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Embodiments according to the invention are related to an apparatus for providing one or more
adjusted parameters for a provision of an upmix signal representation on the basis of 15a downmix
signal representation and an object-related parametric information. Another embodiment according to
the invention is related to an audio,signal decoder. Another embodiment according to the invention is
related to an aYBRFERSHEItFArTsdting Goe s Mons divtedFasametesdriad 1o e moEARon are
related to a melpaiifoSigraliBiemroantatisnore thejbasitbparbnveierix Yignhl Represeritationents are
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an upmix signal 30 representation, a downmix@&’ﬁ'&?‘?@ﬁ’i’esentaﬂon and a channel-related parametric
information on the basis of a downmix signal representation, an object-related parametric information
and a desired rendering information.  Yet furthgegpagadiments according to the invention are related
to an audio signal encoder, 35a method for providing an encoded audio signal representation and an
audio bitstream. Yet further embodiments are related to corresponding computer programs. WO
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Technical Field

Embodiments according to the invention are related to an apparatus for providing one or
more adjusted parameters for a provision of an upmix signal representation on the basis of
15 adownmix signal representation and an object-related parametric information.

Another embodiment according to the invention is related to an audio signal decoder.

Another embodiment according to the invention is related to an audio signal transcoder,
20

Yet further embodiments according to the invention are related to a method for providing
one or more adjusted parameters.

Yet forther embodiments are related to a method for providing, as an upmix signal

25 representation, a plurality of upmix audio channels on the basis of a downmix signal
representation, an object-related parametric information and a desired rendering
information.

Yet another embodiment is related to a method for providing, as an upmix signal

30  representation, a downmix signal representation and a channel-related parametric
information on the basis of a downmix signal representation, an object-related parametric
information and a desired rendering information.

Yet further embediments according to the invention are related to an audio signal encoder,
35  amethod for providing an encoded audio signal representation and an audio bitstream.

Yet further exnbodiments are related to corresponding computer programs.



Yet further embodiments according to the invention are related to methods, apparatus and computer
programs for distortion avoiding audio signal processing. Background of the Invention 5 In the art of

audio processiggo a Id%?g&ransmission and audio storage, there is an increasi?ﬁrﬁesire to handle
multi-channel Contents in order to improve the hegring impression. UsagePSF LAt UiEHEl audio

content brings along significant improvements for the user. For example, a 3-dimensional hearing
impression can be obtained, which brings along an 10 improved user satisfaction in entertainment

applications.sipwiawer Rubimnannel o GOMIRNI IS A Yseib i RRlRSIoRA! cRvicgments, for
example in tg(l)?rl?r{ggre ggnfa%gzrilocgla%%%?hcayol S be%ause tfal]g%sé?eaker intelligibility can be improved by
using a multi-c AAnefatrdio playback. BV IS ARG URSTEIER0 have a good tradeoff between
audio quality and bitrate requirements in order to avoid an excessive resource load caused by
multi-chann & agighoatbeithR foentignparametric techniques for the bitrate-efficient transmission and/or

storage of 20 audio scenes containing multiple audio objects has been proposed, for example,
Binaural Cu din 1) (see, for example reference [BCC]), Joint Source Coding (see, for
example, re?élr%%ce ffg Sﬁoa)ﬁtf TPES %%?igﬁaﬂ%%%s]ﬁ%ﬁe?g @gg%r?éo %%d%ﬁé@é?f&%%?é%le,
references [§%€iﬁ,ifgﬁc‘é taheped ¢ QB G OXISIHP ARpErTe Hha Awpies dnstrssiong Wsegdesired

output audiooécankiretirercthamiioy cantean dfnngs miateh sigig fi8zah dnvsraveysier fovehidien:nf Bach a

system (herex MG SAQ@eknbRadY BEGn A@#e%i(ﬁ?%ﬁ%%!ﬁﬂﬂem GighicH W‘Q%Q%AQC
encodelr 810 and an,SAOC lglpagger 820. 30 The SAOC encoder. 810 receives.a g urailt' qf object

signals 9 to wrWﬁ%ﬁ?%ras & tepresente %’Irnél%tnﬁg%,wgg?ﬁﬁe- TGRS udio
time-frequerf&LgBihAFF sigfsalsUpriPleximpreessional fomnieunsatsof feanstermpleodtficrienbaska
Fourier-typedvafistairingoninliteei fasnbed( hsupbalng siglials)ilithe 540 GrereadesBlddypically also
receives downipixpasficienis glhieAN, which are associated with the object signals xi to xN. Separate
sets of 35 downmix coefficients may be available for each channel of the downmix signal. The SAOC
encoder 810 s typically configured to obtain a channel of the downmix signal by combining the object

signalsiX1 o aWsscéoitialie gt titetaduneiseaubiadenit dstrimee sl qerlity. angofitinte there are
less downmiseghizammeis tharmolsjecod signalsanl ¢vcessive resource load caused by multi-channel

applications.

Recently, parametric technigues for the bitrate-efficient transmission and/or storage of

20 audio scenes containing multiple audio objects has been proposed, for example, Binaural
Cue Coding (Type I) (see, for example reference [BCCI), Joint Source Coding (see, for
example, reference [JSCJ), and MPEG Spatial Audio Object Coding (SAOC) (see, for
example, references [SAOCI1], [SAOC2]).

25  These techniques aim at perceptually reconstructing the desired output audio scene rather
than by a waveform match.

Fig. 8 shows a system overview of such a system (here: MPEG SAOC). The MPEG SAOC
system 800 shown in Fig. 8 comprises an SAOC encoder 810 and an SAQOC decoder 820,
30 The SAOC encoder 810 receives a plurality of object signals x1 to xx, which may be
represented, for example, as time-domain signals or as time-frequency-domain signals (for
example, in the form of a set of transform coefficients of a Fourier-type transform, or in the
form of QMF subband signals). The SAOC encoder 810 typically also receives downmix
cocfficients d; to dy, which are associated with the object signals x; to xy. Separate sets of
35  downmix coefficients may be available for each channel of the downmix signal. The
SAOC encoder 810 is typically configured to obtain a channel of the downmix signal by
combining the object signals x; to %y in accordance with the associated downmix
coefficients dy to dw. Typically, there are less downmix channels than object signals x; to



WO 2010/125104PCT/EP2010/055717 3 xhi. In order to allow (at least approximately) for a separation
(or separate treatment) of the object signals at the side of the SAOC decoder 820, the SAOC encoder
810 provides_ both the ane or more dowmnix signals (designated as downinix channels; 812 and a side
information éﬁﬂ.quﬁfeusﬁlt% information 814 describes characteristics of the 8&8%%%%?155@&, 5to xN, in
order to allow for a decoder-sided object-specific processing. The SAOC decoder 820 is configured to
receive both the one or more downmix signals 812 and the side information 814. Also, the SAOC

decoder 82Q s tyRicRIY.CARfIgWERAQ LBFRI¥EAMSE TRt EaEHAnnfimationandiar a.yssr gontrol

information 822, which, 10 describes a desi enderipg.setup, For.example, the user interaction
information/ﬁg SRRt %for?n%%ﬁo% é&é“azgr%a@g eescé% regg()Spe%l%éAfésJétﬁbc‘%% ﬁ%§ BESi e&%ﬁ%ﬁial
placement o &0 CRF RITBIB T e Sprisofsleveawipdars xdey i vaaspdh Bkt sadr B20)s
configured tinfironatien Rirde Ttz iafpluratity 81 4 deaditdsldharpenikahandehsigijeds Adnkds Yht The
upmix chanpeksignaladnayfeeranmeleheaqaosirdwibeindividuakspeakers of a multi-speaker

rendering arrangement. The SAOC decoder 820 may, for example, comprise an object separator
820a, which is configured to reconstruct, at least approximat;%;{the object sigﬁr;als x1 to XN on the

basis of the b b Hofe e drlk Sigraliewed tntpepivsiorlthsyongion o, desmbix ciganling
reconstructetl 2@mibjectisighsisBaiin Hawaler, theeSreCdhdtudie® Db alysligiial820hiradyodeviate

somewhat frmithe PriginalRRIRELS GRARa IS DhdRk exampPIeciEcRURRRGRIdedpiorpmatipn 814 is
notqw{ sufgluerg foragerfgct re onstrucﬁ‘glo ue to the bitrate constraints. The SAQOC decoder 820
Ther iR Ol B0 R el B SRR LS 5o R LSRR Bbjoct

may further comprise a mixer é

signals 8205t e TEtpRSTE IS desmier i aerakas ssrpormedimissinedisprtd plenseneainbvide, on
the basis thelheohjts upinixpebeadnélesidimtssEnde ymo Xhe mixer 820 may be configured to use the
user interaction information /user control information 822 to determine the contribution of the individual

reconstructed ohj ignals 8 to the upmix channel signals 9, to 9m.0'épe ser | ftiera tion
information;eu%eeribéc%(iétéro%?ﬁ ér?rrna 1on1%ﬁﬁ%r§%)§?§o(i{oe 5"%‘8%,%’6 %%gl?eﬁ HF?&%%%S gﬁ_?gf‘grs (also
designated A8TFeRgetmglcbEmsi&nte) v iibn Wratdr i sl Matdrr sramenla v rssegingsbnstructed
object signaisi82ihdovtiealippaik eharine hsifiiaigdketorGidarinip wenereiteshoUld BAaledetodein many
embodimenighgabigst SSRAREORWBIER isdndigateddsthe oRiRe! SRRRIAIAN 8aNfRdIg, 8, and the
mixing, whicly iz Indicated by, (e 35 mixey 8?19%35]5&}?@,'8112129 grfgrmedin %'sti’s'eoffhg'oﬁ‘e’r&h's
purpose, overa?lnparafne.ter_s m%‘? be compu ed whic é%_scri &4 ditect mappirng of thie one or more
dowrunix sigRaTE 817 EHtosIBRA AR AR s Enaaiend 4 treab phiringarsamsrEiedcomputed
on the 2WO 266y 188404 PR2TYHE RROH/O5 511 7r4chasisabdhelsise infpramtikIdtandahedasiatdnteraction
information/ @§§fe€9@@r@dﬂf%3§l@@1§?%bjed signals x; to xn, for example, because the side

information 814 is not quite sufficient for a perfect reconstruction due to the bitrate

constraints. The SAOC decoder 820 may further comprise a mixer 820c, which may be

configured to receive the reconstructed object signals 820b and the user interaction

25  information/user control information 822, and to provide, on the basis thereof, the upmix

channel signals ¥; to $u. The mixer 820 may be configured to use the user interaction

information /user control information 822 to determine the contribution of the individual

reconstructed object signals 820b to the upmix channel signals §; to §y. The user

interaction information/user control information 822 may, for example, comprise rendering

30  parameters (also designated as rendering coefficients), which determine the contribution of
the individual reconstructed object signals 822 to the upmix channel signals §; to $u.

However, it should be noted that in many embodiments, the object separation, which is
indicated by the object separator §20a in Fig, 8, and the mixing, which is indicated by the
35 muxer 820c in Fig. §, are performed in single step. For this purpose, overall parameters
may be computed which describe a direct mapping of the one or more downmix signals
812 onto the upmix channel signals ¥; to $n. These parameters may be computed on the



Taking reference now to Figs. 9a, 9b and 9c, different apparatus for obtaining an upmix 5 signal
representation on the basis of a downtnix signal representation and object-related side information will
be described. Fig. 9a shows a block schematic diagram of a MPEG SAOC system 900 comprising an
SAOC decodt? g%f‘%ﬁg“SAOC decoder 920 comprises, as separate fungﬁgﬁ%tlf B8RS 4n object
decoder 922 and a mixer/renderer 926. The object decoder 922 provides a plurality of reconstructed
object signals 924 in dependence on the 10 dowiunix signal representation (for example, in the form of
one or mor X St I Tan ' in.the time-frequency-damain) and
ob,-ect-relatiﬁéeg%é%%?%%?ﬁﬁ%%@%?&&? A crer 52
receives the feconstructed 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 15 decoder 920, the extraction
of the objectTaigingls:B2¢nis perfoumiedsseraratabafmmitiersixipghenderindwiichalawsdes a
separation af; j Qdi I gy, f 1Xing/. Ing:functionality. but brings along
2 relaiivoly %;%E%g%%%%ﬁ%‘@% é“ﬁ%%&%%%a i %%ﬁr%%é%égﬁe{%%% S shoc
system 930 L BE SSRGS SinpriSBREHAARE SaheBaks gigrameieadtEFecoder 950
provides a pafyspitep i ehmpnsing gnald 068der ety SRdehbe DA IdwndahO21Y perefsmesentation
(for examplessisetagate fmed @nRe KocRgrendaemixscsignals) and ampkiachaelsten sidadnipppation (for

example, in | A gﬁfﬁ) r mpyi mbiped object
decoder anda*%ng&%%?ggcﬁ@éﬁr%v%ecﬁh IS €O ﬁ%%?é%%gl gbefta;ﬁ% %f] I‘%Il)% %ﬁ‘&a)r%éﬁé %lggﬁﬁ%a?(s%%%% {lgrlleajoint
mixing rocélgmﬁbﬂg%al&%ﬁ%ﬁt@ﬁ ST SBRIEP e b iR dORRP I kiR ACEARG: HBR#SIN the
parameters fePTSagatoine dphiiop deasinareindpe idunfrositnon-doarinjesrd elbied-siieihfdtenation and
the renderinghisfermatiafior T, UpMmieprese ssrdspendmalsaantherdownmisdniermatian, which is

considered e vt bl echielsd o AN wIf SYNMATES e ghare o provision

of the upmix chaﬁnel signals 928, 95 (f:an be , performed In a one s rocess or a two step process.

35 Taking réTErEAgs SBwS Fags SheRiVPE O 'SRIIE WRis T BBBeh AIEE e &TigadT RASAOC system
960 cohdpriseaseirisAOChe rpARRGSUrfolacPhispssistels 8, inprifatasdayBaGE decodbe. WO
2010/125104R4g 203 8/ 0bBi¢A 4150 WMo E0DA P4tk bR UHuHd doaBROARLCOMPHSASA Side
information wanseatieyeRZ OISR A 'BRcewBIbe abieRleiRiafACe fattien (for
example, in the f?rm of object meta data) and, optiorially, information on’the ©ne or' more dowiunix
signals and ﬁ?énpe?]xdgr'ing information. The side infoxuiation transcoder is also configured to provide an
5 MPEG Surround side infonnation (for example, in the form of an MPEG Surround bitstream) on the
basis dita retebveg tdtzendeaardinglyEithedsidenstiremaaGtans desetR Isconfigveedrestvansform
an object-relgled (aramelic) siiesranmalion. wbidais seliqyedien e hipdsenaadel.into a
channel-relat Lgll;égara etric %lt?{?f%{farmi?%g taking into con5|d(|aéatlon the rendering information and,
optionally, tﬁjg HESPPANER HERBntRRBFFRESHACS P O BSIRH LRy FRE SR ally, the

SAOC to MR ssamplanintihn Jesdero8e maynste cénifguis digyphmirpdl ate hiectmdasedrrdde downmix
signals, desatibedation gfamyxienble the dowvfumix sfossbiepreseakaiionie shiah denaaipukated

downnyx Si%%ﬁgéﬁe%%%@%%jéép&\é%ﬁ& e I donamieSignal MANBHIANGLIGE DRgy,Pe omitted,
such that th%gu&gut dchwnm x%g?rigj?l’%e%presentatlon 988 of the SAOC to MPE Sug und transcoder
¢ |

980 is identic t8THE FABIRSH it 11 SREREBRCET e o8 R R L
transcoder. Teedawanthsigriziraadatter 9Bg salierorwrmepicopsaiddoint thpmihanecsisselated
MPEG Surrarndsieeisnfdodaibani@Sdviotidinet allisiopraviste adesreshaannaispegssion on the

pasis 20 of tgJAR! deMO Bk sRRLIERLAENAAD @J&Jﬁ&%&gﬁ%@éﬁ i (R deansroaer 999

Whichg) y ge the c?%sg in,some rendering constellations. Accordingly, the SAOC to Surround
transcoder BToV s PN E TR SRR PR &R entation 988 and the MPEG Surround bitstream
984 such that a plurality of upmix

To summarize the above, the provision of the upmix channel signals 928, 958 can be
. performed in a one step process or a two step process.

35  Taking reference now to Fig., 9¢, an MPEG SAOC system 960 will be described. The
SAQOC system 960 comprises an SAOC to MPEG Surround transcoder 980, rather than an
SAOC decoder.



25 channel signals, which represent the audio objects in accordance with the rendering information
input to the SAOC to MPEG Surround transcoder 980 can be generated using an MPEG Surround
decoder which receives the MPEG Surround bitstream 984 and the dowrunix signal representation
988. 30 To sUMAAHEE WL above, different concepts for decoding SAOC-BREGERH YT Signals can
be used. In some cases, a SAOC decoder is used, which provides upmix channel signals (for
example, upmix channel signals 928, 958) in dependence on the downrnix signal representation and

the object-relate ieside information. Examples.for this concept can be seen in Figs. 9a and -
9b. Alternat%%%ygfﬁgig%g)%?gﬁcgggé%ﬁ% %Sgﬁ(ér#])a Sr?"‘}%%;}" d%.wg%sc%&)end%n Sf)(fg?rrl gFS bwnmix
signal repreé’gﬂfgﬂf)ﬁ{’{%rg'érfgﬁ?p‘i%?eéva&ﬁrﬂm%&%ﬂéﬁ%ﬁﬂf%@ﬁ@%ﬁ grenaleniihe@amted side
information (fbplizeirmyit, dhe)chahnplicekitadMPEGISuelmditstreans 884 nmikislhrcdndné used by
an MPEG Stiéquinibaecadeimiaidiovite Shr deoHeiupmine0aneLhaeneligWid o providean
20101251 04REFERZAOOSRI L ARG MEE G.RARE SYHEMAN0. - ystemmrgveion of which i
given in Fig. 8, the general processing Is carried out n?a frequency selective way and Can be
described a?%ﬁfS%%\%mﬁ LhotrB Gerensr a0 A5 R sty AP e BHEerangian §ansegdan Hre
downrnixed §spaiiditiets ABGIenvoder prectsdite] Kpranmuit dilwnimixrtadciowrbitix ¢oefficients
ar:e dﬁnotedrgﬁedédtcfrﬁﬁi- it ashiioRnHaSARE Q%ﬁ%ﬁé@&%&tﬁww%@?ﬂ%ﬁ%ﬁoescribing
the characteyjstics: of the. | 9 ohjects. For MP. A he relatjons af the object 10powers
with res ec?%gﬂelgéﬁg%g%gagﬁgﬁ?n@gst cges%goim”? %?gsnu{)cnhag%igéﬁ%%ﬁ a{ﬁgﬁ?? oﬁﬁ%ﬁ%gsolénal (or

signals) 812 BhEPLIaY MIReREN ek SQMBEHE MR -and/or stored. To this end, the downmix audio

signal may be compressed using well-known perceptual audio coders such as MPEG-1 Layer Il

or 11l (also kamptionasy} $MBECH@vAReHs M&@ﬁﬂﬂﬂ&;%ﬁﬁb %ﬁ\lﬁﬁv aheLadd i% GRRgsRR (th% _
receiving engl,.t c gg(ig ptually-tries ko restore the original object signal ("object
separation'gﬁlﬁi%%e?f%ﬁ%#sgm%te s%%%%%%?ﬁa%%r%bfg’(afﬁ% ,eﬁ%rtnﬁgﬂ)% ¥het% %ncéog#%gres%gévn-nix
signals 812) PHEERAGE d%i AR OB Yd dormmin 5 gedigrmarsediva s tHiotauestisct signals
820b) &fe théepmrixiadsiate! antamipedatoe N8 G epap dunteuktbad Manhdibad thp Uit handeisrtwibistamiay, for

* example, beréppreianmiaridsy er}f_dmi&cfgh@au@@igﬂal&lﬁé ﬁ@ﬁ%@%&;}'@% ? f@é?@ﬂiéﬁ!lnr% fhatH¥uior a i
mono outpup fhe r t to ectively, the separation of the
object signa%is IS %pggﬁlﬁq%&ggégﬁgéebr?ﬁgev%eg?ggﬂed %%%%%%?ﬁtﬁﬁrg%oéggrﬁﬁgg%@ﬁndicated by

the object s& %ﬁ%ﬁ%ﬁ%ﬁ&%ﬁéﬁwﬂ{gﬁﬁ%ﬂ&nmﬁw Vinehamgrabtd MRS Hmosed

into a
single transétHingferaptionhiéh sfeakl regutioin arrandterdesined lstiong inaprersistatioribd desisplexity. 301t
has begh foufidhthatmsudeansehemeds ispraentdaissl v eificisRODOh MHEtNSRitRnsmissiarbitrate (it is
only necessggy tgfﬁﬁ@ﬁ‘ﬁw&ftﬁ@’c%é“fﬂ@ﬂﬁ@%ﬁ%?ﬁg@&%&ﬂ I%'de information instead of N discrete

’ i ) ut ]

object audio signals or a discrete system) and computational complexity (the processing complexity
relates mainly to the number of output channels rather than the number of audio objects). Further

advantages foictaginglzr 88 54 MHe tec bRy S ind| trdestiedeir 886 gmyviichdwsilugvamendeniag setup of

his/her choicepteienatisieses sdrienPRGsalized herdrhenesalaybnakangisalnyngihe feature of
user inggractiyib, Iney(eaderf N ait-and iR ol esEne. caNRe SEhendonandet,
interactively by the user according to will, personal preference or o her Criteria. FOT Wk )
2010/125 104 BCHALED Higechg A0C to MPEG Surround transcoder 980 can be generated using

an MPEG Surround decoder which receives the MPEG Surround bitstream 984 and the

downmix signal representation 988.

