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St ages Desonoabisemo5 Technical Field  Enbodi ments accowrdirng2610/05$66
invention are related to an audi o signal decoder for providing an upm X
signal representation in dependence on a downm x signal 10representation
and an object-related paranetric information. Further enbodi nents according
to the i Audin SignabPecodet,aVethoddor Decdding ah drudie Signel md SomypterxPsigyaml
representation in dep ! i . ntati on and an

obj ect-rel ated par amﬁ&???ﬁ%%?ﬁgf&ﬁgﬁwﬁkmc?Eg@ésr%%ggfﬁ%ts according to the
invention are related to a conputer program Sonme enbodi nents according to
the invention are related to an enhjggg@ﬁg%i&ar aoke/ Sol o SACC system
Backg§ound of the Invention In nodern audio systens, it is desired to
transter and store audio information in a bitrate- efficient way. In

addi ti onJTe¢hnidabFreid en desired to reproduce an audi o content using a
plurality 25 of two or even nore speakers, which are spatially distributed
inaroom In such cases, it is desired to exploit the capabilities of such
a nul ti - Epbaitierenty pegogdingnto the mivemtionf ere zelate@rtot an apdioi siphal dabeder for
differen } S i st i.ngl.e .a i,,gﬁaﬁ n . This
may bpe a%rk??gﬂé%%gn?lﬁﬂg%vi? Sgﬁllfef)%igés}?%t%dguﬁ ?ﬁg ?gerﬁjief 19) gr ean't& au |g %:%ﬁ%lents
to t dfeﬁ’feé?%tﬁttm%ﬁ@%k&@tﬁ@a‘%ﬁ PARASHIGIHYRAtion the art of audio

processi ng, audio transm ssion and audi o storage, there is an increasing
desire t andl | ti-channel cgnteents. in order to inprove the .hearing
o esi DRGSR FEP RN AH I Srionden Ot i P R BhGTeYgEeant

i mpr ovemeprhsx fignalt lepresaeationFor depeadgice onaa Jodinmex signab kepnesantatign iangbradssi on
can be olft:ai.r i - By | al ong an i nproved user satisfaction in
entert ai ﬁﬁ@?@%ﬁe&%&%ﬁ%@gg Blhgd\g\g)\?ér, mul ti channel audio contents are al so
usefll in professional environments, for exanple in tel ephone conferencing
appl i cat Fgiiser cheamititd RBoRIRRAKShe InNERIdN B¢ Rildtbd ¥ £ mMARer %@M@d by using
a multi-channel audio playback. 2 WO 2010/149700PCT/ EP2010/ 058906 However,
it is also desirable to have a good tradeoff between audio quality and
bitrate Seguictehrdithents accordiag td cheainvetticanare xeksdli toean e@snncwieKhaakk/Salosed by
mul ti -chgllf@l S}%R:?Ai cations. 5 Recently, paranetric techniques for the
bitrate-eftici‘ént ‘transm ssion and/or storage of audi o scenes contai ni ng
mul t2pl e audi o obj ects has been proposed, for exanple, Binaural Cue Coding
(Type 1) B48&SouddUr thxBIRASo ef erence [BCCl), Joint Source Coding (see, for
exanpl e, " rtefrerence [JSC]), and MPEG Spatial Audi o Object Coding (SAQCC)
(see, for 10 exanple, references [ SAOCl], [SAOC2]). These techni ques ai m at

per cept UB mpdéracRaRt SydehisNd i Besikash tafsuidldtoRURANDR HeRpRtibRINebitidan by a
wavef orm gat ch. %/%EFId%“ 8 ého%a%g%séem overvi ew %f such a system ( here:
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exanpl e, "as Ti ne-doni n |gnales. or as time-TTequency-domain signal's E(for
exanpl e, td spatinldy fdentifloflifferenttaudio contanss or difforset ftenis exfitassingle augiousangant.t ype
transf or fhisOmal el RidRd ) Mdfiadry, aHBRRRH. Shordtnt dRGo WenfNGOHR 810
typically. al so receives downm x cogffl cl ent% di to dN, wnhich are associ ated
with t heddlsf@EePeakgial s x1 to xN. Separate sets of downmi x coefficients may
be ayail abl e for each channel of the downm x signal. The SACC encoder 810
is typically confjgured to obtain a channel of the.downm x.si gnal

conbr ni i e’ BBt 6F ghe 2R ReckeRer e, B oa it B e e

downmi x 1is an increasing desire to handle multi-channel contents in order to improve the hearing

impression. Usage of multi-channel audio content brings along significant improvements
for the user. For example, a 3-dimensional hearing impression can be obtained, which

35  brings along an improved user satisfaction in entertainment applications. However, multi-
channel audio contents are also useful in professional environments, for example in
telephone conferencing applications, because the speaker intelligibility can be improved by
using a multi-channel audio playback.



25 coefficients dl1 to dN. Typically, there are | ess downm x channel s than
object signals x1 to xN. In order to allow (at |east approxi mately) for a
separ at i ono(20ro/epar at e treatnent) of the object signal ecatEpedie/ossode of the
SACC decoder 820, the SACC encoder 810 provides both the one or nore
downm x signal s (designated as downm x channels) 812 and a side information
814. The side information 814 describes characteristics of the object
signals x1 30to xN, in order to allow for a decoder-sided object-specific

processi ngeiré}eltSé\Qﬁod@@sﬁdae t82Avé 2 gsvaf ﬂrzﬂiébﬁ%ét@ee’rﬁ@tﬁhd@lubﬁl fhnuhﬂtr@ﬂae or
nore downm X Si nas% and t(ge srdernformatrglnag eﬁg ‘h O(l:
decoder ’§26“?r§e ypP cHOFY t%oar’(f’} P eTPH Voo E5PUEE OB &bt BY Fop ‘o?Pann

i nf or mat agphicatieh'sor a user control information 822, which 35 describes a
desi r5ed renderi ng setup. For exanple, the user interaction information/user
control information 822 nay describe a speaker setup and the desired

spati al Beeendieperapetrichtechijeest rpheHitgeie-ebyciert drassnésstonsanghern stosegetad xN,
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decoder 820 gﬂ . e[igm(lfﬁ @%gbse an obj ect separator 820a, which is
conf i gur 8fR3 ﬁﬁe@S?ﬁs t approxi mately, the object signals x1
to xN on the basis of the one or nore downm x signals 812 and the side

i nf or mat j
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the ori gth@alb}’@bjf%e’@fo@lgﬁﬁhs x1 to xN, for exanple, because the side
|nformat|on 814 is not quite sufficient for a perfect reconstruction due to

t he Ie 10 constrai nts.. The, SACC decoder t.her i a
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the individual rec nstructe ct. signals 820b, tp th m. X chan
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enbodi meSAC tixdeb B s typmalﬂyatmrﬁ'rguremtocdsbtms al ¢hd i tod dhdglo winaixosipeed tby
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820c in F Si gg) ur pose, overall
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par anet ers, may pput ed he  si or mat 14 and
the user ObJﬁﬁfe%r@éﬁ Frihe piele R H %@9@0@6&%&6 SIS #r§qdemSEbprov F(BHTS‘
ref er enceénhenoié 0@ rrbrd Sdovidanixigmlsl (&igndictf & emmappah@murs) 302 midt @isideng an

upm X Si e ent at.i,on .on i s of re entation
and oby edHomeA R cplaLion o Lhe sl a8l & ot S ppigt B e o
bl ocRO schexmtin ordet mgalhmﬁfraalnodd@E@dS@ﬁb}estymceﬁnmesmmg)rr sing an SACC
decoder 920. The SAOC decoder 920 conprises, as separate functional bl ocks,
an obj ect decoder 922 and a m xer/renderer 926 The obj ect decoder 922
provi des Tae HAPGIdeeydes 820 de sofiguned tadreghive bothsthgranesorgparei doviaparidgnatse on

t he downgmhxn§ 't}Q:”s?Jie [eoheseR 6L 8o (fhers Asemb&ier 820 ‘ié“@rﬁfcgﬂrjfbé’ﬁﬁg%ﬂ&ﬂ ff nore

dovvnm x signals 35 represented in the tine domain or |
ti me- f r edRFSHEy 2 dRRILAFIagHen dﬁfoee@uqrbraa@ 8H asighs Fanfrek ABlorBatiqr §22e AN e,

t he Bor mdedcridbd acdesired aerm@hag seﬂibeFm éﬁz{rﬁ;ﬁl@ nder@er %éraé@&ﬁmfeﬁne&m/user
reconstructe

Wi pl.uralif opj ects

hnd pr ovicdtsd! igikarion ke ey AEEEE & SRS ps AR iRAbl Pl & 528,
In the S%bj&tWOﬂ%@bﬂl%?&ﬁ&ﬁﬁgﬁaz&lw%8906 decoder 920, the extraction
of the object signals 924 is performed separately fromthe m xing/rendering
which allows for a separation of the object decoding functionality fromthe
m xi ng/ rendering functionality but brings along a relatively high

conput ational conplexity. 5 Taking reference nowto Fig. 9b, another MPEG
SACC system 930 will be briefly discussed, which conprises an SAOCC decoder
950. The SAOC decoder 950 provides a plurality of upm x channel signals 958
i n dependence on a downm X Si gnal represent atr on (for exarrpl e, |n the form

. Y 1 o AN " .

to
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To summari ze the above, the provision of the upm x channel signals 928, 958
can be perforned in a one step process3or a two-step process. 20 Taking

ref erencewoamor@ofog. 9c, an MPEG SACC system 960 wil | IpeTdwscwiobsads The
SACC system 960 conprises an SAOC to MPEG Surround transcoder 980, rather

t han an SAOC decoder. 25 The SACC to MPEG Surround transcoder conprises a
side informati on transcoder 982, which is configured to receive the

obj ect - r EhaaSédP s idgeoden &3P st Jonfigyed rto axarige.efor i erample, faoplradity objdeeededet a

dat a) anﬁbmﬁmﬂaﬁﬁ@'s@ﬁals'ﬂft&%ﬂﬁ'm_ iR chBgheP 82n8lE il 18r SAMYIIEbX agbgiaglys and
t he renderhng i %ng mat | on. e side jnfornmation transcoc@rﬁs glgo

conf i gur YR BAiNIYGT SREAETS MPEGTELH-FRSARY SRIRMEIHIREREY 198546 desdstpl e,
in the fg2zimnady, afor MRafpfyr compiibe 36h loibjest rseparhtopr820Be Wwhadi s @bnfigured efoved
dat a.. Accor ditn | thte side. i Ortﬂ%tbo t.r anscoger 98%hi conﬂ ured to
transt or TOAUAED Bt Jear S ity ADRP IR QR X0y R ResTaRl i g or

rel i evedmpreodowimixodhigmts 8 Ehamtithe sidennbormativa §ivg| thereby bbidinipareamestrice)l si de
i nf or mat ?@Qctgﬁ%nalg agd fig HQévaeg,O’%Eé deL Airfied h@o'%&“ﬂ%ﬁdlé‘gszoft'&f AR hkAReand,
optionally, t I nformation about the content 5 t one or nore downm x
si gnal s. sozseveyst i fseral thy | onigieal splopectt genpec Sior keufy exaaeobeseusBtharsidene
confi gur pbrhtiBRMBIAUIs2h& Gl SiEicRAt TR & HPRENRickndtheNah Jue dBSHEi Bigge for

ounfl x STHAREY dBF CUASE alePofis SBE TR0 Rt corhese’s Mgt £208, Wi fnaf ve
2010/ 14906 GHddERY @dd21 @5 820 fecdmutnicied shjgetabignalni§20b admalr tH28Gsaraintdoectioni t t ed,
such that .t he..qu t X Si. represent.ati on of .Q MPEG
ur r ound U ARSSEHE G HELT BrsuBBh 3z R GRE0EL A uS R b, B Bprti8

r epr esentlmnndnsigials fie teSHECTho mirES28amayubel confegusebidense tiaiselointariotiosi gnal
mani pul afn%m?agign _’7@%& cf)ﬁgolq}ﬂﬁ)gﬂggﬁen blﬁz E@@geﬂnfliné e ShaMRion’ & Bt GehivEEP

Surround 5 si i_nf or mat.1 on woul d not al]ow to, provide a desired
hear 1hg Tespreisied nolyect: signadln328b o thee UPHFL Chaiwgh figkalsi Ynd Svepthss8prat i on
of g he SHXradtidnNifcem &wm@séadoﬁtf@mfzﬂaronam@,rgwE&fexmqélce;beomﬁeseqaﬁ@rin@ soge
rendering constel|atians. Accordin , 1 he rround transcoder
080 pr ov PSS LA OTIERIS! SN D WSS At Tish SSBET AN OISl r ound
bi t st r eathed8divsluelhretdmatructegpbbject!signalsd20b pmribe uphax nlednnsl ggralsy: todfic h

represent the audio objects in accordance with the rendering information

input to the SACC to MPEG Surround transcoder 980 can be generated using an
MPEG&Gur Howisterd éctheald bihneted thatdn veanyt erabedomentsthe slbiret sprasatiosdahgduisand

the downfgicafdddithe 0BRICESPRtAI 8202 HBBig, $DankPthe Wik #BidhNS ikban& blitef er ent
c%o Si | s. can be used. |In sone

concepts for égco ng_ SACC- ncoged au n i
cases, aR'SAce’d ef> argperéame MPE%Slﬁgls\?Fe%e O B PYTRAS S ST SHARTBFIETS(  or
exanpl e, mapriexcodipisdewhith gleadribe92 8ire @ Mgpping oehenaentaenas doantdowipialk

signal r esentation and the object-rel.ated paranetric.side inforngtion.
ol es ST SRBIE Uit Btan{ et Folo g e pRELREL sk SRS FoopfiCi il Vi
t he BACChasc edetlie asidé anfomfhatiorat8ilénandayheb es¢rr ansrectibad infornpdstomiusen cdotraini x
signal repy nhabhon (for exanple, a downm x signal representation 988)
and a channel-related side informati on (for exanple, the channel -rel ated
MPEG Surround bitstream 984), which can be used by an MPEG Surround decoder

to provi ggkihReclRnicE dwlB %@39951 ghd 9t gfidefont dPpdritud A& MTEENRAR SRt em
eneral processing
. !

S.

800, a system overvi ew of ch i iven.in Fig. 8 the g

i s carri S@MPUEPIeRCIRneRR Hirchas e?é%ﬂpmaaﬁlgaﬂdreeaeﬁe%@%@@r Pedtglteds| | ows
w t h3t esidb idfoRaatemoyilblendsscidbed. Nid. 9pghowsidiblock BrledhatRi daghmd of kntMPEG ar e

d i he SACC i } h
Gownm x_S6%R Pidm 0o kMErRiNE PR AR HoRHBC ST THA SaTH aPer 0Bt ¢ 00,
810 ext r as@agitdfinichidmal iicksran8ibject dsardebh P2y anche mixairandeesri 26i The objetthe
I nput a“ﬁéébd%b%%o@%vidé% Wy%@%ﬁ?&t&fé@%@?&a&f %M’i‘ﬁ R l:lﬁfeh?%’l’{"ﬂ{e? with

respect to eac er ar e "nost asi Cc such a side I nrornmatlon.
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any ot her audi o coder. . . .
y 1nfgrmat1%n ?for example, in the form of object meta data). The mixer/renderer 926

receives the reconstructed object signals 924 associated with a plurality of N objects and
provides, on the basis thereof, one or more upmix channel signals 928. In the SAOC



On the receiving end, the SACC decoder 820 conceptually tries to restore
the original 5 object signal ("object 4eparation") using the transnitted
si de i nf owvombicoRo®a4 (and, naturally, the one or nore deerEroossnal s
812). These approxi mated object signals (al so designated as reconstructed
obj ect signals 820b) are then mxed into a target scene represented by M
audi o out put channels (which may, for exanple, be represented by the upm x

channel dgcgdan %20srthe extrastiop qfsthapbiect signalsi g ivaperformeE sepasatalynBomuthsut |

t he 10{ %@Qﬁ%/f&ld@i@ﬁ%w&uﬁ%ﬁoﬁﬂs%ﬁﬂtsépa’l\étﬁmgd)f‘/tﬁé\ ij)écf aedoamrgl‘fun&wnamtyl fy@hy, the
separation

ect,. si rarely. execut r en _never.
xoout edi® Siribelfudering rranuBpait, b SBnEn Wik o ttirBy hefe coppustional
separ at ocorﬁ;ﬂ@pa)y and the m xing step (indicated by the m xer 820c) are
conbiyned into a single transcoding 155tep, which often results in an
enor nous_reduction in conputational lexity. It has been found that such
a scheneTdlgng refveando vy tefHig. cf)bn@mﬂmn PEG otery 7@ ividlsbobrigilyr at e

(it is oMkyusHRC sl ¥0r¥1ﬁn§e§ aaassmcadé‘c%aéxdw MY SAGONRLSIR! 959 SBIREesShde
i nfornmation |ns£ea of |scrnte aobj ect audi o SI ghal s or di'screte

system) BIHERR00 slenglsi® éﬁ.dﬁyer{d@w Bt d 8%’§inH§518 PRIGIHALIOB| at es
mgu ni %/ ;@“th B@mﬁpwbﬁ(rj th@fftoﬁﬁtmneC&?ﬁmd dowainbeEi hzil@naﬁch@n @lbjéaﬁfjelzﬂéd l@i&dl ot ]

obj ects ur t.her,.advan or e r on e i e the
PP bclib Boiy0S: (g Snufta 16 bt B glﬁﬁ Farhfoffes SRmaecadtt o

sur r oundeomvprisesial aondﬂnéﬂlealojmaimeo@rambanixpr/wnderso vaigh @ncbrifigerddetat ohtainof

user intgr | can be
set and Thappuy chmel M EDSEl Q%ﬁ%ﬁﬁﬁﬁg@?&aﬁ%ﬁa%p%ﬂﬂ q e nal
pref er en@@Oémgcﬂnﬁethe clfmmr@frﬁ@derunér Wi S’(r&lfﬁpthé payameters fos §4%U@nt Bpmétaltoée&she

tal kers jkQrpeRno60YBth mw&ﬁ-r&@teﬁ RRieSiBfrination hE@ tHeOreA®ofinG iAformation.
dISCH) £t|onfromother remain élalkers 'é'.g,us |nterﬁﬁl|wt ) achleved
by provi APl iBE WPETS AEeTio neady o e dsymgiix aleRnationr ek iR eorierrd Gbj oct

i ts rel ab¢ p&t bethebbrodre{dial sidomfermaoonenderi ng) spatial position of
rendering can be adjusted. This may happen in real-tine as the user changes

the position of the associated graphical user interface (GQUJ ) sliders (for
exanpl e: Tolsusmarizevtbé abousdB; pobjigen ofdké ppmix chargebsighals I3BoReY epn bet has
been foupdsi Al ih b ohs s é&;gguﬁ LiQonaidlscaydi o objects of different audio
obj ect tgpegﬂﬁnlsugh 2 % scenl an Sartlgu?ar it has been found that it is
di ff#Qult to process audl o objects of different audio object types, for

Séig}ﬂliQ Q/efégél@@tn/%& t8b90 (96 2] fI\fIIeE@fEAO@ #HBem 960 will be descrlbedh Thte Cal
SI ion is SSOC e ol a
R&fé St e&b?é@?%‘“?%“ﬁé‘“é?ﬁ%@ ShBout BaRea R eten iR a0

nunmber o
this sit8al®decodér.i s an objective of the present invention to create a
concept, 5 which allows for a conputationally-efficient and flexible
decodi ng of an audi o signal conprising a downm x signal representation and

an obj ectlhe SAdde do PpAPRGe uriognil ifapsedet eempridee reside ithermstioa dranseddgr 882,
par amet 1 ig;dnnt e5ARRurQ tode&sTd tlH€%bﬁ@fﬂe@atéﬁ%ﬁ@fn?oxﬁfaﬁ%ﬂ@fo? ExdRp18, idithd Rr@nt

audi o object, types. 10 Sunmary | nvent | on F%a(%lectl ve |s achi eved
by an au8f @ng‘ftgﬂ%tﬂ da@&é@féropflemaﬂm H\fpram%@nem tb?)ﬁworsm@ OWIHPIKSEERISAN 0N i n
dependengg @ﬁt}eﬁn@@ﬁ%%é{tl&i %@Eldg epoaa&MnAtdnecbdeNd alsd dbhﬁg@ﬁed tehvRIE an
par anmet r rmat i on, .a.netho rovi [
repr esenméég URYR @868@8@%@ 8%?&100 dlf 83 @’ﬁ&# 3 slgﬁt%g:'t PYROWd an
obj edt - r eltstteach) parthaidsis af a raéadvedatata i\ ccanlihghy, dlmyid¢ Brforpratign ammscaderd®i ned
by the ind I i g [ n reat es
o audi O?ss:%gn a@ﬁé{}% g% tg:!rﬂfogrrrﬁgrrloéﬂjﬁﬂ rgﬁﬁﬁ Bafelidgsitl hEmaRYE WA &
relieved from the object encoder, into a channel-related (parametric) side information 984,
taking into consideration the rendering information and, optionally, the information about
the content of the one or more downmix signals.
35
Optionally, the SAOC to MPEG Surround transcoder 980 may be configured to manipulate
the one or more downmix signals, described, for example, by the downmix signal

representation, to obtain a manipulated downmix signal representation 988. However, the



an upm x signal representation in dependence on a downm x signal
representation and an 20 object-relateél parametric informati on. The audio
si gnal dewodero/gmpri ses an obj ect separator confi guredpcu/EPecionpse t he
downm x signal representation, to provide a first audio information
describing a first set of one or nore audio objects of a first audi o object
type and a second audi o information descri bi n%‘a second set of one or nore
audi o obfl@rrgixosigenl yeaupdatan @86 rodj e mifgh sueh thapdhtienest dewvemix sevt x

si gnal t r @pfe_@&fﬁaﬁ@{ 9mfaﬂgl@r EB@G@ MPEG Sdrlﬁo%%ﬂ tﬁnfﬁb’éﬁérl 990 it Rnabiles ilreriﬁﬂ)&'([j ed
paranetric information. e audj o signpa er also conprises.an audio

D onal i SR ERL T seraton Bt e eI t MR Siamd Grsor R oP o O g t o
process $ipeal seandmdatati 886 mayf for rRAmpIe, bé ustené tetinendielated MBESCSurr@indt ed
paranet 1. WLALIRAIAT wh 01 OB Al A BHORET B SHOD il L0 SEaadRudi 0
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35  However, it has been found that it is difficult to handle audio objects of different audio
object types in such a system. In particular, it has been found that it is difficult to process
audio objects of different audio object types, for example, audio objects to which different
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separator in an enbodi nent of the invention; 10 Figs. 4a to 4e show bl ock
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si gnal d@lﬁ@&@Bftf@%@&fn@'aﬂgmt&) & typRDRdETBIsi Rl oté}eauufa)vcemédtsomhgﬁgst af@shows a
Tabl e_ representin %%P’;Lgnd&ng t'est. deslign description; Fig. 6bshows a

Tabl B r epPie€drrs Bgh QHEPTIAION. Fig. 6cshows a Table representing

the |isteni ng test itens and rendering matrices; 30 Fig. 6dshows a

gr aphi ca ta ion of .average. MUSHRA scores.for aoke/ Sol o type
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aver age MJseiRMgs (smheﬂlat @rpracaskiag gifcthe second audio information in the audio signal
processor is performed subsequently to a separation between the first audio information

20  describing the first set of one or more audio objects of the first audio object type and the

second audio information describing the second set of one or more audio objects of the

second audio object type.

In a preferred emboditnent, the audio signal processor is configured to process the second

25 audio information in dependence on the object-related parametric information associated
with the audio objects of the second audio object type and independent from the object-
related parametric information associated with the audio objects of the first audio object
type. Accordingly, a separate processing of the audio objects of the first audio object type
and the audio objects of the second audio object type can be obtained.

30
In a preferred embodiment, the object separator is configured to obtain the first audio
information and the second audio information using a linear combination of one or more
downmix channels and one or more residual channels. In this case, the object separator is
configured to obtain combination parameters for performing the linear combination in

35  dependence on downmix parameters associated with the audio objects of the first audio
object type and in dependence on channel prediction coefficients of the audio objects of the
first audio object type. The computation of the channel prediction coefficients of the audio
objects of the first audio object type may, for example, take into consideration the audio



rendering listening test; 35 Fig. 7shows a flow chart of a nmethod for
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schematic di agram of a reference MPEG SACC system Fig. 9ashows a bl ock
schematic di agram of a reference SACC system using a separate decoder and
m xer; 5 Fig. 9bshows a bl ock schematic diagram of a reference SACC system
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par anetr?%nixrﬁugfonsé%rfagﬁeplefﬁn tﬁ% audi o signal decoder 100 al so conprises an
audi o signal processor 140, which is configured to receive the second audio
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version ¢ UPBHH AL 800 TPRESAl% on 134, to obtain the upnix signal
35representation 120. 16 WD 2010/ 149700PCT/ EP2010/ 058906

Accordingly, the stereo processing of the audio objects of the second audio object type is

20  separated from the separation between the audio objects of the first audio object type and
the audio objects of the second audio object type. Thus, the efficient separation between
audio objects of the first audio object type and audio objects of the second audio object
type is not affected (or degraded) by the stereo processing, which typically leads to a
distribution of audio objects over a plurality of audio channels without providing the high

25  degree of object separation, which can be obtained in the object separator, for example,

using the residual information.

In another preferred embodiment, the audio processor is configured to perform a post-
processing of the second audio information in dependence on a rendering information, an
30  object-related covariance information and a downmix information. This form of post-
processing allows for a spatial placement of the audio objects of the second audio object
type within an audio scene. Nevertheless, due to the cascaded concept, the computational
complexity of the audio processor can be kept sufficiently small, because the audio
processor does not need to consider the object-related parametric information associated

35  with the audio objects of the first audio object type.
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conprise object-related paranetric informati on. For exanple, the SACC

bi tstream 212 may conprise object-level2-difference information, for

exanpl e, wo 20fvei4bmom of obj ect-level - 18 WO 2010/ 149700PTEPEH2030058906
di fference paraneters OLD, an inter-object-correlation information, for
exanple, in the formof inter-object-correlation paraneters 10C. In
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t hereof, the output/MPS 35 downm x signal 220. The downm x processor 230 is
al so coniri g prafetredoembaiinest, e dhgers seprasar is coffigured 8NMOVisietthe sezand audio

i nf or mat | g'ﬁn‘t?all%n%{]&hﬁ'ltat {R23LorR RA infrnda gg%a@&ﬂsé Rere MBS o hitfigoBREON

214. In a ownm X processor so receil ve a pr ocessed
SAOC Qar afréice pecond @heigr plipctA¥pe. fE@hﬁ)@n}ﬁa?Sa‘WéP@#nao fo Ehes Byentpozpallovy goxpg

2010/ 1497 @@BleddRRAQR HTRORmTG & R &is B 06 esAl 2880 dbfect Ol GHicad t o
receive the SACC bits %{qﬁ(%{éﬁforrm i.on e rendering matrix

i nf or mat ISoREWH ALY fact § §2Scq QSHB%IHrer(gIt At 88sfer- function
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i nformati IS require
Extracting one or two ‘audio signal channels can be performed by the object separator with

low computational complexity. In particular, the complexity of the object separator can be
kept significantly smaller when compared to a case in which the object separator would
30 need to deal with more than two audio objects of the second audio object type.
Nevertheless, it has been found that it is a computationally efficient representation of the
audio objects of the second audio object type to use one or two channels of an audio signal.

