedl oohpuheThannel (50; 76) for a left side

is conbined using only direct and diffuse signa

conmponents generated fromthe first downni x channe

ahd whiduef h-aehsecehd reconstrudiced ddtOput 60haniel darordance

a riohhiehdgnsogorhiagd 4sidad L0 Lect A dild Whfect signal

si gnal conponents generated only e secon
downmmoeuéher (84; mtum%heme&tQWetet@ﬁe(amrfoematlon on

in aCC@ﬁganQ%mwerla”%ﬂgué%&yém éftotﬁe"d&f@@dgitrE%annel
di rect ' signal nodifier L i s operative to nodif
<)

the di tREtSrEhAY ﬁorm?ﬁ”m ?@Pﬂ-é 20 tq%tlp%rpuréﬂénaéu @annel

shortefithan fr aﬁ‘ﬁliﬁémléﬁgthoﬁim%f okl #d0N8F  the original
paranmetric information within the paraneter

repr esEREREFbn (40; 72), wherein the additiona
paranetric information is used by the generator (32;

62) f e the direct nd t di f e signa
c%npog%nggp éﬁéhﬁ%+ §% ré%ﬁu Q%erggg %H? 6 j§rcordance
accor dantk &nyh06laﬂauas 1|mowﬁuchnﬂwhthunhﬁ(nombxher (36;

62) |s7@pe %“é!?eEé’ti‘é@ %%dlééi&n%lhep%@&&ef{é& direct signal

information
component (46) and the diffuse signal component (44;

66) to obtain the reconstructed signal.

7. Multi-channel reconstructor in accordance with any of
claims 1 to 6, in which the multi-channel
reconstructor is operative to use a first downmix
channel having information on a left side of the
plurality of original channels and a second downmix
channel (38; 68) having information on a right side of
the plurality of original channels, wherein a first
reconstructed output channel (50; 76) for a left side
is combined using only direct and diffuse signal
components generated from the first downmix channel
and wherein a second reconstructed output channel for
a right side is combined using direct and diffuse
signal components generated only from the second

downmix signal.

8. Multi-channel generator (30; 60) in accordance with
any of claims 1 to 7, in which the direct signal
modifier (34; 68) is operative to modify the direct
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information on the energy of the original channel wth
respect to other channels of the plurality of origina

‘VQH%ﬁﬂgpgl 10. Ml ti-channel reconstructor (30PCHE 2004004732

accordance with any of the3Previous clains, in which

the direct signal nodifier (34; 68) is operative to

use information on a tenporal structure of the

ori gi malgnehanfiet €hattes ledlgahi nYingke tBOPOLGhs Shetiayurshorter
of th orlglnal channe t enpor al §% .cIur%_of t he
downrmi Eﬁgpe(s 1m38)por€ioniM|?$_é%<%h ona parametric
r econsitrfigatrart i(c30; w BN in n thec grakeamoet en t hepngsehtaheon (407
previ cl ' [ 0 ' : : .

Pempor s ‘stTUoTes Biot fatbr gt Ak PAPERAEF9E jAfprmation is
i nf or madonbwn thee tg@m@maalorst £ 82t ur@e)of fole genwpating the

channgy; dezthafidng rad 7818 Qi R largg)lnggto%@%t@easure

12. Multi-channel reconstructor i n accordance
with any of the previous clains, in mhlch t he direct

8 gnalyumdifdremned4; g@ﬁéré@ofur&ﬂﬁr QO?VthVéc&@rdance with
derive domnn1x t enpor |nfornat|on on

he t al
st r uctdrPeof 4 h! O xTRPaBRBETR8]E é% 633 15 operative
Mul ti t@ﬂanxmgé I acldnstiouelor ga3imdhid n aﬁﬁet@la_ﬁﬁ:en having
\(N|3£1h Cl oréna é)rngt %éﬁ{e‘a teg%rr?iyree? \ﬁilrﬁg)n?arllg%%lf Ic%rannel with
t errpormlsma‘cdr roet icdrhemdiheanierdc tdfe tdreepdynradnittai dd dnmiginal
t he dQW%’ channel (38; 68) within a finite length
in ervé

time i ‘or an anplitude nmeasure for the finite
length tinme interval. 14. Milti-channel reconstructor

30 ﬂlné%@meqan%cwn%rﬁlc%%) %?,oor é@%e'th\'fHéHbrdance

the direct signal nodifier
oper attitd tanyiepfvéhg wﬁg’éto%rﬁ:l@rlams rst%racwm@hf she direct

the regepsdlr uchedifier (34; 68) is operative to use
information on a temporal structure of the original
channel that is relating a temporal structure of the
original channel to a temporal structure of the

downmix channel (38; 68).