30 To summarize the above, different concepts for decoding SAOC-encoded audio signals can
be used, In some cases, a SAOC decoder is used, which provides upmix channel signals
(for example, upmix channel signals 928, 958) in dependence on the downmix signal
representation and the object-related parametric side information. Examples for this
concept can be seen in Figs. 9a and 9b. Altematively, the SAOC-encoded audio

35  information may be transcoded to obtain a downmix signal representation (for example, a
downmix signal representation 988) and a channel-related side information (for example,
the channel-related MPEG Surround bitstream 984), which can be used by an MPEG
Surround decoder to provide the desired upmix channe] signals.



7 example, it is possible to locate the talkers from one group together in one spatial area to maximize
discrimination from other remaining talkers. This interactivity is achieved by providing a decoder user
interface: 5For each transmitted sound object, its relative level and (for non-mono rendering) spatial
position of relideiil ¢ e adjusted. This may happen in real-time as thBUEF YA  the position
of the associated graphical user interface (GUI) sliders (for example: object level = +5dB, object
position = -30deg). 10However, it has been found that the decoder-sided choice of parameters for the
provision of the upmix signal representation (e.g. the upmix channel signalsto 9m) brings along audible
degradations in,so ses.. _In view of this situation, it is the gbjectjve of the present invention to
create a con%e%ﬂelg}aé(%fg‘gﬁ%vgyﬁ?%ga irfy S&F*&%H‘%ﬁ%&%ﬁ 6i 1Si&Srtio vitenpibiding an
upmix signaBfERIEsEIRSEBAL fisr @xaedpNat iin thdtisiganey uskedi chatiabieisl grral e escahe Bummary of
- the inventiodcldWhisithia ke fisgeiveddaydan apparatus for providing one or more adjusted
parameters for a provision of an upmix signal representation on the basis of a downmix signal
representati(.)n ?\pd antoti)}j ct-r Iatedl%a ametric information according t(égaim 1, an audio signal
decoder according®'ci& LYOIEH SHRH TR TP ASCSaRP RS AR GTT Qb 52 Hietsi#ccording
to claims 26, 2 PEKESY8E aFPaadiosigleatanee ts dovardinepesisisirs 28 dBotedetbdoadednding to
claim 31, an augtiditiisirefsmn SILOT dingdde£lBN0 Sk andsa so e HAG ag] ACGAEIBmE0 Blaim 34. An
embodiment acaplding A% &R £183'66 AN CPRAR ARV QTS A dFRLE Alysted
paramzhers'for a-%rgwsmn of an ugm| signal representation gn the basis of a 3 ownmix signal
represéntation BRNER VheEhetbIR e LG PTSPATAbEHC 1HE 85 surh 8 do IisHuad st parameter
adjuster (for example, a rendering coefficient adjuster) configured to receive one or more input
parameters ¢forimxamiite sizrehdaringeasffitiznimr ddesaoptionafl @l desikedarppdacingmakix) and to
provide, on the hasls HETEA! ARG BNE-ACIUSIRE ReiAMRIeTs. e aishadiupiElds configured
to provide the one or more %5 ag}éjstedl}%%ra e (Ers |g %epen?lence 0 ttfe one ormore Input
parameters and’ ?ﬁ‘?%‘ﬁfic?—l PafEE BRI Ff Mt Rol eXalblIElsh FEF¥AcEhCE8R dne or more
downmik coeffi&iEHS Adrrberedrugiorhoingdja b rsladiffeteat cadiatemtsrand/or one or more inter-,

object-correlation values), such that a distortion of the upmix signal representation, which WO

2010/125104P@HERZIQ(MP L SNVOMISPELANSESHY-SNEHR61Rf ARO-QRIMAPRIAREIRLS 1S

reduced at least for input parameters deviating from optimal paranieters by more t a predetermined
Input paremets g loters oY

deviation. This SHEOHENt aXVSFLIF I HoR Wetto fs THSBH'SH fig°id ‘FI’?&F%’P](E&SF@H 15
distortions whickrialbabe o1y thapproprmenFcrieaen flgut PrasnpnepsimstcBcobdtiticighsly providing
adjustetd paramgiessifsipthe-provisionsehihd upiuixsignial e esentationxanthtbalttigpseadsion of the

adjusted paramglgesesai b @@rieam%ﬁﬂh@ﬁ%%g%myﬁ?gt%mm}s%ifé%ﬂ@él%ﬁ*

object-related pt%rametrlcclgformation It has been found that the usa f the object-related parametric

e
information allows 6 %b)ialna{é%eless%%%é’ ‘rﬁ%é@rgsﬁ &rgﬂ%l%g&f?ﬁ%ioﬁ%r, ARSI o T aused by
the usage of théeRdsigararisrafiginnn are giMemhvwsadprovide adjusted parameters which are
suited to keep audible distortions within a predetermined range or which are suited to reduce audible

distortions wherserRRate e sk RarafeleaT e aliastiaiieddiaunatipn assgbgs. for
example, characteristics of theba%ﬂd' objects. and/or gives inform tlonbabout the encqder-sided
executed), since both the separation step ?m icated by object separator 820a) and
the mixing step (indicated by the mixer 820c¢) are combined into a single transcoding

step, which often results in an enormous reduction in computational complexity.

30 It has been found that such a scheme is tremendously efficient, both in terms of
transmission bitrate (it is only necessary 1o transmit a few downmix channels plus some
side information instead of N discrete object audio signals or a discrete system) and
computational complexify (the processing complexity relates mainly to the number of
output channels rather than the number of audio objects). Further advantages for the user

35  on the receiving end include the freedom of choosing a rendering setup of his/her choice
{mono, stereo, surround, virtualized headphone playback, and so on) and the feature of
user interactivity: the rendering matrix, and thus the output scene, can be set and changed
interactively by the user according to will, personal preference or other criteria. For



15processing of the objects. Accordingly, undesirable and often annoying audio signal distortions,
which would be caused by the usage of inappropriate parameters (for example, inappropriate
rendering cogf czl{%r(}}s%ﬁc&n be reduced, or even avoided, by providing one or more adgusted 20
parameters, wherein the consideration of the objegt-related parametric infSrmMEtrgAY ey e adjustment
of the parameters helps to ensure an effective reduction and/or limitation of audio signal distortions by
allowing for a comparatively reliable estimation of audible distortions. 25In a preferred embodiment,

the apparatt&@gmgwﬁgs;%r@@@mseat@%ﬁe%‘amalgtfmmst@{& RRlkads %pgsglggaﬁgrgfgﬂgfs

describing a desired intensit scall of a plurality .of au ts nals in one or more channels
described by the upmix signat reprre%goentaf%n r H‘%ﬂ’i’é‘&@i @f@f’tﬁdm%?@%ﬁ:ﬁ@ﬁred to
provide one RIPKGRE adtradauarintEBatimeters in dependence on the one or more desired rendering
parameters. It has been 30 found that the choice of inappropriate rendering parameters brings along a

significant (arg %@Wﬁﬁ%@ddﬁﬂ@%je& qt@féz&ﬂ%%%@%f%ﬁé&@mf?& 9§§§£ ped using
ren

such inappropr tey nrende ing parameters. Al |t asb nfoundt att erin
parameters E%r:% e .cérr? fy Be 2. {f g 2 ma% AR CRE ﬁﬁfglﬁnatlon

epen enc
because thePOBiBR Pélﬁ}%@ﬁéﬁ@%%ﬂh@rﬁa%ﬁtaﬁémwaﬁ ThrideoecamgBuiehiraoleselvhich
would be introtiititbjed prsivchoitied)the rendering parameters (which may be defined by the input
parameters). 0 2010/125104PCT/EP2010/055717 9 In a preferred embodiment, the parameter

adjust Iis ¢ figured. ob!?aln ;Mo nder eterémlt values |n dependence on the
objecte%elate%nggerarneﬁil’lc informanon ar%% 05 ?Nﬁaﬁ ﬁ#g %ﬁ%n BTG a (30 iBUHOHC8f the audio
object signafd f{EHPBEWHER SOrrArREREs (heatien teueh eharnsloiisortion teetnd ingnhwoas
predeterminestiiblegledodietndeiing paraiseeier values obeying limits defined by the rendering
parameter limit values. In this case, the parameter adjuster is configured to obtain the actual rendering
parameters kn deéoen) %t]ﬁ he ds sweﬁj regldenn meterstand the one or more rendering
parameter limit VAIUSS, Suc a??he actusl (?e"'?aerlné%a([1 FARNEYETs BER e e G SRUEER) the
renderiy pé’f’glﬁ}ét@}q}?ﬁli@a’fa@ém%?ﬁWﬁﬁ@%%ﬁc?@ﬂ%%ﬁg?ﬁ&em DEIVSENEoNSHIMES a
computationsifips iraplesanativalighteraapha hisire fotardupng < khiaist e distotigng. are within an
allowable range in accordance with a distortion metric. In a preferred embodiment, the parameter
adjuster is Cghﬁ'g}fa[ed tfqh%k%tq}g %po%one or more 15 rendering parameter limit values such that a
relative conmm%?‘an‘eg]e&mgnal in a rendered superposition of a plurality of object signals,
rendered using a rendering parameter obeying the one or more rendering parameter limit values,
differs bm dhislativdeonsriobtidrbphthepphigos signabinding ewe orixnsigrealinyedgpanarettharfoa
predetermingdiffesences lkhaghaqnd £1d &]ﬁéé@ﬁiﬁ!&ﬂn&@'ﬁJYBéﬁﬁs”W@'ﬁ@ﬁﬁ%ﬁmé} fjthe 20

contribution of an object signal i n.aren suge 0sition of object naIS| S|m toacontnbutlon
of the objecteé?lsg ?%gg%gl\?%mlx | na W asrongig%fmraetnoéleag?or nge?a(f ‘ﬁ’iﬁaﬁ’ﬁns typically

brings alongshgﬁ’&lb‘i’éctﬂ’%%ﬁ%ﬂ%d% 1 |%1%H§e% b Fadotsipngl ﬁ?@ﬁ@éﬁaﬁ@@féf%@(r‘ém@? level of an
object signahwtied cormpdnegittocthiefrata Ve8] af tdiokjenilsignaldnarerdmygnoniiakigna
represestatignrefien BEH@H&&%QBQ:@[H%qt%%cﬁ%ﬁﬁ%@cﬁﬂﬁ@{ooﬁﬁﬂp@ 3epAlsRplect

signals of different audlo I%ects in t ideal way. Accordingly, it has been found to bring along good

results to ad?us%ﬁ% render; ﬁop%réme ers such that the relative contribution of the object signals is

only changed moderately by the choice of the rendering parameters. 30 In another embodiment, the
parameter adjustebigiomnfigurediig obthinitiventioe orasrenensesing foaraoveiardions values such that

a distortion mgasuaepRIaReSeH RS évision of an upmix signal representation on the basis of a
30 downmix signal representation and an object-related parametric information. The apparatus
comprises a parameter adjuster (for example, a rendering coefficient adjuster) configured

to receive one or more input parameters (for example, a rendering coefficient or a

description of a desired rendering matrix) and to provide, on the basis thereof, one or more

adjusted parameters. The parameter adjuster is configured to provide the one or more

35  adjusted parameters in dependence of the one or more input parameters and the object-
related parametric information (for example, in dependence on one or more downmix

coefficients, and/or one or more object-level-difference values, and/or one or more inter-,
object-correlation values), such that a distortion of the upmix signal representation, which



coherence between a downinix signal described by the downmix signal representation and a rendered
signal, rendered using the one or more rendering parameters obeying the one or more rendering
parameter limit values, is within a predetermined range. It has been found 35 that the choice of desired
rendering palanfet@reWMich form the input parameters of the parameter BEfEEEPIYASUI be made
such that a sufficient "similarity” is maintained between the downmix signal described by the downmix
signal representation and the WO 2010/125104PCT/EP2010/055717 10 rendered signal, because
otherwise thg,f f.ohtaink ible artif ' upmix process is.quite high. In yet.anather
preferred em%%tﬁjliﬁmqgnﬁ% E@gfﬁ%&}%aé?u%?g c}g%%%]ﬁé) %%ﬁrﬁ;’o?ﬁpﬁ?g %Bf fgl.{r%%arﬁcoi}éﬁ binga fon

between a sBUAPSCGFRIGEKTRE HORyEPHY D RrarmSTers WHRAr H B AtetR MR AedAtRr of the

parameter adjuster) and a square of an optimal rendering parameter (which may, for example, be

defined as alngedenbgiiasameaieramgimizing mdisiesion raiic)efo ebiaiheaciualyendeaning

parameter (Which; t j rameter). In this case, the
hiswisouledLed S apRgialiaen s adluslee paramele., 0. ia.ca3s,

parameter ad{iusl ris n%%nfl r 10 contributio desired rendering parameter

and of the optim&rPe ?Fﬁ JRFARBESS (01 PO IS ikt SR SsB R REs Brel Bretttermined
threshold pafindierTosisdrisiofioadinetaic perrarsins thendistoibnmedindtiesaribescardistdntion which

would be caugéshlijosingiheos ok DeERderitareateindiNREReer s Risdhandeeptimal
(onciering PARMEAE v B SBlalNAR eI AIORASAIGSOINAN RAReRasln Aldse 40N I

signal representation. This concept allows for reducin IStortign to an acceptable measure while
still maﬁt)ain ﬁég@éﬁff]éféﬁﬁ?ﬁf}aﬁlﬁ tW@%Qﬁ‘é’ﬁ'ﬂ%ﬂ(%rﬁhﬁ PesrnEthrdn R RGeS kB nCept, a
reasonably godeeHrsiniseobisivabusttibroptinetdreenbietirgepaiitan eterscaraidideddisioedorsndering
parameters cathinesfquadhitakingdnigacRURhRIesY edigaoisehimitingdilReaudibia distagions. 20 In
a preferred | r justeris.confi Q provide one or more adjusted
Parameters 1 Ol A LA R A, RBARRT
perceptualIy%%gtgf%‘c&is%r n He°i]15ﬁﬁﬁ< Wiex %‘fﬁ%é’é??ﬂﬁfﬁ%aﬂ’é’é‘ﬁ s treegdersidsdn-optimal
paraméfers BIfgaspieséiedtisctihe computational measure of 25 perceptual degradation is limited. In
this way, it can be achieved that the parameters are adjusted in accordance with the hearing
impression, Kgis b awoiding RN aeaeRtah v iadiie At preEanBe Slarayding guicient
flexibility in adﬁjs n&t e parame%ers in accordance with a Fser's de%re,s 30In a_preferred embodiment,
the paramet&? 33‘?@ efl1E B3I O STRPTIANR: RANTOREEE SFohEFRMRtoraARRR R HEM B8 perties of
one or more‘SAEIREPED]censhmatsvomdiclotorvethavbisisd for andenidingix @igner desseribdithissdthe
downniif signabniepsesertiadiinie dbisidastotherpacaieteraljes priseenfigwaddg.eonsiger the
Object probesaigipnajiond RN iR pditad.paaneiein 2ueh Haka diptarian ahnepmix

signal representation 35 with respect to properties of object signals | In the upmix_signal
representatig}_%gi‘g redu e@l%ﬁg%%g%’r ﬁ?ﬁ&f{%éﬁ]@tgf’%@{%}'ﬁ%é ﬁ%ﬁpgpﬁﬁigﬁggfhﬁfg?@fjéb&? more
than a predetitailifag. deviation. This embodiment according to the invention is based on the finding
that the properties of the one or more original object signals may be used to WO

2010/ 1%10%1?5:1]_1/&@?&%%%5%@ the apparatus is configured to receive, as the input parameters,
desired rendering parameters describing a desired intensity scaling of a plurality of audio
object signals in one or more channels described by the upmix signal representation. n this
case, the parameter adjuster is configured to provide one or more actual rendering

parameters in dependence on the one or more desired rendering parameters. It has been

30  found that the choice of inappropriate rendering parameters brings along a significant (and
often audible) degradation of an upmix signal representation, which is obtained using such
inappropriately chosen rendering parameters. Also, it has been found that the rendering
parameters can efficiently be adjusted in dependence on the object-related parametric
information, because the object-related parametric information allows for an estimation of

35  distortions, which would be introduced by a given choice of the rendering parameters
(which may be defined by the input parameters).



11 evaluate whether the input parameters are appropriate or should be adjusted, because it is
desirable to provide the upmix signal such that the characteristics of the upmix signal are related to the
properties of the one or more original object signals, because otherwise the perceptual impression
would be sighificaHti{Feédraded in many cases. 5,n a preferred embodinfént R 9413 éter adjuster is
configured to receive and consider, as an object property information, an object signal tonality
information, in order to provide the one or more adjusted parameters. It has been found that the
tonalty of the, abisetidpalaisdAuanily wilslnasasianieashipas! aniieipaicepiual impression,

and that 10the ¢hoice of paramejers which significantl ange nality impression should be

avoided in oftfSF I aPE 4553 NG HTHras SATRCRASE S o fl rd2F e B STHHR AR thRA RS e ter
adjuster is codfigurbent ok dnteeTaisnaioyroftion idessitibien decettuputivnsigntileirmedpertgerice on the
received objaghslignaltenadiniixinigha atipranthAde Ccaive diohie dipevwrRnmiHfermalionthithis case, the
parameter ag ' nfi ide th dj eters to.,requce the
diffe ren(‘i ggg&%ﬁ@%s@%%%@o&%%@é dSt _é}fgg%ﬁ%oﬁfegn&&%%%z%%% o%éﬁ?gdews i%%the one or

more adjustSd PAFRM BRI ARE M ErSd b Hifiasentis Harpue il B S SaTBEAIRY ¥nd a
tonality of atipiitheigtied gbedmig psipgetwesiipdensadenmstersihsrdesked peadetindifferemcttsetween the

estimated togalitfhardea donadity efrabripnpxeehsignahabtoined, usinly the oRe mpieRkiused _
parameters Mm%&@rse@%ﬂylﬁmga@aﬁey%%ﬁ@%8&%&%&9}?%3Hfﬁaﬁ%a?n%sgt%%%glﬂﬂlg a hearing
ency, which a ro

impresﬁgn can_be obtainéd wit éﬂgﬁi‘gth computational effici ows for an ap ate
adjustrhent ST Fen RRIRFIFAr iTieY2uss (PUSTIPUERS ra dOHBUARNRAE iRl aferchailister is
configured tepaoigm aftimerandng dhein epdibldaditaifistment ofifhéinputadensshstarsmgicoordingly,
the adjustmepi@fithe:inplitparsneiersetaobtain adjusted parameters, may be performed only for
such time intervals or frequency regions for which the adjustment actually brings along an

30improvement of the hearing.jimpression or avoids, a significant degradation of the hearing
impression. Yet H%AHGT P’é@ﬁé‘?ﬁ)&a %Bﬁr&m?éﬁt%‘é“ﬁﬁi‘éﬁ? aPRIRHiigRTed B Hso

considéf thergisiaing pasignelicrapras ettt onido thnovivitay b eovdbutianoré adjiitet siemadnieters. By
35taking intecpdesidesasiopodigcdovhnmipitignal represientasionalan euessoteiRieaiseRRlimate of the

possible distlg)e[tté'g{é ing,l i ; ingdy; /3 P2010/055717
12 In a preferred. eﬁrﬁ;bgc?’g ﬁ&%ﬂ%%g@p%%%r?gt%ﬁ gg@gtgﬁa’%%ﬁ%%g%@b%%ﬁ%%gﬁ%ﬁ ‘distortion
b

measure, thgﬁg O ISTh Ao RO SEIRIO X BT S BIOrauBr b Al SPatdcts. In this
case, the pafiisericadjusesr bseprifiundethab distariahe avetanentoradhivsatdsurmallichftitat the overall
distortioh measteuitod ofeasihedbiisidiiians-hiskichpemds e cilbsaddyousing eneidk mare of the

input rendering parametar AR IhanePimaLisadsHng Haramsiers BLAPRRRGIe, ¥R signal
representatlor'i on the ba]?s. of the downmjx signal rep(@zegdtatlon. By_com |n|n%ﬁa plurality of distortion
measures déEEHBIEAY H%ﬂﬁ/%?‘ﬁfgié's bR HORE 2HALT RS TRISCH SRR 103 hg the

hearing impressing idepeateidthe (relative) level of an object signal when compared to the (relative)
level of the object signal in the downmix signal representation often brings along artifacts,
25 because often it is not possible to separate object signals of different audio objects in the

ideal way. Accordingly, it has been found to bring along good results to adjust the
rendering parameters such that the relative contribution of the object signals is only
changed moderately by the choice of the rendering parameters.