In a preferred embodiment, the audio signal processor is configured to receive the second
35 audio information and to process the second audio information in dependence on (at least a
part of) the object-related parametric information, taking into consideration object-related
parametric information associated with more than two audio objects of the second audio

object type. Accordingly, an object-individual processing is performed by the audio
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conpri se®RTCHIREIMAHOR st ri but or 274, which is configured to receive the
one 89 nore audi o channels of the second audi o object signal 264 and to

provi de, on.the basi.s thereof. one or nore. (typically t I hangnel s
of the pl‘Aﬂl@g%eg e%mg%dé%lﬁlat gﬁ%cirgmgbﬁoeéﬁe sling‘g' @1082)7[’%? f nga%oﬁﬁt%rﬁfbgég%%ﬁsz

downm x pedeymiogesdarctl®El. 270 conpri ses a decorrel at ed-si gnal - provi der 276,
which is configured to receive the one or nore audio channels of the second
audi o obj ect signal 264 and to provide, on the basis thereof, one or nore
decor r el &rie Depegingion of tedigw78h, which are added to the signals provided by
t he ghannel re-distributor 274 in order to obtain the processed version 272
of the second.audi o obj.ect signal .264, 30 Furthe etaj l egardi ng the
SACC GowkBPdmaus Secdriing fo P SRanGuNULvsEEu etk aeerdleds ner
280 conbitiesncldsed Flgssin ahidho obj ect signal 262 with the processed version
272 of the second audi o object signal. For this purpose, a channel-w se 35
conbi nati on may be perforned. Accordingly, the output/MPS dowmi x si gnal
220 i s obtai ned.




21 WO 2010/ 149700PCT/ EP2010/ 058906 The paraneter processor 250 is
configured to obtain the (optional) MG Surround paraneters, which nake up
t he MPEG\8ornoumeiobi t stream 222 of the upm x signal repres@Epre@biossyps on t he
basis of the SACC bitstream taking onto consideration the rendering matrix
information 214 and, optionally, the HRTF paraneter information 216. In
other 5 words, the SACC paraneter processor 252 is configured to translate
t he obj elig- t el at edshpwis @anoeds sahametendidgomm ofvan ehdipssignat deqaded asgording tSACC

bi t st ream i nf or mat {0 Ebimeht ¥ éhedncliaionel -rel ated paranetric information,
which is described by the MPEG Surround bit stream 222. 10 In the

follow ng, a short overview of the structure of the SACC transcoder/ decoder
ar chi t ecFigr2 shownshowsFagblogk wadhembtic glivgam Spatndsheraaadio siphaictieadedi,ng

( SA is a paranetric.nmultinpl | i Jechnique. It is designed to
tragsc,';)rﬁt a nunmber & or;éhn&}’tg aggpégﬁgh%g%gﬁm%g%\&ﬂgggi gnal (for exanple the
downm x audi o signal 210) that conprises Mchannels. Together with this
backwar d ke do | ' ' t L}t ed
(For oxammr e e D S e B g B R o
recreation and nanb§iredas shobiectsarargior B anambadiment of theiayentionn SACC encoder
(not shown here) produces a downm x of the object signals at its input and
extracts_t hese object paraneters. The nunber .of .objects that can be, handl ed
P 1B or Figti e Rowops RoPRAcToRRe shpidets ph ey wPel SFactsioth vIR AP icoded
efficiently into tisedSAOCEh biudsd reeal 20k2odel heec@@dingo v mnx embgdialen? 0¥ than be
conpressed and tra §,égt{§)51ed w t hout the need to update existing coders and

i nfrastructures. e obj éct paraneters, or SACC side information, are
transmtted in a low bit rate side channel, for exanple, the ancillary data
portion pf, hhe dovggx a@l&ﬁ@&i?% AAPSADE 1808 proded@ing hdGei Nput obj ects
are reconstructed and rendered to a certain nunber of playback channels.
The tenderi ng information containing reproduction | evel and panning

posi ti onFfgongeach ghjsatiblock ds@imSifRRlSARIC decadanploeessxipmamieed from t he SACC
bitstream (for exanple, as a preset information). The rendering information
can be tine-variant. Qutput scenarios can range fromnono to nulti-channel
(for exahig éa 5.1)shamd ablecl3sclienttipematearn of moraudiot fignal ldecasgntreeording taput
obj ects and the nugbghyQfindWIHintBae! s- Binaural rendering of objects
is possible including azinuth and el evafion of virtual object positions. An
optidhal effect interface allows for advanced mani pul ati on of object

si gnal s, rheshdes | gitRls an@lRRNEIMRMaiPdihieat icTNancikdhaudibj sighsl dbeskg! ves
can be nono signal s, gitereo honi c. si gnal.s,. as well as a nmulti- channel
signals (for exanpféc¥ing @r@rﬁﬁ&@jme fgfll?a‘flved’é’\%mx configurations are nono
and stereo. 22 WD 2010/ 149700PCT/ EP2010/ 058906 In the foll ow ng, the basic
structure.of the SAQC tr coder /deca -Whj I in Fig. 2, will be
expl ai neng' ‘?ﬁe SA%‘}"‘F%@%’E%%‘P 765%%31 ea(rjl%&r%lé%g] {eegtgieeé%fli%lgée)c\éﬂﬁéﬁl’ei n may act
eithgy as a stand-al one decoder or as a transcoder froman SAOC to an

MPEG- sur bits (Walek i d out put channel

confi gurgt gﬁ In Eaﬁosi?s;g&ﬂﬁn%%gpég%gg%&gg@%ts:ug%%r%%ﬁ’e out put si gnal
configuration is nono, stereo or binaural, and two output channels are
used. I nFdigs firSthdwASETaldRpRACKHOHE liSteiiiBY tRPREAS gnd lenderiigaagibtesiode,
and t he SAOC nodul e output is a pul se-code-nodul at ed out put (PCM out put).
In the first case, an MPEG surround decoder is not required. Rather, the
upm 80si Fi@ledr epr eslevisatai graphiyl aaprgsancaioni s dvbage UMBIRHRA gsalres2 26, anhi | e
t he provision of t 0 [ t1:SEr 10 222 may be omtted. In a
second case, the Olﬁaﬁggog)ﬁgée%&é@%@r&lg%@nﬁ%@}% a nul ti-channel
configuration with nore than two output channels. The SACC nodul e may be
operatio Lh at R ! bot h
o downr n & Ehal 250 a%%’gﬁ‘?ﬁ’h%%‘é%péﬁ&?%‘ﬁﬁﬁd TRAUE MOBHILS sffie R AR D s
shown in Fig. 2. ARWedRhBSeningSWPEG surround decoder is required in order
to ohgain a final audio signal representation 15for output by the speakers.
Fig. 2 s the basic structure of the S txanscoder/ decoder. .

ar chi tec[‘lg%@. The FESYHA (b"r"oﬁléasrgo?fl i‘lénég?cdr s PROYIIRg, 12l IRIX §igBelobj ect
fromthe i ncom ng dguaesehtation,goedrdiagqo bs emyodinent ethelirdentisif; or mat i on
contained in the SACC bit stream 212. The downi ni x 20 preprocessor 270
processes the regul ar audi o objects (which are, for exanple, non-enhanced
audi o objects, i.e., audio objects for which no residual information is
transmtted in the SAOCC bit stream 212). The enhanced audi o objects
(represented by the first audi o object signal 262) and the processed

regul ar audi o objects (represented, for exanple, by the processed version
272 of the second audi o object signal 264) are conbined to the 25 output

P N - ~ R I~~~ b R AN~



35 may take the place of the object separator 130 or of the residual
processor 260. Fig. 3a shows less detdisls than Fig. 3b. However, the

f ol | owm ngwodesnvisptobon applies to the residual processor pé®Epracioossdvag to
Fig. 3a and also to the residual processor 380 according to Fig. 23 WO
2010/ 149700PCT/ EP2010/ 058906 The resi dual processor 300 is configured to
recei ve an SAOC downm x signal 310, which nay be equivalent to the downm x
si gnal rEigr &sent atshows abdoasfschgmaticidiegramied adefgremcs VAIEm &A Qlesirstessnt at i on
210 of Fig. 2. The residual processor 300 is configured to provide, on 5

the basis thereof, a fir udi o i nfqormation 320 desct.i bj one or nore
enhanced'i8ueh o obj BePs,2 Eﬂcgrﬁchﬁf}‘;‘th grRgEy Iae,re(%?fén‘é:ﬁﬁg)éf g}ﬁterf‘dlsﬁf}geafi rst
audi o i nformati on skgZratrdebeddriagd hikest audi o obj ect signal 262. Al so, the
resi dsual processor 300 may provide a second audio information 322

descri bing one or nore other audio objects (for exanple, non-enhanced audio
obj ect s, Figopb whi ¢ hshowsraeblodk aschdnmdtior dragriasnof s rafeadncal§AQC sybtemeising laa
second audio 10 i i uivalent to the second audio
information 134 oﬁkgg@%de@éggg%%gagﬁé?gagﬂj ect signal 264. The residual
processor 300 conprises a 1-to-N2-to-N unit (OTNTTN unit) 330, which
recei vesgiohg. SACC J@WaN Klotk GERmaAEOdiaRdm B & efeldiRe IROBE VgSte® (ingdaha and
residual s 15 332. The 1-to-N2-to-N unit 330 al so provi des an

enhalfted- audi o- obj P CSOPHRECIIMSCARYT-ch descri bes the enhanced audi o
objects (EAO contained in the SACC downm x signal 310. Also, the
1-to- N 2.t o=N uni t. 330 o 'dlga.trg-;t second audi o informati on 322. The

r esi dual =pfotessd 7P LB FSes a render i ng unit 340, which receives
t he enhanced- audi oobj ect signal 334 and a rendering matrix information 342

and providesy; E@éi S iﬁ@ﬁlg%?%“ the first audio information 320. In
the foll (i)'vﬁ;%?g{é%h%c anéleC audi o ] ect processing (EAO processing), which
is pbsrformad by the residual processor 300, will be described in nore
detail . 2H3.1lshbikraoslbet sehenafit @idghen OF ah afutiinsigial tdBeod3e 300l uadorBhgaesgor 300
Regar di ngmgh(ﬁ fun&honal ity of the residual processor 300, it should be
noted t hSROPHBICBAREE BVRR Y gy al | ows for the individual nanipul ation of a
nunber of audio objects in terns of their |evel anplification/attenuation
wi t hout s gnificC hn:.t | 1 u e YirleN @
Very 11 miPoc sy YeheC BECREP Aop s, O 16 Beechid 2, el Vit 2
t ot aP0 (oimfeimesion 1l Brad p dowppriesigndneprsantasion dd2i Thecaugis) dgnad deqagsr EH) Isy t he
| ead vocghnfidue&Piongolde aRipafPkighiiclepitbdtition 10 ihhi%{)&ﬁﬁh&r O HE ERgixscene

unharned., A typical applicatjon case contajns_u o four_enhanced audi o
obj ects fignghrepiegssation 2 theo C"C@rﬁte’q B?‘ra’élﬁ‘é’r?dp@,rg‘?%?ﬁ ég(g ntDet W@lq H&8Hendent
stereo gbécﬁﬁﬁﬁ 106 Qbm@igﬁé%pérﬁ ﬁbj%&@sdeipﬂﬂf&ﬂelﬁ@e N&hi(ﬂ'{j Br @mﬁ(gtzliedcﬁ)sdebbmphseaﬂﬁ
prepared  to be remgved at the si,de of .the decodgr). . o
D070/ 140 900BET ERSD ToreRsete™ ZcRatryiba H5t 24 tiferfiio Tracteserivins
qual 2§y Endtaatefl oaeidir anarej adics objects afte @rgramdiosebjyst tyhe anddi secendymadio
contri butj SEGI WM i | i-ngl.uged in
the. Saoc BTSRRI Bl EFIFRER: L BuRBIRRER o Recofld e,
associ at ebjegl tyhe ithéeeadenceronibe dlpwantvaigasl o Bisnellilsandr wsing ddgastvy t he
downmi x Eax@ro?QEéébj@&-rEﬁfédO%ﬁﬁﬂetﬁ)é hfdemAH 0105 TR AudRNG SRR decHtiet N0AHO
signal contributions, of other audlg obj.ect s, ich are not enhanged audi o
obj ect s. CAMBESes; A WA Fignah @ronssr L havhish i crndighiedito Cost S BasFORe aBfioa
El ur %d)i fj ynmﬁpﬁmﬁameﬁldauqir@ce@?mcdemgr ﬁlda(b &ffoxglxyaﬂoﬁah I@F@mendeappadleam am'2>é (e_)cbi\ .
y the down pr.ocessi ng perforne .1 i o signal en 2

A chit e P QT GesE R St naeBl R ibg £ L2 8 o P AN es RN Bk s
r egar di nghe $eeondsudioiafopnamasEdr TBOGudibsignakbdebeder 1 ifealso Evrhpmssedn audio

signal combiner 150 configured to combine the first audio information 132 with the

processed version 142 of the second audio information 134, to obtain the upmix signal

35  representation 120.



audi o obj ect processing incorporates the 1-to-N or 2-to-N units, depending
on the SACC downm x node. The 1-to-N préocessing unit is dedicated to a nono
downmi x swonalo@apmol5 the 2-to-N processing unit is dedipcaprdoos®ost er eo
downm x signal 310. Both these units represent a generalized and enhanced
nodi fication of the 2-to-2 box (TTT box) known from | SO | EC 23003- 1: 2007.
In the encoder, regular and EAO signals are conbined into the downm x. The
OTNI / TTNIHe pudic egiahdeandet $0Q whplelments e ¢asvaied eprosessing oNther doessixngigoali t s or

nver se AptaeMbRTOATE Abrikhicsduf SoRERl VAL 42 BAIUASRAEREPdRID e

20corres ﬁ? nal s 0 and reqular signal's are recovered
f r om t heokiesthai the 3aeng pudip ObITAIYPT IR @ pemBINgdManastng t he SACC si de
i nformation and i ncorporated residual signals. The recovered EAGs (which

are scri bed by the enhanced audi nal 33 e.fed into,the 25
ooy b st PhodsTps SR rabsh SRHOTRe S e o Cserpir J Bt feeghd b
cor r espoimfbrigitior rideoribige ABtcind {ede$ (andlbe(ﬂajd&ys bhéher nded andjo rabject xype is

o oo BReR R e KRS RIS B e @linld, NG HId opidlE £ 59U o

audi o obf@b& are eco audio §ntorm 2) are
del i ver efirst auohh ®bBROFPdowmg the mbe:cprahueds panamefrigr inforanapbe 1 10.hdo8AGE Hownni x

D ehr 0ce828d 2o [RGrmldibh e R AGRAAY M0 alti@nfoAfail P AERbEL o B

309enera structure e resid ocessor e architecture of

t he }&si ehaanelpusie sigapl, on%éwwéarm@hau%@m@ﬁesemlb&ﬁhes pealobiestsoofathe ar e

conmput e%e@én%@oo%ﬁ@alg% &/ a corERAmREAOMEAOXres , 25 WO
2010/ 149700PCT/ EP2010/ 058906 where XoRlI represents the downm x signal of

the regul ar audi o objects (i.e. non-EAOs) and X0 is the rendered EAO out put
si gnal f br thehec@RQEocasiagistey, tedmdar siphw proveses Jd0 girogsdesdhalsavond rudibgnal

o e, ST bAn3 28R MRS o DB Esial p U RGRE Rhr AN IS ARE D

prediction (usin
i nf otmat tmra)admelal Prasessgt éHsdapapeof 9¢r§¢ra1mg<wegbjpet laémdw@bpr@éesemmm yior

X\ Xresyndbéify of theaudeYbidctOst tHPg&ona(a{l&lB o%j’b%f gjﬁe RARR alddddefiod 39 ey, for
exanpl e, represent the one _or nore ¢ annellzsﬁ dovvnm X s

r epr esenb&PNG AU inforpation 13dyandevhich iiypice n‘?tr?effﬁlén‘iﬂ bxsthe é’glﬁ"??ﬁ?@%nt ing

t he nul tigzhannel audio content. res may designate one or nore residual
signals, which may be described by the bitstreamrepresenting the

mul ti-channel audio content. 15 The OTN/ TTN processing is represented by

mat r2& Mlamg vEblie the ewlis sbiectsyf tie secandiaudio objPtiey BTaE PTofersbbrey prengssedt ri x M

i s defingd, aGGOLdhM9idual hihFOPHRPSY ak sQRhraBOL3 K kheSaudRy 89E&E bPihe Qecdrer 9Y)

as
audio object type are, indeed, processed in an object-individual manner (for example,

rendered in an object-individual manner) in the second processing step, which is performed
by the audio signal processor 140. Thus, the separation between the audio objects of the
25  first audio object type and the audio objects of the second audio object type, which is
performed by the object separator 130, is separated from the object-individual processing
of the audio objects of the second audio object type, which is performed afterwards by the
audio signal processor 140. Accordingly, the processing which is performed by the object
separator 130 is substantially independent from a number of audio objects of the second
30 audio object type. In addition, the format (for example, one-channel audio signal or the
two-channel audio signal) of the second audio information 134 is typically independent
from the number of audio objects of the second audio object type. Thus, the number of
audio objects of the second audio object type can be varied without having the need to
modify the structure of the object separator 130. In other words, the audio objects of the
35  second audio object type are treated as a single (for example, one-channel or two-channel)
audio object for which a common object-related parametric information (for example, a
common object-level-difference value associated with one or two audio channels) is

obtained by the object separator 140.



The OTN/ TTN processing matrix Mis represented as M= ( m OBJ EAO where the
matrix MoB j relates to the regular audio objects (i.e. non-EAOs) and M EAO
to the envenomxisaedi 0 objects (EAOs). 26 WO 2010/ 149700ECEPRiHB030058906
In sone enbodi nents, one or nore nultichannel background objects (MBO may
be treated the sanme way by the residual processor 300. A Milti-channel
Background Qbject (MBO is an MPS nono or stereo downm x that is 5 part of
t he SACC downm x. As opposed to using individual SACC objects for each

channel Aec&dmghx ith€ Iaﬁc'ﬂﬂesllgrfa'l QR8bder a@oh@@)ﬁ%{g RﬁF%dlse&@ablen@) e ho nore
effici entlépze a%ém% nne obj ect t(g) %P t he SACC

over head'y hmes ol it I&@cseﬁa?%ﬁgiher I Yo RO &1 SHCRERLL he
downmi x mbdifieetién bﬁtﬁwbbjbhaﬁpaﬂatortm m@rﬁddltmhﬁldiﬁ&k@t aﬁﬂlﬁol@&lrprbe&ssmg

Def i 3.1 f S

ol | o rgeoH R bk paiel P ecibidth st i fod aRER PP o b i o1 1
di scussedcéardioglye rf01t oxq:mnpiv,l xﬂes aonsanbid ép steaﬁwdnrﬁgl inwlip objesh s¢erfaeatinf dsinge at

cal cul at }.ofg, @A fod W&bbﬁgﬁt%&ﬁ&%ﬁl%aﬁmﬁr 148! fored Eﬁﬁ% ?rg%oﬁ' ”E

slot n an every requency .
corres poW@PWQOSAI&X FeafreRudios Ohlreétsd @ﬂkﬁ@d uso pf dhe Hesz@%aEM9ﬁ9n tWh’@ sI ot 1
and pr Ocﬁﬁﬁhﬂl%sthad"&ia ﬂforﬁ&aﬁb‘@ﬁﬁ‘%‘l@fﬂmﬁ%@' 08t %‘fﬂﬁ@geﬁﬂ'ﬁgﬂﬁﬁéﬂ dn 3Btrast,

par ajret er inis sp eC|f le A 230 07. Hence,

al | ﬂi‘Fé‘PH’gr%g BmﬁS?SPB ﬁb’f”é%@gﬁ% ‘6‘9% a B’WS%S}P&‘W&%%&H‘&%

i ndi ces angiduabintermiatiop oRet exgn@lerrﬁresmmlnmklghal@oc&sm|1nplmas,dbé amfgasd to

i ntroduced.varij abl e. e_ti.ne. f ncy
band | ndrEeTt P EaoSRT P audorticlE cpEhp EACE Sl B AACHLIEIMER™,
Cal cul at foomndsr thendifferent aydigoBa@ts30 The EAO pre-rendering matrix A EAO is
defined according to the nunber of output channels (i.e. nono, stereo or

bi naural ) as AEA() Al ' . .
15 . Audio’Signal Decoder according to Fig. 2

In the following, an audio signal decoder 200 according to an embodiment of the invention
will be described. A block-schematic diagram of this audio signal decoder 200 shown in
Fig. 2.

20
The audio decoder 200 is configured to receive a downmix signal 210, a so-called SAOC
bitstream 212, rendering matrix information 214 and, optionally, head-related-transfer-
function (HRTF) parameters 216. The audio signal decoder 200 is also configured to
provide an output/MPS downmix signal 220 and (optionally) a MPS bitstream 222.

25

2.1. Input signals and output signals of the audio signal decoder 200

In the following, various details regarding input signals and output signals of the audio
30  decoder 200 will be described.

The downmix signal 200 may, for example, be a one-channel audio signal or a two-channel
audio signal. The downmix signal 210 may, for example, be derived from an encoded
representation of the downmix signal.

35
The spatial-audio-object-coding bitstream (SAOC bitstream) 212 may, for example,
comprise object-related parametric information. For example, the SAOC bitstream 212
may comprise object-level-difference information, for example, in the form of object-level-



EAEAO 14.2 for nono case, for other cases. 27 WO

2010/ 149700PCT/ EP2010/ 058906 The matrildes A; A of size Ix N'0O and . AA of
size 2 x WoBAMy/@pmodefi ned as A EAO =DEAOM EAODEAO = [ ‘pPCEAP20veAS040
WEAOEAO ", EAO 16renl6k2w 3W 31vv2)9 where the rendering sub-matrix MrE
eAn corresponds to the EAO rendering (and describes a desired mappi ng of
enhanced audi o objects onto channels of the upm x signal representation).
10 The véifigesncoypammaters (JApuar dntpholiepwntelatien arformafhey ifoig cxamme.nar then
associ at gmftiktet-b6cQdaREREN PrBhRI@PIGCE s using the correspondi ng EAO

el ements and using the equations of section 4.2.2.1. 15l n case of binaural
rendering the matrix 4A is defined by equations given in section 4.1.2, for
whi ch t hi addities phe GAQC thtsgeim @il patgakompristes idognimk rinforramivradessribingy EAO

rel ated gl enent,s. 3,4Cal culation of t.he TIN. El 1N he. Rasiqual
Vode S0 T T ugwpng iRait hV Pt Sire R o M AR TR i PR S
310, whi sipndly pisingl 4 ylowompx ipsewsonigor oexampte, dbeliSA QG anistban may wappdst ent o
the enha audj hGdierS TN aRd4 (optidhaill)t ¥BhE QQ-&%@mweam& gr nore
enhanced au ?o aﬁlegiyrc %%nel?g aa;ég t(%\eeﬂag%?gng au |ko | nf or rratioln 3220, whi ch
t ypi cal | harawgisrs BeEDone or two regul ar audi o object 25channels. 28 WO
2010/ 149700PCT/ EP2010/ 058906

10 The rendering matrix information 214 may, for example, describe how the different audio
objects should be rendered by the audio decoder. For example, the rendering matrix
information 214 may describe an allocation of an audio object to one or more channels of
the output/MPS downmix signal 220.

15 The optional head-related-transfer-function (HRTF) parameter information 216 may

further describe a transfer function for deriving a binaural headphone signal.

The output/MPEG-Surround downmix signal (also briefly designated with “output/MPS
downmix signal”) 220 represents one or more audio channels, for example, in the form of a

20 time domain audio - signal representation or a frequency-domain audio signal
representation. Alone or in combination with the optional MPEG-Surround bitstream
(MPS bitstream) 222, which comprises MPEG-Surround parameters describing a mapping
of the output/MPS downmix signal 220 onto a plurality of audio channels, an upmix signal
representation is formed.

25

2.2. Structure and functionality of the audio signal decoder 200

In the following, the structure of the audio signal decoder 200, which may fulfill the
30 functionality of an SAOC transcoder or the functionality of a SAOC decoder, will be
described in more detail.

The audio signal decoder 200 comprises a downmix processor 230, which is configured to
receive the downmix signal 210 and to provide, on the basis thereof, the output/MPS

35  downmix signal 220. The downmix processor 230 is also configured to receive at least a
part of the SAOC bitstream information 212 and at least a part of the rendering matrix
information 214. In addition, the downmix processor 230 may also receive a processed
SAOC parameter information 240 from a parameter processor 250.



The functionality of the 1-to-N unit or 2-to-N unit 330 may, for exanple,
be i nplemented using a matrix vector mifitiplication, such that a vector
descri bi ngohkotdnsptve channel s of the enhanced audi o obj eercTaiPgm®iosR86 and

t he channel s of the second audio information 322 is obtained by nultiplying
a vector describing the channels of the SAOC downm x signal 310 5and
(optionally) one or nore residual signals with a matrix M-Prediction or
MeEner gy Accordingly, the determination of the matrix Mprechction or Menergy

i's an i npRé tpaﬁ&ne%rqﬁow@sdrf%odgw hféﬂ 1of rebd1@e ki sAO@J@nardam‘ ﬁffBﬁﬁdtf@)ﬂ 320
and t he Ffond aU|0|n [ mat rom.t he

sumar i z& %t hg it %H%PBE%‘?S 25% aﬁlrdesoé’ﬂf’%b)}g%q’teﬁ% T %\teﬂﬁﬁapf‘fﬁr'
Mpr edi ct ﬁmnuémtpamnmt@dmmmmnonmm and Nb -froeidegyoif ahe dasie rtbergyf, tha dMPHGe
b / '
or ooy v STFSRRHCRR 2OAR I8, BE PR Srlefn S BERBRER S BRI, 1 o
t he cor r parpoaEiTaye 18pIred gyhigh dfe f@(ﬁe@mm& true fity the iraggredirfg momwfeqn@rmn) but

only desﬁ{é&?ﬁu&d"%qer &kﬁﬁé%ﬁpr@@&é&bs@'p%wﬂ%b%c@ise& @%O(E‘H}fénﬁ"éﬂféh(%@ irects,
as will be disclUssed in nore detail .be|l ow. .1 Prediction node 20For the

predicti PFBH@S?%%A%IP@FH’%?%WEW‘%M S def| ned expl oi ting the downm x

i nformation contained in the matrix 15-1 and the CPC data frommatri x C
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15  receive the downmix signal 210 and to provide, on the basis thereof, a first audio object
signal 262 describing so-called enhanced audio objects (EAOs), which may be considered
as audio objects of a first audio object type. The first audio object signal may comprise one
or more audio channels and may be considered as a first audio information. The residual
processor 260 is also configured to provide a second audio object signal 264, which

20 describes audio objects of a second audio object type and may be considered as a second
audio information. The second audio object signal 264 may comprise one or more channels
and may typically comprise one or two audio channels describing a plurality of audio
objects. Typically, the second audio object signal may describe even more than two audio
objects of the second audio object type.