11. Multi-channel reconstructor (30; 60) in accordance
with any of the previous claims, in which the
information on the temporal structure of the original
channel and the information on the temporal structure
of the downmix channel 1is having an energy or an

amplitude measure.

12. Multi-channel reconstructor (30; 60) in accordance
with any of the previous claims, in which the direct
signal modifier (34; 68) 1is further operative to
derive downmix temporal information on the temporal

structure of the downmix channel (38; 68).

13. Multi-channel reconstructor (30; 60) 1in accordance
with claim 12, in which the direct signal modifier

(34; 68) 1is operative to derive downmix temporal



downm x channel (38; 68) using the downm x tenporal

i nformation and the information on the tenporal
WRIHYUPE of the original channel. 15. Ml ti - RREHERP6/004732

reconstructor (30; 60) in dcordance with any of

claims 12 to 14, in which the direct signal nodifier

(34; 68) is operative to derive the downm x tenporal

channel " 380 Bp anars & cett K| Suehoum ged in the

Mil ti - EREARER caeonstr uctfor ¢80; webhinnaadderidanckength time
Wi th anytelvehabPBah2ahfl1Pudt Mm¥ALGPet S dtRECEinite length

signal nodifier (34; 68) is further operative to
spect r 5FMG WAFEEN2the downni x channel (38; 68) and to
5 derive the downm x tenporal information using the

trglly.whjt d ' h I (38; 6 .17,
VBT - RAEABE PP BRBRst FHETErC (50F0) T adbbr difceaccordance

with anytbhf claims 12 torl6l3, niwhiwhithe thig eatirect signal

. S -
deri ve a snbof he entat m

Signalmgggkﬁg r éﬁﬁgpggl S ff%%@%%r?%%kgtiveeEQKn derive a

channektagg@ét 6&emputalo derrwetuhe déemm Xheenpoeadnstructed

10 infornggg,ﬁmigrqna %1S”P§’é,he%8r)eg1{seﬁﬁft@BEO%oWnﬂi?(g

downm x channel. 18. Miulti-chann reconstructor 0;

temporal

60) ininéesmahhed wePH cltiéiem Enformaptiiosh tdfe dilrecttemporal

si gnal sgeditiee 6§4jth§8a>r'i§_i9@§r@tléf{@eip derive the
snoot hedr epresentation by filtering the downm x
channel (38; 68) with a first order |owpass filter.

195. MiMtLt €hanaghel ecoasdh st &bt d30; (BQ) i6)acenr dade€Srdance

w th an f the previpus clai.ns, in which the direct ,
1> signal w%(ﬁigi f37e¥ %§4;C m?s%ur?ﬂe&%pe?ﬁti%‘?‘b the direct

deri vesighal matdddrfier a(3enpéBal istremdéraeiwé 8o derive the
Conb'naghgﬁigftEHSogéiefﬁfék&@@iogoPangnépgggréfeportion of

the downmix channel (38; 68) above a spectral lower

bound.
20

16. Multi-channel reconstructor (30; 60) in accordance

with any of claims 12 to 15, in which the direct

signal modifier (34; 68) 1is further operative

spectrally whiten the downmix channel (38; 68) and to

25 derive the downmix temporal information using the

spectrally whitened downmix channel (38; 68).