30 In another embodiment, the parameter adjuster is configured to obtain the one or more
rendering parameter limit values such that a distortion measure which describes a
coherence between a downmix signal described by the downmix signal representation and
& rendered signal, rendered using the one or more rendering parameters obeying the one or
more rendering parameter limit values, is within a predetermined range. It has been found

35  that the choice of desired rendering parameters, which form the input parameters of the
parameter adjuster, should be made such that a sufficient “similarity” is maintained
between the downmix signal described by the downmix signal representation and the



10 Another embodiment according to the invention creates an audio signal decoder for providing, as
an upmix signal representation, a plurality of upmixed audio channels on the basis of a dowrunix signal
representation, an object-related parametric information and a desired rendering information. The
audio signal WA Féfprises an upmixer configured 15 to obtain the uBfiEEHEERSdRannels on
the basis of the downmix signal representation and in dependence on the object-related parametric
information and an actual rendering information describing an allocation of a plurality of object signals
of audio objects describe the object-related parametyic information to the upmixed audjo channels.
The audio ST aT SE DR s ARt o) 5 Pae e BT G0 e PR &P 50
parameters, 88§t 8888 Wgkore. The apparatus for providing one or more adjusted parameters is
configured to receive the desired rendering information as the one or more input parameters and to
provide the gneQrmane-adivisied RABIARIRL, aadhRasIual rRdeting foRMALER., TheARParatus for
prOV'd'”g the; ane of ore adiisted parameters ai%e?d%‘é&ﬁ'q%’x{ed t%@?v'g%fah@me [ more adjusted
parameters _suc%r fVat distortions of the 25 upmlxegsaudlo SanAEEEatSe yC BUsEBF e actual
rendering paFRHEERGHEH Of HeRaErEhadptHae FehasAnghalamerbisa biedetng sarampiesst for
desired rendeving: paeamitees aeviative dedimethes optiendémiag dening gpar anheteird ity amibbserthian a
predetermingghigieyiafionaOhbadisageRtiie sppaak i aravdingdheans a{w%aqmted _
parameters {g anaudlio slanal decader 2lious je.avoid 8 generation.of strond audinle distortions, which
would be cause ,joy_per?ormlng the audio _dsetocﬁrPg With Inappropriate -cﬁosen%eswgalpgn%ering
informdfion. SBiPERSBGHithe desitebramdgripa Rarmmaeriont @& e sntimat avederima paamsderder for
providing, ashenlinpanixsigniattiepriseitatiden@ chaangletelatedrpdrdémeateidnfarmation Toatte basis of

a downmix sigRakiePigseRaHBERD ARiskibeIRIcdRAABEkIB R MRS AN B Jesikrtrepdering
information. Theﬁg&dlo sign transcode;}geo?egrlgg %e%f?é%% informa @Q Vé/tg h timal
2010/125104BC / pbTGI055 P17 fé?ﬁansco ercon |ggr§op%agbetaln’tﬁe gﬁan%nelt-}%eélg ed parametric
information &FPHFE A BRBRKE dREMAIRIRM AT eprebe sieRInenasiigipe sacthecbstitie dject-related
paramétric idformationigrd arpastntdirendEhisgeimforpnatitrwelefseribihgiap atbochtiortiof aplurality of
object signalg.afauloebiasts drseringd-Ry-ihenahiectreiaies RArAMeliGinfaEmatoR e lge upmix
audio channels, Ti‘{e a}%ho Si na][ decoder al%o comg&?ﬁgs an glggaratusfo%g%)wdl&% ong oar1 more

. arameicrs. ACccor O S COoncept. a reas o0 MPTOLISe CCI
adjusted pal%maél%e-rs, 4s described above. 'fhe appara fSF provu?lrng one or more aafusIPed

parameters EsHRGuRBERRF e ciig (e dlesiredl remlena gPRrRRTEorrAsIh doRe: drReRut
parameters agmbtot prosddedtiegomerdhimmore HojustBulpdisonetess as the actual rendering information.
Also, the apparatus for providing the one 10 or more adjusted parameters is configured to provide the
one or more@d] rameter ch.that distortions of upmixed audip channels represented by the
channeI-reIate%ﬁ%%n%ﬁtr%%?gﬁéﬁﬁbn&%r&é%n%i%ﬁa#%s%ﬁlg 8vrv3{j Rix s%n%oivr#grr%rgti% ?%Fuich are
caused by tHSYSELPHENSERIAPATRIBARR H AP TSIBRYIANAR BISTTATE HaFreipivahfraridation
parameters, s tbalc edradrivally fovaesivd disemtiening tharepnetesgutd vigiiasy ftetiothadbdoltimal
rendering paggmeterss hpesadhanaaredetesnined:davationy lihashesriaund thalthe gencept of
providing adysieparamelele s alsael-suiled (orne usedo sombinagion it ap audio gional
transcoder. FUrtHer embodiments accor Ing to Fle ifvention create a method for providing one or more

20 adjusted PRI IBRSQREGTOHIR tifchesing BrPEStiRs s FaP R A HE o BRSC LMY OMhg an audio
signal. Said heetingdsipresHas exchion il amidikeyitfeisof chibiihoweadissimstd appareitus iAnother
embodimentagsrainotaihe iaventigr-gcreates an audio signal encoder for 25 providing a downmix
signal representation and an object-related parametric information on the basis of a plurality of object
signals. The audio encoder comprises a downrnixer configured to provide one or more downmix

signalsifh dePeAddRtareh sRnitnetodiiciting s dieiarvin it mE SBreCiSigraiRe SBe it the one or
more downnpisopigiyaisicomapnselessiipepppsitanaf & phyalitynofobjentsighddst Jilealyidibieincoder also
COMPiSeS  form the basis for a downmix signal described by the downmix signal representation. In
this case, the parameter adjuster is configured to consider the object property information
to provide the adjusted parameters such that a distortion of the upmix signal representation
35 with respect to properties of object signals included in the upmix signal representation is
reduced at least for input parameters deviating from optimal parameters by more than a
predetermined deviation. This embodiment according to the invention is based on the
finding that the properties of the one or more original object signals may be used to



30 a side information provider configured to provide an inter-object-relationship side information
describing level differences and correlation characteristics of object signals and an individual-object
side information describing one or more individual properties of the individual object signals. It has
been found th&t #EPFSWSIon of both an inter-objectrelationship side inforR{EkBA2AHAET17
individual-object side information by an audio sigﬁél 35 encoder allows to efficiently reduce, or even
avoid, audible distortions at the side of a multi-channel audio signal decoder. While the

inter-object-rg| 'opsh' %id iInformation is used for separatin tﬁ?}ﬁ (?j ct signals at the decoder side,
the individual-o R}%gt‘gl(% Frl{%hr%g |%§pglén S& B %BPa‘P o iﬁ% %?t EF ﬂ%%ﬂﬁ%ihmﬁéﬁéfcteristics

3

of the object?SHBLRD KOPIoY e AsCipner Aavionsh fhey theighmrstarstinaifi finepmbisicodatler side,
which indicatelsttidatot e gistpstityatbovitiei nracoeptaimibleraocesnikapiaiey echembediment, the
side informaﬁ@@dpmmi@gpi&g@ﬁf%ﬁ%%@ﬁﬁi%ﬁ@@%{gg@igy@agpjgﬁggde information such that the

individu?l-object side infoimation describes tonalities of the individual objects. It has been found that
the tonality of the individual objects is a psycho-acoustically important quantity, which allows for a

decoder-sided HiRiRERSH 678 Bh<he pamRiice pEHEB dfRentsEes igirp s e dRaniibn ereates a
method for excobjirng prereutiiodigralicinathebjech biatith entaice tutingaioth drirsrdatiangeaates an audio
bitstream repipsetiog:adplusaliual (usliskabiartialoela imaensedsd fumoThe gdigitseam
comprises a wnmMix_signal representation.representin e or more downmix signals, wherein a
least one of %ﬁ%‘%oﬁr%&ag%ﬂgél cc:%r?l”l%_sr%gl_ a%%ap%%ﬁnggﬁ{co%gg%ppeﬁ%lwloﬁ%ﬁ?&no c%@?gnals. The
audio bitstretlih el o pricEs s inTRich ieaifietatip rdmssidkeimonhitatiorpmssisibrguliv b
differences andidetiolatiten toHanacianstideafmgbjegtsigoals and an individual-object side information
describing one or more individual properties of the 20 individual object signals. As discussed above,

such an audi g) ws for construction.of the multi-channel audio signal,. wherein audible
distortions, %icﬁ%vfglﬁ% @g%ﬁ%‘éﬁ%{f?&“ﬁ%?g%ﬁaa% "SRG S rgﬁrggﬁ?mﬁsﬁﬁg&%%%?@a BB

recognized AFHETERLTCS: BoRRXe fENThtEY . Ioprdtnet OmbbaIrRsatEcdcobitihg@nehemebition create
a compliter prigraaticiorichpkeeeriingyjbe phovedisensisd meibogse Biephasertptdnatihe Figures
SOIﬁmbodd;me&sﬁgﬁg@rainng@iﬁke%W%Oﬂﬁﬂt%%ﬁ&@%d_ &9&‘;&@%@'@%“@4 e&f@f@f&ﬁ@ég the
enclosed fig ich: Fig.,1shows a block schematic diagram.of an apparatus for providing one
or more Hgg\gﬁgt%(g{ ‘g%%ﬁq%é‘t‘é%‘ %r aaf)l?o%%itgﬁ% arélﬂiI uphii géliﬁﬁlﬁn?zﬁétggﬁfgﬂﬁﬁ%ﬁi‘%?&%%asis of
a downinix PG FeESEARHam SRt SROuserPrErir s ksaaI DR TseR Alio pstimated tonality

and a tonality of an upmix signal obtained using the input parameters, or to keep a
20  difference between the estimated tonality and a tonality of an upmixed signal obtained
using the one or more adjusted parameters within a predetermined range. Using this
concept, a measure for a degradation of a hearing impression can be obtained with high
computational efficiency, which allows for an appropriate adjustment of the rendering
parameters.
25
In a preferred embodiment, the parameter adjuster is configured to perform a time-and-
frequency-variant adjustment of the input parameters. Accordingly, the adjustment of the
input parameters, to obtain adjusted parameters, may be performed only for such time
intervals or frequency regions for which the adjustment actually brings along an

30  improvement of the hearing impression or avoids a significant degradation of the hearing
impression.

Yet in another preferred embodiment, the parameter adjuster is configured to also consider
the downmix signal representation for providing the one or more adjusted parameters. By

35 taking into consideration the downmix signal representation, an even more precise estimate
of the possible distortion of the hearing impression can be obtained.



WO 2010/125104PCT/EP20101055717 15 Fig. 2shows a block schematic diagram of an MPEG
SAOC system, according to an embodiment of the invention; Fig. 3shows a block schematic diagram
of an MPEG_SAOC s%sstem, according to 5another embodiment of the invention; Fiﬂz{i 4shows a

schematic re‘g?ezsoelﬁ/t% 1oH of a contribution of objggt signals to a downmix%(faﬁgfhgh 16’4’ mixed signal;

10 Fig. 5ashows a block schematic diagram of a mono downmix-based SAOC-to MPEG Surround
transcoder, according to an embodiment of the invention; Fig. 5bshows a block schematic diagram of

a stereo dovimixased SABKIRMPES Sisases HanserdeLReLrding.laaR;aMRosmaNt of the

invention; 15,56 G3aNs ADIBS schemal diag el A audle sidnal encader, agsordngroan
embodiment of the mvc;tntlon' Fig, 7shows a schematic ,repres.en?a 10N of an au%lo%ltsztlre m, accordlng
3

to an 20embSBiEh GRS itk B TRsEi P BERERE S SR ECHerRfig R iR oPETR Trerssieh MPEG
SAOC systetisieHgnroashaows sublodiatchematiallidigativoimerstetciice BABGGessyStdisiautimg a

25sepamte deeadebaadeixesdiy. Bashowsod hlnskseRamaiicdRaranabaseieranc GAOC system
using an int%%@ﬁ%?@ﬁ&&ﬂg&?&@é@rfo?%gtaining the upmix signal representation on the basis of
the downmix signal representation. By combining a plurality of distortion measures
describing a plurality of types of artifacts, a well-controlled mechanism for adjusting the
hearing impression is created.
10 '
Another embodiment according to the invention creates an audio signal decoder for
providing, as an upmix signal representation, a plurality of upmixed audio channels on the
basis of a downmix signal representation, an object-related parametric information and a
desired rendering information. The audio signal decoder comprises an upmixer configured
15  to obtain the upmixed audio channels on the basis of the downmix signal representation
and in dependence on the objectrelated parametric information and an actual rendering
information describing an allocation of a plurality of object signals of audic objects
described by the object-related parametric information to the upmixed audio channels. The
audio signal decoder also comprises an apparatus for providing one or more adjusted
20 parameters, as discussed before. The apparatus for providing one or more adjusted
parameters is configured to receive the desired rendering information as the one or more
input parameters and to provide the one or more adjusted parameters as the actual
rendering information. The apparatus for providing the one or more adjusted parameters is
also configured to provide the one or more adjusted parameters such that distortions of the
25  upmixed audio channels caused by the use of the actual rendering parameters, which
deviate from optimal rendering parameters, are reduced at least for desired rendering
parameters deviating from the optimal rendering parameters by more than a predetermined
deviation.

30 The usage of the apparatus for providing the one or more adjusted parameters in an audio
signal decoder allows to avoid a generation of strong audible distortions, which would be
caused by performing the andio decoding with inappropriately-chosen desired rendering
information.

35 An embodiment according to the invention creates an audio signal transcoder for
providing, as an upmix signal representation, a channel-related parameter information, on
the basis of a downmix signal representation, an object-related parametric information and
a desired rendering information. The audio signal transcoder comprises a side information



30 Fig. 9cshows a block schematic diagram of a reference SAOC system using an SAOC-to-MPEG
transcoder. Detailed Description of the Embodiments 351.Apparatus for providing one or more
adjusted parameters, according to Fig. 1 In the following, an apparatus 100 for providing one or more
adjusted pargvrﬂe"’faé%ifg?‘gﬁ provision of an upmix ﬁignal representation on ﬁ’?é%ﬁ%%ﬂf’é%%)wnmix signal
WO 2010/125104PCT/EP2010/055717 16 representation and an object-related parametric information
will be described taking reference to Fig. 1. Fig. 1 shows a block schematic diagram of such an

apparatus 190,which is.configs ft%%B‘Paﬁ?‘Eﬁév&&ﬁl%l%ﬁ%egﬁ}%Eg%rﬂ%?ﬁ?éﬁolnlgn B i%%Uéf

parameters %hloci'na , for example, be desired rendeying parameters. The apparatus 100 Is also 5
configured to peroe??iélflgh 6{5%%6@%%??0?{;6?#8?8 8Ri8t8R P ARisRire s, e sdfiftsted
parameters HEITaiEx @ pie aped dinsiksinseinderiiion desrdhing. hallappimaefangordifuher
configured tobpeeisigrmais ofjealitetdiectpasaribticonfoknstien-ided harekiastralaieshnarametric
information 130 fagyx fan&¥amalG. Re Ak oRisgl-levshdiference Rformatian. andior ap integ;pbject
correlation |nforrrL}j'it|on descrlbln(? aa[ﬁlurall y of objects. 10 I%he %% aratus 100 comprises a parameter
adjuster 1407 Whichi%s CnfigufEtito S&ie B8 Ao Qp Riffeter&e1 FAPARHHD BFovide, on
the basis théP¥idiRg Fifeob At adivhiestearpaeisricte comiOrThie pegeivreths deljrsterenderingconfigured
to provide thmbreaiomas ehadjtsethpacaimeiesard2insdepande el thiehone LM ARt

t : | o : o _
2o B M e R

or moré Input gEPAH VSRS PEYAR AR SlS PP BERS D A e O o S i 2RSS BRIARAISFS on the
basis of a déWdinikasighsprepresehtapirethdeo objannais| arpkparadh dtrictefotmanidrrdded is reduced
at least for inpuimparriafersdikd daviatngifaroroplimad paaneiprspmasathan, aspredatgeymined

deviation. 2 | ARPaval ]-;?gc&'y r [ r 0 and
provides, or%%gggﬂg%é%g‘f thg1 on{?r%%%re éggjﬁg%%’;%ﬁrﬁ%é&ga%gg IH{ 8%\%%%%%% f})%'ue or more
arat

pI
bdusted parB RS 8 (R A Pt O HRSH R SO BR B BPTIREH R i T (e
unchariged GSEBakERNAPINS DaTBRIPTS IpaIm Bt S PIOieeings devigéonnbdusphattyfhigh distortions
if the one or tiarehinpohparasfetessidibQ werestdepfameantroliniia puMisinedof@ntwprais signal

representatiggml;g@om@i@gﬂg@gy@ég% signaldgpresentation and the object-related parametric
information 130. Thus, the adjusted parameters 120 are typically better-suited for adjusting such an

apparatus for the provision of the upmix signal representation than the one or more input parameters

110, at leastiEfHssonsRdiBERvrE dTe s fhriaersion oraves evoxbadfoantipddingiageomemway .
Accordafgly, déiesspbpaatust S atyitakly fim feovéis the pedte pigrail inndre ssitivoffantaprabdsignal
representatiqn, highisuaI ONiAe R AT URMixI9NA! FRPIERRNERIARECHIEE IndepaRdeacs on the
one or more ad us%ggl parameters 120. Usage of the object-related 35 parametric information for the

adjustment SPHE Ghe or more input parameters, to derive the one or more adjusted parameters, has

been found to bring along good results, because the quality of the upmix signal representation is
typically goodibther cnesbodimene adinstiad pardmediarmiad eremespandddithe abjeehealrietbparametric

informagion 130, iwhlle, downmix signal representation and an object-related parametric information on
the basis of a plurality of object signals. The audio encoder comprises a downmixer
configured to provide one or more downmix signals in dependence on downmix
coefficients associated with the object signals, such that the one or more downmix signals
comprise a superposition of a plurality of object signals. The audio encoder also comprises

30 a side information provider configured to provide an inter-object-relationship side
information describing level differences and correlation characteristics of object signals

and an individual-object side information describing one or more individual properties of

the individual object signals. It has been found that the provision of both an inter-object-
relationship side information and an individual-object side information by an audio signal

35  encoder allows to efficiently reduce, or even avoid, audible distortions at the side of 2
multi-channel audio signal decoder. While the inter-object-relationship side information is

used for separating the object signals at the decoder side, the individual-object side
information can be used fo determine whether the individual characteristics of the object



WO 2010/125104PCT/EP2010/055717 17 parameters which violate the desired relationship to the
object-related parametric information 130 typically result in audible distortions. The object-related
parametric i%%ma%gi/ogswgy, for example, comprise downmix parameters, which describe a
contribution of O%Jec signals (from a plurality of aydio objects) to the one B SR B & Hmix signals.
The object-related parametric information may also comprise, alternatively or in addition,
object-level-difference parameters and/or inter-objectcorrelation parameters, which describe
characteristiggefitheohiastsigaalsut hasaeen downdithahieipaamelessdasslibing 3fnin
encoder-sid%gcip‘é)?é;[ﬁg%gf a%f the object signals and parameters describing characteristics of the audio
objects themselves may be 16 considered as useful information for use by the parameter adjuster 120.
However, other object-related parametric information 130 may be used by the apparatus 100

alternativelylor inpacfditiesh ckdbodéuent.ittbh sidd beforotatibth atdhdpakametfyacjusiesddianay use
additiongl 15infarnatisydn oder terpmayida thagnewar pereiadivated Ratamelgrs hed.aniihe basis of
the one or mare input t 190..For example, the, parameter adjuster. 140 may optionally
evaluate downsr% i;a%%e%%ﬁe{r?%%%é 5?%%?%%0%\%%%)’( Es]ﬁg}%\glglg S 'a%i/m agdgllﬁtor%ﬁ Fﬁpgfﬁafi%ﬁ ® even
improve the BVEHSH WHTAE BricPsY RS SRSy pReTRaarantiy, whishsylieamIatasientdeto Fig. 2 In
the followingsidhé InPEG®SATGtsysem 200 of Fig. 2 will be described in detail. In order to provide a
good understanding of the MPEG SAOC system 200, an overview 25 will be given of the desired
system pecifications and.design considerations. Subsequently, a structural overview of the system
will be g?ven%orggégﬁ(gﬁﬁ?gﬁ@c%@gﬁg%%s or %ltri‘lo%gﬁ%gsv%ﬁigé 8?3?%%%%%3%% Wy %Iication of
these SAOCE brtion metrics for a limitation of distortions will be described. In addition, further

extensions of the system 200 will be discussed. 30 2.1 System Design Considerations As discussed
chove, Peramsleiechaasok bl et nsissiiaiade g acaeg sorianing
multiple au ic icient. both in terms.0 ransmissi itrate and computationa
complexity. Eﬁ%@?ﬁ%ﬁ%ﬁ& %ﬁﬁ%e%?%&% Oscg?rgtg%n%'n t %arlé'égiéﬁgrg% ﬁ’%ﬁ)&g’%g freedom
of chodsing SPERE PigrELTaRT SF RN SRISREELRESHS, StBIes, Rt dishrsapetr Rt difsone
playback, anthe®b theadethmife aignal ot userirvte rastipityotittore nfl eripigratiagrisf dmditbusifretoutput
scene, can hgpagkamte W2 %25 14P GHERR0 LY/ ORET AT 48 chanaesinielacivelAssording to
will, perspna&&@‘ﬁ@qg‘ye@ &E’Pe%x%étseréﬁg.':%r?@fwlec ILis.RC gggleo%o (I)gce%l;te Sgalk s %&m one group
together in one spatial area to. maximize_discrimination from other (emag|n|1r1 tafﬁgrs_. IS f‘rﬁeractlvny
is achieved BFHFOVRIRY F 0SS JofBasitheairItEb BESPe AEhRRIRSRTRAMab prepeniec Oftheelative
level a8l (folndbndrmbrebient ogirdy. spatidispositibatfves noleling: camifve bitjurssed allhigsnfay happen in
real-time as th@niricabaRgas thalpesitionohihe sssaciardaraphics) sserivafaastCGiiugliders (for

example: obiecHis by tnfir AU BRRH AR erdR Bl ARURYT Ll BERRESR QNG ALELP to the

or even eliminated.

25  Further embodiments according to the invention create a computer program for
implementing the above discussed methods.