25
The downmix processor 230 also comprises an SAOC downmix pre-processor 270, which
is configured to receive the second audio object signal 264 and to provide, on the basis
thereof, a processed version 272 of the second audio object signal 264, which may be
considered as a processed version of the second audio information.

30
The downmix processor 230 also comprises an audio signal combiner 280, which is
configured to receive the first audio object signal 262 and the processed version 272 of the
second audio object signal 264, and to provide, on the basis thereof, the output/MPS
downmix signal 220, which may be considered, alone or together with the (optional)

35  corresponding MPEG-Surround bitstream 222, as an upmix signal representation.

In the following, the functionality of the individual units of the downmix processor 230
will be discussed in more detail.
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The residual processor 260 is configured to separately provide the first audio object signal
262 and the second audio object signal 264. For this purpose, the residual processor 260
may be configured to apply at least a part of the SAOC bitstream information 212. For
5 example, the residual processor 260 may be configured to evaluate an object-related

parametric information associated with the audio objects of the first audio object type, i.e.
the so-called “enhanced audio objects” EAO. In addition, the residual processor 260 may
be configured to obtain an overall information describing the audio objects of the second
audio object type, for example, the so-called “non-enhanced audio objects”, commonly.

10 The residual processor 260 may also be configured to evaluate a residual information,
which is provided in the SAOC bitstream information 212, for a separation between
enhanced audio objects (audio objects of the first audio object type) and non-enhanced
audio objects (audio objects of the second audio object type). The residual information
may, for example, encode a time domain residual signal, which is applied to obtain a

15  particularly clean separation between the enhanced audio objects and the non-enhanced
audio objects. In addition, the residual processor 260 may, optionally, evaluate at least a
part of the rendering matrix information 214, for example, in order to determine a
distribution of the enhanced audio objects to the audio channels of the first audio object
signal 262.

20
The SAOC downmix pre-processor 270 comprises a channel re-distributor 274, which is
configured to receive the one or more audio channels of the second audio object signal 264
and to provide, on the basis thereof, one or more (typically two) audio channels of the
processed second audio object signal 272. In addition, the SAOC downmix pre-processor

25 270 comprises a decorrelated-signal-provider 276, which is configured to receive the one
or more audio channels of the second audio object signal 264 and to provide, on the basis
thereof, one or more decorrelated signals 278a, 278b, which are added to the signals
provided by the channel re-distributor 274 in order to obtain the processed version 272 of
the second audio object signal 264.

30

Further details regarding the SAOC downmix processor will be discussed below.

The audio signal combiner 280 combines the first audio object signal 262 with the
processed version 272 of the second audio object signal. For this purpose, a channel-wise

35 combination may be performed. Accordingly, the output/MPS downmix signal 220 is
obtained.
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CPC matrix C can Dbe obtal ned
15  transmitted (for example, using the SAOC bitstream information 212) that allow for

recreation and manipulation of the original object signals. An SAOC encoder (not shown
here) produces a downmix of the object signals at its input and extracts these object
parameters. The number of objects that can be handled is in principle not limited. The
object parameters are quantized and coded efficiently into the SAOC bitstream 212. The

20  downmix signal 210 can be compressed and transmitted without the need to update
existing coders and infrastructures. The object parameters, or SAOC side information, are
transmitted in a low bit rate side channel, for example, the ancillary data portion of the
downmix bitstream.

25  On the decoder side, the input objects are reconstructed and rendered to a certain number
of playback channels. The rendering information containing reproduction level and
panning position for each object is user-supplied or can be extracted from the SAOC
bitstream (for example, as a preset information). The rendering information can be time-
variant. Output scenarios can range from mono to multi-channel (for example, 5.1) and are

30 independent from both, the number of input objects and the number of downmix channels.
Binaural rendering of objects is possible including azimuth and elevation of virtual object
positions. An optional effect interface allows for advanced manipulation of object signals,

besides level and panning modification.

35 The objects themselves can be mono signals, stereophonic signals, as well as a multi-
channel signals (for example 5.1 channels). Typical downmix configurations are mono and
stereo.
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5 operation, the output signal configuration is mono, stereo or binaural, and two output
channels are used. In this first case, the SAOC module may operate in a decoder mode, and
the SAOC module output is a pulse-code-modulated output (PCM output). In the first case,
an MPEG surround decoder is not required. Rather, the upmix signal representation may
only comprise the output signal 220, while the provision of the MPEG surround bit stream
10 222 may be omitted. In a second case, the output signal configuration is a multi-channel
configuration with more than two output channels. The SAOC module may be operational
in a transcoder mode. The SAOC module output may comprise both a downmix signal 220
and an MPEG surround bit stream 222 in this case, as shown in Fig. 2. Accordingly, an
MPEG surround decoder is required in order to obtain a final audio signal representation
15  for output by the speakers.

Fig. 2 shows the basic structure of the SAOC transcoder/decoder architecture. The residual
processor 216 extracts the enhanced audio object from the incoming downmix signal 210
using the residual information contained in the SAOC bit stream 212. The downmix
20  preprocessor 270 processes the regular audio objects (which are, for example, non-
enhanced audio objects, i.e., audio objects for which no residual information is transmitted
in the SAOC bit stream 212). The enhanced audio objects (represented by the first audio
object signal 262) and the processed regular audio objects (represented, for example, by
the processed version 272 of the second audio object signal 264) are combined to the
25  output signal 220 for the SAOC decoder mode or to the MPEG surround downmix signal
220 for the SAOC transcoder mode. Detailed descriptions of the processing blocks are

given below.

3. Architecture and functionality of Residual Processor and Energy Mode Processor

30
In the following, details regarding a residual processor will be described, which may, for
example, take over the functionality of the object separator 130 of the audio signal decoder
100 or of the residual processor 260 of the audio signal decoder 200. For this purpose,
Figs. 3a and 3b show block schematic diagrams of such a residual processor 300, which
35 may take the place of the object separator 130 or of the residual processor 260. Fig. 3a
shows less details than Fig. 3b. However, the following description applies to the residual

processor 300 according to Fig. 3a and also to the residual processor 380 according to Fig.
3b.
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first audio object signal 262. Also, the residual processor 300 may provide a second audio
information 322 describing one or more other audio objects (for example, non-enhanced
audio objects, for which no residual information is available), wherein the second audio
10 information 322 may be equivalent to the second audio information 134 or to the second
audio object signal 264.

The residual processor 300 comprises a 1-to-N/2-to-N unit (OTN/TTN unit) 330, which

receives the SAOC downmix signal 310 and which also receives SAOC data and residuals
15 332. The 1-to-N/2-to-N unit 330 also provides an enhanced-audio-object signal 334, which

describes the enhanced audio objects (EAO) contained in the SAOC downmix signal 310.

Also, the 1-to-N/2-to-N unit 330 provides the second audio information 322. The residual

processor 300 also comprises a rendering unit 340, which receives the enhanced-audio-

object signal 334 and a rendering matrix information 342 and provides, on the basis
20  thereof, the first audio information 320.

In the following, the enhanced audio object processing (EAO processing), which is

performed by the residual processor 300, will be described in more detail.

25 3.1.  Introduction into the Operation of the Residual Processor 300

Regarding the functionality of the residual processor 300, it should be noted that the SAOC
technology allows for the individual manipulation of a number of audio objects in terms of
their level amplification/attenuation without significant decrease in the resulting sound

30 quality only in a very limited way. A special “karaoke-type” application scenario requires a
total (or almost total) suppression of the specific objects, typically the lead vocal, keeping
the perceptional quality of the background sound scene unharmed.

A typical application case contains up to four enhanced audio objects (EAO) signals,
35  which can, for example, represent two independent stereo objects (for example, two
independent stereo objects which are prepared to be removed at the side of the decoder).
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or mixed by the downmix processing performed by the audio signal encoder.

10 3.2 SOAC Architecture Supporting Enhanced Audio Objects

In the following, details regarding the residual processor 300 will be described. Enhanced
audio object processing incorporates the 1-to-N or 2-to-N units, depending on the SAOC
downmix mode. The 1-to-N processing unit is dedicated to a mono downmix signal and
15  the 2-to-N processing unit is dedicated to a stereo downmix signal 310. Both these units
represent a generalized and enhanced modification of the 2-to-2 box (TTT box) known
from ISO/IEC 23003-1:2007. In the encoder, regular and EAQ signals are combined into
the downmix. The OTN/TTN™ processing units (which are inverse one-to-N processing
units or inverse 2-to-N processing units) are employed to produce and encode the
20 corresponding residual signals.

The EAO and regular signals are recovered from the downmix 310 by the OTN/TTN units
330 using the SAOC side information and incorporated residual signals. The recovered
EAOs (which are described by the enhanced audio object signal 334) are fed into the
25  rendering unit 340 which represents (or provides) the product of the corresponding
rendering matrix (described by the rendering matrix information 342) and the resulting
output of the OTN/TTN unit. The regular audio objects (which are described by the second
audio information 322) are delivered to the SAOC downmix pre-processor, for example,
the SAOC downmix preprocessor 270, for further processing. Figs. 3a and 3b depict the

30 general structure of the residual processor, i.e., the architecture of the residual processor.

The residual processor output signals 320,322 are computed as

XOBJ = Mowx

res !

35 XEAO - AEAOMEAOX

res !

i 2r4



j =1 44 den ,i+17/2 +En., +gn, 2+n, 1231, 712 +mi2ni 2 +m 21,4 +17,1231, 122
+rrein22 +4,4 +nR2,4 +nei n23 +17,712n42 +1, 1, 4ret J=1J=1 25+ir4n42-2m n2nA
-2m nBn, mMso20mdxdn3- 2nlmdnlng- 2n2ndn2n4 - 2nBmdn3n4.  3RCYBP2010/058906

2010/ 149700PCT/ EP2010/ 058906 The coefficients mand n of the extended
downm x matri x ij denote the downm x values for every EAO | for the right

and Ieft channel .as,5 =.d0 The. el enent s
o ot PR amcor s (8 e is HER! il dhd ksl o entb e g

i nfor rrat awh XMs snthet redérept EADabytputosagnalx farhthn ngAOCe dedoditigf frmdend;r the

i nfornmati on DCL ch|51nclu din SACC j.nformation 332, which is
r epr esenf & PP hg fyvnrpix SE%@ tlé%%‘&agatéﬁné?f"fb%@%? ric information 110
or the SAOCC bitstreaminformation 212. For the stereo dovvnm X case
the downm x matrix D of size 2 x Nwth elenents d,,j 15(i =0,1; j =
0,..., N-1) is obtained fromthe DIVGand DCLD paraneters as do, i

=100. OSDf, r&s%)ueﬂ' can d1ct (lgsm%lr]e'gﬁggl H?@l%atlon odE0gy, the
nono dovvnmxci t rrlF rrg g v¥|t ,j 20( i
=0, j = M\t r)eSl an‘B%{“ﬁ 8!“)f1in8 r'aHeE %%%a aSrcfiHsiied

Her e, thgcc@e(gggg}tl zed downm x par amnet ers DM& and DCLD] are obtained, for
exanple, 25 fromthe paranetric side information 110 or fromthe SACC
bitstream 212. unction EAO(j) determ nes mappi ng between indi ces of
input audi o obj —qhampeledickiBf nfgMe, si gnal s: 30EAO(j) = N-1- j ,j =N EA .
3.4.1. 4 Cal Xyl a rﬁSof the matrix C'35 The matrix Cinplies the CPCs and is
derlved fromth t)EansnPtted SACC garameters (i.e. the O.Ds, I0Cs, DMz and
DCLDs) as or energy mod

10 Here, X may, for example, represent the one or more channels of the downmix signal
representation 310, which may be transported in the bitstream representing the multi-
channel audio content. res may designate one or more residual signals, which may be
described by the bitstream representing the multi-channel audio content.

15 The OTN/TTN processing is represented by matrix M and EAO processor by matrix
AEAO'

The OTN/TTN processing matrix M is defined according to the EAO operation mode (i.e.

prediction or energy) as

20 M= {Mpredicﬁon, for pedictionmode,

M, for energy mode.

Energy >

The OTN/TTN processing matrix M is represented as

where the matrix M, relates to the regular audio objects (i.e. non-EAOs) and M,

the enhanced audio objects (EAOs).
25
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channel in a multi-channel signal, an MBO can be used enabling SAOC to more efficiently
handle a multi-channel object. In the MBO case, the SAOC overhead gets lower as the
MBO’s SAOC parameters only are related to the downmix channels rather than all the

S oppo(se&) to usmg 1n|31V1dual SAOC objects for each

upmix channels.
10
3.3 Further Definitions

3.3.1 Dimensionality of Signals and Parameters

15  In the following, the dimensionality of the signals and parameters will be briefly discussed

in order to provide an understanding how often the different calculations are performed.

The audio signals are defined for every time slot n and every hybrid subband (which may
be a frequency subband) k. The corresponding SAOC parameters are defined for each
20  parameter time slot I and processing band m. A Subsequent mapping between the hybrid
and parameter domain is specified by table A.31 ISO/IEC 23003-1:2007. Hence, all
calculations are performed with respect to the certain time/band indices and the

corresponding dimensionalities are implied for each introduced variable.

25  However, in the following, the time and frequency band indices will be omitted sometimes
to keep the notation concise.

3.3.2 Calculation of the matrix A,

30
The EAO pre-rendering matrix A,,, is defined according to the number of output

channels (i.e. mono, stereo or binaural) as

A - A, for mono case,
b=
#O | A for other cases.

35
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where the rendering sub-matrix M *° corresponds to the EAO rendering (and describes a

desired mapping of enhanced audio objects onto channels of the upmix signal
representation).

10

The values w*° are computed in dependence on rendering information associated with the

enhanced audio objects using the corresponding EAO elements and using the equations of
section 4.2.2.1.

15 In case of binaural rendering the matrix A;“° is defined by equations given in section

4.1.2, for which the corresponding target binaural rendering matrix contains only EAO
related elements.

34 Calculation of the OTN/TTN Elements in the Residual Mode

20
In the following, it will be discussed how the SAOC downmix signal 310, which typically
comprises one or two audio channels, is mapped onto the enhanced audio object signal
334, which typically comprises one or more enhanced audio object channels, and the
second audio information 322, which typically comprises one or two regular audio object
25  channels.



PLoPRo Pi oRO 25 The energy quantitiesPl, 0 5PRo 5PLoRo 5PLo0Co, j andPRoco, i
are conputed as N E40 -1 N EAO -1 PLa&2&OLDL+E mrn e k j,k 5 j=0k=0 N EAO
N EAO -1 wBaom/@idoRd- E En .n e j k j,k j=0k=0 35 WOPCT/EP2010/058906
2010/ 149700PCT/ EP2010/ 058906 N EAO -1 N EAO -1 P = e + Emnkej,k 3 LoRoL, R
] =0k=0 NEAO-1 LoCo,j P=m ODL nje - m.1.OD. - E J i=0i#

The functionality of the 1-to-N unit or 2-to-N unit 330 may, for example, be implemented

using a matrix vector multiplication, such that a vector describing both the channels of the

enhanced audio object signal 334 and the channels of the second audio information 322 is

obtained by multiplying a vector describing the channels of the SAOC downmix signal 310

5 and (optionally) one or more residual signals with a matrix Mprediction Of MEnergy-

Accordingly, the determination of the matrix Mprediction OF MEnergy iS an important step in

the derivation of the first audio information 320 and the second audio information 322

from the SAOC downmix 310.

10 To summarize, the OTN/TTN upmix process is presented by either a matrix Mpyegiction fOT @

prediction mode or Mgyergy for an energy mode.

The energy based encoding/decoding procedure is designed for non-waveform preserving
coding of the downmix signal. Thus the OTN/TTN upmix matrix for the corresponding
15  energy mode does not rely on specific waveforms, but only describe the relative energy

distribution of the inplit audio objects, as will be discussed in more detail below.

3.4.1 Prediction mode

20  For the prediction mode the matrix M is defined exploiting the downmix

Prediction

information contained in the matrix D™ and the CPC data from matrix C:

=D’'C.

Prediction

25  With respect to the several SAOC modes, the extended downmix matrix D and CPC
matrix C exhibit the following dimensions and structures:

3.4.1.1 Stereo downmix modes (TTN):
30  For stereo downmix modes (TTN) (for example, for the case of a stereo downmix on the

basis of two regular-audio-object channels and Ngao enhanced-audio-object-channels), the
(extended) downmix matrix Dand the CPC matrix C can be obtained as follows:



5 NEA-1 P RoCo,j =nj .OLDRMeL,R- nfOLD. - Eniejj i=0i# The
covariance matrix e,1 is defined in th# foll om ng way: The covari ance

matri x E wb20ioz@oox N with el ements ew represents an appr®reembossens of t he
original signal 10 covari ance matrix E SS* and is obtained fromthe OLD and
| OC paraneters as ei = VOLD, QLD 1 CC Here, the dequantized object
paraneters OLD' |LCC; are obtal ned, for_exanple, fromthe 15 paranetric
side information 1lb or fQom’%e SA@@MJM stream 212. I n addition, elL,R may,
for exanple, be pbt@ined gs |e;, R = YyOLDLOLDR I OC L, R 20 The paraneters OLDL
, OLDR and LOCL, couespondi_ia_t_he fegul ar (audi o) obj ects and can be
derived usi ng# d@avvnmnzg |nn+brrrat| oh: NEA -1 oLDLE do2, 10LD1, 1=0
N-NEno -1 250L = E cli12z, 1d_|@1 P o_IO B1, N- NEA =2, /OCL,R= 36 WO
2010/ 149700PCT/ E 2010/ 0589061 i i mpl 1 es a -channel regul ar audi o obj ect
signal). In contk#sf,- oﬁzlz;g ioné commri‘lob ectlevel -different value OLDL is
conputed for the regular audio objects in the case of a one-channel (nono)
downm x signal (whi ch pref erably i r’rgl i es a one-channel regul ar audi o object

signal). 10
0 1 10 0
e {_ ______ —
C=| <y oy 11 0.
CNpo-1,0 ENgio-11 ; 0 1

5 With a stereo downmix, each EAO j holds two CPCs ¢, ; and ¢, yielding matrix C.

The residual processor output signals are computed as

L
)
Xon = Mgrg?mon res, s
eleon -1
10
Il
0

— A EAOw g Prediction
Xp0 =A""M_,, res,

Accordingly, two signals yr, yr (which are represented by Xog;) are obtained, which
represent one or two or even more than two regular audio objects (also designated as non-
15  extended audio objects). Also, Ngao signals (represented by Xgao) representing Ngao
enhanced audio objects are obtained. These signals are obtained on the basis of two SAOC
downmix signals ly,rp and Ngao residual signals resy to resngao.1, which will be encoded in
the SAOC side information, for example, as a part as the object-related parametric

information.
20



As can be seen, the first (in the case of a two-channel downm x signal) or
sole (in the case of a one-channel dow(m x signal) comon
obj ect - | ewel2oth/fsdmoence val ue OLDL i s obtai ned by summ pgTmPRé10i0besvé ons of
t he regul ar audi o objects having audi o object index (or indices) i to the
| eft channel (or sole channel) of the SACC downm x signal 310. The second
common obj ect-1level -difference value OLDR (which is used in the case of a
t wo- ¢ hanfethodldwemotedsibghthk Jsignglsghtaaid nedniyy bs gqrriifaigittth ¢hecognal BBtdndrtbatof t he
regular C i g i the
i ght chg}r%ggé a@@& Eﬁ&)St%?%ﬁf\odlovvn %Uglagen%@%%tea? Aé?(%nc? nhql|lu tlcglrtlo DL of
the reguﬁ@ﬂa&éa@o obj ects (having audio objects indices i0 to i =N NEAO- 1)
onto the | eft channel signal (or sole channel signal) of the SACC downm X

signal 7 iS co toed for, exanpl e, taking._.nto cons g@ratlon t ownmx
G to. THeCRHD: R e AOWAANG T BRBR 6 B TAlRN Aige) B detrire.

obj ect - hayanqge awdnappﬁ{g ef enhandek a@dioi objdventoo Hicathanngs tdfethe ehharchdpndio

si gnal of, the.SA x signal 310, and al so the object |evel of the
regul ar SHSQSI%%&L?% ng the audio object i, which is represented by the
value OLD,. Simlarly, the common object |evel difference value OLDR is

obt ai ned Adshithghf1CarlQpHpKaRORAG! (rChenhau LA dasgy 1hbad ey dguamx oai n

whi ch is laaguar audi o obj ect having the audi 0 object 1ndex
i whéh f Bresraden ofdhe fygistiondtibnabthe sensdsEne ynit SR s B%le%aa%\ﬁﬁwlkpléqa@ﬁap feo, and
the | eveledtof @seBbin®MhdLhdnnals NG} )asfEle WADC dBenmeg bigasl FWdina &2 &ChoRavi ng

L 20 AR PChpBIR, el O SRR APYEICt hEDSILCE V0

di sti nguirsheseataiiee K} hef tha dirstiaddialinfoagaticar320udi o obj ects, but nerely nake
use of the common object |evel difference values OLDL, OLDR, thereby
considering the regul ar audi o objects (having audi o object indices i) as a
singl® audi o object. 37 WD 2010/ 149700PCT/ EP2010/ 058906 The covari ance
matrix eg 41 ég}g@l %1&%61’1%§¥@?ﬁ ):88 fol | ows: The covariance matrix E of
size N x N W t | enents e, 1 epresents an approxi mation of the original
signal covariance matrix E SS* and is obtained fromthe OLD and IOC 5

par anmet e th@follcrm {-He(aeﬁvﬁﬁfn @%ﬁﬂ?ﬂﬁﬁncelﬂeﬁidad?obj ect\sign@ﬂsg 20Q6h) aRetneXovdly R

wherein DR..an S

e e el RS ek T P16 oA S B PR OB S
Di oc2Qi , dpscrlload fr the d&se wh evhahnth©SAD Gdawiinix sigrel Fdd coropsses armgniab chegnel

obj ect s- I M,e -difference paraneters and inter-object-correl ation

paraneters 20 3.4.2. Energy Mode In the follow ng, another concept wll be
descri bed,- which can be used to separate the extended-audi o-object signals

320 and tFBxemroﬁgHb@'ﬁmﬂjgﬂoﬁe@(@mt(e(gn%%%@d?ﬂﬁﬁlix%C{th&lPd SiChde Rb@RAl s 322,
and which can be used in _conbination with reserving

audi o codhdig-abyect Franaplanddnn ﬁp&aneﬁ%ﬁvepsobﬁbch nRcls H@r(e%?(?féi?d?%n%er gy
baseds enenghiin @ 4Lahd CPQ rR4tE. aClcdnebd shtalesd gnfetlofer non-

30



wavef orm preserving codi ng of the downm x signal. Thus the OIN TTN upm X
matrix for the correspondi ng energy nole does not rely on specific

wavef or newolkwto/apioy descri be the 30rel ati ve energy di st pclymreen/ 088906 he

i nput audi o objects. 38 WD 2010/ 149700PCT/ EP2010/ 058906 Al so, the concept
di scussed here, which is designated as an "energy node" concept, can be
used without transmtting a residual signal information. Again, the regul ar
audi o obWagh 8 miaverdasvimaincerr BOM ¢ ishjredietsd baroaly premeesdlicigntac syielfling the

one- chan : tAMD- dio | ect ' o] t O,

obj cot -1 BpC G AHEERALRE R Y O B RS Mo s SROEP Rt 1
MEner gy (for deimpledfidpiiel SAOQ &dig 3deyarioxdihg fte e tdlabnahigs ey ifdddselows Wi | |
be descr'bey iy 2@@ following. 10 3.4.2.1. Energy Mde for Stereo Downm x
Mbdes (T#ﬁﬁ o-¢d¢d of a stereo (for exanple, a stereo dovvnnix on the
basi sc of two regul ar-audi 0- obj ect channel s and NEAO enhanced- audi o- obj ect
channel s), the matrices M)57 and MF EA'ori lare obtained fromthe
correspondi ng OLDs according to 15 ivr Energy ""- OBJ 0 np20LDo NO-1

OLDL+M2 OB rebidial rbBsSbriedput dighhi® aR donfputéd-43

_%
X _ MPrediction reSo
oBs — ops : >
I’GSNFAO )
_G
. res
__ A EAO Prediction 0
10 X0 =A""M_ :
res,, o=l

The output signal Xog; comprises, for example, one channel describing the regular audio
objects (non-enhanced audio objects) . The output signal Xgao comprises, for example,
one, two, or even more channels describing the enhanced audio objects (preferably Ngao

15  channels describing the enhanced audio objects). Again, said signals are equivalent to the
signals 320, 322.

3.4.1.3 Calculation of the inverse extended downmix matrix

20
The matrix D' is the inverse of the extended downmix matrix D and C implies the
CPCs.

25 Thematrix D™ is the inverse of the extended downmix matrix D and can be calculated

as
B =L
en



1=0 nOLDO NEAO -1 OLDR E n,20LD1 1=0 Ai-Energy 'EAO
N EAO -
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1 OLDL E nROLDL i=0 2 nwEAO- -32OLD NEA _, NEA -I

Theoresydomb processor output signals are conput edTaP2018858005

2010/ 149700PCT/ EP2010/ 058906
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15

20

25

The elements c?i’ ; (for example, of the inverse D' of the extended downmix matrix D of

size 6x6) are derived using the following values:
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77 \ x= xi-Energy 10 OBJIVS-OBJ5 r o A EA0O Am Energy EAOIVA EAO \ 0 5The
signals yL, yR which are represented 3y the signal XoBj, describe the
regul ar awogi2o010iapmot s (and may be equivalent to the si gmelr/Ei'Zﬁb/ossmmd t he
signal s YO EAO t oYNEAO- 1, EAO5 which are described by the signal XEAO,

descri be the enhanced audi o objects (and may be equivalent to the signal
334 or to the signal 320). 10If a nono upm x signal is desired for the case
of a stereo dovvnm x signal, a 2-to-1 processing nay be perforned, for
exarrpl e, by the pre-processor 270 on the basis of the two-channel signal
"Cow. 15 3.4.2.2. Energy Mdde for Mono Downm x Mdes (OTN) For the nono
case (foifh@xatmlcentsam;rom dowofrthe extemdedh dowagiis noftriori@ deangtel the- davdinoixobj ect

ona Ver , Pl iRy IR ]?%E*le'f P AL SRS sl A D fccording to 28"
5
mj=d

0,EA0(j) ?

njzd

1,EAO(j) *

The elements d;; of the downmix matrix D are obtained using the downmix gain
10  information DMG and the (optional) downmix channel level different information DCLD,
which is included in the SAOC information 332, which is represented, for example, by the

object-related parametric information 110 or the SAOC bitstream information 212.