17. Multi-channel reconstructor (30; 60) in accordance

with any of claims 12 to 16, in which the direct

30 signal modifier (34; 68) 1is further operative

derive a smoothed représentation of the downmix

channel (38; 68) and to derive the downmix temporal

information from the smoothed representation of the

downmix channel.
35

18. Multi-channel reconstructor (30; 60) in accordance

with claim 17, in which the direct signal modifier

(34; 68) is operative to derive the smoothed
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di ffuse signal conmponent. 20. Milti-channel
reconstructor (30; 60) in accordance with claiml

o i
WORICHIYAE direct signal nodifier (34; 68) is g%gpg%qo%/gmnz

to spectrally whiten the cAfibi nati on of the direct

signal and the diffuse signal conponents and to derive

the information on the tenporal structure of the

conbi natpmasaftatherdi bectfiditgmahganthd heownhfxisehannel (38;
si gnal; 0 ent S .usj ral 13 uhi t ened direct

and diﬁ‘@usméoesﬁ %n%l%?ﬁn%o%%%t :i%%ffaé I\%ﬁ]h -If:'hannel
reconstructor (30; 60) in accordance with clains 19 or

20, i o iCEHA Al T el osisgRalctrdi fiker (847 68) isxcordance
further, operative to derive a snoothed representation .
of th&idhiAmat PEnthe PHEVFGECtCEh NS helli FhiSR the direct

si gnals iconeidias fard t q3deri ve)t hesi nf@rAMé+ Orodrddive to
tenmporal structure of the conbination of the direct

and t K€ IS use QR YonpBhertt s ¥5¥HAGHe StddtHetre of a
repr essindainiami of blie wosbidiakican ofighhe dicpeinemtd and the

the dif.fuse sighal .conponents. 22. Milti-channel

reconsc{ﬁ'%i ot %ﬂa%ds)%}pr?%eé%dr dance with claim 21, in
which the direct signal nodifier (34; 68) is operative

t-0, deny 1| th r ti of .

5p deMM& ;! Q%Fxt at %%co%%%%%%%%@ Q?PU %5?955? accordance

conbi nat'i on e direct and the diffuse s o
conpondritts gyaim tlhi ngnt hridily eghearfingnt dpigngé modifier

si gnal (zonpogent s; W t hparfEEsL okder J@QWRR831y  whiten the
filter.23. Milti-channel reconstructor (30; 66/) in )
accor FaRE NAtPranyp lof the PREGFEUsSEPRRKS, 2R¢ iHigh diffuse

the digiefiiaisicigdon@dis ifld (3 dh8lvd T mpamdri@itidn on the

use information on the tenpfor I str?n%t,ure,of th ,

ori gi ™ ePLFRpFeERnOingt & r SEMGLIERTERE r §heordirect
signal and the diffuse signal components using the
spectrally whitened direct and diffuse signal

components.

21. Multi-channel reconstructor (30; 60) in accordance
with claims 19 or 20, in which the direct signal
modifier (34; 68) 1is further operative to derive a
smoothed representation of the combination of the
direct and the diffuse signal components and to derive
the information on the temporal structure of the
combination of the direct and the diffuse signal
components from the smoothed representation of the
combination of the direct and the diffuse signal

components.

22. Multi-channel reconstructor (30; 60) in accordance
with claim 21, in which the direct signal modifier
(34; 68) is operative to derive the smoothed
representation of the combination of the direct and
the diffuse signal components by filtering the direct
and the diffuse signal components with a first order

lowpass filter.



anplitude for a finite length tinme interval of the
i nal channel and the energy or anplitude for

W?F?ﬂgtlé‘npbngt h tinme interval_of the downnix chléﬁ?{@m“%/o“‘mz
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(38; 68) . 24. Mul ti - channéP reconstructor (30; 60) in
accordance with any of the previous clains, in which
the direct signal nodifier (34; 68) is operative to
derive a target tenporal structure for the

r§§on§ﬁﬁgﬁiggh rdcd®r 783b;UskhY the accordance

downm x anne 38 68) and the |nfor mati on on the
t enpor'al tlat pOEL @fe.tIES PIRN 1qUT HEENS r eBn¥PAGHR Ghe direct

(30; 69)ghdn acqeudznee W {3y cl agy 23,151 n &ﬂ%ﬁilti\f@ to use
di rect srgnal nodi fier tive to

e Shnek e ohokphotendtka LRt nbe s e i ina

)St ructictﬁsn@élt heepeessatingt ed outgiito ch@ﬁneth(aSOen'éergy or
equal s t temporal styucture