Brief Description of the Figures

30 Embodiments according to the invention will subsequently be described taking reference to
the enclosed figures, in which:

Fig. 1 shows a block schematic diagram of an apparatus for providing one or more
adjusted parameters for a provision of an upmix signal representation on the
35 basis of a downmix signal representation and an object-related parametric
information;



10 separation/mix-based parametric approach, the subjective quality of the rendered audio output
depends on the rendering parameter settings. It was found that changes in relative object level affect
the final audio gquality more than changes in spatial rendering position ("re-panning"). It has also been
found that ext@AIE 8 Ys for relative parameters (for example, +20dB) Bgﬁ@’/@%@é&f 6
unacceptable output quality. While this is simply a 15 result of violating some of the perceptual
assumptions that are underlying this scheme, it is still unacceptable for a commercial product to

produce bad:goynd and agifacts KlsRending.ar Hig.seHIBORONHRG USEHINGRRGE - ACSREIINGY,

embodiments according ta%tehebinali%%tli}?gfﬂxkeih%@z xg_mple, the system 200, address this problem of
avoiding unacceptable degralaa lons regardléss o fhe settings of the user interface (which settings of
the user 20interface may be considered as "input parameters"). In the following, some details
regarding thEiggproachesHowsawdidicigsShmBididtptiansfvll BEPBESSSENsyElmappradaty foar SAOC
distortion limiting presentggfigreinishassdemthafoliewing concepts: 25 Prominent SAOC
distortions appear for inappropriate choices of rendering coefficients (which may be considered as
input parameters). This choice is usually made by the user in an interactive manner (for example, via a
real-time grap#ifal user ifREHASSTES IR OTRIESEAtINN & gD or RE ABI6FESIgRakEiflonal
processing step is introduloedhwviziciz30 mddifemithal repddring coefficients that were supplied by the
user (for example, limits them based on certain calculations) and uses these modified coefficients for

the SA%C r%r.fdesréng engiS ew'g%rb%(c m Igmt%}e rcﬁgderin conel:{gficiggts the}m{tﬂwgé i§9 by the user
may be considerdd as inpu? arameters, an fe modified Coemmicients ?orki e rendering engine

may be considered as mO#HES HaFarnderasepsiernasrariing Kontonhndiaxst sithe Hograigation of the
produced SAOC audio output, it is desirable to develop a computational measure of perceptual
degradationalss, WO 2Q80W25304PCT{RRZ0IQNERTHE 18- deaignaiad asdisiaitensneasure DM). It
has been found that this Wgﬁigﬂmmgggkﬁres%gggg aflélcﬁfl ger gin %g;[g(r)i - %gl't%e 1dni%'gg{ﬂon measure
should be easily computable from mtemaagpararﬁef:ers ortne B ecoc}ing e%glne. ot example, it
is desirable that no extra filterbank computation is required to obtain the distortion measure. o The
distortion méaguie value sthovdd bbrekl atbemithi s dieatively sperodiv et sdundogieslitypdicg piual
degradation), i.e. be inlingyéthntheRasiesid Hepeyghoacoustics. To this end, the computation of the
distortion measure may preferably be done in a frequency selective way, as it is commonly known
from perceptual audio coding and processing. It has been found that a multitude of SAOC distortion
measures carghé defined® BNt foCEaRANISIEE OIS f R e S TBERTE AFAPIRBSRAE distortion
measu#és should preferabiybodnsiahé pLxtamvdmdmic; factors in order to come to a correct assessment of
a rendered SAOC quality and thus often (but not necessarily) have certain commonalities: They
consider the,dowmnix coefficients, These determine the relative mixi i 20 of each audio
otect within e one or nears Gl B B e i me noted that
has been found that the occurring SAOC distortion depends on the relation between downmix and
rendering coaffidents: if thevelathlechbjbetrdintdiagtion defiréd dped S\ (D deriag oeieffizients is
substapgally different frong:fagutetRiiyg:-phiRGhe@ptribution within the downmix, then the SAOC 25
decoding engine (which uses the modified parameters) has to perform considerable adjustment of the
dowmnix signal to convert it into the rendered output. It has been found that this results in SAOC
distortion. Fig. 9b shows a block schematic diagram of a reference SAOC system using an

integrated decoder and mixer; and

30 Fig. 9% shows a block schematic diagram of a reference SAOC system using an
SAQC-to-MPEG transcoder.

Detailed Description of the Embodiments

35 1. Apparatus for providing one or more adjusted parameters, according to Fig, 1

In the following, an apparatus 100 for providing one or more adjusted parameters for a
provision of an upmix signal representation on the basis of a downmix signal



They consider the rendering coefficients. These determine the relative output strength 30 of each
audio object to each of the one or more rendered output signals. As a background information, it
should be noted that it has been found that the occurring SAOC distortion also depends on the relation
of object poWErSHF88bect to each other. If an object at a certain point i¢HRE2HALE Fhlich higher
power than other objects (and if the downmix coefficient of this object is not too small) then this object
35 dominates the downmix and is reproduced very well in the rendered output signal. On the contrary,

weak objects are represented only.very weakly in the dowrunix and thus cannot be brought up to high
output IeveIsre\mﬁﬁggrﬁ{t%sl?nni%anﬁndié?ﬁ ?(l)rr\%\isa} e\%@%‘iﬁﬂ%&%ﬁfﬁ%ﬁéﬁ’%&%@%ﬁﬁ%@o consider
the (relative f8BIER lebel 8 datlp B je A eichioretls tRisSeme oISk aRBwe s @éscribed, for
example, asvB8AD (s aojetguestkaiffecances:(QLDs)x Apa lpackgeaund i6foFheatipns it-shoeterbe noted
thgt itOI hals beep fund f@iatemQ;eguuse%%E%MEOQ%E@%Q@EMMWW i@r%%rtges of the
individu@l 5 gbject-signals. As an ex e,.bqosting an object of a tonal nature in t ndered output
to greatgr Ie\glge)%?%\‘/\l/ ﬁg?g)a “the gth{}et}%%%bé%sr%%ef Deg r%%?eo%) r%erea(ri?g?seeqli%g%%?%ré)?véfﬁ' rg@ijlt in

considerabl HE S REPMEISRIBIY» 1 PR Samem %o b i_diBtks TRRERRE GArams It prope tinsBhihe original

object signal$@an 1@tber camdigarat 1l hasievenay thistbelb@dspaittedtty théoSAuB6h eiddodireas part of

the SAOC siigdntamaslionrmasexamisiRiomation abeut s fonalits obibe-nrisiagss-gfgach object
fem can be ransmitad @ nalt g he SACC siis formation and bewised 191 the pUrpgse, of distortion
limiting. 15 72 ystem verviewlgase on the above conaidera 10Ns, a SRREW NerthE MPEG

sAOC Yistebhoperaiaitse JRermBiteis Brgsericosdieesdhg®ithds sredinradverseriva $Rould be

noted that thexSAO® sy sipm 2O6eceny diHhaed Rig pRrisdan extibadediydrstent ofhth envl BEGoSAOC
system 20 8Q.aecDpdinmiefiaz8, suehihatdhe ﬁ?@é&@fqi%q§%'@£ﬁ§l§9@ﬁpg§%&é‘%h%%dt should be

noted that the MPEG OC syste 0 can be modified in accordance with the lementation
alternatives 61866 3%88%@8%@%1‘#} |glg.%£,e 85 and Sgﬁl wherein Oéecl)%ﬁ)gg gr%%%?c%@ré%%aonds to

the SAOC eHtoBRFSiAsiisH PREMSEIS AR ERABATIHRINHAB Hhas & SiSHFEPINGS RIS 2288 responds
to the rEnderapgesarittolinfoiviatiomic bel erimgbc deffisieof deurtiptimad ey thetSA QG dbeader of the
MPEG SAOE; systempiPParaxen 1apiaaed By thesepraiaindahiert grsrassantmbenenderer
arrangemenggzgebgaggse ior}teégr%ted OP:J.?%I (élltaalcorderre Qe%gaﬁﬁd§er/r ngl%r%ﬁ)aerégp%%g&en%rg% orcthe SAOC
to MPEG Surround transcoder 0080, Taking re rence now to Fig. 2, it can pbe seén ?ﬁ%ﬁhe MPEG
SAOC systefIFE LM pibels 4RO Eteliedal 2HBUhPREFIERSN Y RY WiRecEive By of object

signals x1 tcpsddmeters by more than a2 predetermined deviation.

20 _
Accordingly, the apparatus 100 receives the ome or more input parameters 110 and
provides, on the basis thereof, the one or more adjusted parameters 120. In providing the
one or more adjusted parameiers 120, the apparatus 100 determines, explicitly or
implicitely, whether the unchanged use of the one or more input parameters 110 would

25 cause unacceptably high distortions if the one or more input parameters 110 were used for
controlling a provision of an upmix signal representation on the basis of a downmix signal
representation and the object-related parametric information 130. Thus, the adjusted
parameters 120 are typically better-suited for adjusting such an apparatus for the provision
of the upmix signal representation than the one or more input parameters 110, at least if the

30 one or more input parameters 110 are chosen in an inadvantageous way.

Accordingly, the apparatus 100 typically improves the perceptual impression of an upmix
signal representation, which is provided by an upmix signal representation provider in
dependence on the ope or more adjusted parameters 120. Usage of the object-related
35  parametric information for the adjustment of the one or more input parameters, to derive
the one or more adjusted parameters, has been found to bring along good results, because
the quality of the upmix signal representation is typically good if the one or more adjusted
parameters 120 correspond to the object-related parametric information 130, while



associated with a plurality of objects numbered from 1 to N. The SAOC encoder 210 is 35 also
configured to receive (or otherwise obtain) downrnix coefficients d, to dN. For example, the SAOC
encoder 210 may obtain one set of dowrunix coefficients d1 to dN for each channel of the downmix
signal 212 p%?ig{ganoyﬁ]t%e SAOC encoder 210. The SAOC encoder 210 A/ ERGF ERTple, be
configured to obtain a weighted combination of the WO 2010/125104PCT/EP2010/055717 21 object
signals xi to xN to obtain a downmix signal, wherein each of the object signals xi to xN is weighted with
its associate& doynmi (o] i to dN._The, SAOC encoder 210 is alsp configured to abtain
inter-object rel tior%%hiﬁggngﬁ%gr% vtﬁ}?clr\lé? é?grigggté??g%ﬁoﬁ%fﬁ%ebegtbv!(eecegﬁe%‘gcgiﬁgrrgﬁf %ject
signals. For SX3TRBHOTHE thiRBIc L Favitich D B n fbFIREes: niky hisshisdadiepatmaveidifference
information, ¥efeaRaiinpleniy théoforenanindy. Depaaivetdrevandxinterobitst.cometaticiinfiemation, for
example, in fori el QCapasbRe e ACcatinglpl g SARGRNs0sgER00than is£ORligmee to provide
one or rsorelquneix siggals 312, saehaktih sompises uelaliied combination.ofone or more
object signal Weigrgée in accorélﬁnc with a set’of downmix parame_&zrs a§SOC|atecP fgptﬁﬁe’lo
respective dBWHARRSHnST (87 a28R% el BRI IRSIEHenTRes deRiAIRsiR Sighl/ on ontemebisloc
encoder 21C-¢sTalsdoaaprigmserto iih diesidbeiriomaratitnios] 4f Wieeobjacthe side. ifif dan dttom 214
comprises thsuidetratiedt-irlatonaligdasmatontdeiexammenin thaderon af.obiretIgyghidifference
parameters gng %%Eﬁ%@%‘:ta%%fﬂﬂlté%ﬁﬂ %’i?{]?) .(%t}fgoe&gg qknfo(ggag&gnﬂ%élsglgeos comprises a

dowtunix parameter information, for example, in the fm of dowRINiX gain parameters and dowiunix

channélleveCaFEACE PSFATh SEnain defetit i BorasmeifagdustRR | dbniftiéev e obfibnal object
property sidetifrrplatrnpartiisiirin ayieoprtioerithdividuabetidrnt properiesiDddildisegdsading the
optional objestipedaridyn.side information will be discussed below. 20 The MPEG SAOC system 200
also comprises an SAOC decoder 220, which may comprise the functionality of the SAOC decoder
820. Accord?&b’/, the SA%Cercoder 220 receives the one or more dowrunix signals 212 and side
information 204 A& well S8 baitfe b 0ttt PR T arY NSRRIy SeutiERenasiditionshd
providds, oniefeheiins themdef to peovidmitrecnpmixohasiestsipateneicte RNoRhd hasiMbiEE SAOC
system 200 aiscomprisps piranpRALD 240 ipiovidiegaasae aeramodiiad(onadiusted, or
‘actuar) pargrgless Bamelk ARt wdeng.cRelisents 223 idependsnog angne or more
input parameters, namely input parameters describing a rendering co%ltrol infofrration. o rendering
coefficients JAS™ TS AT ‘?%gd?%‘&éi% G’r@gh%&’ﬁf’é ORf 8 rReEn A HF e RapsfrH e side
information 214. For example, the apparatus 240 is configured to receive parameters 214a describing
object powees (for gxaspiecoaivers ¢ighe object signals xi to xN). For example, the parameters 214a
may comprise the object-level-difference parameters (also designated as OLDs). The apparatus 240
also preferably recejves par 14b of the side information 214 describing 35 downmix
coefficients.?E&l?eeg@r%‘ﬁéé’tf%mﬁé@&gﬂ'ﬂ?ﬂe’)@rﬂ}? B’ dstihnAessibritia&ad: to dN. Optionally,
the apparatus 240 may further receive additional parameters 214c, which constitute an

individual-objeetuopepty-aittedniesmatianstihe 0T Aht 2608 CAGP2REMO! bh 3Fhewapparatus -
240 s generally gonlpisadiokaie pempdiied sepdeinacasloienis aka on e hasia of the input

rendering coeffiuegr% 242 Whi%%é%a , fore e recelved from a_user Interface, or n‘gay, for

example, be?BHptES THaESE '

SRR £ RO TR rob RIS BF St i), such
that a distorfRsirish telupenifissiesed.sarb the anrlitation it thwsoufdh B cdissetidny e ias daf mon-optimal
rendering pdimfesierDistortions will be described. In addition, further extensions of the system 200
will be discussed.
30

2.1 System Design Considerations

As discussed above, parametric technigues for the bitrate-efficient transmission/storage of
audio scenes containing multiple audio objects are typically efficient, both in terms of
35  transmission bitrate and computational complexity. Further advantages for the user of such
system on the receiving end include the freedom of choosing a rendering setup of his/her
choice {mono, stereo, surround, virtualized headphone playback, and so on) and the feature
of user interactivity: the rendering matrix, and thus the output scene, can be set and



the SAOC decoder 220, is reduced. In other words, the modified rendering coefficients 222 are a
modified version of the input rendering coefficients 242, wherein the changes are made, in
dependence on the parameters 214a, 214b, such that all audible distortions in the uprnix channel
signals 5 j to"}y RPHHI $orm the upmix signal representation) are reduc8f HBBIHATIEER TThe
apparatus 240 for providing the one or more adjusted parameters 242 may, for example, comprise a
rendering coefficient adjuster 250, which receives the input rendering coefficients 242 and provides, on

the basis thecrkea%f E@q&g&t{ g;l r%nglordl # ¢ Wﬁpegn%% I‘Zﬁ%@ﬁeq%g%(‘)ﬁ%g& lSJI’ é)ggn'gah renderlqg coefficient

adjuster 250, ma recejve a distortion mieasure 3 ortions w be caused

by the usagé'df tﬁ%g?%ﬁtt?elﬂﬁ%;ﬁﬁ@%ﬁéf#@@n@?&?@ﬁ@%ﬁ@ﬁr%ﬁ?ﬁé&éﬂ% 35D I aPRFERiERample, be
provided by dissomioatcaldiiatetize0amdepertdince Shittietgpactiniotéssdtidedty pranditiyeanput
rendering cogffisientse24ertiElowever, the functionalities of the rendering coefficient adjuster 250 and
of the digtortion calculator 260 may also be integrated in a single functional unit, such that the modified
rendering ¢ }efﬂuents 222 are provided without an explicit computation of a distortion measure 252.

Rather, implicit FRSCHEREHESD So8at QRGO mRIRG this ws i bionneasareo s rdsTne apsbived.
Regarding tiresfiiestidietidprifgiven\ip BB SAO Thisysearhppe, inshauithb enibtetsthabihgesmix signal

representatigpsiidnast &@%ﬁéﬁbcﬂ@éﬂﬂﬂa@ﬁé@ﬁﬂﬁfﬂmneﬁiﬁ&@%k%ﬂ)e?&rﬁﬂ}% IsHzEeafagwith good
perceptual mw%@éa% ihle-dissarionsudeh Waul,ee, 3868568 By IRRRIORIA choice of
ormation/u 11N

the user interaction’ in ser cont ormat’o he re efence sys em are avoided

by the hodifERHGHBY Bt ﬁﬁmﬁ@ﬁ’e?ﬂ!’é?ﬁ'f&c@éfﬁb‘fgﬁgvefH@%@dﬁﬁﬁﬁof‘?@ﬁe&%ﬂu%@nt is
performed byulpetaispendsum 216 wadhrihapseverecegiagatiomsofihedpbat ebtngksnprebsion are

g\é?lded or %ﬁtﬁh@@%ﬁ&d@l@ﬂﬁa@%ﬁ&%ﬁﬁ%@%@tﬁﬁzmﬂ %a@fgar%astﬂmﬂ tretaha ; ag@gaﬂtsompared
0 a case e e S are rec ithout modification or
adjustment) PE sg%&nﬁ&aédéggé’(ﬁ%\f}’ gl%‘ﬁ%Z?ﬁ%ﬂBé#ﬁéEﬁ% beElaé?'if)Wn ﬁ'ue cﬁowmg the
functlonallty%ﬁafﬁg Snvenlifite CohEERR Witth & BHRagG Bt AHERY Tanish AdeorisnimEmslre (DM),
excesslive digwioh irthignasdiocoitfhetcasebie A wsidegtinns tletdatingdintytlig tthit cohamea duie value for
the given siguatsuandpuosfiing Be:0R esadna slaabmiliio e asiaby dering
coefficients %&%ﬁigé %@%{Qﬁe%%s 9{& Jngg ur 9Iue Ch(h se%(&%?% er aé?nver?tsgr%]d A
D t e

io
system 200 aeeordin ncept IS'S own |n Seen expla i Some datail above.
or examp g, e system 200, address thls problem of aveiding unacceptable

degradations regardless of the settings of the user interface (which settings of the user
20 interface may be considered as “input parameters™).

In the following, some details regarding the approaches for avoiding SAQC distortions will
be discussed. The approach for SAQC distortion limiting presented herein is based on the
following concepts:
25
« Prominent SAOC distortions appear for inappropriate choices of rendering coefficients
{(which may be considered as input parameters). This choice is usually made by the user
in an interactive manner (for example, via a real-time graphical user interface (GUTI) for
interactive applications). Therefore, an additional processing step is introduced which
30 modifies the rendering coefficients that were supplied by the user (for example, limits
them based on certain calculations) and uses these modified coefficients for the SAQC
rendering engine. For example, the rendering coefficients that were supplied by the
user may be considered as input parameters, and the modified coefficients for the
SAQC rendering engine may be considered as modified parameters.
35
¢ In order to control the excessive degradation of the produced SAQC audio output, it is
desirable to develop a computational measure of perceptual degradation (also



Regarding the system 200, the following remarks can be made: 10 The desired rendering coefficients
242 are input by the user or another interface. Before being applied in the SAOC decoding engine
220, the rendering coefficients 242 are modified by a rendering coefficient adjuster 250, which makes
use of one oWrﬂ&?éG@ﬁ?&ﬁ‘fated distortion measures, 252, which are suppliet- RS ion
15calculator 260. The distortion calculator 260 evaluates information (e.g. parameters 214a, 214b)
from the side information 214 (for example, relative object power/OLDs, downtnix coefficients, and -
optionally - objegdssignal RomeibiRioEBAtN D¥IditianalieL Yhishasedhande fesirad epdering
coefficient inpug&éﬁdl@%ﬁ)r%{%r&eg .%rplgpdlment, the apparatus 240 is conflgured to mpdlfy the
rendering coefficients ased on a distorfion measure. Preferably, the rendering coefficients are
adjusted in a frequency-selective manner using, for example, frequency-selective weight. 25 The

modification of the renderiiig cdistfidcientsmaagpive Hasdd dre thissframentfpnekmpienoinzemarent
frame), er the rendering cagificieRisomay bﬁ@@lué%ﬁﬁg%hgﬁ@ pet %hg&?ﬁ@%ﬁ%&aﬁ% Ff’faS'& tbut
also processed/controlle i or exam smoothened over tim rein possi ifferen
attack/decay time consta%ltgs%r%{g%/%%%f%ﬁgalﬁgg%g?%1§Bea%%rr%?corafﬁlé}“e c%éﬁsp?gls%olrﬂ%shlgeﬁ In some
embodiments, the distortion measure may be frequency-selective.  In some embodiments, the

distortion measure may céhsidisiootie oneasre ofithe fhiiaiding BEchavithtenisiicsveBopeecitnargy/level of
each object; Downmix cg@ﬁﬂ&&&iﬁﬁ%@@%@ﬂé%@ﬁﬁ&%?E’.@.O%Q/Q{z%l%i% (REPAEEINGr
Q

coefficignts; and/or Additigpal object.property .side jnformation, if.applicable,. . In some embodiments,
the dist%éstion measure mg)sﬁ Beogg#gfﬁ‘agfqédegetr%é J%léil’ a{ﬁ% eon ‘ﬁtﬁéags (%C a%r’relv%l%?%’ﬁrb\l}é%ﬁmistortion. In

some embodiments, an ataHiBFAFEBEROABED sideanmanansireivanagsoptidsamsalvaluated.
The additional object propenysidatirforatisnedidcaiag bedgtrastddgn an

It has been found that a multitude of SAOC distortion measures can be defined and
15 calculated. However, it has been found that the SAOC distortion measures should

preferably consider certain basic factors in order to come to a correct assessment of a

rendered SAOC quality and thus often (but not necessarily) have certain commonalities:

* They consider the downmix coefficients. These determine the relative mixing fractions
20 of eack audio object within the one or more downmix signals. As a background
information, it should be noted that it has been found that the occurring SAOC
distortion depends on the relation between downmix and rendering coefficients: if the
relative object contribution defined by the rendering coefficients is substantially
different from the relative object confribution within the downmix, then the SAQC
25 decoding engine (which uses the modified parameters) has to perform considerable
adjustment of the downmix signal to convert it into the rendered output. It has been

found that this results in SAQC distortion.