For the stereo downmix case the downmix matrix D of'size 2xN with elements 4,
15 (i=01;/=0,..,N~-1) is obtained from the DMG and DCLD parameters as

0.1DCLD,
oospmc, | 10 ¢ 0.05DMG 1
I d =10 /

do,; =10 1+10%55D; 1j 1+ 107550,

For the mono downmix case the downmix matrix D of size 1x N with elements d, |
20  (i=0;=0,...,N-1) is obtained from the DMG parameters as

0.05DMG,

dO.j =10

Here, the dequantized downmix parameters DMG; and DCLD; are obtained, for example,
25  from the parametric side information 110 or from the SAOC bitstream 212.

The function EAO(j) determines mapping between indices of input audio object channels
and EAO signals:

30 EAO(j)=N-1-7, =0, N, —1.

3.4.1.4 Calculation of the matrix C

35 Thematrix C implies the CPCs and is derived from the transmitted SAOC parameters
(i.e. the OLDs, IOCs, DMGs and DCLDs) as



A4 Energy OLD, 5 OLD, +mL OD, i.0
34
WO 2010/149700 PCT/EP2010/058906

Co=(1-24)E,+Ay,,, ¢, =(1-2)¢, +Ay,,.

In other words, the constrained CPCs are obtained in accordance with the above equations,
5 which may be considered as a constraining algorithm. However, the constrained CPCs may

also be derived from the values ¢, ,¢,, using a different limitation approach (constraining

~

algorithm), or can be set to be equal to the values ¢ ,,¢,.

It should be noted, that matrix entries ¢;; (and the intermediate quantities on the basis of
10 which the matrix entries c;; are computed) are typically only required if the downmix

signal is a stereo downmix signal.

The CPCs are constrained by the subsequent limiting functions:

Nggo-1 Ngo-1

m,OLD, +ne, . — Z me, , n,OLD, +me, , — Z ne,
i=0 _ i=0

15 Vin = N1 Nggo -1 > V2= Ngig=1 Ngag -1 ’

2[0LDL + Z z mm,e, kj 2(OLDR + Z n,nkei,kJ

0 k=0 ' =0 k=0
with the weighting factor 1 determined as
8
/1 — PLzoRo .

IJLOPR()

20

For one specific EAO channel j=0...N_,,—1 the unconstrained CPCs are estimated by

P

LoRo

_ PLoCo,jPRo _PRnCo,jPLoRo ~ PRoCo,jPLa _P

LoCo, j

C, C,
J:0 2 ’ sl 2
PLoPRob_ PLoRo PLoPRo _PLoRo

25  Theenergy quantities P,, Py,, Popys P, a0d Py, are computed as

Sk

P, =OLD, + mm,e



nm20LD0 N EAO -1 GoLDL E nOLD, nEnergy EAO0 nN\2EA -10LDN EAO -1 N EAO 2
OLDL +nmOLD, 1-0 The residual processor3®utput signals are conputed as 40
WO 2010/ 6 72000AGT/0eP2010/ 058906 =nDENnBei rgy (do), XOBJ pcAEA2MeASVEEANeO gY
(dO'" 5 A single regul ar-audi o-object channel 322 (represented by XoBJ) and
NEAO enhanced- audi o-object channels 320 (represented by XEAO) can be

obt ai ned by applying the matrices nDE7 and MEEA'orgY to a representation of
a single channel SAOCC downm x signal 310 10(represented here by do). If a

t wo- channel (stereo) uﬁg@'—'x\’m ifgnal is desired for the case of a one-channel
(rmono) downm )&@J@ﬁ@dif onXuén.ocessi ng may be perfornmed, for exanple,
by the pre-processor 278° ofi°t he basis of the one-channel signal 'Cosi. 15
4. Architecture and operation of the SACC Downm x Pre-Processor In the
foll owi ng, the operation of the SAOC dowpni X pre-processor 270 wll be
described 20 RN +or OEDe noe ¢ odi IZH,IDn}d§ pfe operation and for some

t ranscodi ng modes of operatl on.

I?ﬁj

5
Nigo-1

Proco; =n,0OLD, +me, , —n,0OLD, — Z ne

ivij
i=0

iwj

The covariance matrix ¢, , is defined in the following way: The covariance matrix E of

size NxN with elements ¢, ; represents an approximation of the original signal

10 covariance matrix E~SS" and is obtained from the OLD and IOC parameters as
=, /OLD,.OLDJ. 10C, ;.

Here, the dequantized object parameters OLD;, IOC;; are obtained, for example, from the
15  parametric side information 110 or from the SAOC bitstream 212.

In addition, e; g may, for example, be obtained as

OLD,0OLD,I0C, ,,.

20
The parameters OLD,, OLD, and IOC, , correspond to the regular (audio) objects

and can be derived using the downmix information:

N-Ngio-1
OLD,= > d;OLD,,
i=0
N-Ngso-1

25 OLD,= > dlOLD,
i=0 '
10c, - 10C,,, N-Ng, =2,
‘ 0, otherwise.

As can be seen, two common object-level-different values OLDy and OLDg are computed
30  for the regular audio objects in the case of a stereo downmix signal (which preferably



4. 1Q0peration in the Decoding Mddes 4.1.1 Introduction 25 In the foll ow ng,
a nmethod for obtaining an output signaBé6usi ng SACC paraneters and panni ng

i nf or mat iwo 20ov14p®oderi ng i nformati on) associated with eetlEramdiossoobj ect i s
descri bed. The SACC decoder 495 is depicted in Fig. 4g and consists of the
SACC par aneter processor 496 and the downm x processor 497. 30 It should be
noted that the SAOC decoder 494 mmy be used to process the regul ar audio
obj ect s, iaplkesmaiwa-pleanatloregulae gedio @bjegt sighad). dowanirast sirgy ahe 48maont digecsecond
audi o obj _dSi I L9100 S 3

second a&ﬁ?gdﬁfrﬁ‘g&c})}? #g%?gjngg%gs%z\ﬂcp? %}adii%% 3%;“‘@ g?ﬁgmﬁﬁhﬁiﬁ I?l?lg%:eecgag% ?f 2399 may
provi de, © {émE’RR) wigniy pagnal Aghich praterably, igpliessa @nerehayinsh regpiar gudione
second auddjedt Hjkct signal 264 or the processed version 142 of the second
audi o.i nformati on 134. Accordingly, the dovvnm x processor 497 may take 41
WO 20&0/ 149700PCT/ EP2010/ 058906 the rol e of the SAOC downm x pre-processor
270, or wtseanbkecaf, thehfrsh(inlile @sgobi twr-olcemslodovindfix signal) TheoBACGhpaaanet er

processor i ¢ e 1S I r 0] 252 and
Consequegt Ty e CimbPRRubAR o Oiaf Bhrhdlft ST RRUATRGRS RS0 D Budnd.
101 n t he by olumying geonirimtigosvelithe pegdarsaustio akfrictshhavingandioopbjedieinderdi(ar
signal pIREESSPb héfft ABshdMb:SBId SafiRS) SNAL §Q@Sdm%&?§{%"eéi gnat ed

pre-?éocessor' 270 in the enbodinment of Fig. 2, a
Wi th*¥497 in the SACC decoder 495, will be described in nore detail. 15 For

E Ee gecod'_ﬁé seahe @M&Eo@é@eﬁd?ﬁﬁéﬁend?ﬁﬂﬁ&h%ﬂﬂg @itadials dséd ,ir)l fﬂ_?ezea%ség)?_l& ?f
e downmi x processor (represented. | e [ in) is fed. into
the corr é@%‘Sﬁ%ﬂ“ﬁgagméi%Ea it togfab‘?ﬁkw ﬁgrln}ég% %tﬁgg‘gfo.ns ffatﬁ‘a regulayg

descr i bedudin obsCIsIHa€ing3BOudio oBRETingée(od imtjcdshitof the aightochapng] oPGM SAQQal .
Nevert he : ut signal 142, 272, 497b of the downm x processor is
typicall bg‘?g%% gr}gngg\l/é\,itlt@h one or nore audio signals 132, 262 20 representing
t he é?lhanc_ed audi o objects. This conbination may be performed before the
tCﬁr res ltoo rrfle QGnt?fbﬂiiJé&?@Lﬁ)Lf off therB@aNk z(uﬂqtg B?jﬁ&@t(ha%h?g)ﬁﬁdi@ %@jeféts%laﬂce§ pRPIoNI Ng
e out put OWRITi X, pf ocessor an e.one. or re signals .
represe nle\rH'cg“Et“H'g? SRIPatE et &E]?HF’BF S des sole chamst S‘EB‘%) Hg ﬂ?yg‘f‘ﬁgs?l%wnmlx
filterbasighal AlG é&r nahpwed,yfor telxemplet palting iiigo adonsifleratien desvdownmix gaias&gqr nmay
be conbi W - - i ' ting the.enhanced 25
audi o ob?g%{ I@%ﬁf_‘é{%@#@%@ a@/{getdﬁtgzl#eg&glhlﬁf é?@éﬁ%%gfr%aé e a|1un(f:10. &3@% or |Xngl Y,
t he 2pmi x vdicy rdtainiag thess et ehanngl sigml of e ) Codoveimikesignal A atwinalsanthe
repr esentgfebORvAl of3h& bi | Al ie@y iRte
r epr esent aj{ei aﬁ)ny OThe %ﬁ%@lgr%%ggﬁﬁgéﬂécﬁg&%fggj “?E)Clrﬂqg rrgﬁregi,%t e nono
pr ocessi H&,V eO5Per eo processing and, if required, the subsequent binaural
processi ng. 30 The output signal X of the downm x processor 270, 497 (also
designated with 142 272, . A497b) .is..conputed m.t he nono .do i x signal X
(ai g deSalib i, pyn g8 o/ Ontel SRR it ol Biis Palte Sy ogioichumnh x
si gndb XdoelficBhts dpX desdPbiep thEhlewdetogrial wiiek isaypbied owiri regbgmnalio bjects
comput ed héving 4fe \Q\le%oét%é&%%ﬁg? E)Q;[l{eﬁpgo%%go ﬁ?égﬁ&tx&aﬁngeﬁgﬁaﬁ F(%{n'[%g@AOC

downmix signal 310, and the level information OLD; associated with the regular audio

object having the audio object index 1.

30 As can be seen, the equations for the calculation of the quantities Pro, Pro, PrLoros PLoco jand
Procoj do not distinguish between the individual regular audio objects, but merely make
use of the common object level difference values OLD;, OLDg, thereby considering the
regular audio objects (having audio object indices 1) as a single audio object.

35 Also, the inter-object-correlation value IOCy,r, which is associated with the regular audio
objects, is set to 0 unless there are two regular audio objects.



The decorrelated signals X, are created fromthe decorrelator described in
| SO I EC 5 23003-1: 2007, subclause 6.6.27 Followi ng this schene, the
bsDecor r Geof20g/m9700 configurati on shoul d be used wi th apdempeeielostoos i ndex,
X = 8, according to Table A 26 to Table A .29 in I SO I EC 23003- 1: 2007.
Hence, the decorrFunc( ) denotes the decorrel ation process: In case of
bi naural output the upm x paranmeters G and P2 derived fromthe SACC dat a,

r ender i ngh¢ pdriantd watrivi e ; (aadel DR defprd aséillve: are applied to the downni x
signal X (and X, ) yielding the binaural output X, see Fig. 2, reference
nuner al - 15basi. r f. the ] r [,.1S shown.
The targgﬁtg 98?%@%2 Bllraghxégr?ﬁ%&natxr#% %S‘%%SP {Sself‘fzge%%hﬁél a@()al gf"z‘?rga%“?frs]e

el enent s tiaxdriginal- sib@t coPh@ARBImaANL: Fo 9SS A0 i Viidthihd oliRie 02paaRd ¢oe and
rendering matrix r- with elements m exanple, by the SACC paraneter
processo @a?ﬁéxiﬂﬁget bi naural rendering nmatrix 20Al' mrepresents the

rel ati on between i0 input objects y and the desired binaural output.
25 The HRTF p&r,-&mglé%@ﬂaﬂ@cgi-ven by Hn'L, H"nR and 071 for each
processi ng band m The spatial positions for which HRTF paraneters are

avai l abl e are characterized by the index i . These paranmeters are descri bed
in 1SOIEC 23003-1:2007. 4.1.2.1 Overview 30 In the follow ng, an overvi ew
over the downm x processing will be given taking reference to Figs. 4a and

4b, whi chos¢xampde,bl ock representation of the downnmi x processing, which nmay
be perfornmed by the audi o signal processor 140 or by the conbination of the
SACC 43 WD 2010/ 149700PCT/ EP2010/ 058906 par aneter processor 252 and the

SACC downni x pre-processor 270, or by the conbination of the SACC paraneter

procggsor 496egpgmmd&£r,ocessor 497.

wherein OLDy, and OLDg and IOCy, g are computed as described above.

Here, the dequantized object parameters are obtained as

OLD, =Dy, (i,l,m), 10C, , =Dy (i, j,I,m),

15

wherein Dorp and Dioc are matrices comprising objects-level-difference parameters and
inter-object-correlation parameters.

20  3.4.2. Energy Mode

In the following, another concept will be described, which can be used to separate the

extended-audio-object signals 320 and the regular-audio-object (non-extended audio

object) signals 322, and which can be used in combination with a non-waveform-
25  preserving audio coding of the SAOC downmix channels 310.

In other words, the energy based encoding/decoding procedure is designed for non-

waveform preserving coding of the downmix signal. Thus the OTN/TTN upmix matrix for

the corresponding energy mode does not rely on specific waveforms, but only describe the
30  relative energy distribution of the input audio objects.



Taking reference now to Fig. 4a, the downm x processing receives a
rendering matrix M 5 an object level3&ifference informati on OLD, an

i nter-objwotzempmpmbati on information | OC, a downm x gai eCTEPesOBE$906) DMG
and (optionally) a dovvnm x channel |evel difference information DCLD. The
downrni X processing 400 according to Fig. 4a obtains a rendering matrix A
on the basis of the rendering matrix M for exanple, using a paraneter
adjuster and a Mto-A mapping. Al so, entries of a covariance matrix E are

obt ai ned Alld, HRRIAEGH AR cusked Hé}et@%cﬁl?sl &&lgnheu el alq*‘érfe?é}gﬁﬁge”‘ {Hn@éﬁ%dé\% QLD

and the inter- object correlati on I nfornati on exa , i scussed
above. SPFRY ‘éf’rq“?}lt teaRpmitHag gfresdvrd aramak 1q£grtrrpqt1>@nDAga1§, gﬁtrﬁg‘ﬁéﬁaww @bjsstdence

on the dewnrénhagaidnaidid objeess) are BbAeaad at diﬁglsmﬂe%xmfeh@a &b-dhewRl audio
diffe enc&}gaﬂ{orrrat on i re oV, ance matrix F

are obtal aﬁ’n&eoﬁlgr%é‘ﬁ%8°IBW°PWEJ3F{3EFH‘§W1%RH&? YRS A aet ‘Yércovari ance

matrix E. Also, a scalar value v is obtained in dependence on the

covari anggr et driexgyEmaad thehBagivmr X Mgt déﬁﬁe@eﬁﬂblﬂn@ 8 RBRARRE S BANdtIR
entries thereof). 20 Gain val ues B® PR for two channels are obtai ned in
dependenerd the (ds, meswkbbeﬂh&endakmthdfcdbmamg ance matrix F and the scal ar
value v. Also, an inter-channel phase difference value (pc is obtained in
dependence entries f of the desired covariance matrix F. A rotation angle a
is al®o d¥tal fawrgynMedp tndéeree Domvnatix Maslss {TBY) t he desired covari ance
matrix F, taking into consideration, for exanple, a constant c. In

addi ti on second rotation angle O |s obtai ned 25 for e arrple in
dependenl:récgﬁﬁ Of A SCEA AT X amR f a sfsfeo i oprike Pasisqf tgragy %fnauéihpf"%ie%.
Entries ofianachyandiNeat eah@co@-taadlneﬂb,lect ohanexajiphe mainces e Heane M Y e t wo

channel Iue PL, PR and endence on the inter-channel phase
differ engga \E{ ﬁleSBfErFéi?ﬁﬁihlnﬁ%Itstﬁ% %é‘?g ®n angles a, 13. Simlarly,

entri®s of a matrix P2 are determ ned in dependence on sone or all of said
values PL, PR, (Pc, (a following, it wily be described how
the matrix G and/or |P s thereo®), which| may be applied by
the downm x processar|agpdis gg@k bove, can be obtaiphed for different
processing m)deg]ergy WO ‘20 3149700PCT/ EP2010/ 058906 I n the followi ng, a
processi ng no®oav F| be di scussed in audi o objects are
represented by a single changel downmi x_sian&Dk34, 2644, 322, 497a and in

whi ch a binaural rendering is desired. X rameters Gd'mand pm
are conputed as GI'm=/\ Oc/A FL/A e %ﬂj*\% Q&SIm+ aim 2\ 01 'rn/
I ppmé%p(ml\sin(fi',in+a/A

PRI A exp -j c cos (161'm- al'm) 2
) 2\ PRI'"? expj esin (fl") 2

m.OLD, n.OLD,

Nggo -1 Nggo-1

OLD, + >, m!OLD, \|OLD,+ ) n’OLD,

i=0 i=0
M = '
mlzv £40~1 OLDN 540~ nfz‘/ £a0 -1 OLDN £a0 -]

Nggo-1 Negg -l

OLD,+ Y, m’OLD, {|OLD,+ » n’OLD,

i=0 i=0

20

The residual processor output signals are computed as
25



The gains PLA and ./3Vn for the left and right output channels are J 11'
6'2 Vim c1l,mJ2,2 2 max vm\'. 10Th® desired covariance matrix Fun of
size 2 x Wowntomseioenents fi'mis given as = knEl' m (kn) PCT/EPb@omsmbar vi' m
is conputed as 11(D + The inter channel phase difference b.' is given as

arg(f),

0 m 15Cc: m = 0, ot herw se. I' >06 Pmc - , The inter channel

_ Energy 0
XOBJ - MOBJ

coherence pmis corrpufeji as (\ A1L,2ml, ml-) =mn ,1 Vmex(fl'mfl'm 62)
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¥

XEAO = AEAOMEEZe(;gy (lo J .

%

The signals yi, yr, which are represented by the signal Xop;, describe the regular audio
objects (and may be equivalent to the signal 322) , and the signals yo a0 t0 ¥NEAO-1.EAO
which are described by the signal Xgao, describe the enhanced audio objects (and may be
equivalent to the signal 334 or to the signal 320).

If a mono upmix signal is desired for the case of a stereo downmix signal, a 2-to-1
processing may be performed, for example, by the pre-processor 270 on the basis of the
two-channel signal Xog;.

3.4.2.2. Energy Mode for Mono Downmix Modes (OTN)

For the mono case (for example, a mono downmix on the basis of one regular-audio-object
channel and Ngao enhanced-audio-object channels), the matrices Mg';;gy and Mi;i;gy are

obtained from the corresponding OLDs according to

OLD
Mg&/gy = I Ny AO_]L s
\/ OLD, + >, m’OLD,

i=0

m2OLD,

Ngao—1
OLD, + >. m’OLD,
i=0

MEnergy _

EA4A0

2
: mNEAO -1 OLDNEAO -1
Ngao-1

OLD, + ) m’OLD,
i=0

The residual processor output signals are computed as



1,12,2 ' \'1 45 WD 2010/ 149700PCT/ EP2010/ 058906 The rotation angles al' and
Pl'mare given as 5 4.1.2.3 Mono-to4®t ereo "x-1-2" Processing Mde I n
t he fol | owbrglo/@9monocessi ng node will be described i n wectclErede/os®gal ar
audi o objects are represented by a single-channel signal 134, 264, 222, and
in which a stereo rendering is 10desired. In case of stereo output the "x-1
-b" processing nn%e can, be applied wi thout using HRTF information. This can
be done by ¥erivMag did )el ements ax1.7 of the rendering matrix A, vyielding:
15 al,ym= nmll, mma2y = nRIY. 4.1.2.4 Mno-to-Mno "x-1-1" Processing
Mode 20In the follow ng, a processing node will be described in which the
regul ar audKg, 0bA&MT, é%ﬁepresented by a signal channel 134, 264, 322,
497a and in which a two-channel rendering of the regular audio objects is
desi red. In case of nobno output the "x-1-2" processing node can be
applied with the follow ng 25entries: alr:ym= 7111"ma hn 0 C y=2,y

A single regular-audio-object channel 322 (represented by Xopj) and Ngso enhanced-
audio-object channels 320 (represented by Xga0) can be obtained by applying the matrices
M_® and M[7% to a representation of a single channel SAOC downmix signal 310

10 (represented here by dy).

If a two-channel (stereo) upmix signal is desired for the case of a one-channel (mono)
downmix signal, a 1-to-2 processing may be performed, for example, by the pre-processor
270 on the basis of the one-channel signal Xog;.

15

4. Architecture and operation of the SAOC Downmix Pre-Processor

In the following, the operation of the SAOC downmix pre-processor 270 will be described

20  both for some decoding modes of operation and for some transcoding modes of operation.

4.1 Operation in the Decoding Modes

4.1.1 Introduction
25

In the following, a method for obtaining an output signal using SAOC parameters and

panning information (or rendering information) associated with each audio object is
described. The SAOC decoder 495 is depicted in Fig. 4g and consists of the SAOC
parameter processor 496 and the downmix processor 497.
30
It should be noted that the SAOC decoder 494 may be used to process the regular audio
objects, and may therefore receive, as the downmix signal 497a, the second audio object
signal 264 or the regular-audio-object signal 322 or the second audio information 134.
Accordingly, the downmix processor 497 may provide, as its output signals 497b, the
35  processed version 272 of the second audio object signal 264 or the processed version 142
of the second audio information 134. Accordingly, the downmix processor 497 may take



4.1.2.5 Stereo-to-binaural "x-2-b" processing node 46 WO

2010/ 149700PCT/ EP2010/ 058906 I n the fo#1 ow ng, a processing node will be
descri bedworrowhisgtvor egul ar audi o obj ects are represent egcClEraommwssscdhrannel
signal 134, 264, 322, 497a, and in which a binaural rendering of the

regul ar audi o objects is desired. 5 The upm x paraneters G A and P21'm are
conputed as rr\? g (c. ari,2 ) PP exp jsin (pi A+cti'm 21 2 -/ .
arg (cl: thepple ofitbx PADESdawira®/ preaprocassor @70, dr tHdwelcof the spdindigngl gracessorPLA' X
,and .PLipp, PRI’ for the left and right output channels 10are max / mxX
2

The SAOC parameter processor 496 may take the role of the SAOC parameter processor
5 252 and consequently provides downmix information 496a.

4.1.2 Downmix Processor

10 In the following, the downmix processor, which is part of the audio signal processor 140,
and which is designated as a “SAOC downmix pre-processor” 270 in the embodiment of
Fig. 2, and which is designated with 497 in the SAOC decoder 495, will be described in
more detail.

15  For the decoder mode of the SAOC system, the output signal 142, 272, 497b of the
downmix processor (represented in the hybrid QMF domain) is fed into the corresponding
synthesis filterbank (not shown in Figs. 1 and 2) as described in ISO/IEC 23003-1: 2007
yielding the final output PCM signal. Nevertheless, the output signal 142, 272, 497b of the
downmix processor is typically combined with one or more audio signals 132, 262

20 representing the enhanced audio objects. This combination may be performed before the
corresponding synthesis filterbank (such that a combined signal combining the output of
the downmix processor and the one or more signals representing the enhanced audio
objects is input to the synthesis filterbank). Alternatively, the output signal of the downmix
processor may be combined with one or more audio signals representing the enhanced

25  audio objects only after the synthesis filterbank processing. Accordingly, the upmix signal
representation 120, 220 may be either a QMF domain representation or a PCM domain
representation (or any other appropriate representation). The downmix processing
incorporates, for example, the mono processing, the stereo processing and, if required, the
subsequent binaural processing.

30
The output signal X of the downmix processor 270, 497 (also designated with 142, 272,

497b) is computed from the mono downmix signal X (also designated with 134, 264,
497a) and the decorrelated mono downmix signal X, as

35 X=GX+PX,.

The decorrelated mono downmix signal X, is computed as



The desired covariance matrix FI'ml of size 2 x 2 with elenents ful:vmx is

given as =(Al'm

cji:,

PLI'mexp j ni,m21( A2 p/m exp 2 r'expj 21 p/Aexp 2)
2010/ 149700PCT/ EP2010/ 058906 The correspondi ng scalars v1"x and v''mare

conputed as D/, xE/,m (D ,x + 82,

downni x matrix Di'" of size 1 x Nwith elenents d,|'" can be found as

10

15

20

25
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X, = decorrFunc(X).

The decorrelated signals X, are created from the decorrelator described in ISO/IEC

23003-1:2007, subclause 6.6.2. Following this scheme, the bsDecorrConfig ==

configuration should be used with a decorrelator index, X =8, according to Table A.26 to
Table A.29 in ISO/IEC 23003-1:2007. Hence, the decorrFunc( ) denotes the decorrelation

process:

x - %) decorrFunc((l O)EX) '
@ lx, decorrFunc((O 1)P1X)

In case of binaural output the upmix parameters G and P, derived from the SAOC data,
rendering information M’” and HRTF parameters are applied to the downmix signal X

(and X,) yielding the binaural output X, see Fig. 2, reference numeral 270, where the

basic structure of the downmix processor is shown.

The target binaural rendering matrix A" of size 2x N consists of the elements ai”';' . Each

element ai’,'; is derived from HRTF parameters and rendering matrix M"" with elements

I.m
i

A'" represents the relation between all audio input objects y and the desired binaural

m," , for example, by the SAOC parameter processor. The target binaural rendering matrix

output.

Nygry -1 m

af= 2, mIH, exp(f*:j, 3= 2 mIH ""“{_j 7)

i=0

The HRTF parameters are given by H/,, H, and ¢" for each processing band m . The

spatial positions for which HRTF parameters are available are characterized by the index
i . These parameters are described in ISO/IEC 23003-1:2007.