tol er a?\'&%it%l?l 2. 26, fwl nltﬁanjrrterllgt?ec(‘%\rﬁsr,1 ru::}tt%rv .of the

60) |noangnmmhncbamneh ehdli 4, energii ¢h BMQldtﬂeetfor the

signal ¢ a%é %F ?g%e ﬁﬁggﬁiﬂvgft FB%§nffx channel

i nter rredr scal nt er nedi at e scal I ng
fact or (B2 n@8)such that t he tenporal structure of the
reconstructed output channel (50; 76) equals the
target tenporal structure within the tolerance rang

whén tHeltecoharpelbt gtf RTHIRINNLR 0500076 }n|s§C°°rdance

conbi ngde yskAg tWFe @Hé estewignal cTOMRONENhS waGahedhe direct
with the |nierned te se&krng %actor and the diffu

si gnal SESHD Tod (AT h R it cPRBERAEES sdf | Agrive 2
faCtOrtafgeﬂhtémpﬁhannetrm@t@ﬂétf@ﬁttme(fﬁboﬁﬁbruated output

accord Ia| in which the dire al
nodi f i &2 %ﬁ g % urPﬁer or?elreaté?/vgm?ogdéhaﬁhgf (38; 68)
final sndl theg iaf.cbomatrmtmgom hiehé nt empeech lat st ety
factor and the direct and diffuse signal conponents

such t hat
25. Multi-channel reconstructor (30; 60) in accordance

with claim 23, in which the direct signal modifier
(34; 68) is operative to modify the direct signal
component such that a temporal structure of the
reconstructed output channel (50; 76) equals the

target temporal structure within a tolerance range.

26. Multi-channel reconstructor (30; 60) in accordance
with claim 24, in which the direct signal modifier
(34; 68) 1is operative to derive an intermediate
scaling factor, the intermediate scaling factor being
such that the temporal structure of the reconstructed
output channel (50; 76) equals the target temporal
structure within the tolerance range, when the
reconstructed output channel (50; 76) 1is combined
using the direct signal components scaled with the
intermediate scaling factor and the diffuse signal

component scaled with the intermediate scaling factor.
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out put channel (50; 76) is tonbined using the diffuse

si gnal conponent and the direct signal conponent

scaled using the final scaling factor. 28. Method for
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trepr e%élﬁtl@hkgorfta(é@)’r Z@éih@cwéi rﬁ?’xﬂ%ﬁnﬁ&dﬁ.}ﬁﬂ@ﬂs@@lﬁrﬁgd factor

enmpor al, structure of an Qriginal .channel, the netho

cpnpr?gﬁnﬁ.eg@ﬁé@&?iﬁﬁgaddﬁﬁgéﬁ Signal COMBORERESafych that
dlhf f usdesi gempo calpatenictfuare t b€ r ehonsteamtsdrutttqrit output
channe 50 78). ed on the_downnix chanpel 8;

68) ; ﬁ%&%Pﬁ#ndQ% ebﬁiré% u%#%n ?eggﬁﬁgﬁgn?eﬁ§955§tﬁéruCture
par anetiehineptesentalte mmdelOrangk; awdesortieni mgcohstructed

modi fi i.r egl. signalc fompone ) and._t ,
oo | Gl SharRin s hOTRNeN LanBeoandetlis cne  aittuse

out putsighadnelcomponens ) and29 thiy| Wiirelginneligagdi o component

decodelshely 98n8LakihRd Fankecaral i uet iFadtol.a
mul ti-channel signal using at | east one downm x
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w i Ee neSilY o BaRgREhek Tl adh LRI OREP,  che
pr ogr aregee sfror r uApragenhetienhod 640cl ai M28, wialuding
runni ng, Q%2 +GYFPUEET 2 temporal structure of an original

channel, the method comprising:

generating a direct signal component and a diffuse
signal component for the reconstructed output channel
(50; 76), based on the downmix channel (38; 68);

modifying the direct signal component using the

parameter representation (40; 72); and

combining the modified direct signal component (46)
and the diffuse signal component to obtain the

reconstructed output channel (50; 76).

29. Multi-channel audio decoder for generating a
reconstruction of a multi-channel signal using at
least one downmix channel (38; 68) derived by
downmixing a plurality of original channels and using
a parameter representation (40; 72), the parameter
representation (40; 72) including information on a

temporal structure of an original channel, the multi-
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channel audio decoder, comprising a multi-channel

reconstructor in accordance with claims 1 to 27.

30. A computer program with a program code for running the

method of claim 28, when running on a computer.