® They consider the rendering coefficients. These determine the relative output strength
30 of each audio object to cach of the one or more rendered output signals. As a
background information, it should be noted that it has been found that the occurring
SAOC distortion also depends on the relation of object powers with respect to each
other. If an object at a certain point in time has a much higher power than other objects
(and if the downmix coefficient of this object is not too small) then this object
35 dominates the downmix and is reproduced very well in the rendered output signal. On
the contrary, weak objects are represented only very weakly in the downmix and thus
cannot be brought up to high output levels without significant distortions.



enhanced SAOC encoder, for example, in the SAOC encoder 210. The additional object 10 property
side information may be embedded, for example, into an enhanced SAOC bitstream, which will be
“described with reference to Fig. 7. Also, the additional object property side information may be used
for distortion*iMAMY1BY %h enhanced SAOC decoder. 15In a special case? tHERYILIHEES fonality may
be used as the object property described by the Additional object property side information. In this
case, the noisiness/tonality may be transmitted with a much coarser frequency resolution than other

object parameters (for example, CéLDS% to.save on side ipfoimation..In an extreme ¢ se,}hhe
noisiness/tohality BhEEE IS sas{ Srley PAroRRE R RAS 6 (f#aeﬁ SEWIHREC8HE %f’o? Htion per
object 20(for exdrspifoamatioaisttene thdr ieteHsnrdy, as3RRB O Dstolish Mésrrasen @EHshowing, a
plurality of diffepgnt distagionnmeatuiesivdl|l hestesiaribehoddicihanay had teeexpmaehbe fabtained
using the distorfion, caleulater-26 RefRisredardiadsherrnlcation R hase disturtianmaasures for
the limitation of %‘gﬁrendenng coefficients wi|l be d|scuss§% beclé?w in section 2.4. J[ otheé wgrds, this
section gutlines0 &Aoo AnTSARI R DITEEE BArPBEUsEd St RUNHISIN SPEAR'BE Eombined to
form a compoupetpHidee Lewas|éR eistovheisan dbd cothsr kigpisaay keerhreafaaamorrbetheindividual
distortion metrigatatepsilit:shotia devidiedberedtiatdrlistenios. distortion measure” and "distortion
- metric" designate similar quantities and do not need to be distinguished in most cases. 35In the
following, a plurality of distortion metrics will be described, which.may be, evaluyated,by the distortion
calculator 280 A HRIER A b HELH R T ADAAG ST £ PR Ciat SHFTh SFURF G bbtain the
modifidd rendetiagorsidiitidnichosorony thheb dsidrensmitieth O réwsd AR cowmidse it mab of e
2010/125104P G MBE 202 GAdS At 62 Tt SxdubiséOTtiomideasube the tonktitherfeilonsiaghess fofst
distortion measbli{&(%&’c{jﬁél@g%lgo% R HREAISIO o0 M FRUEAHE) YU BEHGSEHRRE e Qlsthe sake of

conceptual simplicity, a N-1- C system.(e.g., a mono downmix signal (212) and a single upmix
channel (signal}f Wi BE eSS I HBTE RS dio objects are downmixed into a mono signal and

rendered into a mono output. As given in Figure 8, the 10 downmix coefficients are denoted by d1 dN
and the sendeping sgeféiciertsaserdenoted by r) rN . In the following formulae, time indices have been
omitted for simplicity Likewise, frequency indices have been left out, noting that the equations relate to

Cporcase 1SR BBATRANE SOPLPEHOTRCAD AR, L oo o I NS Rt sthe
equations. ARSeEritnsivo g baaestaaderaiesignalsidhs perretiivsrépreletaldbpe noted that the
SAQC system 200 according to Fig. 2 is an extended version of the MPEG SAOC system
20 800 according to Fig, 8, such that the above-discussion also applies. Moreover, it should be
noted that the MPEG SAOC system 200 can be modified in accordance with the
implementation alternatives 900, 930, 960 shown in Figs. 9a, 9b and 9¢, wherein the object

encoder corresponds to the SAOC encoder, wherein the user interaction information/user
control information 822 corresponds to the rendering control information/rendering
25  coefficient.

Furthermore, the SAOC decoder of the MPEG SAOC systern 100 may be replaced by the
separated object decoder and mixer/renderer arrangement 920, by the integrated object

decoder and mixer/renderer arrangement 930 or the SAOC to MPEG Surround transcoder
30 980.

Taking reference now to Fig, 2, it can be seen that the MPEG SAOC system 200 comprises
an SAQGC encoder 210, which is configured to receive plurality of object signals x; to xn,
associated with & plurality of objects numbered from 1 to N. The SAOC encoder 210 is
35 also configured to receive (or otherwise obtain} downmix coefficients d; to dn. For
example, the SAOC encoder 210 may obtain one set of downmix coefficients dy to dy for
each channel of the downmix signal 212 provided by the SAOC encoder 210. The SAOC
encoder 210 may, for example, be configured to obtain a weighted combination of the



corresponding time-frequency-domain coefficients, rather than in the time-domain. Assume that object
it( (hearing object index m) is an object of interest, e.g., the most  dominant object which is
increased in its relative level and thus limits the overall sound 20quality. Then the ideal desired output
signal (upmiXvEéniterdiginal) is given by 91, =[Xm r[ Ex,(1) r=1; ism HerdIAT{ER2HrBIETH is the
desired contribution of the object of interest to thegloutput signal, whereas the second term denotes the
contributions from all the other objects ("interference™). 25In reality, however, due to the downmix
pr%cess, thebjetpulsigna) it GyenduatExiclimbit BxiadiherdiniBRR ol ehe thg S WHRMIX ﬂg?/lalfl)IiESG
subsequent L tothe sm2-matrix i :

Surround de?ggidgg%.% Hgﬁ{ﬁﬁg Qrgggq%?ﬁéggﬁ%g ?%%%%rﬁgﬁiigt%%ﬁgenﬁrﬁﬁoeﬁ %(%&t(ﬁg g@fgct signal to

the output sfjtfalf’ ERcEh PR (RsaPIfite il ANRBE By 'BIRERBH Rt WiiAAIlesTabei 2he SAOC
system (for @taiinpbinthetsecm theldibuaent 22 cantgpolstibnatyaatdo, the appearbies 248)cdyiamically
deterrr]n iges mﬁ»ﬂﬁmﬁ@pﬂm@ﬁ@ﬁ@mww-m&m@@mmﬁ% i@@%&ﬁ#ﬂﬁl@p&eﬂ&df&%mﬂ signal is
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downmix signals 212, each of which comprises a weighted combination of one or more
object signals, weighted in accordance with a set of downmix parameters associated to the

10 respective downmix signal (or a channel of the multi-channel downmix signal 212). The
SAQOC encoder 210 is also configured to provide side information 214, wherein the side
information 214 comprises the inter-object-relationship-information (for example, in the
form of object-level-difference parameters and inter-object-correlation parameters). The
side information 214 also comprises a downmix parameter infonﬁétion, for example, in the

15 form of downmix gain parameters and downmix channel level difference parameters. The
side information 214 may further comprise an optional object property side information, -
which may represent individual object properties. Details regarding the optional object
property side information will be discussed below.,

20 The MPEG SAOQC system 200 also comprises an SAOC decoder 220, which may comprise
the functionality of the SAOC decoder 820. Accordingly, the SAOC decoder 220 receives
the one or more downmix signals 212 and side information 214, as well as modified (or

“adjusted”, or “actual™) rendering coefficients 222 and provides, on the basis thereof, one
or more upmix channel signals ¥, to ¥

25
The MPEG SAOC system 200 also comprises an apparatus 240 for providing one or more
modified (or adjusted, or “actual™) parameters, namely the modified rendering coefficients
222, in dependence on one or more input parameters, namely input parameters describing a
rendering control information or rendering coeflicients 242. The apparatus 240 is
30 configured to also receive at least a part of the side information 214. For example, the
' apparatus 240 is configured to receive parameters 214a describing object powers (for
example, powers of the object signals x; to xxn). For example, the parameters 214a may
comprise the object-level-difference parameters (also designated as OLDs). The apparatus
240 also preferably receives parameters 214b of the side information 214 describing
35 downmix coefficients. For example, the parameters 214b describe the downmix
coefficients d; to dy. Optionally, the apparatus 240 may further receive additional
parameters 214c, which constitute an individual-object property side information.



dmi(m). - Pactual (2d2 51=1(4) Herein X, denotes the power of the finally rendered signal, and Ec/ X,
is the power of the downmix signal. Note that, in an actual implementation, the X, values can be
directly replaced by the corresponding Object Level Difference (OLD,) values that are transmitted as
part of the SREEideFHfbrmation 214. 10 For a better interpretation of drffsHEPAERHISTHcan be
reformulated as follows: 2 - r", r",2 1d? X; Ee X/€hM (M) =diii2 1ri2"Xi-mm _ i=1 d2 Xi=1
Effectively, this means that the distortion metric is the ratio of the relative object power 15 contribution
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the SAOC decoder 220, is reduced In other words, the modified rendering coefficients 222
are a modified version of the input rendering coefficients 242, wherein the changes are
made, in dependence on the parameters 214a, 214b, such that all audible distortions in the
upmix channel signals p; to ¥ (which form the upmix signal representation) are reduced

10 or limited.

- The apparatus 240 for providing the one or more adjusted parameters 242 may, for
example, comprise a rendering coefficient adjuster 250, which receives the input rendering
coefficients 242 and provides, on the basis thereof the modified rendering coefficients 222.

15 For this purpose, the rendering coefficient adjuster 250 may receive a distortion measure
252 which describes distortions which would be caused by the usage of the input rendering
coefficients 242. The distortion measure 252 may, for example, be provided by distortion
calculator 260 in dependence on the parameters 214a, 214b and the input rendering
coefficients 242.

20 _

However, the functionalities of the rendering coefficient adjuster 250 and of the distortion
calculator 260 may also be integrated in a single functional unit, such that the modified
rendering coefficients 222 are provided without an explicit computation of a distortion
measure 252. Rather, implicit mechanisms for reducing or limiting the distortion measure
25  may be applied.

Regarding the functionality of the MPEG SAOC system 200, it should be noted that the
upmix signal representation, which is output in the form of the upmix channel signals 3,

to ¥, is created with good perceptual quality because audible distortions, which would be

30 caused by an inappropriate choice of the user interaction information/user control
information 822 in the reference system 800, are avoided by the meodification or
adjustment of the rendering coefficients. The modification or adjustment is performed by
‘the apparatus 240 such that severe degradations of the perceptual impression are avoided,
or such that degradations of the perceptual impression are at least reduced when compared

35 to & case in which the input rendering coefficients 242 are used directly (without
modification or adjustment) by the SAOC decoder 220.



A value of 1 indicates ideal quality with respect to object gm; Increasing dmi values above 1 indicate
decreasing quality; Values of dm' below 1 do not further improve quality with respect to object gm.
5Consequently, an overall measure of sound scene quality (i.e. the quality for all objects) can be
computed asMBIRGWSt 2 max[dim (m),1] N w(m) m.I In this equation, w(B{)ifE¥zHEES 3 Weighting
factor of object #m that relates to the 10 significafte and sensitivity of the particular object within the
audio scene. As an example, w(m) then could be chosen depending on the object power / loudness

w(m) = (r2 X)) ream n.as 0.25 to ro choacoustic
loudness gé)w “for this g O%Jec? @ﬂr? erm %6 né’S’[jt[’ﬁa Omﬁgp%éﬁzr(’)gun 5’ gll?gxﬁéﬁ]anma%skmg
phenomenaSREE A AT oW sFEER %F@%S%f@ﬁ@%ﬂﬁ%@%ﬁé@@@%ﬁ@ﬁ B¢ pfgidad; 2 3 2
Distortion Meassinald@ng A disermmte mkatortionlmdastie giannbegasisstutteciifyistatting A@fh equation
(4) to form %9@6&%@@%@@%@%&&@%}&&%@ Noigedeiblask-RatgidhVR:) sagompUg the relation
20betcen Roeitersience ﬁnd@&Sﬁa%xcg%a@é%ﬂ%%&Mzﬁoﬁfe PsalR At Bhodlamg R X mN 2

E d?
JE this concept is shown in Fig. 2 and has been explained in some detail above.
Regarding the system 200, the following remarks can be made:
10 e The desired rendering coefficients 242 are input by the user or another interface.

¢ Before being applied in the SAOC decoding engine 220, the rendering coefficients
242 are modified by a rendering coefficient adjuster 250, which makes use of one

or more calculated distortion measures 252, which are supplied from a distortion
15 caiculator 260.

e The distortion calculator 260 evaluates information (e.g. parameters 214a, 214b)
from the side information 214 (for example, relative object power/OLDs, downmix
coefficients, and — optionally —~ object-signal property information). Additionally,

20 it is based on the desired rendering coefficient input 242.

In a preferred embodiment, the apparatus 240 is configured to modify the rendering
coefficients based on a distortion measure, Preferably, the rendering coefficients are
adjusted in a frequency-selective manner using, for example, frequency-selective weight.
25 |
The modification of the rendering coefficients may be based on this frame (for example, on
a current frame), or the rendering coefficients may be adjusted over time not just on a
frame-by-frame basis, but also processed/controlled over time (for example, smoothened
over time) wherein possibly different attack/decay time constants may be applied like for a
30 dynamic range compressor/limiter.

In some embodiments, the distortion measure may be frequency-selective.

In some embodiments, the distortion measure may consider one or more of the following
35  characteristics:

¢ Power/energy/level of each object;
e Downmix coefficients;



msr Prow,msr E ri2 X,msr( Xa (i . x1) (6) In this equation, msr is the Mask-To-Signal-Ratio of the
total audio signal which depends 25 on its tonality. Increasing values of dm2 indicate higher distortion
with respect to sound object gm. Again, the value of din2 remains constant if all rendering coefficients
are scaled by¥# ébi#{iadlfactor, or if all downmix coefficients are scaled |IREWERITHEEUe range of
drn2 can be interpreted as follows: 30 A value of Hfindicates ideal quality with respect to object #m;
Increasing dm2 values above | indicate progressive audible degradations; Values of chn2 below 1
indicate indistinguidteableing edityfisithtsespEet to object gm. WO 20101125104PCT/EP20101055717

26 Consequenty: aaueal measuieahsaundscsna el e qually for all objects) can be

computed as follows: Ew(m) max[dm2(m),11 5DM2 m=1 ( 7 ) Ew(in) Again, w(m) indicates a
weighting factor of object #m that relates to the significance / level / loudness of the particular object
within the auflié*SeerBbRRENy, the distorion epsp mex tacalplated 02 biGT Aeddistbiksd measure
on equafion Grcomputestheltiisortiam.as the difference of the powers (this corresponds to an "NMR
with spectral difference” measurement). Alternatively, the distortion can be computed on a waveform
D o R e 3 B s W A ST S g e B Y
' be evaluated. The additional object property side information 214c¢ may be extracted in an
enhanced SAOC encoder, for example, in the SAOC encoder 210. The additional object
10 property side information may be embedded, for example, into an enhanced SAQOC
bitstream, which will be described with reference to Fig. 7. Also, the additional object

property side information may be used for distortion limiting by an enhanced SAQC
decoder. ‘

15 Inaspecial case, the noisiness/iénality may be used as the object property described by the
additional object property side information. In this case, the noisiness/tonality may be
transmitted with a much coarser frequency resolution than other object parameters (for
exarhpie, OLDs) to save on side information. In an extreme case, the noisiness/tonality
object property side information may be transmitted with just one information per object

20 (for example, as broadband characteristics).

2.3 SAOQOC Distortion Metrics

In the following, a plurality of different distortion measures will be described, which may,

25 for example, be obtained using the distortion calculator 260. Details regarding the
application of these distortion measures for the limitation of the rendering coefficients will
be discussed below in section 2.4,

In other words, this section outlines several distortion measures. These can be used

30 individually or can be combined to form a compound, more complex distortion metric, for
example, by weighted addition of the individual distortion metric values. It should be noted
here that the terms “distorfion measure” and “distortion metric® designate similar
quantities and do not need to be distinguished in most cases.

35 In the following, a plurality of distortion metrics will be described, which may be
evaluated by the distortion calculator 260 and which may be used by the rendering
coefficient adjuster 250 in order to obtain the modified rendering cocfficients 222 on the
basis of the input rendering coefficients 242.



Maskmsr Pm., MST X,) (c17 X,) 15 2.3.3 Distortion Measure #3 A third distortion measure
Is presented which describes the coherence between the downmix signal and the rendered signal.
Higher coherence results in better subjective 20sound quality. Additionally the correlation of the input

audio object¥' 841883 MéN into s PCT/EP2010/055717

2.3.1 Distortion Measure #1

. In the following, a first distortion measure (also designated to the distortion measure #.1)
5  will be described.

For the sake of conceptual simplicity, a N-1-1 SAOC system (e.g., 2 mono downmix signal
(212) and a single upmix channel (signal)) will be considered. N input audio objects are
downmixed into a mono signal and rendered into a mono output. As given in Figure 8, the
10 downmix coefficients are denoted by d; .. dyn and the rendering coefficients are denoted by
11 . In . In the following formulae, time indices have been omitted for simplicity. Likewise,
frequency indices have been left out, noting that the equations relate to subband signals. In
some of the eguations below, lowercase letters denote coefficients or signals, and
uppercase letters denote the corresponding powers, which can be seen from the context of
15  the equations. Also, it should be noted that signals are sometimes represented by
corresponding time-frequency-domain coefficients, rather than in the time-domain.

Assume that object #m (hearing object index m) is an object of interest, e.g., the most
dominant object which is increased in its relative level and thus limits the overall sound
20 quality. Then the ideal desired output signal (upmix channel signal) is given by
N
o=l nd + [ 2xen] (1
=1y [
Herein, the first term is the desired contribution of the object of interest to the output
signal, whereas the second term denotes the contributions from all the other objects
(“interference”).

25 Inreality, however, due to the downmix process, the output signal is given by

N N
Y=t x o d =[xt d ]+ [ x-t-d,]
1 =k i=m 2)
ie., the downmix signal is subsequently scaled by a transcoding coefficient, ¢,
corresponding to the “m2” matrix in an MPEG Surround decoder. Again, this can be split
30 into a first term (actual contribution of the object signal to the output signal) and a second
term (actual “interference” by other object signals). Herein, the SAOC system (for
example, the SAOC decoder 220, and, optionally, also the apparatus 240) dynamically
determines the transcoding coefficient, 7, such that the power of the actually rendered

output signal is matched to the power of the ideal signal:
35



account if IOC data is present at the SAOC decoder. From SAOC parameters (e.g., parameters
214a, which may comprise object level difference parameters and inter-object-correlation parameters)
a model of the object 25 covariance can be determined E = VOLDT OLD IOC WO
2010/125104B€20427090/055717 29 To calculate the distortion measureP& VERRN NI tissembled
which contains the render and downmix coefficierdfs (M can be interpreted as a rendering matrix for a
N-1-2 SAOC system) 5M= (1'1r 2 r\dl d2 ' d The covariance between the downmix and rendered
signalCisthenC=M E M. =ic 11 C12\C21C22 1Q A distortion measure DM3 is defined as DM3
=1-min/IC12 C11 C22 The values of DM3 can bEimzteﬁ)reted as follows: Values are in the range [0
.. 1] and indicate the coherence betweeir, dewnniix did+endered signal. A valug)of 0 indicates ideal
quality. Increasing DM3 values indicate decreasingzgiali;y‘, 2.3.4 Distortion Measure #4 2.3.4.1
Overview 25This approach proposes to use as a distortion measure the averaged weighted ratio

between
A distortion measure (DM) can be defined by computing the relation between the ideal

power contribution of the object #m and its actual power contribution:

i dh X,
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Herein, » r*-X, denotes the power of the finally rendered signal, and » d?- X, is the

i
i=1 =1

power of the downmix signal. Note that, in an actual implementation, the X, values can be
directly replaced by the corresponding Object Level Difference (QLDy;) values that are
transmitted as part of the SAOC side information 214.

10
For a better interpretation of dm;, its definition can be reformulated as follows:
r:; ‘X
N .
?ﬁ'de'Xf Z"Ez'Xi
dm, (m) = e = 1‘2 W5 (4a) -

2 2 m m
dm'zr' 'Xf N

L4

A Y
=1

Effectively, this means that the distortion metric is the ratio of the relative object power

15  contribution in the ideally rendered {output) signal versus in the downmix (input) signal.
This goes together with the finding that the SAOC scheme works best when it does not
have to alter the relative object powers by large factors.