4.1.2.1 Qverview

In the following, an overview over the downmix processing will be given taking reference
to Figs. 4a and 4b, which show a block representation of the downmix processing, which
may be performed by the audio signal processor 140 or by the combination of the SAOC

vi,In = (DO +)E ,m(6,1 + D,2) + 82.

. m 15The covari ance 4atrix CIA of size 2x 2 with el enents
of wbeolodisy7oobi naural signal is estimted as C ' mpefE¥rdI0ssober e

47 WO
The



=100.5'"d 100. 1DCLD; + 00.1DCLD: di'2 =100 5DAIG + 00.1DCLa \I 5 The
stereo downm x matrix D of size 2 x MW th elenents dx1,1 can be found as

= cif'x .wéheiommabrooXx Ei'm x with el ementsare derived fr egriEreoobsos ng

rel ationship The inter channel phase differences k" are given as
| CCs pm and pm are conputed as (\ Ifl: / mmPT: =mn I,1 ,pmn

10

15

20

25
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35

parameter processor 252 and the SAOC downmix pre-processor 270, or by the
combination of the SAOC parameter processor 496 and the downmix processor 497.

Taking reference now to Fig. 4a, the downmix processing receives a rendering matrix M,
an object level difference information OLD, an inter-object-correlation information I0C, a
downmix gain information DMG and (optionally) a downmix channel level difference
information DCLD. The downmix processing 400 according to Fig. 4a obtains a rendering
matrix A on the basis of the rendering matrix M, for example, using a parameter adjuster
and a M-to-A mapping. Also, entries of a covariance matrix E are obtained in dependence
on the object level difference information OLD and the inter-object correlation information
I0C, for example, as discussed above. Similarly, entries of a downmix matrix D are
obtained in dependence on the downmix gain information DMG and the downmix channel

level difference information DCLD.

Entries f of a desired covariance matrix F are obtained in dependence on the rendering
matrix A and the covariance matrix E. Also, a scalar value v is obtained in dependence on
the covariance matrix E and the downmix matrix D (or in dependence on the entries
thereof).

Gain values Py, P for two channels are obtained in dependence on entries of the desired
covariance matrix F and the scalar value v. Also, an inter-channel phase difference value
@c is obtained in dependence entries f of the desired covariance matrix F. A rotation angle
o is also obtained in dependence on entries f of the desired covariance matrix F, taking into
consideration, for example, a constant c¢. In addition, a second rotation angle B is obtained,
for example, in dependence on the channel gains Py, Pr and the first rotation angle a.
Entries of a matrix G are obtained, for example, in dependence on the two channel gain
values Pi,Pr and also in dependence on the inter-channel phase difference ¢c and,
optionally, the rotation angles a, B. Similarly, entries of a matrix P, are determined in

dependence on some or all of said values Py, Pg, o, a, p.
In the following, it will be described how the matrix G and/or P, (or the entries thereof),
which may be applied by the downmix processor as discussed above, can be obtained for

different processing modes.

4.1.2.2 Mono to Binaural “x-1-b” Processing Mode

The



N max (inf21,';' ,S) \I 1:mCl2 ,1 Vmax (c,,, C2,2,6 The

rotation angles ai'mand 131'm are gi v&h as = -1 (arccos pm- arccos)) ,
2) 61" = awotam/memict ') PLI'm PRI'm 15 4. 1. 2.6 Stereo- POT4PeI10058986 2- 2"
processi ng node In the followi ng, a processing node will be described in

whi ch the regul ar audi o objects are described by a two-channel (stereo)
signal 134, 264, 322, 497a and in which a 2- 20channel (stereo) rendering
i s desi r buthel fnllewig, afpretessiep node pritl, bet diecussedrieoviprle greorgslar agdid obikctsect | y

appl i ed, ;heRsMidd bPe HEICChAREl B ngﬁﬁcltﬂ,o%éﬂ 33224874 and in which a

binaural rendering is desired.

5  The upmix parameters G"” and P,” are computed as

!m
P exp(j——cz—jcos(ﬂ””’ +a”'”)
Gl,m =

r
I.m

P exp(—j C2 ]cos(ﬂ”"‘ —al’”’)

l.m

P exp(j Cz ]sin(ﬂ"’” +a”"’)

Im _
P =

I,m

Pl exp [~j —CE—J sin (ﬂ”’" —a" )

The gains P,"” and P," for the left and right output channels are

I.m l,m

1,1 2,2
P/" = max| =r—,&% |, Py = fmax| == & |.

v v

10 The desired covariance matrix F*™ of size 2x2 with elements f,.[}’" is given as

*

F'" = A""E" (A")
The scalar v is computed as

V" =DE" (D) 46,
The inter channel phase difference ¢-" is given as

15 o _|ae(£y), 0<m<IlL phmz0s,
¢ 0, otherwise.

The inter channel coherence p)” is computed as

f[,m
1,2

I.m plm 2
max fu 22 »€

Im _
pZ" =min 1.




48 WD 2010/ 149700PCT/ EP2010/ 058906 I n the foll ow ng, a processing node w ||
be described in which the regul ar audi45 objects are represented by a

t wo- channwb 20sv@pm®0) signal 134, 264, 322, 497a, and i npoiriepboid/ossyes channel
(rmono) rendering is desired. 5 In case of nono output, the stereo
preprocessing is applied with a single active rendering matrix entry, as
described below in Section 4.2.2.3. 4.1.2.8 Conclusion 10 Taking reference
agai n t o The gfatiopangles &b, and fr'oews@vengpshas been descri bed which can be
applied to a 1-channel or a two-channel signal 134, 264, 322, 497a
representing the regul ar ;audi o, objects\ subsequent to a separation between
t he extended audi ozﬁf”é@{@éa‘fﬂﬁ(@ﬁ uéeg)_ll d=ammlle 6b] s&®. Figs. 4a and 4b
illustrate the"Processing, wherein the processing of 15Figs. 4a and 4b
differs in that an op_tio_ggtlccc;g:@7 ter adj yptapt s introduced in different
stages of the processing 4. 2. eration in the transcodi ng nodes 20 4.2.1
Introduction In the follow ng, a nethod for conbi ni ng SACC paraneters and
panning information (of renderimg imf-orymtion) associated with each audio
obj ect (or, prﬂé’i"e:rad:thg/{;tm{d’r’f) € e r 25 audio object) in a standard
conpli ant MPEG surround bitst rPe’am%’l\/F’@ itstream) is explained. The SACC
transcoder 490 is depicted in Fig. 4f and consists of an SAQCC par aneter
processor 491 and a downm x processor 492 applied for a stereo downm x. The
SAQC ¢ranscoder 490 may, for exanple, take over the functionality of the
audi o signal processor 140. Alternatively, the SACC transcoder 490 may take
over t he?flihtManadpiStgrex1ng km@%& pre-processor 270 when taken in
conbi nation with the SACC paraneter processor 252. For exanple, the SACC
par anet e rocessor 491 may receive . an SA itstream 491la, whj.ch |s
autval ot BecoiRgtgn f dEects dnd e San Hedesibetin g gk s regatar Biis RElegiaoc

bi t st r eameddpresohtciohy 4 fiegiBARGhRhsignEtISH, P64Ce3 wnd id Shidieystéres ednderiag is
rendﬁéi n %@Hri X 49 WD 2010/ 149700PCT/ EP2010/ 058906 i nf ormati on 491 b,
whi ch” may be included in the object-related paranetric information 110, or
whi ch may be equivalent to the rendering matrix information 214. The SACC
paramet er processor 491 nmy al so provi de downmi x processing infornmation
491c to TheasgOWTHISO PFBeless ox-14gproggssing meds e beqpplied withowtgusingeHRTF

i nf or mat irdorn24dn. Thiseav dre, ddneebySACIVie pla rehmmeher ai@;r of dssenddfi mayixpruavi de
an MPEG surround bitstream (or MPEG surround paraneter bitstream 491d,

whi ch codistdiB&s a paranetric surround information which is conpatible with
t he MPEG surround standard. The MPEG surround bitstream 491d may, for
exampf e, be paf} =of,7'} he procegsedsfiersion 142 of the second audi o
information, or may, for exanple be part of or take the place of the MPS
bitstream 222. 10

He
y

4.1.2.4 Mono-to-Mono “x-1-1" Processing Mode

20 In the following, a processing mode will be described in which the regular audio objects
are represented by a signal channel 134, 264, 322, 497a and in which a two-channel

rendering of the regular audio objects is desired.

In case of mono output the "x-1-2" processing mode can be applied with the following
25  entries:

4.1.2.5 Stereo-to-binaural “x-2-b” processing mode

30



The downm x processor 492 is configured to receive a downm x signal 492a,
which is preferably a one-channel dowwvd x signal or a two-channel downm x
signal , awmo2etvabrons preferably equival ent to the seconecambraoiosgoos mati on
134, or to the second audi o object signal 264, 322. The downm x processor
492 may al so provide an MPEG surround 15 downm x signal 492b, which is

equi valent to (or part of) the processed version 142 of the second audio

i nf or mat othelflowing, equiceasingpimade Wiblrbepdastrilogd) intwigclp regds sedioveljeitoare272  of
t he seco t \ 1 ys of
combi ni ne e R PE Db el s, 204 D e maGh Py kbRl
obj ect sP@Wﬁlre&"éQauQB)ZObJeﬂﬁ%lS@Sﬁ{ﬁ nati on may be performed in the MPEG
surround domain. Alternatively, however, the MPEG surround representation,
conprising the MPEG surround par amet er b| tstream 491d and t he MPEG surround
dovvndi ngégn@leanetetstf'ﬁenéﬁ’zrelgtudxanpui@cbaso obj ects may be converted back
to a nulti-channel tinme donmain representation or a nmulti-channel frequency
dormai n representation (individually representing different audi o channels)
by an MPEG suground ecod r and may be subsequentl conbined with the
enhanced audi|o 0hi ec gn | S 2130 I/tm sh t,,,the,,, anscodi ng
nodes conpri sePgoteﬁ( t’}ezor “Kovre rﬁ)oﬁo do %mn%? dr oz:eg%(fstcg nﬁﬁes nd one or
nore st er&Ed downmni x ro{;e Si ng nodes. However, m% e followng|only the
stereo downmi [x_processj#g’ wi |, gscri pedg"Heca -t he prlocessi ng of
the regul ar i 0 “Ohj ety sif P Eﬁs T¢ 'ﬁ)g el*¥Bpr&te 1/7° %@g stoérg downni x
processi ng node. 35 4. 2. 2 wnm X processing rn the‘stereo dovvhm x
("x-2-5") processing mode 4.2.2.1 Introduction 50 WD

2010/ 149700PCT/ EPZ010/ 0589Q€g (lft' Y e fol I owi ng section, a description of the
SACC transcodi ng node” ¢xn jthe—ste edﬂ%\mm case will be given. 5The

obj ect paranetels |(objec Iev%l fference OUD, inter-object correlation

| OC, downnmi x dai T |DMG an i,
SACC bi tstream ar Iprnanscod%r ‘Flm;s () A al /,ﬁ}or ef erably channel -rel at ed)
paraneters (channgl ?l SVR| i fhere L8 er - channel -correl ation I CC,
channel predictiom coefficient CPC) for the EG surround bitstream
according to the rendering information. The dovvnm x is 10 nodified

accor di nght contipending gniane? &1 s Pahtl aad rRfideX T rfor thatlefi xnd Highti cugput ehamelsce now
to Fl(g 4c, 4d and 4e, an overview of the processing, and in particul ar of
the 4own@i nodi fi cati on, will be given. 15Fig. 4c shows a bl ock
representation of a i which is or nodi fying the downm x

signal, for example|t sipgnal ].%&(L 264, ¢3R2, 492a describing the

ichannel | eviel difference DCMD) fromthe

one or, preferably,\ morlevregdul ot &~ ’As can be seen from Fi gs.
4c, 4d and 4e, the g mtrix M

-ren a downni x_gai n i nfgt'mat j on Dl\/p”, aj do x channel |evel difference

i nformati on D= @%b ]je‘oﬁ evel 7di Tt C&-20 jnformation OLD, and an

i nter-object- corre ativn information 1YOC. The r ndering matrix may

opt i onal dified b ust ment bt .is shown in Fig.

20, Bt r he d5vod casmmses kT P oo ?b?a‘i%alemﬁntaé nfeHEE Bn the downni x
gain informtion DMG and the downm x channel | evel d| fference information
DCLD. Entri esgmiﬁ » A ACGRBF B matrix E are obtained in dependence on the

obj ect | evel ffer ence rmati on OLD and 25 the inter-object correlation
i nf oggmt 'I%Q cl)grflantl:g'gﬁ Igndf s?%;lan?t Ew(th‘Jel%é(ntPel'D&ttﬁén %”'bln ASE ke on

t he downmi'x matri he coherefce nma e I n dependence  on 't he
entries %gﬁﬁﬁ@aaﬁubsequently, a matrix C3 may be obtained in dependence on
the rendering pptrix M, ;syv-Ten, the downmix matrix D, the coherence
matrix E and tthe rﬁat Pik (]D)AGWB}FI x G may be obtained in dependence on a
matri x DT whi ch nmay be a matrix having 30 predeterm ned entries, and
also in l‘ﬁgndence on the matrix CS The matrix G may, optionally, be
nodi fi ed, to obtaih ,a,nodif.igd e d¢”’rﬁn matri x G or the nodified
version Gmod t her epf L me§P d Uge detPyé The| processed version 142,
272,492b of thg"second audio | for mat i on 134 2 4 fromthe second audio

i nfformation 134, 2ng§,m492 (wper |%1;nhe ecqﬁd2 dio information 134, 264 is
designed with X, antk wi&|erh 5 pr 88sskd;versi on 142, 272 thereof is
designated with X




51 WO 2010/ 149700PCT/ EP2010/ 058906 perforned in order to obtain the
processed version 142, 272,492b of thedsecond audi o i nformati on 134,
264, 492a wepoas@astoong t he regul ar audi o objects w |l bepdespritopssood. 2. 2. 2
Renderi ng of object energies 5 The transcoder determ nes the paraneters
for the MPS decoder according to the target rendering as described by the
rendering matri x Men The six channel target covariance is denoted with F
and gi ve% hpgorreppordiyy sealare wS Mush 8) are aneutqdSs* ) IWen = MenEWen * The
transcodi ng ercess ce}n cp epgual,lmy d|v ed |r,1to L parts. In one part
a three channé& +|§erfbrn=e Ef"tD +Bh Vjo*aﬁd center channel .
In this stage the parameters for the downmx nodi fication as well as the
predi ct i dhe gavamit matixf Bt oftrzeTIKIV 18ithelenfeots 4 ieatPSidmdader are obt ai ned.
In the other part the CC paraneters for the renderlng bet ween t he
front and surrd, S]%O(QQ@n abs>¢OrT par an;,tze_r sk @f [t Triont | eft surround,
right front - t su WPe det efimiriéd. 4?:?0—0MRenderingtoleft,
ri ght and center channel In this stage the spatial paraneters are
det er$ri n&de et doiniiR mdive I eifidiet i7gVtwitikelegkhtsarid cad Bhfousannel ,
consisting of front and surround signals. These paraneters descri be t he
prediction rTB.tIil x Qf the TTT box for the MPS decoding Cm (CPC paraneters
for the MPS deC'o €r) and the downm x converter matrix G 25CTTT is the
prediction matri x to obtain the target rendering fromthe nodified downm x
X=GX: CnihEn@rA3E "~ with Aleniestsae’ fédtm@hvaéﬁderﬂln@olim&nng xelatfonshipe 3 x N,
describing the rendering to the left, right and center channel
respectively. It is pbtain ag,x =D36M en with the 6 to 3 partial 30
dovvnmi x natriew)xwmﬁe(fﬁne%(f % (w100

nJ dll d12 d +d12

The inter channel phase differences ¢:" are given as

1, m,x m
10 ¢/,m,x z{arg(f )3 O~<— m Sll) pé’ >0.6,
0, otherwise.

The ICCs p;” and p}™ are computed as

lf,f'{"! 0, " = min IC]ZI 1 .
Jmax (£ 1767

PF" =min
Im l.m
The rotation angles a"” and S"" are given as

\/max c,1 ¢y €

a"m = l(arccos (p”’" ) —arccos (p"’" )) B = arctan (tan(a’ '”)————-—P[ "R j
2 T ¢ ’ Pl .m P}; m

15

4.1.2.6 Stereo-to-stereo “x-2-2” processing mode

In the following, a processing mode will be described in which the regular audio objects
are described by a two-channel (stereo) signal 134, 264, 322, 497a and in which a 2-
20 channel (stereo) rendering is desired.

In case of stereo output, the stereo preprocessing is directly applied, which will be
described below in Section 4.2.2.3.

25  4.1.2.7 Stereo-to-mono “x-2-1” processing mode
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2010/ 149700PCT/ EP2010/ 058906 The parti48 downmi x weights wp , p =1,2,3 are
adj ust ed wochiorfastoot he energy of wp(y, p_, + y2p) is equalpCtr@®podie/osssns of
energies Y2p-1 2 + 11Y2P 112 up to a limt factor. where f denote the
elenments of F. 5 For the estimation of the desired prediction matrix C'T
and the downi ni x preprocessing matrix G we define a prediction matrix C3 of
size 3 x 2, that leads to the target rendering C3X A' S

In the following, a processing mode will be described in which the regular audio objects
are represented by a two-channel (stereo) signal 134, 264, 322, 497a, and in which a one-
channel (mono) rendering is desired.

5
In case of mono output, the stereo preprocessing is applied with a single active rendering
matrix entry, as described below in Section 4.2.2.3.
4.1.2.8 Conclusion
10

Taking reference again to Figs. 4a and 4b, a processing has been described which can be
applied to a 1-channel or a two-channel signal 134, 264, 322, 497a representing the regular
audio objects subsequent to a separation between the extended audio objects and the
regular audio objects. Figs. 4a and 4b illustrate the processing, wherein the processing of

15  Figs. 4a and 4b differs in that an optional parameter adjustment is introduced in different
stages of the processing.

4.2. Operation in the transcoding modes
20
4.2.1 Introduction

In the following, a method for combining SAOC parameters and panning information (or
rendering information) associated with each audio object (or, preferably, with each regular

25 audio object) in a standard compliant MPEG surround bitstream (MPS bitstream) is
explained.

The SAOC transcoder 490 is depicted in Fig. 4f and consists of an SAOC parameter
processor 491 and a downmix processor 492 applied for a stereo downmix.

30
The SAOC transcoder 490 may, for example, take over the functionality of the audio signal
processor 140. Alternatively, the SAOC transcoder 490 may take over the functionality of
the SAOC downmix pre-processor 270 when taken in combination with the SAOC
parameter processor 252.

35
For example, the SAOC parameter processor 491 may receive an SAOC bitstream 491a,
which is equivalent to the object-related parametric information 110 or the SAOC
bitstream 212. Also, the SAOC parameter processor 491 may receive a rendering matrix



Such a matrix is derived by considering the normal equations C3 (DED*), A3
ED. 10 The solution to the normal equa4d ons yi el ds the best possible

wavef or mwetotv/fsem00t he target output given the object cecamranoessyweel . G
and Cm are now obtained by solving the systemof equations CTTTG = C3.

To avoid numerical problenms when calculating the termJ= (DED* )1, J is
m)dlfled First 15the eigenvalues 21,2 of J are cal cul ated, solving det(J
AL2I) mfomgt@erﬂ\?ébw@cbn@yéw@nmcéddqdnndlees@amﬂdgte@/pmmyn@m@maand lite

ei genvecgpcvhﬁzﬁrrﬁe%swaﬁmgerﬁ ® ﬂlla?eddéﬁg Ena %@éfrﬁlaﬁgn b$4 Cﬂ{eosii,éb %J di ng
to the e uatlon6§ ove. sure e 1n P05| Ive X- Iane first

S
el ement RE¥CYSET [Vloicd %IFQ/QOV‘%@O%@EB%HTO&?%%V‘@&W 1o 48ig &9 hegdeyaixt he
first bypﬁ)cesseﬂ 40BOWRRE hef @Eldqmvaﬁﬁﬂ & Yﬂe\/ﬁﬂfémﬁxloﬂ 03, M((r&o%?,) the SAOC

mmtr1k CPgrer Brisgt )y RS e b MERY Rt ghishrare A MEACRUEREE) on
par anet epsrametearpitsic@nf)add ldemhnéldcqrmprisse{)aIlﬁ@nﬁaﬁosuﬁom&ifqmﬁﬂﬁﬂ' @B i s
o o e oL A 3 R OO YRR 9% i
= ( Dm c3fonsrampierbegary of thedresessedimgrsion 142pfehe saprraudio 1nfgm1atloan@|r may (1 1

- 1) - 11 £k ekamplefbep aﬁQﬁ%r BRe tl&rﬁl)iééj&"tﬁe NESBRreghybpon ( det(r) <10 ), the
poi niol S chosen that i es cl osest

The downmix processor 492 is configured to receive a downmix signal 492a, which is

preferably a one-channel downmix signal or a two-channel downmix signal, and which is

preferably equivalent to the second audio information 134, or to the second audio object

signal 264, 322. The downmix processor 492 may also provide an MPEG surround

15 downmix signal 492b, which is equivalent to (or part of) the processed version 142 of the
second audio information 134, or equivalent to (or part of) the processed version 272 of the
second audio object signal 264.

However, there are different ways of combining the MPEG surround downmix signal 492b
20 with the enhanced audio object signal 132, 262. The combination may be performed in the
MPEG surround domain.

Alternatively, however, the MPEG surround representation, comprising the MPEG
surround parameter bitstream 491d and the MPEG surround downmix signal 492b, of the

25  regular audio objects may be converted back to a multi-channel time domain representation
or a multi-channel frequency domain representation (individually representing different
audio channels) by an MPEG surround decoder and may be subsequently combined with
the enhanced audio object signals.

30 It should be noted that the transcoding modes comprise both one or more mono downmix
processing modes and one or more stereo downmix processing modes. However, in the
following only the stereo downmix processing mode will be described, because the
processing of the regular audio object signals is more elaborate in the stereo downmix
processing mode.

35

4.2.2 Downmix processing in the stereo downmix (“x-2-5") processing mode

4.2.2.1 Introduction
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point resulting in a TTT pass through. As a first step, the row i
t hus

choseny =1[7,,, 11,21 where tH& el ements contai n nbst energy,
LWwo2010/1497p225 j=1,2. Then a solution is deternmpogdrsaohsgobat

3y with y=, 52 ./1 1(21)2 If the obtained solution for 6, and 02
I s defined

de the all owed range for prediction 10 coefficients that
(as defined in I1SOIEC 23003-1:2007), O shall be cal cul ated
g to below. First define the set of points, xp as: r -271,2 -

x \72 b and the distance function di st Func(xp) = X.
W’Fﬁ@hcﬁsﬁé"% 881Vt on paraneters are defined according to: r-
(di st Func(x)) . XEXp

The object parameters (object level difference OLD, inter-object correlation IOC,
downmix gain DMG and downmix channel level difference DCMD) from the SAOC
bitstream are transcoded into spatial (preferably channel-related) parameters (channel level
difference CLD, inter-channel-correlation ICC, channel prediction coefficient CPC) for the
MPEG surround bitstream according to the rendering information. The downmix is

modified according to object parameters and a rendering matrix.

Taking reference now to Figs. 4c, 4d and 4e, an overview of the processing, and in

particular of the downmix modification, will be given.

Fig. 4c shows a block representation of a processing which is performed for modifying the
downmix signal, for example the downmix signal 134, 264, 322,492a describing the one
or, preferably, more regular audio objects. As can be seen from Figs. 4c, 4d and 4e, the
processing receives a rendering matrix M, a downmix gain information DMG, a
downmix channel level difference information DCLD, an object level difference
information OLD, and an inter-object-correlation information IOC. The rendering matrix
may optionally be modified by a parameter adjustment, as it is shown in Fig. 4c. Entries of
a downmix matrix D are obtained in dependence on the downmix gain information DMG
and the downmix channel level difference information DCLD. Entries of a coherence
matrix E are obtained in dependence on the object level difference information OLD and
the inter-object correlation information IOC. In addition, a matrix J may be obtained in
dependence on the downmix matrix D and the coherence matrix E, or in dependence on the
entries thereof. Subsequently, a matrix C; may be obtained in dependence on the rendering
matrix Mie,, the downmix matrix D, the coherence matrix E and the matrix J. A matrix G
may be obtained in dependence on a matrix Drrr, which may be a matrix having
predetermined entries, and also in dependence on the matrix Cs;. The matrix G may,
optionally, be modified, to obtain a modified matrix Gmoq. The matrix G or the modified
version Gmog thereof may be used to derive the processed version 142, 272,492b of the
second audio information 134, 264 from the second audio information 134, 264,492a
(wherein the second audio information 134, 264 is designed with X, and wherein the
processed version 142, 272 thereof is designated with X.

In the following, the rendering of the object energy, which is performed in order to obtain
the MPEG surround parameters, will be discussed. Also, the stereo preprocessing, which is

b,

TxI
cl



\ 2 The prediction paranmeters are constrai ned according to: 54 WO

2010/ 149700PCT/ EP2010/ 058906 c, = (1- 31t)5, +,e2 = (1-2) j2 +/1,72, where A
, yi and wWd lareei4embi ned as 2f, + 2f55 - = 241 + 2f6,5 +pRTAP2R0/H52H6 6 72
2f2 2 2f6,6 For the MPS decoder, the CPCs and corresponding I CCTTT are
provided as follows = c2(1,nm) and CPC 1 Dcl (1, m, Dcpc 2"ICC=1 TIT
4.2.2.2.2 Rendering between front and surround channels 10 The paraneters

t hat det perfornedt ineortlentdenbtam thet preessddr earbioanidi2s 72,4921 of hien sbosd aadiobe

(efsgi ?Egﬁ%ﬁ%&gﬁéf %6%92‘%2@ﬁg}){%egﬁftﬁ%ﬁl%\égédlﬁ%@%o%%(c‘t%@ l%‘ge'sCr%e(&C" , T max

4.2.2.2 Rendering of object energies

5
The transcoder determines the parameters for the MPS decoder according to the target
rendering as described by the rendering matrix M. . The six channel target covariance is
denoted with F and given by
10 F=YY = MrenS(MrenS)* = Mren (SS* )M:en = MrenEM:en .

The transcoding process can conceptually be divided into two parts. In one part a three
channel rendering is performed to a left, right and center channel. In this stage the
parameters for the downmix modification as well as the prediction parameters for the TTT
15  box for the MPS decoder are obtained. In the other part the CLD and ICC parameters for
the rendering between the front and surround channels (OTT parameters, left front — left

surround, right front — right surround) are determined.