Increasing values of dm, indicate decreasing sound quality with respect to sound object
20 #m. It has been found that the value of dmy; remains constant if all rendering coefficients
are scaled by a common factor, or if all downmix coefficients are scaled likewise. Also it
has been found that increasing the rendering coefficient for object #m (increasing its
relative level) leads to increased distortion. The values of dm; can be interpreted as
foliows:
25



the target rendering energy (UPMIX) and optimal dowrunix energy (calculated from given downmix
DMX). For details, reference is also made to Fig. 4, which shows a graphical representation of the 30
dowrunix (DMX), the optimal downmix energy (DMX_opt) and the target rendering energy (UPMIX).
2.3.4.2 Nom&He A eSO 2010/125104PCT/EP2010/055717 30 cbc = {RCAVERZE[4/035717, N oh} pb =
{1, 2, ..., Npb " ph = (ch, oh, ph) 5 ddr,ob,pb = d{dx,ob, ph) Web, ph = w(ob, ph) 10 NRG = NRG(pb)
OLDob",b = OLD (oh, ph) = 10C (ob" ob 15I0Cob,,0b ,ph 2.3.4.3 Algorithm index for dowmnix
channels indexdor auslie dbipsigitadexdol Basameian RaRES: 1o object #m:

e Increasing dmyj values above 1 indicate decreasing quality;
e Values of dm; below 1 do not further improve quality with respect to object #m.

5 Consequently, an overall measure of sound scene quality (i.e. the quality for all objects)
can be computed as follows:

i w(m)- rz:rewr:{dm§ (m),l]

DM, = 2t
> w(m)

m=]

In this equation, w(m) indicates a weighting factor of object #m that relates to the
10 significance and sensitivity of the particular object within the audio scene. As an example,
w(m) then could be chosen depending on the object power / loudness w(m) = (v Xpn)*
where e may typically be chosen as 0.25 to roughly emulate the psychoacoustic loudness
growth for this object. Furthermore, w(m) could take into account tonality and masking
phenomena. Alternatively, w(m) can be set to 1, which facilitates the computation of DM;.

{3)

15
2.3.2  Distortion Measurs #2

An alternate distortion measure can be constructed by starting from equation (4) to form a
perceptual measure in the style of a Noise-to-Mask-Ratio (NMR), i.e. compute the relation
20  between noise/interference and masking threshold:

¥ N
2 2 2 2
(rz—di'tz)-Xm :(rm'édf 'Xs"""“dm'zrf 'Xi]'Xm

PNﬂise m j=1

Py

eal

P

actual

dim{m) = Mask  msr- P, " N 3
total msr'Z?f-Xi mST'(Z’}Z‘Xs)'(de'Xf)
i=1 fe= =
(6)

In this equation, msr is the Mask-To-Signal-Ratio of the total audio signal which depends

25  on its tonality. Increasing values of dmy indicate higher distortion with respect to sound
obiect #m. Again, the value of dm; remains constant if all rendering coefficients are scaled
by a common factor, or if all downmix coefficients are scaled likewise. The value range of
dms; can be interpreted as follows:

30 s A value of 0 indicates ideal quality with respect to object #m;
¢ Increasing dm; values above 1 indicate progressive audible degradations;
e Values of dm; below 1 indicate indistinguishable quality with respect to object #m.



rendering matrix for channel ch, audio object ob and parameter band pb downrnix matrix for downmix
channel dx, audio object ob and parameter band ph weighting factor representing the significance /
level / loudness of audio object oh for parameter band pb absolute object energy of the audio object
with the high®§t ZHedg§ifdr the frequency band pb object level difference, WHIGHPHB8ER8S the intensity
differences between one audio object ob and the Bbject with the highest energy for the corresponding
frequency band pb Pb)inter-object correlation, which describes the correlation between two channels
of audio objects. 20Steps of an algorithm for obtaining the distortion measure #4 will be briefly
described in the following: Calculation of the upmix and downmix relative energies; ,"22/4"2 ch,ob,pb
= OLD 0. OrcRBEPEI0139 ABSERIIBBEHE RO SNBE H$1GothaliRg A ot errigiderstibrtsstsy F
c2h,ob,pb =cardpedcEnenedots-foHewschpb, pb rch,ob,pb = |

iw(m) . max[dmz(m),l]

5 DM, ==y
> wim)

m=1

Again, wim) indicates a weighting factor of object #m that relates to the significance / level

(73

/ loudness of the particular object within the audic scene, typically chosen as wimj = (r,’
X} with ¢ =0.25.

10 The distortion measure on equation (6) computes the distortion as the difference of the
powers (this corresponds to an “NMR with spectral difference” measurement).
Alternatively, the distortion can be computed on a waveform basis which leads to the
following measure including an additional mixed product term:

2
; E mideat Am‘acua
dle(m)= PNom = {ly sideal Y sactual }m
Mask msr+ P
N : N W W | g
oL K D X2y O X Q! X)) K, ®)
im} fm=i Fax] f=f

msr-(ir,»z 'X;)‘(idf X))
Je]

desl

15

2.3.3  Distortion Measure #3

A third distortion measure is presented which describes the coherence between the
downmix signal and the rendered signal. Higher coherence results in better subjective

20  sound quality, Additionally the correlation of the input audio objects can be taken into
account if JOC data is present at the SAOC decoder.

From SAOC parameters (e.g., parameters 2l4da, which may comprise object level

difference parameters and inter-object-correlation parameters) a model of the object
25 covariance can be determined

E=+OLD"-OLD -10C



2 ch,ob,pb C-12ddm,ob,pb 2 dm,ob,pb 2 dm,ob,pb ob=Construction of the optimal downmix d2 ,ph
for each upmix channel and band: = ch,ob,pbOh ph 212,0b, phfich,ob,pb a 22 ,ob,pb The
multiplicative constants a ch,ob ,pb , B ch,ob,pb are calculated by solving the ove defined 30system of
linear equati®¥3 1 &4#E8A the following condition: d*PI)F2 ch,ob,pbch,ob, F§BBRREO5Tatculation of
the distortion measure: WO 2010/125104PCP¥P2010/055717

To calculate the distortion measure a Matrix M is assembled which contains the render and

downmix coefficients (M can be interpreted as a rendering matrix for a N-1-2 SAOC
system) '

M= Fo Py 0 Ty
d d, - d,

The covariance between the downmix and rendered signal C is then

(¥ 21

C=M.E-M Z[Cu ch
Cy Cn

16 A distortion measure DM; is defined as

DM3m1—rm'n{ u 1}

-
AT

The values of DMj5 can be interpreted as follows:

15
e Values are in the range [0 .. 1] and indicate the coherence between downmix and
rendered signal.
s A value of 0 indicates ideal quality,
e Increasing DMj; values indicate decreasing quality.
20

2.3.4  Distortion Measure #4

2.3.4.1 Overview

25  This approach proposes to use as a distortion measure the averaged weighted ratio between
the target rendering energy (UPMIX) and optimal downmix energy (calculated from given
downmix DMX).

For details, reference is aiso made to Fig. 4, which shows a graphical representation of the
30 downmix (DMX), the optimal downmix energy (DMX opt) and the target rendering
energy (UPMIX).

2.3.4.2 Nomenclature

ch={12,.,N_} index for upmix channels



31 2.3.4.4 Distortion control Distortion control is achieved by limiting one or more rendering
coefficient(s) in dependence on the distortion measure DM4. 5 It may be noted that (i) the measure is
relevant only for the stereo dowarnix case, and (i) it can be reduced to DM1 for #dx=1 and #ch=1.
2.3.4.5 Prop&fie8100 3t {te following, properties of the concept for calcul KBRS Wigf67iion measure
number 4 will be briefly summarized. The concept assumes ideal transcoding can handle stereo
dowmnix; and 15 allows for a generalization to a multiple channel rendering. 2.3.5 Distortion Measure

#5 An alterngdiveicomputation of the t[@&@gﬁﬁi&g@gﬁ&i@}g@h&@ suggested. It can be 20 interpreted as

an extensmrbgf,t glid Ieﬁd§ to the tranggoding m@%lé (}X\{plch is characterised by the incorporation of
the inter- Obj@ ;)Jngren IOC) and at the same t|m xtends the current metrics DM#1 and DM42 to

stereo down annel upriSER S BRTAAtS entation of the transcoding coefficient t
considers the,,g,;g,,t@wccfftjmé pdwer of thmdmmngllynm:nden“ed ahtputisighal dedibe gigecer ob thaddeal
renderegl signal, i.e. 25 t2 - Ed,2X, Th E@pggﬁtl@ wof the covariance matrix E yields a modified
formulation fpr t, namely the H@)nSCOdHlQNEHﬁ’&%Im F agRAIARI A GE ADIRELEANEgNCe, too- The
elements of E*4r& computed from the SAOC para s,214 as 30ey = VOLDOLDI TOC . The
transcoding matrix r resents the con%gfgﬁgb rg %\BPUHIX to the rendered output S|gnal such that
TOX Rx . I & obteTEd RS digh minimi¥&HSHE tt@weatpgaﬁﬁatégeﬁh? slgnifisgneso / level
2010125104PCT/EP2010/055717  loudness of audio object ob for parameter band pb

10 NRG,, = NRG(pb) absolute object energy of the audio object with the highest

energy for the frequency band pb

OLD,, ,, =OLD(ob,pb)  object level difference, which describes the intensity
differences between one audio object ob and the object with
the highest energy for the corresponding frequency band pb

15 I0C, 4, =10C (ob ob,, pb) inter-object correlation, which describes the

correlation between two channels of audio objects.

2.3.4 3 Algorithm

20  Steps of an algorithm for obtaining the distortion measure #4 will be briefly described in
the following:

s Calculation of the upmix and downmix relative energies:

32 2
rch ob pb = OLD,, rb F}h ob,pb ¥ B o OLD,, pb da!x ob *
25 e Normalization of energies such that Z Fopon pp =1 and Z e, ph =
ob=} ob=1
~32 2
_ehobpp D imat o

- b3
ch ob,pb T ddm,ab,pb Nob

2
irchabpb demobpb

of=l ob=1
¢ Construction of the optimal downmix d;(;”;}‘pb for each upmix channel and band:

2{opr} = ¥
Agh ob b = Conob pb dt ob,pb

The multiplicative constants o, ; ., B,

32
+ ch,ob, ph 'd2.ab,pb *

ot pp AIE calculated by solving the overdefined

2(opt) ~2
dch ok pb ch ob, ph 0 '

a.p

30 system of linear equations to satisfy the following condition:

e (Calculation of the distortion measure:
Nop N

DM, =Y Y

ob=] ph=]

chab b
1__ 22

dz apt
ch,ob, pb

Wb pbrch ob,pb *




32 7' = RED (DED* With H = RED* or hi., Erad j",e,", 1=1 m=1 N N and V = DED* or vu = E E del
feb,, 1=1 m=1 5 the distortion measure in the style of dm but now for every downrnix/rendering
combination (n,k) of object m is given by 2 dm; (m,n,'v " . "i2 ,nhk,n Considering dm ,(m) separately for
the left and MghtH8ATAK channel leads to 2 ri drjiL (m,k) = r2 mk'l and"&HR{ARIEIE 2,2 d," 2m,2
k,2 10 It can be assumed that the better of the two downmix/upmix paths is relevant for the quality of
the rendered output, thus the measure corresponds to the minimum value, i.e. dm; (m, k) = min [dm,
dm, . An overd nigasuienéaitroutput channels, designated by index k, can be computed as NCh
Edm; (m, k)r",2 ,kX ", 15dm5(m) k=1

Distortion control is achieved by limiting one or more rendering coefficient(s) in
dependence on the distortion measure DM4.

It may be noted that (i) the measure is relevant only for the stereo downmix case, and (ii) it
can be reduced to DM1 for #dx=1 and #ch=1.

2.3.4.5 Properties

10

In the following, properties of the concept for calculating the distortion measure number 4
will be briefly summarized. The concept

s assumes ideal transcoding
s can handle stereo downmix; and
15 e allows for a generalization to a multiple channel rendering.

2.3.5 .Distortion Measure #5

An alternative computation of the transcoding coefficient ¢is suggested. It can be

20  interpreted as an extension of ¢ and leads to the transcoding matrix T which is
characterised by the incorporation of the inter-object coherence (I0C) and at the same time
extends the current metrics DM#1 and DM#2 to stereo downmix and multichannel upmix. '
The current implementation of the transcoding coefficient 7 considers the match of the

power of the actually rendered output signal to the power of the ideal rendered signal, i.e.
25

Zer

. =i
r“N

Sax,

i=1

The incorporation of the covariance mairix E yields a modified formulation for ¢, namely
the transcoding matrix T , that considers the inter-object coherence, t00. The elements of
E are computed from the SAOC parameters 214 as

30 ¢, = JOLD,OLD,IOC,.

The transcoding matrix represents the conversion of the downmix to the rendered output
signal such that 7Dx = Rx . It is obtained through minimisation of the mean square error,
vielding



The overall measure of all objects can be obtained by w (m)max[dms (41] DM 5=m ; =Nwith w(m) = w
m a as before. 20 A similar extension of t to T is possible for dm2 and dm; . 2.3.6. Distortion Measure
#6 In the following, a sixth distortion measure will be described. 25Let el(t) be the sq]uared Hilbert
envelope of BEjé&tIgHAS #i and P, the power of object signal #i (both typfcalf-WtHIa ddbband), then
a measure N of tonality/noise-likeness can be obtained from a normalized variance estimate of the
Hilbert envelope like WO 2(110/125104PCT/EP2010/055717 33 varfej pi2 Alternatively, also the
power / variance oItth #ﬂltg%b%azelope difference signal can be 5Sused instead of the variance of the
. In"any :

Hilbert envelope itsel case, the measure describes the strength of the envelope fluctuation

over time. \J[bi?{éop lity/noise-lik: és ?r{;easure, N, can be determined for both the ideally rendered
signal mixtuté fh%@gtﬁllgfsgmﬁfé d&red sound mixture and a distortion measure 10 can be
computed from the difference begwgen both, e.g.:

and ¥ = DED" or v, =) ¥ d,d e,

1=1 m=l1

5 the distortion measure in the style of dm, but now for every downmix/rendering
combination (n,k) of object m is given by
Py
.av" S’kmm,kr;,rz'
ms (m " ) d:t,nhk,n

Considering dm, (m) separately for the left and right downmix channel leads to
2

Y anghY
_ TaxPu _ TniVaz
dm; (m,k)——--z--—-—— and dm, (m,k)-—-————————d2 o
m i, m 272

10 It can be assumed that the better of the two downmix/upmix paths is relevant for the
quality of the rendered output, thus the measure corresponds to the minimum value, i.e.
drmy (m, k) = min[dm,,dm,].

An overall measure of all output channels, designated by index k, can be computed as

Ney
Z dm; (m, k) rj,ka
15 dm, (m)£=

Ney
2
T Bk
k=l

The overall measure of all objects can be obtained by
N
Zw(m)max[dms (m),l] .
DM, =22 = with w(m)= [r,:Xm] as before.

2.%(m)

wm=}

A similar extension of £ to T is possible for dm, and dm, .

20
2.3.6. Distortion Mgasure #6

In the following, a sixth distortion measure will be described.

25 Let eff) be the squared Hilbert envelope of object signal #i and P; the power of object
signal #1 (both typically within a subband), then a measure N of tonality/noise-likeness can
be obtained from a normalized variance estimate of the Hilbert envelope like



DM 6 =IA I ide", Nactualr where fl is a parameter (e.g. p =2). 152.3.7.Calculating the energies of the
source signal images for reference scene and SAOC rendered scene For calculating the object
energies of the source image in the reference and SAOC rendered scene used for the distortion
measures oNECHENE 5 tke into account the 20 transcoding matrix T for tRETSEBEEHdEred scene as
it is done in "Distortion measure 5" but also the cdfrelation of the source signals for both, the reference
scene and the rendered scene.  Remark: The notation of the signals in uppercase reflect here the
matrix notation of the 25signals, not the signals energies as in the chapters before For an arbitrary
source x", the signal parts of x", in all sources X, capfig falculated as follows: 30Split all source
signals x, into a signal part x that is correlated 46 Ject of interest xr, and a part xa", that is
uncorrelated to xr, This can be done by subspace projection of onto all signals x, i.e. x.+ X1,,,. The
correlated part is given by TX.m Xillm-=Xm =- g. 11;1 35 2.3.7.1 Calculating P,deacr. from the image
of source yihinetae:iredetaneetBeqnrevey./ WiaR04 6f11AE HiHE BivEIAPd Qifbehibd Sdnalitaybe RX and X

= X" +Xii,", (heyimagesdleahowssaskelAralendiad chameisican. be cairualediiaBYwhere

describes the strength of the envelope fluctuation over time.

This tonality/noise-likeness measure, N, can be determined for both the ideally rendered
signal mixture and the actually SAOC rendered sound mixture and a distortion measure
10 can be computed from the difference between both, e.g.:

DMﬁ = |NidmI '_Nactuallﬁ

where B is a parameter (e.g. f =2).

15 2.3 Calculating the energies of the source signal images for reference scene and
SAQC rendered scene

For calculating the object energies of the source image in the reference and SAOC
rendered scene used for the distortion measures one have to take into account the

20  transcoding matrix T for the SAOC rendered scene as it is done in “Distortion measure 57
but also the correlation of the source signals for both, the reference scene and the rendered
scene.

Remark: The notation of the signals in uppercase reflect here the matrix notation of the
25  signals, not the signals energies as in the chapters before

For an arbitrary source x, the signal parts of x,, in all sources x, can be calculated as
follows:

30  Split all source signals x, into a signal part x,,, that is correlated to the object of interest
x, and a part x,,, that is uncorrelated to x, . This can be done by subspace projection of

x, onto all signals x,,1.e. x, =x, +%x,, . The correlated part is given by

it

x x 10C,

m_"vi im

X =
T m 2
Ko Fm “ X H

Fijm = Xn = Biom -

35
' 2.3.7.1 Calculating P, . from the image of source y, .in the reference scene y:




10Therefore the energy Pideal of source image 'six, in the reference scene will be: ?++ +rclixgNm
rlim 2 Pideal,x" = rNX g1, + rma,a,g2, + + rNch.xArgl12 km 112 2.3,72Calculating P from the image
of source 9x_ in the SAOC rendered 15scene 9: This can be done in the same manner as for
Pideacc . WP 8 AScoding matrix and D the dowiunix matrix, 9x forf4lF8HZAHEISH the rendered
scene will be: WO 2010/125104PCT/EP2010/055717 35 Therefore the energy Pactuai,x,,, of source
image t. in the reference scene will be: g (\g,d, je:d22)+ gy,",("117d, VI:d2N) 211;2112 )(shed, d12

az22)

-9
With ¥ =RX and X =X, +X,

{im

can be catculated via Y, =RX,, where

the image y, of source x, for all rendered channels

i

5 Xiim =l .r = T
x 1im gl,mxm
T T
X 3 %
7 T
X N BNt
Y, can the be calculated by
¥, = KXy, = - : - T
ohi % ohy . oy xy gl,,,,x,,,
. T
P, x,  Ten, x, : Ferg,ay || €2m%m
rNcﬁ—l*xN 7
gN,mxm
rNg};aﬁ rNam-’fz rNch>xn—-l rNabx-‘N J

10 Therefore the energy B, . of source image Y, in the reference scene will be:

2 2
irchi,xl g],m + rchl Xy gZ,m +-ot rchi X gN,m H "xm "

Pfdeat,xm =
2 2
erm,rl gl,m + rNd,,xZ gZ,m toeet rNc,,,xNgN,m || "xm "
2372 Calculating P, . from the image of source §, _in the SAQC rendered
15 scene y:

This can be done in the same manner as for £, ,, . With T the transcoding matrix and D

al %,

the downmix matrix, J, for all channels in the rendered scene will be:

20 Y =T"DX

jm *

d, - 4
Using D=[ " de and T =

d21 2N



2.3.7.3.Calculating the distortion measure  The distortion measure in the style of dm, can be

calculated for every object in and output 10 rendering channel k as - Pacwil-1d21)10Cip,(ItTIdIN 11:2
dz,v AY L' dm; (m,kK)rm'Ax,,,r dm, (m)' Nrh 2 rm,kek,k k=1 10Cm"

W’O 2010/125104 PCT/EP2016/055717
35

Im = 3 T
\/‘gdn +\/Ez—d21 \/tl_adzz Foflydy \/—dw +hdyy 81,

T
Sy +ftady  Jmdg tftndy, G dm tigdy, || B

: : .
‘ gy X
N R ARE IR \ftﬁc;,idu + \/rN,,,,zdzz : Iw, duv +ofty, 2oy NI

Therefore the energy £, . of source image Y, in the reference scene will be:

gl,m( tNt,,ldll'i' t?\’midll)—i-glm( tNd,ldlz+ ‘tNmdeI)_l-".gN,m(\/E;;l.le+md2N)llz|ixm]|2

acwel,x,

gl?ﬂ('\/_ 12d21)+g2m(\/t11d12+'\/—d )+ gNm('\[_le”iw lZdZN) "‘xm”

2373, Caleulating the distortion measure

The distortion measure in the style of dm, can be calculated for every object m and output
10 rendering channel £ as

dm, (m, k)= Poa In.J0C,, +”'+rﬁ=NIOCNm"2
7\ A )= = 2
Foana H( Ladi +afl dzl}loclm e ""( badyy + thQN)IOCNm

diy (oK) . Il
dm, (m)*=—s; -
o
el
N
Zw(m)max[dmj (m),l] .
DM, = 2= with w(m) [erm . as before.