4.2.2.2.1 Rendering to left, right and center channel

20
In this stage the spatial parameters are determined that control the rendering to a left and

right channel, consisting of front and surround signals. These parameters describe the
prediction matrix of the TTT box for the MPS decoding C,,; (CPC parameters for the

MPS decoder) and the downmix converter matrix G .

25  Cy is the prediction matrix to obtain the target rendering from the modified downmix
X=GX:

CrX=C;GX~AS.

A, is a reduced rendering matrix of size 3x N, describing the rendering to the left, right
and center channel respectively. It is obtained as A, =D, M_, with the 6 to 3 partial
30 downmix matrix D,, defined by

w 0 0 0 w 0
D=0 w, 0 0 0 w,
0 0 w, wy 0 O



15 with (2,b) = (1,2) and (3,4). The MPS paraneters are provided in the
form20CLD/ 71" = Dui) (h,/, m and /CG2 = D1cO (h, /, m for every OIT box
h. 4.2. 2. 803%8armae7opr ocessing 25 In the follow ng, a sterewrre@opsdvng of
the regul ar audi o object signal 134 to 64, 322 will be described. The
stereo processing is used to derive a process to general representation

142, 272.pon the basis of a.two-channel .representation. of, the regul ar audio
ob ects. OB BTN F0BET, EPo00) Bap00 SIUFE SEidh dittien SEEX. Ofai ch

is repre ed. py i | et Isijgnad i 92a is

pr ocesseiﬁl ﬁ‘t”o+#ﬁ)eiﬁg???gﬂé@%uﬁgn&%r%ggmf“X“,L‘gfl{ﬁi gﬁa?éslhr epreetgént ed by the
S5processed regul ar audi o object signals 142, 272: X=GX, where G = DITTC, =
DM ED* J The, finafustereo outpuf, fromthelsSACC transcqder X is produced
by mixing X withdecareegl.dted signal, cgnpenent’ accordi ng to:

k- -=Grodx+P, xd , where the decorrelated signal X, is calculated as

descri be ovye, ] i ces Grod and P2 according to bel ow
First, d(ejvgl?%ext’k?gggtgﬁﬁeeﬁelﬁ%ﬁls?g'ror matrix as R = Adiff, A*chff 25 where
Adiff = DITT A, - G, and noreover define the covariance matrix of the

pr edi £t etosthgrestimiatiars o8 the=dasired prediction matrix C.;; and the downmix preprocessing

matrix G we define a prediction matrix C, of size 3x2, that leads to the target rendering

C,X~A,S.

Such a matrix is derived by considering the normal equations

C,(DED" )~ A,ED".

10 The solution to the normal equations yields the best possible waveform match for the target
output given the object covariance model. G and C,,, are now obtained by solving the

system of equations

CTTTG = C3 .

To avoid numerical problems when calculating the term J= (DED* )_] , J1is modified. First

15  the eigenvalues 4, of J are calculated, solving det(J-4,,I)=0.

FEigenvalues are sorted in descending (4, > 4, ) order and the eigenvector corresponding to

the larger eigenvalue is calculated according to the equation above. It is assured to lie in
the positive x-plane (first element has to be positive). The second eigenvector is obtained
from the first by a — 90 degrees rotation:

20 J=(v1v2)(f; Zj(vlvz)*.

A weighting matrix is computed from the downmix matrix D and the prediction matrix C,,
W =(D diag(C,)).

Since Ciy; is a function of the MPS prediction parameters c,and ¢, (as defined in
ISO/IEC 23003-1:2007), C;G=C, is rewritten in the following way, to find the

25  stationary point or points of the function,



1,11,2 \.P2,1P2,21 = GDED*G* . The gain vector 2 vec can subsequently be
calculated as: gvec [min nmax 0}1.5 mMh ( 35+ r + 82 56 WO
2010/ 149°A00RCI/ P20 10/ 058906 and the m x matri x Grod i SPQIEPRI1BSH589VDD =

diag(gvec)G 11,2 >0, Gotherwise. 5 Simlarly, the mx matrix P2 is given

as:

10 P2= To derive vR det(R (0 0 11,2 >0 0) vRdi ag(Wd), ot herw se.

10

15

&)

r| ' |=b,

CZ

with I'=(D;; C,)W(D.; C,) and b=GWC,v,

where DTTT:[(I) (1) 1] and v=(1 1 -1).

If T' does not provide a unique solution (det(I") <10~ ), the point is chosen that lies closest

to the point resulting in a TTT pass through. As a first step, the row i of I' is chosen
y=[y,, 7.,] where the elements contain most energy, thus 7, * +7,,> 27, > +7,,*, j=12.

Then a solution is determined such that
1 .
[ ):[ j—3y with y=
) [

If the obtained solution for & and ¢, is outside the allowed range for prediction
coefficients that is defined as -2<¢, <3 (as defined in ISO/IEC 23003-1:2007), ¢, shall

el

bis r

(m)zjﬁy |

Ot

J=1,2

be calculated according to below.

First define the set of points, x, as:

-2v,,-b 3y, —b
min| 3, max —2,——~}i3-——]— min| 3, max ~2,~—Z‘—’3———'—
haté > até

-2 3

-2 3

-2 -b ’ 3 -b
min| 3, max -2,——-}—/5'——2 min| 3, max —2,——}—/—2"—2
}/2,2 +& 72,2+8

and the distance function,

distFunc (xp ) = x;l“xp, —-2bx

P

Then the prediction parameters are defined according to:

|

The prediction parameters are constrained according to:

™

j =argmin (distFunc (x)) .

XEXD

o™

2



and W the characteristic equation of R needs to be solved: -= 0, giving
the ei genval ues, 21 and A. The correspbndi ng ei genvectors vRI and vR2 of R
can be calvoubavmgrosol ving the equation 15 system (R - pctEP200RbR2 = 0.
Ei genval ues are sorted in descending ('2) order and the eigenvector
correspondi ng to 20 the larger eigenvalue is calculated according to the
equati on above. Is assured to lie in the positive x-plane (first

el emrent has té& ‘b@w@))scn'c“ﬂve) Cz'l“h&"s%)(?@r'rdlyei genvector is obtained fromthe
first by a - 90 degrees rotation:. \ (VV) RR2Z R= (VR VR2 )(2,2, 25
Incorporauhialr@g,llfly1 and ;}ﬁ@deﬁge@@ be cal cul ated according to: Rd =

2f1,1 + 2f5,5 _f3,3 + f1,3 + f5,3
210+ 2fss+2 5 AN+ ALy
y, = 2f2,2 + 2f6,6 —fa,s + f2,3 +f6,3 ’
22t 2 sst 25 T4 st 4L

=

8

2
(fl,z +Jis +f5,2 +f5,6 MR +f5,3 +f2,3 +f6,3 +f3,3)

5 A=
(S # fas+ fia #2054 2155 (fon ¥ fos ¥ fra T 205 +2155)

For the MPS decoder, the CPCs and corresponding ICC+rr are provided as follows

Depe 1 =¢,(L,m), Depe , =6, (I,m) and Dyee =1,

4.2.2.2.2 Rendering between front and surround channels

10
The parameters that determine the rendering between front and surround channels can be
estimated directly from the target covariance matrix F
max( f, &’ max( f, ,,&*
CLD,, =10log,, -—(f—z) ,  ICC,, (fr-2") :
max(f[;,b!g ) \/max faa,g )max(fbb, )
15
with (a,6) = (1,2) and (3,4).
The MPS parameters are provided in the form
20 CLD;" =Dy (h,I,m) and ICC," =D, (h,1,m),
for every OTT box h.
4.2.2.3 Stereo processing
25

In the following, a stereo processing of the regular audio object signal 134 to 64, 322 will
be described. The stereo processing is used to derive a process to general representation

142, 272 on the basis of a two-channel representation of the regular audio objects.



rdl 1rdl12 r1rd22 = diag(P, (DED*)P,*) , 3030 which gives wdi = mn ( 2,2
\rdi 4" 6 W2 -= mn 11,2 2 \ird2 57550 2010/ 149700PCT/ EP2010/ 058906 and
finally twe moexuspmbrix, 5 P2 = (VIR VR2 ) (0 \ Wil 0 W#2T)EPR0104580R2. 4 Dual
node The SACC transcoder can let the mx matrices P1, P2 and the prediction
matrix C, be 10 cal cul ated according to an alternative schene for the upper
frequency range. This alternative schene is particularly useful for downm x
signal s where the upper frequency range is coded by a non-waveform
preserving coding algorithme.g. SBR in H gh Efficiency AAC

The stereo downmix X, which is represented by the regular audio object signals 134, 264,

492a is processed into the modified downmix signal X, which is represented by the

5  processed regular audio object signals 142, 272:
X=GX,

where

10
G=D,,C,=D,M_EDJ.

The final stereo output from the SAOC transcoder X is produced by mixing X with a
decorrelated signal component according to:
15
X =Gy, X+ P,X,,

where the decorrelated signal X, is calculated as described above, and the mix matrices
G, and P, according to below.

20

First, define the render upmix error matrix as
R=A,EA,,,
25  where
Ay =D A, -GD,

and moreover define the covariance matrix of the predicted signal R as
30
-~ ’,;l 1 ;i 2 Wal
Rz(; N ]:GDED G.

By N

The gain vector g, can subsequently be calculated as:

P+, +& o+, +E
g,.. =| min| |max L-J'—z—,o ,1.5| min|  jmax M—f—,o 1.5 11,
hotE hytE

3

|91



15 For the upper paraneter bands, defined by bsTftBandsLow pb < nunBands ,
P1, P2 and C3 should be calculated accegding to the alternative schene
descri bedvbebovegefes (0 O\ 0 O/ [P2 = G 20 Define the erergyp2¢iomnssy& and
energy target vectors, respectively: ( O\ 'clnxl edritz == diag (DED*) +61,
?"edmx2i (, \ 'tart etar = etar2 = diag (A3EA; ), \ etar3 i and the help
matrix 25 T =ith, t2,2\t3,1\ t-1,21t2,2t3,2/ = A3D* + elf. Then

cal cul ate the gain vector

and the mix matrix G,,,, is given as:

G - diag (8, )G, r, >0,
Mod G, otherwise.

Similarly, the mix matrix P, is given as:

0 0
1, >0,
P,=4{0 0 :

vediag(W,) ,otherwise.

10 To derive v, and W,, the characteristic equation of R needs to be solved:
det(R-4,,I)=0, giving the eigenvalues, 4, and 4,.

The corresponding eigenvectors v, and v, of R can be calculated solving the equation

15  system:
(R—=2,,Dvgr, =0.

Eigenvalues are sorted in descending (4, > 4, ) order and the eigenvector corresponding to

20  the larger eigenvalue is calculated according to the equation above. It is assured to lie in
the positive x-plane (first element has to be positive). The second eigenvector is obtained

from the first by a — 90 degrees rotation:

0 .
R:(lesz)[/z; Az)(vmvm) .

25
Incorporating P,=(1 1)G, R, can be calculated according to:

Rd z[l‘dn l'mz}:diag(l)l (DED*)P;),

oo Taoo

30  which gives

. . A
W,, =min A 21, W,, =min 221,
Fy +E oo +E




58 WD 2010/ 149700PCT/ EP2010/ 058906 \ etarl t12, lednxl +

t12, 2ednx2 letar2 1'22,1 ednxl 4- t22,Zkdnx2 \ etar3 t32lednxl
t32 2 ed wB20j0/149®% g2 g3 whi ch finally gives the neormredioossoon natri x
( git,,, 5¢3=9g2t2,1 g2t2,2 gr,t3,2 5. Conbi ned EKS SACC

decodi ng/transcodi ng node, encoder according to Fig. 10 and systens
according to Figs. 5a, 5b In the following, a brief description of the
conmbi ned EKS SACC processing scheme will be given. A preferred "conbi ned
EKS SACChPfiRaRSHE REx dRge i s proposed, where the EKS processing is
integrated into the regular SACC decodi ng/transcoding chain by a cascaded
schene. 5.1. Audio signal Encoder according to Fig. 5 1n a first step,

obj ect s dedi cg,t gg to E prodessi ng (enhanced Karaoke/ sol o processing) 20
are identified?2as'®or auUndw9bj ects (FGO) and their nunber NFQ (al so
designated as NEWis determ ned by a bitstream variable "bsNunta oupsFGO'.

Sai d bitstreamvariable may, for exanple, be included in an SACC bitstream
as descri bed above. For the generation of the bitstream (in an audi o signal
encoder), the ararrgt ers of all input 25 objects Nobj are reordered such
that the? &%‘é&ﬁ@ Lime Obj ects FGO conprise the last NFG (or alternatively,
NEW paraneters in each case, for exanple, OLD, for INL- -0obi - NFGO < <
Nobj - 1ippe SAOC transcoder can let the mix matrices P,, P, and the prediction matrix C, be

10 calculated according to an alternative scheme for the upper frequency range. This
alternative scheme is particularly useful for downmix signals where the upper frequency
range is coded by a non-waveform preserving coding algorithm e.g. SBR in High
Efficiency AAC.

15  For the upper parameter bands, defined by bsTttBandsLow < pb < numBands , P,, P, and

C, should be calculated according to the alternative scheme described below:
00
Pl = 5
oo
20  Define the energy downmix and energy target vectors, respectively:

€4y = [e""‘*‘ j =diag (DED" ) + €I,

edme

etar1

etar = etarz = dzag(A3EA;),

etar3

and the help matrix
25

tl,l
T=\t,, t,, |=AD +el.
t

Then calculate the gain vector



59 WO 2010/ 149700PCT/ EP2010/ 058906 at the sane tinme serves as a background
obj ect BGO. Next, the background objeci8 and the foreground objects are

dowt uni xeatoi2n10itag700 EKS processi ng style" and residual i prCompeiioossns
extracted fromeach foreground object. This way, no extra processing steps
need to be introduced. Thus, no change of the bitstream syntax is required.

5 In other words, at,t si de, non-enhanced audi o objects are
anceé.audi o| obj ects. A one-channel or two-channels
gy Kesi.ghal is provided which represents the

di stingui shed frome
regul ar audi o obj ect

regul ar audi o oljjgect ed audi 0 obj ects), wherein there may be
one, two or eyen mpr 0 objects (non-enhanced audi o 10

obj ects). The o e- h “hannel regul ar audi o obj ect downnmi x
signal is then i br nore enhanced audi o obj ect signals
(which may, for exanple, hﬁmmnp channel signals or two-channel signals), to
obtain a common down X@&M@mM%&NWHCh may, for exanple, be a one-channel
downm x signal or a two-channel downtnix signal) conbining the audio
signals of the enhanced audi o objects and the regular audi o object 15
downmi X Whgmqtna11ngnteI§@1efﬁgv& pﬁwi@gon th&ixpasi ¢ structure of such a cascaded
encoder wl | riefly described taking reference to Fig. 10, which shows
a bl ock schematic represeptation of an SAOCC 20 encoder 1000, according to
an enbodi ment of [BHe i&senti on. The SAOC encoder 1000 conprises a first
SACC slownmi xerc, 21Wﬂk9 is typically an SACC downm xer whi ch does not
provide a residu |nf£&B tion. The SACC downmi xer 1010 is configured to
receive a plurali 9“of audi o obj ect signals 1012 fromregul ar
(non-enhanced) audi o objects. Also, the SAOC downm xer 1010 is configured
to provide a regular audi o object 25 downm x signal 1014 on the basis of
the regul ar audi o objects 1012, such that the regul ar audi o object downm x
si gnal 10l1€@ombired €SS t90C elgudding/aaticodiap jneades esdogmahcoldidd to RigadOamdance
W th down%[ e OC downt ni xer 1010 al so provides a regular
audi o objee%ngﬁfgﬂﬁﬁ &’ ?gﬁ§9616 whi ch descri bes the regular audio
objeb@ signal s and the domnnlx For exanple, the regul ar audi o object SACC

i nf or mat h?fhelt@il@wﬂﬁ}’a?b@ief? Q@géﬁbﬁ@n ef ﬁﬁ%i’ﬂb’fm&%lﬂs i %de%ﬂ@ﬁeﬁ@dmﬂ
dovvnm x. channel eren§%; gfnatlon DCL descrlbln%iéye d vvnnlx

per f or me8¢ §jvepné le e@loWPh’ﬁF@( DADC” | OSEERINg Seheme HPIRAg

obj ect SARS !pftfc@s’si'@t isothtel@dt6d nBes themalesle SADO® kieesding/@xecoding fdhamnbya a
|nfornat|on I nter-object correlation information describing a
relatlon§ﬁ$B‘%€FaEB% the regul ar audi o objects described by the regul ar

audi ®5obj ect signal 1012. 35 60 WO 2010/ 149700PCT/ EP2010/ 058906 preferably
configured to receive one or nore enhanced audi o object signals 1022 and
also to receive the regul ar audi o object dovvnm x signal 1014. The second
SACC dowanh. Yediopgel Egcedes accopting guFigd> t o provi de a common SAOC 5 downni x
signal 1024 on the basis of the enhanced audi o obj ect S|gnals 1022 and the

regul ar audi 0 obj ect  do 1.X sjgn 1014. Wen prov conmmon SACC
downni x 3 nfg‘ISt StER PR A e{:?%%nnvrfee?mfei %?chﬂa)% ke/sQIQREOR¥Begul ar
audi Q0 objam:tded@ﬁarras( f@ﬂegmhd lﬂbjle@tsa@F@O)s i) Itlenomnbéram@; (ado ovipratdnael

obj ect sign The 020 Q fiqured,to
orovi de. Ak SO RS o BRE vaHEe, i Simaraat G e BT Lapls
exanpl e, mkwvfnnexamp]anb@hlcludvcbinailSA@ﬁémstemlasdssoDBh@amom ated with the
enhanced audi o objects, object level difference values OLD associated with
t he enhanced audi o objects and inter-object correlation values | OC

associ at &4 fictgenengion ahthe dbitgtream (in ap spdietsignal encaden)+the parapgterselcadhiapgacc

10202ks bj; e@fse}toera@@keor@&m haured tﬁ@fo@égyamrmeo Fl]&‘éd HGel conipriRé ﬁ&tlhﬁm@%&m at ed
wi th each of th ¥ﬁ§z ﬂced audi o %%hect suc rmati on
A8

e resi
associ at GHCHAYF RYABSETSIRRAED Gaeetor §X@8§1€r 8&1@3? I H Slotg ?‘If@? e et ween
an origi nal]. i ndi vi dual enhanced audi o obj ect signal and an expected
i ndi vi dual enhanced audi o obj ect signal which can be extracted fromthe
downm x signal using the downm x information DM5 DCLD and the object 20
i nf or mat iannGlhE) remﬁiﬁingThlg'eetmdﬁ'}dc}e aepder ed0fifle, backgiound wbjeets BGO ormpnyr ation

wi t hsphe o : I: 2 i I

accor |ng 0 Edg&ﬁggs{ %86?Rﬁﬁ(§§&ﬁlg}ﬁ §%%sw ?38?%%3% ‘ggggo |ned
EKS SACC decoder 500, a bl ock schenatlc dlagran1of which is shown in Fig.
5a will be described. 30 The audi o decoder 500 according to Fig. 5a is
configured to receive a downm x signal 510, an SACC bitstream i nformation
512 and a rendering matrix information 514. The audi o decoder 500 conpri ses
an enhanced Karaoke/ Sol o processing and a foreground object rendering 520,
mhlch |s conflgured to prOV|de a first audlo object S|gnal 562, whi ch

o, o -

t
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61 WO 2010/ 149700PCT/ EP2010/ 058906 obj ect signal 562 and to provide, on the
basis thereof, a processed version 5725®f the second audi o object signa
564. The wodhm/demoder 500 al so conprises a conbi ner 58@cTwrealo/05®06
configured to conbine the first audi o object signal 562 and the processed
version 572 of the second audi o object signal 564, to obtain an out put
signal 520. 5 In the following, the functionality of the audi o decoder 500
will be dithesswediniescssres pbrekgietsi ¢bjecdB GHNSAOBe bedagiourgl shjemsoddieng

side, theupgixXd 9@9&@%& a&ml&éd mh@ “Eﬁ% Qs&sﬁ%@ QTR nrﬂ“o{-{hét l'y an

enhanced, Kar aoke rocessi essin econpose t vvnmx
si gnal i Bt ktiaRted fEam grdLifacE By ?J@B@&SM ﬂereégamsw slepssnaag

The requinteducdd. &abs, n6\CRhngdi ey iteesm s )s rRg@rddnt er - obj ect correl at l ons
(10Cs) for the background obj ect are derived fromthe object and downm x

I nformation (which is both object-related paranetric information, and which
i s bot h fiyptheawoyds, ra¢ thedegtoidar side, ®ACRhandesit aum]a'm);)bjedt‘é axk Ia@ing]ﬁﬁhed:ﬂoﬂ, 10.D1

=0 OLDR = 2 .12 =
0, ot her nr TR, TG, st AR charssPpr RoEhtimels replly f i PR e Exs
processi ﬁl@ndnaprcryv@grvduﬁdre@tqsems theern@léan a:ugu‘sczmcw ('n@m @nqcréppdlng)bldm)
foregroungeRR atSntag debhel tR&br @%tletoré:Fé%ﬁﬁ? |a§d135)bﬁe§:'tkc{hohr&%}mnc%9 raug%ar’rpl e,

the fjirst. audi o _object signal 562 is a It i -channel signal i.n which t
foreb¢ouﬁalestﬁ eldesOng-ghany p‘érdt"t’(bd&‘?éelo’feg%? @udinaehigqt loggpumy  signeb 1 éfeqaground

ogj ect (‘ohinbined yiithcahd yr ﬁ@f@éﬂl&ﬁ&edaatmw oBjett dgedls swhicRInBd forr @guip, krudi 0
obj ects

t th corres ng .aut put channel s. by. a.requl ar
oo docBu TP REEds pOpve S BeT SERRE b S e B RO el Rt
t r anscodimay, forozx@swp)e, beh enqaclcmmslsdomymxfs)gnaémramw@, claengd Qlovemiisrsigal)by t he
I 5
Combi ner SORRriEe 8L i Bl 0F ¢ Blntld e SHRAS delihe SRR duaid Bect . 1 ¢
and backgpoumék gppadct signal s at the output. 62 WO
2010/ 149700PCT/ EP2010/ 058906

In the following, the basic structure of such a cascaded encoder will be briefly described
taking reference to Fig. 10, which shows a block schematic representation of an SAOC
20 encoder 1000, according to an embodiment of the invention. The SAOC encoder 1000
comprises a first SAOC downmixer 1010, which is typically an SAOC downmixer which
does not provide a residual information. The SAOC downmixer 1010 is configured to
receive a plurality of Nggo audio object signals 1012 from regular (non-enhanced) audio
objects. Also, the SAOC downmixer 1010 is configured to provide a regular audio object
25  downmix signal 1014 on the basis of the regular audio objects 1012, such that the regular
audio object downmix signal 1014 combines the regular audio objects signals 1012 in
accordance with downmix parameters. The SAOC downmixer 1010 also provides a regular
audio object SAOC information 1016, which describes the regular audio object signals and
the downmix. For example, the regular audio object SAOC information 1016 may
30 comprise a downmix gain information DMG and a downmix channel level difference
information DCLD describing the downmix performed by the SAOC downmixer 1010. In
addition, the regular audio object SAOC information 1016 may comprise an object level
difference information and an inter-object correlation information describing a relationship
between the regular audio objects described by the regular audio object signal 1012,
35
The encoder 1000 also comprises a second SAOC downmixer 1020, which is typically
configured to provide a residual information. The second SAOC downmixer 1020 is



Thi s conbi ned EKS SACC system represents a conbi nation of all beneficial
properties of the regular SACC systemé@éhd its EKS node. This approach

al | ows t owechisemerobhe correspondi ng performance using tlreTEPOROSSEI0EYSt €M
with the sanme bitstream for both classic (noderate rendering) and

Kar aoke/ Sol o-sim | ar (extrene rendering) playback 5scenarios. 5.3.
Ceneralized Structure according to Fig. 5b 10 In the followng, a

gener al i pedersbly wonfigwedto eceivaivha ed mekSeBAOR dsystieobjb&Giguald 1122 apdsitwoi bed
taking r [ ck schematic di agram of such
a gener aﬁ%& Ogglﬁbrl %Lﬁ%& %b(bsl)/&gédggjglt%l%?n T elléll:ﬁnbl ned EKS SACC system 590 of
Fig. 5b may al so be considered as an audi o decoder. 15 The conbi ned EKS

SACC sysiTagse&hd SACT HoGuhiebrt MAEREAINE c@nﬁigl%tmtéﬂ o@d@la &dfimon agnSECC

bitstreaminfornmation 512a and the rend |nfor t 5143. Al so,
Che combiPAMEkSESIOLIZ 81 i Bat PE B0 ARIHNS QU0 G0 HaBn | O Fit s gnal
520a on tdpeldpandi® dbjeet é@\fvnmﬂﬂs@ﬂfcé lﬁd)mbWhezdpﬁKﬁh@AﬂE oY@t 800 dxmzmmxs es an
SACC typ 0] S S I v 10 510a
the SACTBRHSTIE Aekdr SRR, jaoneBfu Ph" hTFdh e 18 ORI Kbl IBRse e
render i ndowamii signaifl 61 4ras 4 9ngls daerchameher tweadtaneel pé}etct sigmaleof). In
particular, the SACC type processing stage | 520a receives first stage

obj ect | evel difference val ues QD). The SACC type processing stage | 520a
pr ovi@es ThpscenndppAR O downmier <1088 alros eenfigurrg é pigvide apenpncehiaEdios (f or

exanpl e, oajédﬂ DAOU] ifflrma@dn Whichldeécrideslifor @RIEAE, dowam)ix cHAM@el ST diffdence
vi.des one.or,nore s a descrlblng a

52
R boona saftugs BTN argeRudot i i Hi eed B b i afrd or BfSrrEs g S
type proéddynswgciatedgeith thebethancedCauditi objects and mrlitmgobjed doorelatiorivabies M@Cone or
more si gg?sl Elaégllgntﬂe&lgrérﬁl'aﬂ&dt Ql?dﬁ e&ﬁ&%;@t ad 1t1(§)rpJ t&cgﬂf StAcb@ J R)Q'Odﬁ’ on

t he basi s t nor e Si escfl hird set

obj eés pesfergblysonfigured sayprovisie ees uaéuébrmﬁtlfoﬂ@s@ﬁ@@sl W\ﬁhhﬁ@ﬂi ditke ¢nheneeded in

'; gﬁdg':‘%:aﬁ’%g ts(Srl%]f('&‘?m dueh ?%Qi?gﬂgofés@%glamé'@iglgatﬁ}lﬁ%s@ctlatla& 3%ith %@gﬁltéarrﬁ‘ééad tsagﬁlo

conpri se€ J&C%oqiﬁastrﬁ&s @80@\ ffergRge Retwggn anopriginal 5?5%4‘@1 esbmi? élﬁﬁlﬁ@r objee

gr ovi _dg_ ipaaloatdout espgral mdbzdal layhméfgaﬁdrl:ﬁgaﬁjéw signel ohichogad isd g:ttaicsed562a
escri bi the first. set cts and t 0 n |

desor 1 bf hg™t HE ditcging sl B8 B Rllits. onR e’ DAL B 3Rl 3 B0 ray

be a2pr ocdsmeationeddsPoldGf t he second set of obj ects) 63 WO

2010/ 149700PCT/ EP2010/ 058906 To sumrari ze t he above, Fig. 5b shows a

generalized formof the basic structure described with reference to Fig. 5a

above i n TAefaydionancodsrhd0 s vrellouited dor epapgration with the padivedreqder dapetibest i on

of the CogRimed EKS SAOC Processi ng Schene 6. 1Test Met hodol ogy , Design and
Items 10This subjective listening tests were conducted in an acoustically

isolated listening roomthat is designed to permt high-quality |istening.