3 w(m)

m=}

15

2.3.8 Object-Signal Properties

In the following, an example of object-signal properties will be described which may be
20 used, for example, by the apparatus 250 or the artifact reduction 320 in order to obtain a
distortion measure.



tw(m)max drni (41] with w(rO= ,r7=1 Ta as before. 15 2.3.8 Object-Signal Properties In the
following, an example of object-signal properties will be described which may be 20used, for example,
by the apparatus 250 or the artifact reduction 320 in order to obtain a distortion measure WO
2010/1251048CHBSH10/055717 36 In the SAQC processing, several dUdio bbject signals are
downmixed into a dowrunix signal which is then used to generate the final rendered output. If a tonal
object signal is mixed together with a more noise-like second object signal of equal signal power, the

the second b e e A ends &0
1a ower tha e [irst.one e result tends to i
be tonal. Inst‘ﬁ@aéa /ay, U ‘ﬁ%ﬁ&ﬁtﬁﬁﬁa@e@%ﬁgﬁe%é%é & r%%%%?efg %&)6% ‘EI}H?SQF %%éfis mostly
determinedmixedetoaethtiny Wit isanpke ol ke segond phigdisivartefsanst Signh P APplidliSendering
coefficientsrdsunrensoradiiarssgitd. sDipjestive ol tifjtiaitecatsb dhiedosizliny/haise-likgress of the
actually re’?@ﬁ%ﬁ\ gl 8:8neld PEHSS N RloRAINRGIRE TikaRRES RliiDa daealivatearered signal.

In order to ' ' i
each objectEHbEY AL REMESS B BATLdr i SR CAh: Tre A Tarse e Rt the
ideally rendemsttndtpoQanutne Benakifmaslyidisesmo Oydbe gty Zﬁfﬂ%ﬁ%hﬂ&ﬁﬁ@f the
tonality/noisgrlikenesseaherghrakisa Nuanshlisdoliedirpowerficieants. In order to achieve good

subjective output quality, also the tonality/noise-likeness of the actually rendered signal

10 should be close to the tonality/noise-likeness of the ideally rendered signal. In order to use

this concept in the distortion measure, it is necessary to transmit the information about

each object’s tonality/moise-likeness as part of the bitstream. The tonality/noise-likeness N

of the ideally rendered output can then be estimated in the SAOC decoder as a function of

the tonality/noise-likeness of each object N; and its object power P; , L.e.

15
N=f(N;, P;, N, P, N3, P3, ...)
and compared to the tonality/noise-likeness of the actually rendered output signal in order
to compute a distortion measure. As an example, the following function f{) may be used:
zN i F sa
20

N=-d
O Py

which combines object tonality/noise-likeness values and object powers into a single

output estimating the tonality/noise-likeness value of the mixture of the signals. The

parameter o can be chosen to optimize the precision of the estimation procedure for a given

tonality/noise-likeness measure (e.g. a=2). A suitable distortion metric based on
25  tonality/noise-likeness is described in Section 2.3.6 as distortion measure #6.

2.4 Distortion limiting schemes

30 2.4.1 Overview of the distortion limiting schemes

In the following, a short overview of a plurality of distortion limiting schemes will be

given. As discussed above, the rendering coefficient adjuster 250 receives the input

rendering coefficients 242 and provides, on the basis thereof, a modified rendering
35  coefficient 222 for use by the SAOC decoder 220.



15 N=f( N1, P1, N2, P2, N3, P3, ) and compared to the tonality/noise-likeness of the actually
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combiridtion between a square of a desired rendering parameter and a square of an optimal rendering
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parameter to ation in depen_ € on a prede Ined thres ameter and a

distortion m@m&r{nggeﬂéga%a %&9@)&1 rendering parameter. In this case, the parameter e?('{;uster 18
configured to determine a contribution of the desired rendering parameter and of the

20 optimal rendering parameter to the linear combination in dependence on a predetermined
threshold parameter and a distortion metric (as described above).

In addition, it can be distinguished whether the distortion measure (distortion metric} is

computed using inter-object relationship properties and/or individual object properties. In
25  some embodiments, only inter-object-relationship properties are evaluated while leaving

individual object properties (which are related to a single object only) out of consideration.

In some other embodiments, only individual object properties are considered while leaving

inter-object-relationship properties out of consideration. However, in some embodiments, &

combination of both inter-object-relationship properties and individual object properties
30 are evaluated.

Based on the previous considerations, and also based on the above discussion of different
distortion measures, a number of schemes for limiting the distortion will be defined, as
outlined in the following subsections. These schemes for limiting the distortion may be

35 applied by the rendering coefficient adjuster 250 in order to obtain the modified rendering
coefficients in dependence on the input rendering coefficients 242.

2.4.2 Distortion limiting scheme #1



In addition, it can be distinguished whether the distortion measure (distortion metric) is computed using
inter-object relationship properties and/or individual object properties. In 25 some embodiments, only
inter-object-relationship properties are evaluated while leaving individual object properties (which are
related to a WRAREEHE™only) out of consideration. In some other embod?ﬁ%ﬁ?&”lﬂ‘ﬁ Sifdividual object
properties are considered while leaving inter-obj(g%t-relationship properties out of consideration.
However, in some embodiments, a combination of both inter-object-relationship properties and
individual object properties 30are evaluated. Based on the previous considerations, and also based on
the above discussion of different distortion measures, a number of schemes for limiting the distortion
will be definBdSHSStitmedin thaTamsvHivg L BeisHE Wﬁ%gg@%meg%%ﬁ%ﬁﬁetﬁg‘?ﬂgf’ortion may
be 35applietiebyetietheridering verffigiittidiustethg 3hjrrofdernd distadtntheomsdifieniribwaaring
coefficients igsdgpanglence on the input rendering coefficients 242. 2.4.2 Distortion limiting scheme 41
WO 2010/125104PCT/EP2010/055717 38 In subsection 2.3.1 a simple distortion measure was
defined by computing the relation between thevideal power contribution of the object #m and its actual
power contribution (equation 4): 5 7;2d? XﬁZEEfdPﬂJ(M) .=dealrm - Pacm",dm2 1'2dm2 Eri2 X,
dm,(m) =t = __m =&l

1( ) Pacrucz! dri t* diirgle

' =1 4

In this equation, the only variables that are under the control of the SAOC renderer are the
rendering coefficients that are used in the transcoding process. So if the resulting distortion

10 mefric shall not exceed a certain threshold value, 7, this imposes a condition on the
corresponding rendering matrix coefficient:

N N
rr: de‘-Xf d, Z nz X,
dm,(m)=—"0——<T &5} <y =T o2t (6.1.2)
d;'zf?z'X; dez'Xj_T'di'Xm

fa=} =l

15  To find a solution for all 7’ a set of linear equations Ax =b can be set up where

2 0] -G dlez dIZXN

; BX, -, - X

22 244 2 24 N
x=| 2|, b=| | | and A=| oo
FNE ' i?ﬁz d.i_le derz o Ty

A=l 1 1 1 1

N
with ¢, =—§;[2d§ X, —-T-d} .Xm).
iwl
20
The first N rows of A are directly derived from equation (6.1.a). Additionally a constraint
is added so that the energy of the new (limited) rendering coefficients equals the energy of
the user specified coefficients. A solution for 7> (which may be considered as rendering

parameter limit values) is then obtained as:
25

X = (wx)“l ATb



In this equation, the only variables that are under the control of the SAOC renderer are the rendering
coefficients that are used in the transcoding process. So if the resulting distortion 10metric shall not
exceed a certain threshold value, T, this imposes a condition on the correipondin rendering matrix
coefficient: WISt % solution for all 1; n2 a s t of linear equations ALEHREABESE up where 1
withc", =y, Ed? X;-T dm2 X ,4 The first N rows of A are directly derived from equation (6.1.a).
Additionally a constraint is added so that the energy of the new (limited) rendering coefficients equals
the energy of the user specified coefficients. A solution for /-",2 (which may be considered as rendering

- . i T 0
parameter “g%étrt\{r?éuxevﬁ)nl%ht{g?g 1r£"f_“£lnenc1|:>f1as%ic di(s'?grﬁgrﬁiéoﬁting scheme can be seen as follows:

Instead of using the rendering matrix coefficients 242 as they are provided to the SAOC

decoder from the user interface, the effectively used rendering coefficient rn’, 222 for

5 object #m is modified / limited (for example, by the rendering coefficient adjuster 240 on a
per frame basis before being used for the SAOC decoding process:
vt = min(r2 ?2)

m ¥ 'm

10 Note that the limiting process depends on the individual object energies in each particular
frame. The approach is simple, and has the following minor shortcomings:

e It does not consider relative object loudness nor perceptual masking; and
15 e It only captures the effects of boosting a particular object, but does not capture the
effects by attenuating object gains. This could be addressed by also mandating a lower

bound on the dm value,

2.4.3 Limiting scheme #2

20

2.4.3.1 Limiting scheme gverview

This section describes a limiting function considering the following aspects:
25 s the distortion measure is restricted by a limiting threshold,

« the derivation of the limited rendering matrix is based on the limiting function and on
its distance to the initial rendering matrix.

30 This limiting function (or limiting scheme) may, for example, be performed by the
rendering coefficient adjuster 250 in combination with the distortion calculator 260.

The distortion measure is a function of the rendering matrix, so that

35 e an initial rendering matrix (described, for example, by the input rendering coefficients
242) yields an initial distortion measure,



WO 2010/125104PCT/EP2010/055717 39 Starting with this, a first simplistic distortion limiting scheme
can be seen as follows: Instead of using the rendering matrix coefficients 242 as they are provided to
the SAOC decoder from the user interface, the effectively used rendering coefficientr,,’, 222 for
5object #m & th¥dNEd Mimited (for example, by the rendering coefficientZFIEI YT IR a per frame
basis before being used for the SAOC decoding process: 10 Note that the limiting process depends on
the individual object energies in each particular frame The approach is simple, and has the following

minor Shorgomindsitha Bt deldt rﬁ%}ﬁy%up%m?v&{a%ﬁwg{a&%gmﬁé qasking,and 15 It

only captures the effects of boosting a particular, objéct, but does, not capture the effects by attenuating
object gains. THHS EBHTB%E@%%%%MW%‘%B e 33%?&%9\?&?’58@%(&)%%%’8% alue. 2.4.3

Limiting scheme #2 20 2.4.3.1 Limiting scheme overview  This section describes a limiting function
considering dheelipwintaspasts: 25itherdistestigropeeasuiadsiedisated by-adinditg thsesbold, the
derivatign of th%l{miigg%g%ﬂ]%%rﬂﬁ{ﬂ? is based on the limiting function and on its distance to the

1s i

initial rendering matrix. iting function (or limiting scheme) may, for example, be performed
by the rendering coefficient adjuster 250 in combination with the distortion calculator 260. The
distortion measimeasertindtioyholdhde didiseiheendating swritiat(dssenbitidpranaonty Ryathk
(described, for gxagale: idfiadaRvhdense dperraetiicients 2 4ik}iyielderangniadgistatdioiioneasure,
example, linear interpolation)between the initial and optimal working point.
10
Additionally, the power of the rendered signal in each working point can be assumed

approximately constant, so that

Nob 9 Nab 2 Nob 3
Z ri Xi ~ Z rfl‘m,le‘ ~ Zrop!,iXi ‘
i=l i=]

=1
15
The limiting scheme #2 can be used in combination with different distortion measures, as
will be discussed in the following,

2.4.3.2 Limiting of distortion measure #1

20
For each parameter band the distortion measure dm, (m) for an object of interest m is

defined as

Nog
ey diX,
dm, (m) = =t
dyy it X,

=1

25  The optimal rendering matrix results when setting dm (m} to its optimal value, ie.
dmy ., (m)zl |



WO 2010/125104PCT/EP2010/055717 40 the optimal distortion measure yields an optimal rendering
matrix, but the distance of this optimal rendering matrix to the initial rendering matrix may not be
optimal,  the distortion measure is invers linear proportional to the distance of a rendering matrix 5to
the initial rerfi@ARY &%,  for a certain threshold the limited renderind &A% %d&setHBed, for
example, by the adjusted or modified rendering Hefficients 222) is derived through interpolation (for
example, linear interpolation)between the initial and optimal working point. Additionally, the power of

the rendered QIghR I AL MAHING-RAILLANDS daRNET ARAAKIBAENEA)SIBRL 2ashah NODNOD £

2x, .E ,.1 The limiting scheme #2 can be Used in combindtion with different distortion measures, as
will be discidsayatonse ForeRng. B B¢ Bkikg.of distortion measure #1 For each parameter band
the distortion measure dm (in)for an object of interest in is defined as Nob Z'1,2 Xi dm,(m). 1,7;1b dm2

ot Xi 25The phfimal Rhdatieg MRtier it WAy Y AR Aol SRimal @ - dtiL opt (m)

5
T-1
2 2 2 2
rll‘m,m - (rm - rop{,m ) + rap!,m .
my (m)

2.4.3.3 Limiting of distortion measure #2a

10 Distortion measure dm,, (m), which is also sometimes briefly designated as “ dm, {m)”, is

defined as
X, a:x,
Noo Nos N, TN,
(fﬁzdef ~d, r;zX,-)X,,, Srix, Y dx,
dmy, (m) = = or ::1,, == =

msr

15 for object m and each parameter band. For a certain parameter band pb the mask to signal
ration msr (pb) is a function of the power of the rendered signal ‘

¥,

Nt b
msr(pb):{zanka:l ::J‘ZI’,-EX,} [Mk]kgm(pb).
kmmax{ ph) k=max( ph}

ol |t

20 The optimal value for the distortion measure is zero, i.e. dm,, , (m}=~0. This corresponds

to a prefect transcoding process that does not introduce any error. Hence, the optimal
rendering matrix yields

apiom T Vm N,
25

With dm,, (m)=T the limited rendering matrix, which may be described by the modified

rendering coefficients 222, becomes



WO 2010/125104PCT/EP2010/055717 41 Accordingly, the optimal rendering matrix values ro21",",
can be obtained by using a system of equations, wherein r12 is replaced by ro2p,,,. With the
pre-defined threshold T for dm] (m) the limited rendering matrix is given by 5 2T -1( 22 \ dmi(m) r -
ratrort,m 2.4¥02ViiHHG%of distortion measure #2a 10Distortion measurefdER{HY ! WAléh is also
sometimes briefly designated as " dm 2 (m)", is dfined as rm2X",d,,,2 X", r,2x,de2x, 112Sr 15 for
object in and each parameter band. For a certain parameter band pb the mask to signal ration msr
(pb) is a function of the power of the rendered signal msr (pb).

rlim,m = "W(rm —ra i Y—E' 1’0 i py Y

dm,, (m) ? é

2.4.3.4 Limiting of distortion measure #2b

5  The distortion measure dm,, (m}, which is also sometimes briefly designated as dm,, {m),

may also be used by the apparatus 240 for obtaining the limited rendering matrix, which
may be described by the modified rendering coefficients 222, in dependence on the input
rendering coefficients 242,

10 2.4.3.5 Limiting of distortion measure #4

Distortion measure dm, (m} is defined as

N,
S dX,
dm, (m) =l - —Ltm—
d, > X,
i=1

15
for object m and each parameter band and its optimal value is dm,,, (m)=0.

Consequently the optimal and limited rendering matrices result in

20 ok I (rz-—rz )+r2

dim ( m apt.m opt,m *

Accordingly, the apparatus 240 may provide the modified rendering coefficients 222 in
dependence on the input rendering coefficients 242 and also in dependence on the
distortion measure 252, which may be equal to the fourth distortion measure dm, (m).

25

2.4.4 Limiting scheme #3

Corresponding to formula (6.1.a) the limited rendering coefficient for object m can be
calculated for distortion measure #3 as follows. With the abbreviations
30



Eri2 _i=1 [M, Jk=nstax(ph) max(pb) 20The optimal value for the distortion measure is zero, i.e.
din2qg0p, (m)= O. This corresponds to a prefect transcoding process that does not introduce any error.
Hence, the optimal rendering matrix yields 25 WO 2010/125104PCT/EP2010/055717 42 T -1

(r" rapt,. ) +EP10/1284403 (m) 2.4.14 Limiting of distortion measure #2bP5FAE WSO measure
dm2b (m), which is also sometimes briefly desgr‘f'gted as dm2, (m), may also be used by the
apparatus 240 for obtalnlng the Ilmlted rendering matnx WhICh may be descrlbed by the modified

rendering cqeffi 222, in dep mg:pcy on the igput (j,eglgg cgeff J\tg, 242. 102.4.3.5 Limiting of
distortion measﬁ%ﬁjm’sf’ortlon ure"dm m;z.;m &e ,r.; e

N N

and ¢, = Z Erf de,

e, fmm il

5 aquadratic equation is set up
ﬁi((i"ﬂ]”)z-clem——c‘?)-kfm'2'((lmf’)2-a]c2 — 4, ) (1 T) CI(:B—(:;Z = a.ﬁ:.;.b.f-m.;.c = (

whose (positive) solution is

;- ~b++/b* ~4ac

" 2a

10

(6.2.2)

Accordingly, the apparatus 240 may comprise rendering parameter limit values 7, and

may limit the adjusted (or modified) rendering coefficients 222 in accordance with said
15  rendering parameter limit values.

2.4.5 Further optional improvements

The above described concept for limiting the rendering coefficients 222, which are

20  performed individually or in combination by the apparatus 240, can be further improved.
For example, a generalization to M-channel rendering can be performed. For this purpose,
the sum of squares/power of rendering coefficients can be used instead of a single
rendering coefficient.

25  Also, a generalization to a stereo downmix can be performed. For this purpose, a sum of
squares/power of downmix coefficients can be used instead of a single downmix
coefficient.

In some embodiments distortion metrics can be combined across frequency into a single
30  one that is used for degradation control. Alternatively, it may be better (and simpler) in
some cases to do distortion control independently for each frequency band.

Different concepts can be applied for actually doing the distortion control. For example,
the one or more rendering coefficients can be limited, Alternatively, or in addition, a m2



15 for object m and each parameter band and its optimal value is dm4,,p, (in). 0. Consequently the
optimal and limited rendering matrices result in t=1 r2 imT -12 20on 22 dM4 (m)Ir. rom,m)+ropt,
Accordingly, the apparatus 240 may provide the modified rendering coefficients 222 in dependence on
the input rentd@rififdéeitients 242 and also in d pendence on the distortfol FhEH&(fra"352, which may
be equal to the fourth distortion measure dm4(m). 25 2.4.4 Limiting scheme #3 Corresponding to
formula (6.1.a) the limited rendering coefficient for object m can be calculated for distortion measure

#3 as follows, With fnerabbieviglions. Yo 201017 RI04PGHERACI0IIRAE e rodmhagratic

equation is set up . . . . . ] o
Alternatively, or in addition, a relative object gain can be limited.

3, Embodiment according to Fig. 3

In the following, another embodiment of an SAOC decoder will be described taking
reference to Fig. 3. In order to facilitate the understanding, a brief discussion of the
underlying considerations will be given first. The output of a “spatial audio object coding”
(SAQC) system (like that under standardization as ISO/IEC 23003-2) can exhibit artifacts

10  that depend on the properties of the audio object and the relation between the rendering
matrix and the downmix matrix. To discuss this problem, the case where downmix and
rendering matrices have the same dimension is considered here without loss of generality.
Corresponding considerations apply if the number of channels in the downmix and the
rendered scene are different.

15
It has been found that, in general, the risk of artifacts increases when the rendering matrix
becomes significantly different from the downmix matrix. Different types of artifacts can
be distinguished:

20 1. Imperfections of the rendering, i.e., that the “effective” rendering matrix differs
from the desired rendering matrix that is input to the SAOC decoder (the
effectively achieved attenuation or gain of an object is different from what is
specified in the rendering matrix). This is typically the effect from overlap of
objects in certain parameter bands.

25

2. Undesired and possibly even time-variant changes of the timbre of an object. This
artifact is especially severe when the “leakage” mentioned in 1. only occurs locally
for a single parameter band.

30 3. Artifacts, like modulated object signals, musical tones, or modulated noise, caused
by the time- and frequency-variant signal processing in the SAOC decoder.

It has been found that it is desirable to minimize all types of artifacts.
35 A generalized approach to address this problem and to minimize the artifacts is to employ

a time-frequency-variant post-processing of the desired rendering matrix before it is sent o
the SAOC decoder. This approach is shown in Fig. 3.



Pm2 ((i- T)2 cle -c42) r", 2. (-TY5)+ (1-T)2 .c1c3-c52 = a.P",2 +bPm+c = 0 whose (positive) solution is
10 b"- +\Ib2 -4ac = 2a (6.2.a) Accordingly, the apparatus 240 may comprise rendering parameter limit
values m'and  may limit the adjusted (or modified) rendering coefficients 222 in accordance with

said 15rend&hg Batatéter limit values. 2.4.5 F tther optional improventént&HAU4BoVE described

concept for limiting the rendering coefficients 222, which are 20 performed individually or in
combination by the apparatus 240, can be further improved. For example, a generalization to
M-channel rEdarhgweanthep ectemaed dgrdhis un BasiC e clsnatsguacas JOoWeROf remdering
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band. WO 20}0{1251 45 HRRARY Apafd £t maithscoefficient (for example of an MPEG

Surround decoding) can be limited. Alternatively, or in addition, a relative object gain can be limited.

3.Embodiment according to Fig. 3 ) .
The audio signal decoder 300 also comprises an artifact reduction 320, which may, for

example, be provided in the form of an apparatus for providing one or more adjusted

10 parameters in dependence on one or more input parameters, The artifact reduction 320 is
configured to receive information 322 about a desired rendering matrix. The information
322 may, for example, take the form of a plurality of desired rendering parameters, which
may form input parameters of the artifact reduction, The artifact reduction 320 is further
configured to receive the downmix signal representation 312 and the SAOC bitstream 314,

15 wherein the SAOC bitstream 314 may carry an object-related parametric information. The
artifact reduction 320 is further configured to provide a modified rendering matrix 324 (for
example, in the form of a plurality of adjusted rendering‘ parameters) in dependence on the
information 322 about the desired rendering matrix.