The pb ayBbax A udissigieih dectslengcheiagplodiigSa( STAX SR Lanbda Pro wit h Lake- Peopl e

D) A- Converter and STAX SRM Monitor). The test nethod foll owed the standard

procedures used in the spatial audio verification tests, based on the
"mul ti pl én ghé dellayengi thh basdderched of encenbined &dchAOC (dmelRA})Onetbl\M 15f or

the subj %GﬁénYa%c i3 OB Whicdhfis 'sHl;thm%aStaewﬂ%ldeEéh@Hd' o (see reference
[7]). A total ight listeners partficipated in the performed test. All

subj ects can be consi dered experienced |isteners. In accordance with the
MUSHRA nEthe ad@lba¥edek 560 hétEAL ESF 5£1slceﬁﬁgut@a f0ret&lve @ APRhRIALibndl 630,

condi tions st the.r ferenc est .conditio Wer e 0 r.ando ed

condi | o1 3LNskLhe heteLencer, The, Lest condil onsiere 20 andem?

r esponseslevaice 508 contpededyn &nhmcpd:tl@aradﬂ&&ﬂo h&lﬁdﬁ&@ng) nod raafnreg’roands ohjeet

rangi n fr to,10 An in nt in n.the Jd.tens.under
oot nas Sl Roriiicl R AR RESHRIEN s B ARAE PRI HARF g Tl e
per cept ualesqibes oemiznale f@‘&gmhed cobjesisdendda Sﬁ@@dnmdbcs odopebt tsignab r566052~éﬁbhsysjt em
deschibedieL kel t?a*&k oﬁﬁd gbfécts Sfpe M?gg‘%g}?rgfn gl?/jl?&?ﬁi déxgﬁlﬁfé' B sb %ﬁlmdes' gn

descri pti on. e corr downm S vver sing an
cor e- codéenkgneed auéiptqkmcés ofndi #g kegksround Qyerdss may, £@s@é@lnlheb¢)é¢@éléﬁt®al

qual ity ofedul® RURPEEREsTFBNBLdniecPA o objects”. The audio decoder 500 also

comprises regular SAOC decoding 570, which is configured to receive the second audio



system it is conpared against the regular SAOCC RM system ( SACC reference
nodel 30 system) and the current EKS ngde (enhanced- Kar aoke- Sol o node) for
two diffewenvioaperi ng test scenarios described in thepcaldreoofsdong. 6b,
whi ch describes the systens under test. Residual coding with a bit rate of
20 kbps was applied for the current EKS node and a 35 proposed conbi ned EKS
SACC system It should be noted that for the current EKS node it is
necessar ybfect giemdr searal 81 prosaleh@akipe dasid thheelCta HrBGEFedp vewiont 72 b tlact ual

encodi ng/ [ : I i-nce. 1hi i mitation .1 h unmber
and 1 ype-Rpiashn BT sel OF ub T R s Bbe B 0RBiHkL 350

| i st eni nyhidhsis capfigiredto eomebinhteduptradisorhieaigianalii sndahe prasasied ivergion

par anet es3, Bsad sééanf&ﬁdiB%L&f EBAhI 158315 BBYLaPE@PuSELBEESS from the set of

t he cgll-for-proposals (CfP) audio itens described Tn the docunent [2]. The
correspondi ng data for "Karaoke" and "C assic" 5rendering application

scenar i o therfoldewvihguihd funttivhality abihe aafliokdegoddd 00 Whil BB dibeaBed hesond mbeni Ng
test ite ng, r.en i tri.ces. 6.2 .Listening Test Results 10A short
bver v oAty 8 i SROK deciRlnehEitReoaiedsige. ke hi RS Brullth 4 SERiy. t est
resul ts echentsecdmopmang irflygen dhtlamed KaaokdiBolei pro€dsging 6K precessiteg)ame

L 205 0 G L S RSO R0, ©

6e shows avera or t assl erin ening test.

The p? ot FGRWIhhecanted ahiecMesHRA Terenetis (G L) and msrenbaget aptrelptionsdHe€s) and
the stat igtth€ BhckBRAMI ol € aRVREvAd FroRViak Bfeefadd &InhhiRUBI AR Hhhidipishe
associ at gd 95%/0 con]glegence |nter%vﬂ%%s., The fo#l ﬁw ng concl Hsmas cdan he drawn
based up8Ath ARIcHEekaiedsPastmetHg Tpionaaiens ;i whighith Fothebipically gnelpded gy the

repr esenSaQbitaramar i son for the current EKS node with the conbi ned EKS
SACC system for Karaoke-type of applications. For all tested itens no
significant difference (in the statistical sense) in perfornmance between
theséStwo systens can be observed. Fromthis observation it can be

concl uded that the ﬁf&;ﬂ ned EKS SACC systemis able to efficiently exploit
the residual iHHormatdond28EBachi ng the performance of the EKS node. One
can also note that tH& performance of the regular SACC system (w t hout
residual) is below both other systens. Fig. 6e represents the conparison
of the current regubar.,$A0C with the conbi ned EKS SACC system for classic
rendering scel¥idos. Eord,%(DLD,t,ested itenms the 30 performance of these two
systens is statisticatly the sanme. This denonstrates the proper
functionality of the conbi ned EKS SAOC system for a classic rendering
scenari o. Ther ef orgg i t ﬁa_ane __(_:anl uded that the proposed unified system
conbp@i ng t he /BKS, eide 88wt h e t'egul ar SACC preserves the advantages in
subj ective audi o qual i 9y fowtheneiseorrespondi ng types of a rendering. 65

In addition, this step (which is typically executed by the EKS processing and foreground
object rendering 520) includes mapping the foreground objects to the final output channels

25  (such that, for example, the first audio object signal 562 is a multi-channel signal in which
the foreground objects are mapped to one or more channels each). The background object
(which typically comprises a plurality of so-called “regular audio objects™) is rendered to
the corresponding output channels by a regular SAOC decoding process (or, alternatively,
in some cases by an SAOC transcoding process). This process may, for example, be

30  performed by the regular SAOC decoding 570. The final mixing stage (for example, the
combiner 580) provides a desired combination of rendered foreground objects and
background object signals at the output.



WO 2010/ 149700PCT/ EP2010/ 058906 Taking into account the fact that the

proposed conbi ned EKS SAOCC system has 6@ | onger restrictions on the BGO

obj ect, bwD bmsi4enbirely flexi ble rendering capability eCrmPeow@sgEhar SACC

node and can use the sane bitstreamfor all types of rendering, it appears

to be advantageous to incorporate it into the MPEG SACC standard. 5

7. Met hod According to Fig. 7 In the following, a nethod for providing an

upm x si dhil condpnassigi SAQMM systerd egreeststscecambitdmnoifayl/ engficalgmaperties of

represen i n o6t setat %yeﬁ" I LN W, 4l he

descri beg&tw!r%ﬁlfe?%régnggt?g alg{d .k@?@@\smqulé ‘s }E:%\k/vcs;‘11 pgmfa Iglgmr%]tﬁg}rg, t to\c,)\%éﬂsla‘%h ﬂée

met hod. FPrECSRRRiBY PrUomedlep siigsthe PEerosed sstem vl Bepwaienjisireamvinpbetisi gnal

repr esentRbdi®Nmdderags Q¥idéeing) fand SKaukd/SolotiaarRidx@Rnide s&aideRhg)d phaybhdkst set

of ong or nore audi o objects of a 15 first audi o object type and a second

audi o’ i nf6PA8?Y on describing a second set of one or nore audio objects of a

second audi o object type in dependence on the downm x signal representation

and at least a part of the object-related paranmetric information. The

met hod 700 al so conprises a step 720 of processing the second audio

i nf or mat P &n Geperdbgrddaistise aerording sbfigeib rel ated paranmetric information, to

obtain a processed version of the second 20audi o i nformati on. The net hod
so_caonprises a step 730 of conmbining the first audio information with

700
t he 34’ ookt dtiopiepdntet Bmerlized SEuHe Rl BTHRE! RS SAOG BS5HE S0 &eupni x
si gnal r epdceibedtakingoreferdice EFigESK) Grhidd Sh@es ® bibcR Gehd@ndticddiagrafByf fich a

suppl enent ed .by ,any . of .t res a f unct.i o Ltd €5 ~whi ch e di.scussed
her ei n V\/ig?lher?lé%g«%%bfn&dtégs E%ﬁeﬁﬂ’ 'gﬂﬁa?oﬂ%g?@(géA@ﬂéyﬁs@@@ Oifgédg'bri ngs
al ong t hébathyaitodgemnsidsied as e awdio decoglspect to the inventive apparatus.
308. I nmpl ementation Alternatives Al though sone aspects have been descri bed
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system such that the respective nethod is perfornmed. Therefore, the digital

st or age di um may be cor(sputer readabl e.. 15 .
The combined EKS SAOC system also comprises an SAOC type processing stage II 570a,

30 which is configured to receive the one or more signals 564a describing the second set of
objects and to provide, on the basis thereof, one or more signals 572a describing a third set
of objects using second stage object level differences, which are included in the SAOC
bitstream information 512a, and also at least a part of the rendering matrix information
514. The combined EKS SAOC system also comprises a combiner 580a, which may, for

35  example, be a summer, to provide the output signals 520a by combining the one or more
signals 562a describing the first set of objects and the one or more signals 570a describing
the third set of objects (wherein the third set of objects may be a processed version of the
second set of objects).



Some enbodi ments according to the invention conprise a data carrier having
el ectronically readabl e control signal& which are capabl e of cooperating
with a prwgrammmbioe conmputer system such that one of treT/PRé0@ssodescri bed
herein is performed. Cenerally, enbodinents of the present invention can be
i npl enented as a conputer program product with a program code, the program
code being operative for performng one of the nethods when the conputer
program product runs on a conputer. The program code may for exanple be
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on a macKihdtierngs i Eigc ahoye i a fyrhep embedigsptiel t QHVERIIHI nent of the
inventive nmethod is, therefore, a conputer program 30 having a program code
for p;rform ng one of the nethods described her ei n, when the conputer
programruns on a conputer. A further enbodi nent of the inventive nethods

i s, ther éf or ePermepiatldvahuatipe pf (herCantdngd BB StQC Ryeessaf Sohemer a
corrputer-readabl e medium conprising, recorded thereon, the 35 conputer
program for perforning one of the nmethods described herein. The data
carrier, 6tlhe dpgiMethodalegyadeesignandricts t he recorded medi um are typically
tangi bl e and/or non-transmtting. 67 WO 2010/ 149700PCT/ EP2010/ 058906 A
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sone enbodi nents, a programrmabl e | ogic device (for exanple a field
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arrangenments and the details described herein wl Fent to others

skilled % ippfantgpgous ﬁwtp@ng giwegp dht iterpg wpder fspWag 61?%661 %ﬁ? MESERAY ey t he
scope of hameennra@ﬁmhtmnnﬂamb afdesd 1B paﬂﬂpﬂmalt pebﬁbntnh@:esdfam tomiddeddaS ASC

present ed escripti.on e enbodi nent s, herein.
D55 Contiees oY B5 ERESHORVER. SRR IR P B A BB P RRh R0 e
conb2hed liBKBnSABSCdsy st dascBftiaccor ding to the present invention will be
briefly sunmmari zed. For Karaoke and Sol o pl ayback scenarios, the SAOCC EKS
processi ng node supports both reproduction of the background

obj ect s/ flbe sprepaadiagdevnmiesienals o gpdedhsing am ARG eaewoderyith @ bitwes ofhed by

the rendgpg 'kg[i_ 184 bide) t@hsseeBE peRbFGA QAAHPSE the $Bopd&d combined EKS SAOC

2010/ 149700P [EP2010/ 058906 |t. has aegl (ﬁéngMfthat 2‘%@% lizati o of the
EKS functYSeE fttly coBrasquasiinsy e lepE oA Srsteny (S FeletRBCeERS dekit 1
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potential g enderlngS "Egs? sgenl'alxﬁog Id%sqcrﬁ)gg tll‘? R&table of Fig. 6b, which describes the systems

under test.

Residual coding with a bit rate of 20 kbps was applied for the current EKS mode and a

35  proposed combined EKS SAOC system. It should be noted that for the current EKS mode
it is necessary to generate a stereo background object (BGO) prior to the actual
encoding/decoding procedure, since this mode has limitations on the number and type of
input objects.
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! t?ernld(e)gng a183p t1crgitlg/rli)Es%;enarl%tsIcra]g bes?oun‘c]i in t’he tgble 0f2 191g 6¢c, which describes
listening test items and rendering matrices.

6.2 Listening Test Results

A short overview in terms of the diagrams demonstrating the obtained listening test results

can be found in Figs. 6d and 6e, wherein Fig. 6d shows average MUSHRA scores for the

Karaoke/Solo type rendering listening test, and Fig. 6e shows average MUSHRA scores

for the classic rendering listening test. The plots show the average MUSHRA grading per

item over all listeners and the statistical mean value over all evaluated items together with

the associated 95% confidence intervals.

The following conclusions can be drawn based upon the results of the conducted listening

tests:

Fig. 6d represents the comparison for the current EKS mode with the combined
EKS SAOC system for Karaoke-type of applications. For all tested items no
significant difference (in the statistical sense) in performance between these two
systems can be observed. From this observation it can be concluded that the
combined EKS SAOC system is able to efficiently exploit the residual information
reaching the performance of the EKS mode. One can also note that the performance
of the regular SAOC system (without residual) is below both other systems.

Fig. 6e represents the comparison of the current regular SAOC with the combined
EKS SAOC system for classic rendering scenarios. For all tested items the
performance of these two systems is statistically the same. This demonstrates the
proper functionality of the combined EKS SAOC system for a classic rendering
scenario.

Therefore, it can be concluded that the proposed unified system combining the EKS mode

with the regular SAOC preserves the advantages in subjective audio quality for the

corresponding types of a rendering.

coding for foreground objects yieldi ng enhanced
quality in demandi ng Karaoke/ Sol o pl ayback situations.
advant ages can be obtained by the unified systen1described her ei n.
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[3] 1SO1EC JTC1l/ SC29/ W511 ( MPEG), Docunment N9250, "Report on Spatial Audio
bj ect Coding RMO Sel ection", 8lst MPHESS Meeting, Lausanne, July 2007. [4]

| SO | EC WOR0@A970WWGLl1 ( MPEG, Docunent ML5123, "I nf or neCTr@P2@0a58906
10Verification Results for CE on Karaoke/ Sol o system i nproving the

per formance of MPEG SAOC RMJO', 83rd MPEG Meeting, Antalya, Turkey, January
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"Status and p an on Experipent s”, eting, Mui,
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Cct obgr 1999. [8] SO I EC 23003-1: 2007, Information technology - MPEG audi o
t echn Iogles - Part 201: MPEG Surround. 70 WD 2010/ 149700PCT/ EP2010/ 058906
Clains 1. An audio signal decoder (100; 200; 500; 590) for providing an
upm x si gnal | i..n dependence on a downm x signal and
represen?atlon E%ﬁgga%@%?ggﬁ@g ¢510a) an object-related paranmetric
information (110; 212; 512; 512a) the audio signal decoder conprising: an
obj ect  SeP#HeabRswink38 me?fﬁQl fo?%ﬂ)vuﬁgé)éﬁ uﬁﬁmj Sigidl @%r&é&nﬁiﬁ@f?”ﬁ’@%nﬁé}ﬁze%mm X

S|gnal rep esentatlon to provide a firs i'nformat.i 62; 562;
562a)! %Jé&reﬁnﬁwla@a Aepresaiatiops ansk ap @J%ﬁ-r%ﬁi P&WW‘%BP%EP%U%? will ey st
audi o Obrl@séhbéd/ﬁfﬁh réBfnde BEGEN viHich showRfadldvadhaARf bdchd meddd. 564, 564a)
descri bing a second set of one or nore audi o objects of a second audio

obj ect type in dependence on the downm x signal representation; 15an audio
si gnal piToe esstord Wordonguiseda step 7€ ef deotripesisg e dlownaux signalnepesmtdtion, ©134;

264; 564y, R84 23R 18?&&%?1313 4G ?ﬁ@%ﬂr&‘égﬂ & AU @ Bt Alid Blé]g gﬁ‘%ence

on the o ect-re ate pararre rrc in 1 on t o obt alnaproc ver sl on
(14215 2781stgpdio @joc)tyRst andhe S%C@@éﬂ@d@wéf%maﬁﬂ@ﬂﬁ&@ﬂbm a gasand setrofaengi &

si gnal ceafdé Bediol ts 380 se®88'au e&Q é UASRndAcE QRhO/okhit kgl audl 0
information with t grocessed ve 2 second. d|o |nggrnat%%n

obt ai n t FRPTEHEARROR P‘@‘h le?séﬁrpégtéﬁtt \i Pl@ﬁ“‘t tslat r%ﬁf‘&‘ PERiond & Bo deth
accor di ngoo elsolcaimprites aviiep 20 of peocassingthei sgomld aleiothdorniasion 2 depenkegner ed t o

provi de S n

i nf or mat %gﬁhé;gwgééﬁr% a%ﬁar a slgbgg)ﬁ%{f&atﬁ%%bgﬁggg cggsgg%r@reszoenn&s{c}llg%@é?ﬁ
downdd x sidjnanforregramsent ati on, wherein the object separator is confl gur ed
to deconpose the dovvnrni x signal

The method 700 also comprises a step 730 of combining the first audio information with

the processed version of the second audio information, to obtain the upmix signal

representation.
25
The method 700 according to Fig. 7 may be supplemented by any of the features and
functionalities which are discussed herein with respect to the inventive apparatus. Also, the
method 700 brings along the advantages discussed with respect to the inventive apparatus.
30 8. Implementation Alternatives

Although some aspects have been described in the context of an apparatus, it is clear that
these aspects also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step. Analogously, aspects
35  described in the context of a method step also represent a description of a corresponding
block or item or feature of a corresponding apparatus. Some or all of the method steps may
be executed by (or using) a hardware apparatus, like for example, a microprocessor, a



30 representation to provide the first audio information describing a first
set of one or nore audi o objects of a 66rst audi o object type to which

resi dual woforommpioon i s associated, and the second audi @CIrEPes10BES906)
describing a second set of one or nore audi o objects of a second audio

obj ect type, to which no residual information is associated, in dependence
on the downm x signal representati on and using the 35residual information.
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audi o ob [ second audi o

obj ect t?ﬁgkf%&fﬁnﬁ??ngggﬁ 5&59 gﬁ%égggﬁgugh%ﬁﬁgﬁaB&%gpgln t he obj ect
separator is configured to prOV|de the second audi o i nformati on 5such that
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The et Seadiss ohecESmPineS. 558 fUTIcR CEOTHOG FAUE ObF I s 1
to 3, whaammmsmhmn&dﬂMOmEhgﬂﬁh]ﬁ&mﬁder is configured to performa 2-step
processi ng, such 10 that a processing of the second audio information in
the audi o signal processor (140; 270; 570; 570a) is performed subsequent to
a separ alDlependieg o eertaih émplenentadionireguinenentspembedimdets of ithi mgentn danrtst  set

of one 0? Elgfn%nféﬂ qg hatt %Q % if? fsoﬁ@ﬁref 'l“gé tlm?féﬂ*eﬂtaﬂgh QGh beYR nﬁ@dj ugig aSecond
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B0, 50450l REPLPHOeBRO B hiD) AP LifHE FaPaHIE Of eI b R (110:
212; 512 pr(fgta’&m)lahls&ompateedymmhutﬂndqaadm espEbfiec rethokl 11; Iperfemomindhe2®raudi o

object t@ﬂg g@ﬁ Eﬁ%&@g&ﬂgggnah%gl5&§H99ﬁ§@gkrelated parametric information

(110; 21 assocl e audi o objects of the first audio
objeé§ type. 6. The audi o signal decoder (100; 200; 500; 590) according to
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obtain the first_audio infornmation 40
second aGrBoniRtlly Fatdagle (conuol zwalswﬁhw%% 09@@}6 )0 ug?wraém&

conbi nat ipespr@hmable esmpmeErE s MisKcls it abne aNhe| sedibdd Resdibed rrhetelsll g;nal
representa%longand one or nore residual channels, wherein the object
separatoP R nfigured to obtain conbination paraneters for performng the
30 | Bhear comnbination in dependence on downnmi x paraneters associated with

the audi Q}e‘ﬂpﬂgﬁ?t SmBhditdGits’ bf Be géxﬁ Qérﬁ E} LahPBe (1%4?1 enfdER0 a1%0 ter
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Other embodiments comprise the computer program for performing one of the methods

described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program
30 having a program code for performing one of the methods described herein, when the

computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the

35  computer program for performing one of the methods described herein. The data carrier,
the digital storage medium or the recorded medium are typically tangible and/or non—
transmitting.
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i nformati on; wherein 15-1 represents a matrix which is an inverse of an
ext ended downm x matrix; wherein C describes a matrix representing a
plurality of channel prediction coefficients, aa, ; wherein 10 and ro
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A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods
described herein.

10 A further embodiment comprises a computer having installed thereon the computer
program for performing one of the methods described herein.

In some embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
15  described herein. In some embodiments, a field programmable gate array may cooperate
with a microprocessor in order to perform one of the methods described herein. Generally,

the methods are preferably performed by any hardware apparatus.

The above described embodiments are merely illustrative for the principles of the present
20  invention. It is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent,
therefore, to be limited only by the scope of the impending patent claims and not by the
specific details presented by way of description and explanation of the embodiments
herein.
25

9. Conclusions

In the following, some aspects and advantages of the combined EKS SAOC system

30  according to the present invention will be briefly summarized. For Karaoke and Solo
playback scenarios, the SAOC EKS processing mode supports both reproduction of the
background objects/foreground objects exclusively and an arbitrary mixture (defined by
the rendering matrix) of these object groups.

35  Also, the first mode is considered to be the main objective of EKS processing, the latter
provides additional flexibility.
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-1 PCT/ EP2010/ 058906 wherein the objeed separator is configured to obtain
t he matriwoQoap14d70€ = \"C 1 0,0 PCT/EP2010/058906

It has been found that a generalization of the EKS functionality consequently involves the
effort of combining EKS with the regular SAOC processing mode to obtain one unified
system. The potentials of such a unified system are:

5 e One single clear SAOC decoding/transcoding structure;
e One bitstream for both EKS and regular SAOC mode;

e No limitation to the number of input objects comprising the background object
10 (BGO), such that there is no need to generate the background object prior to the
SAOC encoding stage ; and

e Support of a residual coding for foreground objects yielding enhanced perceptual
quality in demanding Karaoke/Solo playback situations.
15 '

These advantages can be obtained by the unified system described herein.
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downm x val ues associated with the audéd objects of the first audi o object
type; 1Owwereiom4pmot 0 NNEAO_, are downni X val ues associ atedkrambhsddne audi o
objects of the first audio object type. 9. Audi o signal decoder according to
claim8, wherein the object separator is configured to conmpute the
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PRoCo ,j 'Lo PL0oCo,j PLoRo ; and wherein the object separator is configured
to derive constrained prediction coefff€ients c1.0 and cl1l1 fromthe
predi cti omoeomifsbmbent s Fandusi ng a 20constrai ni ng al gopcrlPR010/058906 USE t he
predi ction coefficients aandas the prediction coefficients cl and cj ;
wherein energy quantities PLO3 PRo, PLoRo3 PLoCoj and PRocoj are defined as
74 WD 2010/ 149700PCT/ EP2010/ 058906 N EA() -1 N EAO -1 PLo = QLD L + E Emm |
ke j ,k j =0k=0 N EAO -1 N EAO0 -1 PRGai®misDR + E Enne j=0k=0 N EAO -1 N EAO
-1PLoRo=eLR+m nj ke j kJ-O<0NEAO=m OLDL + nj eLR - m QLD .
-mej, PLoCo,j =0 i* FAO eL, R.n JOLD -

J IT AnJ audio signal decoder (%)0 200; 50 590) fo% providing an upmix 51gnal

representation in dependence on a downmix signal and representation (112; 210;
5 510; 510a), an object-related parametric information (110; 212; 512; 512a) the

audio signal decoder comprising:

an object separator (130; 260; 520; 520a) configured to decompose the downmix
signal representation, to provide a first audio information (132; 262; 562; 562a)
10 describing a first set of one or more audio objects of a first audio object type, and a
second audio information (134; 264; 564; 564a) describing a second set of one or
more audio objects of a second audio object type in dependence on the downmix

signal representation;

15 an audio signal processor configured to receive the second audio information (134;
264; 564; 564a) and to process the second audio information in dependence on the
object-related parametric information, to obtain a processed version (142; 272; 572;
572a) of the seéond audio information; and

20 an audio signal combiner (150; 280; 580; 580a) configured to combine the first
audio information with the processed version of the second audio information, to
obtain the upmix signal representation.

2. The audio signal decoder according to claim 1, wherein the audio signal decoder is
25 configured to provide the upmix signal representation in dependence on a residual
information associated to a subset of audio objects represented by the downmix

signal representation,

wherein the object separator is configured to decompose the downmix signal
30 representation to provide the first audio information describing a first set of one or

more audio objects of a first audio object type to which residual information is

associated, and the second audio information describing a second set of one or more

audio objects of a second audio object type, to which no residual information is

associated, in dependence on the downmix signal representation and using the
35 residual information.

3. The audio signal decoder (100; 200; 500; 590) according to claim 1 or 2, wherein
the object separator is configured to provide the first audio information such that



=0 j wherein paraneters OLDL, OLDR and I OCL, R correspond to audi o objects
of the second audi o object type and argi defined according to N _NEAO-1 oLDL
= E do21GkDL010/i49®M0OLDR = N-NO-1 Li d2 OLD,., i=0 { | OEcr/EPbb10/0bs9BA0 = 2
/0CL,R -0, otherwi se. wherein du and du are downm x val ues associ ated with
the audi o objects of the second audi o object type; wherein OLD, are object
| evel difference values associated with the audi o objects of the second
audi o obj ect byper mateenelicnobyeets of theofirat audiorbbjectodypaudi congiiapieed syerwheioei n
NEM is a nu t r ' pe; wherein
0081 is aanlggtcetg-fgllé (?Onggdlrurgg)logo R;p\gg?gﬂg fgrétsa%g%agfo \ia\lnﬁﬁi awpalr of audio
obj ects of the second audi o object type; 75 WO
2010/ 149700 P%EIP 2040/ JBREP %ai’ﬁi'&if@ 'cBnﬁguréd ﬁﬁﬂoﬂde 'ﬂl@§é%oﬁd3¥1§"c{1b ASAnMAIUES
derlved from object-leyvel -difference parameters an
i nt er2 obj ect - sty ‘giﬂa?tlﬁdﬁ)no &5t t@r%corﬁn@%m‘ms?tme are egphagizehevesgdion th a
pair of audi 0oQBtt@@fﬂqu'frsttdﬂGw]&ijeoﬁ%eQnﬁ@ﬁ@dndtawﬂﬁ) 15ﬁﬂﬁ|1aﬁbnR i s associated
with a pair of audio objects of the second audi o object type. 10. The audio
si gnal decoder (100; 200; 500; 590) according to one of clains 1 to 6,

4. The audio signal decoder (100; 200; 500; 590) according to one of claims 1 to 3,

wherein the audio signal decoder is configured to perform a 2-step processing, such

10 that a processing of the second audio information in the audio signal processor
(140; 270; 570, 570a) is performed subsequent to a separation between the first
audio information, describing the first set of one or more audio objects of the first
audio object type, and the second audio information describing the second set of
one or more audio objects of the second audio object type.

15

5. The audio signal decoder (100; 200; 500; 570) according to one of claims 1 to 4,
wherein the audio signal processor is configured to process the second audio
information (134; 264, 564; 564a) in dependence on the object-related parametric
information (110; 212; 512; 512a) associated with the audio objects of the second

20 audio object type and independent from the object-related parametric information
(110; 212; 512; 512a) associated with the audio objects of the first audio object

type.

6. The audio signal decoder (100; 200; 500; 590) according to one of claims 1 to 5,

25 wherein the object separator is configured to obtain the first audio information
(132; 262; 562; 562a, X,,,) and the second audio information (134; 264; 564;

564a, X ;) using a linear combination of one or more downmix signal channels of

the downmix signal representation and one or more residual channels, wherein the
object separator is configured to obtain combination parameters for performing the

30 linear combination in dependence on downmix parameters associated with the
audio objects of the first audio object type (my... mygao-1; No... NNpao-1) and in
dependence on channel prediction coefficients (cjg, ¢;1) of the audio objects of the
first audio object type.

35 7. The audio signal decoder (100; 200; 500; 590) according to one of claims 1 to 6,
wherein the object separator is configured to obtain the first audio information and
the second audio information according to



wherein the object separator is configured to obtain the first audio

I nformati on and the second audi o i nforfati on according to AA-Prediction
OBJ- OBJ wOQO01H0/H9700 I €eso res - EAO- ( do \ X- A BA®mPRYIOMEDDE ONres O
EAOEAO res ",, EAO- wherein MPredictionl.5-1C wherein ;my represents a
channel of the second audio information; wherein X EA represent object
signals of the first audio information; whereinrepresents a matrix which is
an inverse of an extended downm x matri Xx;

- Prediction
Xosr =Mz, res,

resy
ly
B
_ A EAOw g Prediction ot
X0 =AM, res,
Sy, o1
5 wherein
M =D’'C

Prediction

wherein X,,, represent channels of the second audio information;

10
wherein X, ,, represent object signals of the first audio information;
wherein D' represents a matrix which is an inverse of an extended downmix
matrix;

15
wherein C describes a matrix representing a plurality of channel prediction
coefficients, Ej’o, Ej,l ; Wherein lg and ry represent channels of the downmix signal
representation;

20 wherein resoto res,, , represent residual channels; and
wherein A*° is a EAO pre-rendering matrix.

8. The audio signal decoder according to claim 7, wherein the object separator is
25 configured to obtain the inverse downmix matrix D~ as an inverse of an extended

downmix matrix D which is defined as



wherein C describes a matrix representing a plurality of channel prediction
25coefficients,,; 76 WO 2010/ 149700PCH¥ EP2010/ 058906 11. The audi o si gnal
decoder awoandi/mgrobo cl ai m 10, wherein the object separ atuorErsoossyhé gur ed
to obtain the inverse downm x matrix Dr 1 is an inverse of an extended
downm x matrix D which is defined as 5 1 - 0 mNEA=1/20 -1 O 0 M
is configured to obtain the matrix C as

1 My Nao =1
|
|
I I N T
— |
D=\ m, OO 0
i :
| .
5 1
mNEAO"l Nego-1 | -

1 0 10 - 0
0 10« 0
5 C=| ¢y Co4 il 0
Lo
&
Chpp10 Vgt 10 1

wherein mg to m,,_ _, are downmix values associated with the audio objects of the

first audio object type;

10 wherein np to n, _, are downmix values associated with the audio objects of the

first audio object type.

9. Audio signal decoder according to claim 8, wherein the object separator is
configured to compute the prediction coefficients ¢, , and ¢, as

15
é _ PLoCa,jPRo - PRoCo,jPLoRo
AN 2
PLoPRo - PLoRo
PRoCo,jPLo - PLoCo,jPLoRo .
1= 5 ; and
PLoPRo - PLoRo
wherein the object separator is configured to derive constrained prediction
coefficients ¢, and ¢, from the prediction coefficients ¢, , and ¢, usinga
20 constraining algorithm, or to use the prediction coefficients ¢,, and ¢, asthe

prediction coefficients ¢, and ¢ ;

wherein energy quantities Pro, Pro, Proros PLoCoj @11d Procoj are defined as



10C= (10 . . .0 ------ c01..0 0 0 \,cNEAO -1 wherein nmo to nNEAO_, are
downm x val ues associated with the audio objects of the first audi o object
type. 15 wWd.2010fae7oaudi o si gnal decoder (100; 200; 500; Ped)rracio@ssdoeg to

one of clainms 1 to 6, wherein the object separator is configured to
obtain the first audio information and t he second audi o i nformation
according to =i f Energy zgv;m())_q.g,E/.m;CBJ 0o
P,=OLD, + ). mme, ,
=0 k=0 '
NEAo"leo‘l
Py, =OLD, + nme,,
j=0 k=0 .

N M€k
j=0 k=0
Ngao-1
5 Boco; =m,OLD, +ne, ,—mOLD, - Z me,
i=0
i%j
Npgo-1

Proco; =1,0LD, +me; , —n,OLD, — E ne,
o
B

wherein parameters OLDy, OLDg and IOCyr correspond to audio objects of the

second audio object type and are defined according to

N-Ngo-1
10 OLD,= Y., d;OLD,,

i=0

N-Ngo-1

OLD,= Y d}OLD,,

i=0

I0C,;, N-Ny,, =2,

0, otherwise.

Ioc, , = {

wherein do; and d;; are downmix values associated with the audio objects of the
second audio object type;

15
wherein OLD; are object level difference values associated with the audio objects
of the second audio object type;
wherein N is a total number of audio objects;

20

wherein Ngao is a number of audio objects of the first audio object type;

wherein 10C,; is an inter-object-correlation value associated with a pair of audio
objects of the second audio object type;
25



20 A EAQ ur Energy r , 10 "'""E/10iv -AEA 0 ) wherei n X08, represent
channel s of the second audio informatidh; 25 wherein XEAO represent object
si gnal s olotbm/fbT08t audi o i nformati on; wherein 77 WO PCT/EP2010/058906

2010/ 149700PCT/ EP2010/ 058906 MEnergy OBJ 0O n't OLD N EAO -1

wherein e;; and e r are covariance values derived from object-level-difference

parameters and inter-object-correlation parameters; and

wherein e;;j are associated with a pair of audio objects of the 1st audio object type

5 and ey g is associated with a pair of audio objects of the second audio object type.

10.  The audio signal decoder (100; 200; 500; 590) according to one of claims 1 to 6,
wherein the object separator is configured to obtain the first audio information and
the second audio information according to

10
dO
o res
- Prediction 0
Xops = Moz, :
resy
%
o res,
A EAOwaPrediction 0
X0 =AM, .
resy,
wherein
!
15 MPrediction =D"C
wherein X, represents a channel of the second audio information;
wherein X, represent object signals of the first audio information;
20
wherein D™ represents a matrix which is an inverse of an extended downmix
matrix;
wherein € describes a matrix representing a plurality of channel prediction
25 coefficients, ¢ ,, ¢, ;
wherein d represents a channel of the downmix signal representation; and
wherein res, to res,  represent residual channels; and
30

wherein A*° is a EAO pre-rendering matrix.



ODL +tM20OLDi=0 ODR NEN, -1 OLD R +n,20LD 1=0 n2 LD oo N EAO -1 QLD

R +ni 20LD; i=0 Ai-Energy n2N ,O.D | ®&jo- -- EAO- - AT EAO -1 ODL + E
TOLD, i=0wo200u@9700 EAO EAO - N EAO OLD R + OLD, i=0 PCT/EP2010/058906 Wher ei n
no to MNEAO- | are downm x val ues associated with the audi o objects of the

5first audi o object type;

11.  The audio signal decoder according to claim 10, wherein the object separator is
configured to obtain the inverse downmix matrix D' is an inverse of an extended

downmix matrix D which is defined as

5
1 : My Ngao~1
___.__...: ____________
p=| o
: i 0 :
Ngao-1 : 0 -1
wherein the object separator is configured to obtain the matrix C as
1 10 0
U U N —
¢, 1 ... 0
10 C= . i 0o - Pl
oo 10 1

wherein mg to m,, _, are downmix values associated with the audio objects of the

first audio object type.

15 12.  The audio signal decoder (100; 200; 500; 590) according to one of claims 1 to 6,
wherein the object separator is configured to obtain the first audio information and

the second audio information according to

Ner; l
XOBJ = MgBng [ ’ ]

Yo
20
EAO Energy IO
X0 = A" Mg,
Yo
wherein X ,, represent channels of the second audio information;
25 wherein X, represent object signals of the first audio information;

wherein



wherein no tonNEAO_, are downm x val ues associated with the audi o objects
type; 10wher@&f/n OLD, are object |evel difference
val ues aswocbavrezoni t h t he audi o objects of the first apdirerodj@sdoot ype;

wherein OLDL and OLDR are conmon object |evel difference val ues associ ated

of the first audi o object

wi th the audi o objects of

t he second audi o object type; and

15 wherei n AEA

is a EAO pre-rendering matrix—13.The audi o signal decoder @according to one

of claine 1 to 5, wherein
obtain the first audio ir
according to XOBJ =MJEnBe
WD 2010/ 149700PCT/ BP0 Q/
the first audio infornmati
signal representation; wh
mo20LDo N EAO -1 ODL E

MEnergy _

EAO

he obféé& separat or |
formati dgeind t he second audi o 20i
G4 mOgA0 A EAONEnergy (d
058906 wherein XEA 0 represent obj
on; wherein do repr[esent @[g)Rchanne
erein UAir Ener gv OB A T En

m 20LD1 i =0 OLD,+ ). n’OLD,

i=0

/ m>OLD, [ n’OLD,
Nggo-1 Nggo-1
\/ OLD, + Y m'OLD, \/ OLD,+ Y n’OLD,

i=0 i=0

mIZV £a0~1 OLDN £40 1 nlzv £40 ] OLDN £40 1
Ngqo-1 Neggo-1
OLD,+ Y m!OLD, \|OLD,+ » n’OLD,
i=0 i=0

Fconfigured to
nf or mati on

b ) EAO " 25 78
ect signal s of
of the downm x
e rgy IVAEAO -

wherein mg to mneao.1 are downmix values associated with the audio objects of the

5 first audio object type;

wherein ng to »,
Ed

o~}

first audio object type;

are downmix values associated with the audio objects of the

10 wherein OLD; are object level difference values associated with the audio objects

of the first audio object type;

wherein OLD;, and OLDg are common object level difference values associated

with the audio objects of the second audio object type; and

15
wherein A is a EAO pre-rendering matrix.
13, The audio signal decoder according to one of claims 1 to 5, wherein the object
separator is configured to obtain the first audio information and the second audio
20 information according to
X s = Mgr;ejrgy (do )
XEAO = AEAOMEZec;gy (do )
25

wherein X, represents a channel of the second audio information;



n || EAO- 10LDN EAO N EAO -1 OLD LM 20LD1 i =0 10 wherein no to
MNEAO- 1 are downm x val ues associated Wth the audi o objects of the first
audi o objwot20toyae700 wherein OLD, are object | evel/mbréhosence

val ues associated with the audi o objects 150of the first audi o object type;
wherein OLDL is a comon object |evel difference value associated with the
audi o objects of the second audi o object type; and 20wherein AEA is a EAO
pre-rendering matri x. 14. The audi o signal decoder (100; 200; 500; 590)
accordi ng to omeredf X} arapestnt abj&B signkie péihe firkteaudiy) i@frmag@ar at or i s
configured to apply a rendering matrix to the first audio information (132;
262; 562; 562a) to nmap object signals of the first audio 25infornmation onto
audi o channel svhefeirt grepierénts avlindelsifghadowpixes@l apraenteflal; 220, 222;
562; 562a). 79 WO 2010/ 149700PCT/ EP2010/ 058906 15. The audio signal
decoder (100; 200; 500; 590) according to one of clains 1 to 14, wherein

t he audi o si gidkrepr ocessor (140; 270; 570; 570a) is configured to performa
stereo preprocessing of the second audio information (134; 264; 564; 564a)
in dependence on a rendering information (Men), an object-related
covariance 5information (E), a downm x infjormation (D), to obtain audio
channel s of the pr@&g@gec \{/ersi o0LDf the second audio information; 16. The
audi o signal decoderox100; [200; 5HPT 590) laccording to claim15, wherein

t he audi o signal processaon @QLB0+ Z?%fc&m; 570a) is configured to perform
the stereo 10 processing to map an esti ed audi o object contribution
(ED*JX) of the second audio information (134; 264; 564; 564a) onto a
plurality of channels of [the upm®Lsydi o sj gnal representation in
dependence on a rendering |{nformagj-onm and @ covari ance i nformation.

1517. The audi o signal degad@LDascdr diritg.po|l cl ai m 15 or claim 16, wherein
the audi o signal processariis conit gured tio add a decorrel ated audi o signal
contribution (P2XdM'énmt_re second: audi o information, or an information
derived fromthe sec6fid au i n dependence on a render upm x
error information (R) ang nmh%_lﬁbf)gmdlecorrel ated-signal -intensity scaling
val ues (wdl, wd2). 20 18. ey decoder according to one of
clains 1 to 14, wherein t BDp#oEirg?rmlDiprocessor (140; 270; 570; 570a) is
configured to perform a postprocessi ng of jfthe second audi o i nformation
(134; 264; 564; 564a) in dependence on a rendering information (A), an

obj et®-rel ated covariance information (E) and a downm x

wherein my to mneao-1 are downmix values associated with the audio objects of the

first audio object type;

wherein OLD; are object level difference values associated with the audio objects
15 of the first audio object type;

wherein OLDy is a common object level difference value associated with the audio
objects of the second audio object type; and

20 wherein A*° is a EAO pre-rendering matrix.

14, The audio signal decoder (100; 200; 500; 590) according to one of claims 1 to 13,
wherein the object separator is configured to apply a rendering matrix to the first
audio information (132; 262; 562; 562a) to map object signals of the first audio

25 information onto audio channels of the upmix audio signal representation (120;
220, 222; 562; 562a).



25information (D). 19. The audi o signal decoder according to claim18,
wherein the audi o signal processor is 9nfigured to performa

nono- t o- bwoauroal49oocessi ng of the second audi o i nf or maPCE/EP2610/0689P6 a
singl e channel of the second audio information onto two 30channel s of the
upm x signal representation, taking into consideration a head- rel ated
transfer function. 20. The audi o signal decoder according to claim 18,
wherei n tthe adlf sudipgiemel decoders §610; 280;c¥8f PHVraedordmgperdneofickims 1 to 14,

moNo- t 0- St er eqhRfeRCAS LAY Pinal Pl%_céﬁ&og%%; 97@557@59{5\,\%8&% ed {Oﬁ%éir%?‘ntaahe

si ngl e channel of the second faudl o Infornmatjaon onto anne

upm x si gnal PEFPeRERICSEISHIE. of 81 $Rernd podisniorortm Kb 1870405890664a), inThe
audi o si gnal dqm](cﬁda{ceaﬁﬁoﬁ dfeﬂ@e]zrh% Ghidiiutich (Nﬁeﬁ)é?hﬁl C;HTT&‘/[-Q@!Q{C@ é‘é\glﬁ@h%e "
processor is configured.to performa stereo-to-binaural progessjng.of the
secon% audi o fn%?%?a%é) i@f'?: % EOWBD% \'/ﬁogﬂazlr?ﬁeilb’ ¢ Clrhﬁ ns%‘é&ﬁ%fﬁ‘& Sogf the

i nfor mati on ontagessad verlsimnditte sstondmdipimfornsmiigmal represent ati on, taking
into consideration a head- 5related transfer function. 22. The audi o signal

decoder according to claim 18, wherein the audio signal processor is
confi gur 88 t o TheArdip mignak decoder ¢180s2&): S80I YN eseirdingdp cldim e adwttimtiti o

| nf or MRt f on. biiFRRaNBro2Ba0NEI4H; 00! B, SHONA Qhiflpfhelind GicBHh e 1A L WO
100h? nels of the upn X si %nal .-representation. 23. "The_a gl 0 Signa ecoder
acco @i ng to BIRSCHINECIOaMAR 28 ssimod RNk ebipcti watrdntien EDelar ol € seeond
configured toatdieatfortstion QB#e2a4s S6f; $duR) seaNplusligy of GkinAElk df YRSupthx Whi ch
no resi dual ia 1rmati n_is %@StOCi ate as a si ngl e (gel;dio.%bh%gt, g?nff
wherein the aidi o SP§nalPPracesor ({%Hﬁl O30 57 OFeNETF ) AR gt éd to

consi der obj ecovasipees ihfgmationler i ng paraneters associated to the audio
obj ects of the second audi o object type to adjust contributions of the
audi 0_obj ects_of the second audi o object type to the upm x signal

repr é3ent 4t i oAhe pudioTHgna dapesles iageniringde gddim 4z o6 redimg 6, ovimeinohe endions 1
to 23, wg_er elt Eighzileg@bd;f?ﬁ iS P Ak &l tb Sad(ﬁloeﬂD‘;_degéirP%%e& ]Ehuﬁfl’)t @gﬁaloéklﬁi;txﬁﬁuﬂc%ﬁo g
conmon obj ec e ifference values, .. .for a plurality of audio
obj ects of thgi deél: ntg‘e ;i?ﬁj’Pg aBgioe‘B%OWB L OL AR “%Wﬂ%t}oé‘i ‘E'Fr‘t"ﬁg fr9p} desee®Mar at or
i s confi gur edatdio irsferrhdtenc oniapenddnice oh alrevdelr uginfixf efremnigéorinatioe (R)04ndeone
conmputation o ielip f1.6len O, and wherein the

obj ect separ a%%@gfeg&géﬁg%ggrse%l a{)glt%gg' £ %aelngﬁé%ﬁge&?"b’r%ﬁ?cti on coefficients
to oB?ain one or two audi o channels representing the second audio

informatiign. 3Qe 2adio lgighaR el Rlcs a8RRdinH 86 Qe oraEERAL i ﬂ)gg)fi,owl?é}ﬁnotiqe Ghgioms 1

to 24, wherein the object %gparator IS configured to obtain one or two
conmon obj ect B é’lro‘iﬁsgrofré_} 88%%%%&08()@_&, Igeyadity PEEPIT 2 osiPEICEISingO? audi o
obj ects of ththeseeaitdawriislirforeRitieat(134:m4; 864 5634) MQiependence on a rendering
2010/ 149700PCT/fEP2({).10/8§8906 1t\)/vhﬁr efgf]dt he abj ect Separ at&r is configured to
use the matri X ¢ OP oV bt i AVBHEC BTNt E AN B 8| &) @k és‘g‘?’d‘g’ﬂ‘é t he
seco®d audi o inféroratieni(Bh. 26. The audi o signal decoder according to one of
clains 1 to 25, wherein the object
19.  The audio signal decoder according to claim 18, wherein the audio signal processor
is configured to perform a mono-to-binaural processing of the second audio
information, to map a single channel of the second audio information onto two
30 channels of the upmix signal representation, taking into consideration a head-
related transfer function.

20.  The audio signal decoder according to claim 18, wherein the audio signal processor

is configured to perform a mono-to-stereo processing of the second audio

35 information, to map a single channel of the second audio information onto two
channels of the upmix signal representation.



5 separator is configured to selectively obtain a common inter-object
correlation value (I OCL, R) associ ated 80 the audi o object of the second
audi o objwotoioyperobn dependence on the object-rel ated pacamPLoio®s8906
information if it is found that there are two audi o objects of the second
audi o object type, and to set the inter-object correlation value associ at ed
to the audi o objects of the second audi o object type to 10zero if it is
found t hat. t hdibe andie sigpebdespdéreassordingriocladmal$divbershj betasdiofsigrhbpoeesnd

audi o obj ect fyREfiAREH WhepRioRm! Best&b ‘?&Bm%ﬁf?@ éﬁ@)&:rsmhg FORe! géélbﬁ&i aIu(alouse

the conmmon inte fJr obj ect correl ation va ue ation of entries of
an matrix (M DIGHRRUPS, pgpap fwpnhehagpsle f g’ép%ﬁ’%rauﬁ@ HEpREioneanto otse t he
common i nt er - ohjrgels siot}reeh@himxgnal HPrexesaorat t9king Ointd GodidrRidbh afchd- Of

t he sgcond audi Otecig% % é{ﬁ‘%e to obtain the one or nore audi o channels
repredenting THE ohe AUHS i nformation. 20 27. The audi o signal decoder
accordi ng to one of clains 1 to 26, wherein the audio signal processor is
confi gur t e

obj cot-1 of at ed oarao et ARERR Bl bR, Wl LRI IR, | o0
of the audio éﬁ)]cééfl%ur@ﬂl tohgerferEbrid SEuen-t- geiee cprocsssmgast tthe qﬂcombsasléw
version of { NenfseRend, abdha ithbOBImRALIOTS R &Bond BEIRUSHBmBIRn ST

aCCOﬁglng to o { i ainms 1 to 27, wherein the object separator 1s
configured to® %?E@ thepiuix sigmal lsoes S atfor mat i on such that the second
audi o |nfornat|on describes nore than two audio objects of the second audio
obj ect type. he au sj gnal der acgcor. cl.aim erein

t he objeéﬁ separa m%“?é%?%%ﬂ?@ﬁ“?ng%PgFﬁ §§ ‘ﬂﬁ”ﬂﬂgﬁ% %Q
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wherein the object separator is configured to use the channel prediction coefficients

to obtain one or two audio channels representing the second audio information.

30
25.  The audio signal decoder according to one of claims 1 to 24, wherein the object
separator is configured to obtain one or two common object level difference values
(OLDy, OLDg) for a plurality of audio objects of the second audio object type, and
35 wherein the object separator is configured to use the common object level

difference value for a computation of entries of an matrix (M); and



first audio object type and to obtain, as the second audi o information, one
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dependence on the ob ct-r par anetr| or mat 1 on,

prgcégsed ver &18rif btfls Wéldsééfo'iiﬁreaﬁﬁﬁmr? Af ssrEandio aydie %%Pﬁfh@gﬁe@w first
audi o i nf or matidio objethtyp&ienpr ocessed version of the second audio
information, to obtain the upm x signal representation. 34. A conputer
program for perform ng the nethod according to claim33 when the conputer
program runs ohemicdhputtgect separator is configured to use the common inter-object

correlation value for a computation of entries of an matrix (M); and

15
wherein the object separator is configured to use the common inter-object
correlation value associated to the audio objects of the second audio object type to

obtain the one or more audio channels representing the second audio information.

20 27.  The audio signal decoder according to one of claims 1 to 26, wherein the audio
signal processor is configured to render the second audio information in
dependence on the object-related parametric information, to obtain a rendered
representation of the audio objects of the second audio object type as the processed
version of the second audio information.

25

28.  The audio signal decoder according to one of claims 1 to 27, wherein the object
separator is configured to provide the second audio information such that the
second audio information describes more than two audio objects of the second
audio object type.

30

29.  The audio signal decoder according to claim 28, wherein the object separator is
configured to obtain, as the second audio information, a one-channel audio signal
representation or a two-channel audio signal representation representing more than
two audio objects of the second audio object type.

35

30.  The audio signal decoder according to one of claims 1 to 29, wherein the audio
signal processor is configured to receive the second audio information and to
process the second audio information in dependence of the object-related
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31.

32.

33.

parametric information, taking into consideration object-related parametric

information associated with more than two audio objects of the second audio object
type.

The audio signal decoder according to one of claims 1 to 30, wherein the audio
signal decoder is configured to extract a total object number information
(bsNumObjects) and a foreground object number information (bsNumGroupsFGO)
from a configuration information (SAOCSpecificConfig) of the object-related
parametric information, and to determine the number of audio objects of the second
audio object type by forming a difference between the total object number

information and the foreground object number information.

The audio signal decoder according to one of claims 1 to 31, wherein the object
separator is configured to use object-related parametric information associated with
Neao audio objects of the first audio object type to obtain, as the first audio
information, Neao audio signals (X, ) representing the Ngao audio objects of the

first audio object type and to obtain, as the second audio information, one or two
audio signals (X ;) representing the N-Ngao audio objects of the second audio
object type, treating the N-Ngao audio objects of the second audio object type as a
single one-channel or a two-channel audio object; and

wherein the audio signal processor is configured to individually render the N-Ngao
audio objects represented by the one or two audio signals of the second audio
information using the object-related parametric information associated with the N-

NEao audio objects of the second audio object type.

A method for providing an upmix signal representation in dependence on a
downmix signal representation and an object-related parametric information, the
method comprising:

decomposing the downmix signal representation, to provide a first audio
information describing a first set of one or more audio objects of a first audio object
type, and a second audio information describing a second set of one or more audio
objects of a second audio object type in dependence on the downmix signal
representation and using at least a part of the object-related parametric information;
and
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34.

processing the second audio information in dependence on the object-related
parametric information, to obtain a processed version of the second audio
information; and

combining the first audio information with the processed version of the second

audio information, to obtain the upmix signal representation.

A computer program for performing the method according to claim 33 when the
computer program runs on a computer.