20 Consequently, the SAOC decoder core 310 may be conﬁgufed to provide the
representation 316 of the rendered scene in dependence on the downmix signal
representation 312, the SAOC bitstream 314 and the modified rendering matrix 324,

In the following, some details regarding the functionality of the audio signal decoder will

25  be provided, It has been found that in order to assess the risk of artifacts due to potentially
limited separation capabilities of the SAOC system for a given desired rendering matrix, it
is desirable to take both the downmix signal (described by the downmix signal
representation 312) and the SAOC bitstream 314 into account, With this information at
hand, it is possible to attempt mitigating these artifacts, for example, by modification of the

30 rendering matrix. This is performed by the artifact reduction 320. Advanced strategies for
mitigation take both the limitations (overlap) of the time- and frequency-selectivity of the
SAOC system as well as perceptual effects into account, i.e., they should try to make the
rendered signal sound as similar to the desired output signal while having as little as
possible audible artifacts.

35 |
A preferred approach for artifact reduction, which is used in the audio signal decoder 300
shown in Fig. 3, is based on an overall distortion measure that is a weighted combination
of distortion measures assessing the different types of artifacts listed above. These weights



5 In the following, another embodiment of an SAOC decoder will be described taking reference to Fig.
3. In order to facilitate the understanding, a brief discussion of the underlying considerations will be
given first. The output of a "spatial audio object coding” (SAOC) system (like that under
standardizat®f #4414 C 23003-2) can exhibit artifacts 10 that depend ‘Ent thE?ptYpertiés of the audio
object and the relation between the rendering mattix and the downmix matrix. To discuss this problem,
the case where downmix and rendering matrices have the same dimension is considered here without
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The audio signal decoder 300 comprises an SAOC decoder core 310, which is configured to receive a
down/nix signal representatlon 312 and an SAOC bltstrearn 314 and to provide, on the 5basis thereof,
a desctiptio-316 drudierigerbiamsepderyseordinglg Fiesnaaandhdsr a representation of a plurality of
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may, for exafnple, RessQvidad i ihsitoun.oiAn-aprasatys for providing one or more adjusted

It should be noted that the concepts described above can be applied in both an audio signal

20  decoder and an audio signal transcoder. Taking reference to Figs. 2 and 3, the concept has
been described in combination with audio signal decoders. In the following, the usage of
the inventive concept will briefly be discussed in combination with audio signal
transcoders. '

25  Regarding this issue, it should be noted that the similarities of audio signal decoders and
audio signal transcoders have already been discussed with reference to Figs. 9a, 9b and 9c,
such that the explanatiohs made with respect to Figs. 9a, 9b and 9¢ are applicable to the
inventive concept.

30  Fig. 5a shows a block schematic diagram of an audio signal transcoder 500 in combinatien
with an MPEG Surround decoder 510. As can be seen, the audio signal transcoder 500,
which may be an SAOC-to-MPEG Surround transcoder, is configured to receive an SAOC
bitstream 520 and to provide, on the basis thereof, an MPEG Surround bitstream 522
without affecting {or modifying) a downmix signal representation 524. The audio signal

35  transcoder 500 comprises an SAOC parsing 530, which is configured to receive the SAGC
bitstream 520 and to extract desired SAOC parameters from the SAOC bitstream 530. The
audio signal transcoder 500 also comprises a scene rendering engine 540, which is
configured to receive SAOC parameters provided by the SAOC parsing 530 and a



10 parameters in dependence on one or more input parameters. The artifact reduction 320 is
configured to receive information 322 about a desired rendering matrix. The information 322 may, for
example, take the form of a plurality of desired rendering parameters, which may form input
parameters BIAR&I4HIFA8 reduction. The artifact reduction 320 is further cnftired5Ydéeive the
downmix signal representation 312 and the SAOE bitstream 314, 15 wherein the SAOC bitstream 314
may carry an object-related parametric information. The artifact reduction 320 is further configured to

provide a modified rendering matrix, 324_(for example, in the form of a pluralit t%f dLua%e endering
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transcoder ABESHRIGRO BTt SRBTRE e TR ST IHE oL S RS S PSHBREEBH Be applied in
both an audidf signap2@rdetotier afdeappardinssigfral transcoder. Taking reference to Figs. 2 and 3, the
concept has been described in combination with audio signal decoders. In the following, the usage of
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charmel signals on the basis of the downmix signal information and the

Surround stream 522 provided by the scene rendering engine 540.

To summarize, the audio signal transcoder 500 is configured to provide the MPEG
30  Surround bitstream 522 such that the MPEG Surround bitstream 522 allows for a provision

of an upmix signal representation on the basis of the downmix signal representation 524,

wherein the upmix signal representation is actually provided by the MPEG Surround

decoder 510. The rendering matrix generation 550 adjusts the rendering matrix 542 used

by the scene rendering engine 540 such that the upmix signal representation generated by
35  the MPEG Surround decoder 510 does not comprise an inacceptable audible distortion.

42 Audio Signal Transcoder According to Fig, 5b



audio signal transcoders have already been discussed with reference to Figs. 9a, 9b and 9c, such that
the explanations made with respect to Figs. 9a, 9b and 9c are applicable to the inventive concept. 30
Fig. 5a shows a block schematic diagram of an audio signal transcoder 500 in combination with an
MPEG Surrdt@d%4&Esdtt 510. As can be seen, the audio signal transcodér BB IeH May be an
SAOC-to-MPEG Surround transcoder, is configu?%d to receive an SAOC bitstream 520 and to provide,
on the basis thereof, an MPEG Surround bitstream 522 without affecting (or modifying) a downmix
signal reprefantatiosh&24 afibthaudiorggnahCsiransodie stA6l comprisies 460SAOGrpMSIBRG 530, which

is config ureg iersacemdhe SHOR Mﬁl@@é&&%ﬁ Andde 1&%&&%@&&%@6@@1@@% I@éxf?d%i%stéfom the
SAOQC bitstr. ' j0_signal transg 00, alsg comprises a scene rendering engine 540,
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plurality of astiostaddersmagdiiadlirendesing Raiapie e ke SERABHERSIS M #RYINE:3AALS configured
to provide e MPECH RN IARINERTL 2 NARRANGENTS R0 SR CAQE ppafametels@nd the
rendering matrix 542, For this purpose, the scene rendering engine 54071S configure ,Efo compute the
MPEG Surrdtiidisiiticetinn i din sevambo signl Feares eHarer iy e ip fulside ORIk 6'dEsignated as
parametric ififoimaton)thE deSpitiensdche desiddrindiengire TAB is donfigihwetidoiiransfOMPEGT
"transcqader §iheunarsiestens SithenadQbbisireamea2hpischcorstities amelian tabaigd
parametric iprmaliof. ipig. e, L0.RAAM clers. ofhe, MR £ 2urtaund bitglr g wihuh copstiuies a
channel-related parametric information, in gepe'ncli‘ence orrthe a‘é‘t_ a} rendering matrlx_%%ﬁ]. he audio
signal transélt?ﬁ‘éj?eééboaéﬁcem}&égemgém Rt EREr B E I PIFRrakR OB SSEURSd to
receive an idfovmaiioraasodensde siatbririd ongamateixased Sxsipibily, in 15 the form of an information
552 about a playback configuration and an information 554 about object positions. Alternatively, the

rendering mg 2&9%@;&%@2 Hikegelue ioigon ahout desiredendering poraperers (e.9,

rendering matrix entries ering’matrix generation is also configured to receive the SAOC
bitstream 5BREAME 9T e dpEMREIHE  Hierbremaveimibrhawdiblasiosinms iahesaméd by the
SAOC 20 bissgrehmBeentdtie modsed pmtii itk Sitionsd ddsodisosdndig Ured tafficsside the actual
(adjusted orsmgagdlified) rendering matrix 542 on the basis of the received information. Insofar, the
rendering matrix generation 550 may take over the functionality of the apparatus 100 or of the
appar%tags 240. 25 The MP Cf" Surround decoder 510 is typically configured to obtain a plurality of
upmix ISR B S EHIREHSRAEsignal information 524 and the MPEG Surround

anpet-sighar A
stream 522 provided by the scene rendering engine 540. To summarize, the audio signal transcoder
500 is configungd folipravidlethaidiPEi&nal encoder 600 will be described taking reference to Fig. 6,

which shows a block schematic diagram of such an audio signal encoder. The audio signal
encoder 600 is configured to receive a plurality of object signals 612a, 612N (also
25  designated with x; to xy) and to provide, on the basis thereof, a downmix signal
representation 614 and an object-related parametric information 616, The audio signal
encoder 600 comprises a downmixer 620 configured to provide one or more downmix
signals (which constitute the downmix signal representation 614) in dependence on
downmix coefficients d; to dy associated with the object signals, such that the one or more
30 downmix signals comprise a superposition of a plurality of object signals. The audio signal
encoder 600 also comprises a side information provider 630, which is configured to
provide an inter-object-relationship side information describing level differences and
correlation characteristics of two or more object signals 612a to 612N. The side
information provider 630 is also configured to provide an individual-object side
35 information describing one or more individual properties of the individual object signals.



30 Surround bitstream 522 such that the MPEG Surround bitstream 522 allows for a provision of an
upmix signal representation on the basis of the downmix signal representation 524, wherein the upmix
signal representation is actually provided by the MPEG Surround decoder 510. The rendering matrix
generation 356 #UEE!¥e rendering matrix 542 used by the scene rend&fI§BAYHEBA0 such that the
upmix signal representation generated by 35 the MPEG Surround decoder 510 does not comprise an
inacceptable audible distortion. 4.2Audio Signal Transcoder According to Fig. 5b WO
2010/125104BCAud P 216 BETIET 4B Figs Phostiben thandikermlzmdgement:oé arfauditoaigneal
trgnscoder 560haAekanHY RGBT dhaesrdst aarg)#mwe ﬂ@é@dﬁ&ﬁtdﬁi!ﬁ ﬁﬁE.%%j‘é%ent of Figd
5b is very simj e ig.. 5a,. that identical.means and signals are designate
with identica@@@r%n esﬁdgr%%gé@?ﬁ%g&a%g%l%iigﬁ%é%ggquséé%g@nmﬁ%rom the audio signal 5
transcoder 500 in that the audio signal transcoder 560 comprises a dowtunix transcoder 570, which is
configured t& hegdicentfiaidsbadonnanxrspteskitd oraHRtianddoptovidesch ddifetied dathmix
representatigReRfdnvhickeis-feg &@j&&@&éﬁﬁ@@ﬁﬁ@ﬂ%ﬂ%&%ﬁf l??s'fﬂ@@%?é&é@igﬁﬁg dO(;NnmiX
signal repre iQn.i .in arder btain. more flexibility in the definition of the desired audio
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representatiogdsinGithR Ao Wb HaRacOd8RR TR ALRENGRINY arincicaseR:iexibiliy,45Again,
the rendering ipAxAERCFRIGANRAG MBYAKG v athe Juctionalinc of he apRaraie Ao L the
apparatus 240, thereby ensuring that audible distortiona in the upmix signal representa rbn provided by
the MPEG SEIERFHIEEHE BPERAEoR b SutRRISRtREEEN. b sdicisi Bndgaedeierséfording to
Fig. 6 In the ibktwirile apravchoesigndmgeales600 suitidgestmstdistuttiakinguafehente 1fig. 6, which
shows a blogkgelemats diasime RhakshanAdR SRk e sedeuslde audio signal encoder 600 is
configyred to receive a plurality of object signals 612a, 612N (also 25 designated with x1 to xN) and to
provide, on the basis thereof, a downmix signal representation 614 and an object-related parametric
information S1BPRK aHEtids FHABASUBIBIS cRTH ey g aevimARsIds shedsdnddnacehisstovide one
or more dowaigaixEignatior\wnblibed fistitudév itheabiobyeatiids iriaimepoe skentaition Sibapimydeabndence on
downmix cogffirirmits dojteodibagsoniaied vwih theohieetsignals, sheRibabihe.ne asdmare,30
downrnix sgggé%lgogmég&afgyp&rzﬁ]g%%n‘%[leqh% @Q%gﬁ,&@j{g% %ls%n%?ﬁ 'I;h%gﬁjdl% sillg@ga!r]§ncoder
600 alsq comprises a side information provider 630, which is on?lgure 6 provide a
inter-o%%ect-%?&q{aﬂgﬁﬁf 8fde information describing level differences and correlation characteristics of
two or more object signals 612a to 612N. The side information provider 630 is also configured to

provide an indigislalablojeet:sica BoinfRenadion s Eibg-pBE0sM BLesiHAeRlaropeiestof the

individual ohject.signals, 4 01920 1 LEP2Q 5 udio signal encoder 600

thus providegzgrae o?géct-rt\a/f{a%é parametr%?‘%%rmaﬂ%n%%ﬁ%ﬁ%%t e %kﬁré%tﬁ%g gﬁ’p&fgfgmetric

information %‘r‘?s PEBR ST ERSRERASRRI S E s RSl RATRRTIA JVRITAERject-side

informafion.616 may be provided by the audio signal encoder 600 such that they comprise the
characteristics discussed with respect to the inventive audio signal decoder.

6. Aundio Bitstream According to Fig, 7

30 An embodiment according to the inveniion creates an audio bitstream 700, a schematic
representation of which is shown in Fig. 7. The audio bitstream represents a plurality of
object signals in an encoded form.

The audio bitstream 700 comprises a downmix signal representation 710 representing one
35  or more downmix signals, wherein at least one of the downmix signals comprises a
superposition of a plurality of object signals. The audio bitstream 700 also comprises an
inter-object-relationship side information 720 describing level differences and correlation
characteristics of object signals. The audio bitstream also comprises an individual object



51t has been found that such an object-related parametric information, which describes both a
relationship between object signals and individual characteristics of single object signals allows for a
provision of a multi-channel audio signal in an audio signal decoder, as discussed above. The
inter-object-ER#HYASARide information can be exploited by the audio sifRATFeHYEr fEeiving the
object-related parametric information 616 in order to 10 extract, at least approximately, individual
object signals from the downmix signal representation. The individual object side information, which is

elso includeg e gulect1elpied RRrAGIG NITAIRRAL4, 6Abs uretkudne culniana
ﬁ1 t cessi)

ob e Tole
decoder to verify Wﬁ.él_ er the uprnix p rings along too strong si distortions, such that the
upmix parafstalis(rbichiampke P@%Hé??ﬁ&%%%?&ﬂ%&f@ﬁ%ﬁagafuﬂg . 15 Preferably, the side
information provider 630 is configured to provide the individual-object side information such that the
individual-objgctside infatraptionsdpsaabestadamalitiaf tadanidouaigbiesifsignalsn hns been found
that a t@nality information _can.be religble critar] Hating er the upmix process
brings §Iong%%§%)r?ﬁ}@%rﬁ 2%&?‘5?5&?(?%?%3%% ??Jﬁ%g (glg 1{a%lgsg e n&r(t)f[%éyolg4 that thgwagfg% signal encoder 600
can be supplemented by any of the features and functionalities discussed herein with respect to audio
signal encoltergyrafuiredantbeditoemitis widinaludreisertislsdniemartine dpwibge tendititsPbarametric
information 2618 Wrmike;eeovigagsby the audio signal encoder 600 such that they comprise the
characteristics discussed with respect to the inventive audio signal decoder. 6.Audio Bitstream
According to Fig. 7 30 An embodiment according to Ehe inv,%% n creates an audio %itstream 700, a
schemidtic roysteslinatdhecrbRiBRSIEaRO(I] 1R RIS IHHEY: 'g%ﬁéﬁ]é(gﬂ]s}%% &R Blurality of
object signafisimaadénreideddonmnibe Huaticlistsizeh Fo0dssrapAisesssed s SRylio
representatigis# 4 aRESSAHASE CRA-ARAEINO e dewsadvEignalsswinetrinatitesighane of the dowrunix
signals comprises 3 syRerReRlian.of a.alaInaohisH SRS AUt ssam R also
comprises an Inter-o ec?—re,atlor%hlp side informati 20 describing level differénces and correlation
characteristi?dtet §1j8a EgHSRD ?%%%FSW@M%?@%%W@S%ﬁ%Sﬁa ual” 8%?%0?8 WO
2010/1Z6104RCFHERRO40/055717 50 side infoimation 730 describing one or more individual
properties of the individual object signals (which form the basis for the downmix signal representation
710). The inter-object-relationship side information and the individual-object-information may 5be
considered, in their entirety, as an object-related parametric side information. In a preferred
embodiment.:the- bject side information describes tonalities of the individual object signals.
10Naturally, as the audio bitstream 700 is typically provided by an audio signal encoder as

20  The embodiments according to the invention provide solutions for reducing or avoiding the
distortion problem explained above, which originates from the fact that the single, original
object signals cannot be reconstructed perfectly from the few transmitted downmix signals.

There are more simple solutions to this problem thus be applied:

25 ¢ A simplistic approach would be to limit the range of relative object gain to, e.g.
+/-12dB. While it is true, that large object gain settings can lead to audible
degradations (example: boost one object by 20dB while leaving the other object
levels at 0dB), this is, however, not necessary: As an example, boosting all
relative object levels by the same factor yields an unimpaired system output.

30
¢ A more elaborated view would be to look at the differences in relative object
levels. For the rendering of two audio objects, the difference of both relative
object levels indeed provides a hook for possible degradations in rendered
output, It is, however, not clear how this idea generalizes to more than two
35 rendered audio objects.

In view of this situation, embodiments according to the present invention provide means
for addressing this problem and thus preventing an unsatisfactory user experience. Some



discussed herein and evaluated by an audio signal decoder, as discussed herein. The audio bitstream
may comprise characteristics as discussed with respect to the audio signal encoder and the audio
signal decoder. Accordingly, the audio bitstream 700 may be well-suited for the provision of a
multi-chann&Y 84818 ¥4l using an audio signal lecoder, as 15discussed GEFEH B3 Elusion 20 The
embodiments according to the invention provide solutions for reducing or avoiding the distortion
problem explained above, which originates from the fact that the single, original object signals cannot
be reconstr§EiBerasfe ayaoricaTding faihadnvieripacving slaigreakn Teerehblomtormkitiopke solutions
to this probldrmttheschiisappliddn 2 ArsHoplistictiapproach would be to limit the range of relative object
gain to, e.g. +/-12dB. While it is true, that large object gain settings can lead to audible degradations
(example: b ggt ne lobjaect b@’ 20dB while Ieaving%ge ther gbject levels at OdB), this is, however, not
necessary: RSN é%%pl%?%o%eﬁﬁwg ASHBRIEGheeP F’é@‘@ﬁg g TR $HERIEn unimpaired
system DutRYEBE IerRERala e naRRbtToRIRIIS Yadsid Y thusdifferences in relative object levels.
For the rendering of two audio objects, the difference of both relative object levels indeed provides a

hook for possihie.sieagadanignsnentated ol 1b he BAWANSH BALEIRAL NQW s, dea generalizes
to more than t\%og rendered audio oba??c#s. WO 2010 ]%125104PCT EP2010/055717 51 embodiments

/ )
may, according to the imventisheSih G SVEREAB A U BSOS B S Rt AR scussed in the
previous se@UeH. Sienab@sidiagKRcadsssadie sitngliffpregsionec imtivelotsaifien dyliodhtgittramresent
inventith, Sevéesitinaigiiopriate rendering parameters are provided by a user. Generally speaking,
embodiments according to the invention relate to an apparatus, a method or a computer program for

encoding a audioh%i ni%leg al;?r d 1gdir% an encoded audio signal, or to an encoded audio signal (for
example, inﬁheﬁ:mr%?-&n-éu%ﬁ&%&% 10as described above. 8.Implementation Alternatives
Although some aspects have been described in the context of an apparatus, it is clear that 15 these

aspects alsa\iéprabestne deseaription: dfethedestridapdnding:saetkost mheneahlockiornayicea:
correspondsHaaMpthodisieepéReatiie Al meiad SIERs NI ASRRELS dagcihed in the

context of a JQ&EQOC% 1g_t%g)oal o fepre ﬁn(sfa description of agcorre‘%pgnding block or item or feature of a
corresponding SPparatTS Some o aflof the Methsadte g8 fay b K& e BEHa RS hardware
apparatus, HEETeaiaHiscortecobprocdsbriep 2bp ispresenhaldksaintiputel ocemestostivaic circuit. In
some emboblimk pistsomefane oofacrereihaling shimporabimashall sfdpsmgvbeexesdied by such

an apparatus, exthadnvgniveriggded.audicesignalera4aio Rifsleamean R%%?FS&%&?Q?QHQI

storaggomedlrum Qr.can be transmitted eréc%transmlssur){?émedlum S%Lcﬁt as a wireless transmission 25

OgT: € Compufer or Q sqme E}%‘B Ao AL fhPhentation

mediufm or & Wire ransmission medium such a8 TRe
requirement¥ BRTBOH RSt BRbpd geas penhasaecuted by such an apparatus.

The inventive encoded audio signal or audio bitstream can be stored on a digital storage
medium or can be transmitted on a tfransmission medium such as a wireless transmission
25  medium or a wired transmission medium such as the Internet.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD, a Blue-Ray, a CD, a ROM, a

30 PROM, an EPROM, an EEPROM or a FLASH memory, having electronically readable
controt signals stored thereon, which cooperate (or are capable of cooperating) with a
programmable computer system such that the respective method is performed. Therefore,
the digital storage medium may be computer readable.

35 Some embodiments according to the invention comprise a data carrier having
electronically readable control signals, which are capable of cooperating with a

programmable computer system, such that one of the methods described herein is
performed.



implemented in hardware or in software. The implementation can be performed using a digital storage
medium, for example a floppy disk, a DVD, a Blue-Ray, a CD, a ROM, a 30 PROM, an EPROM, an
EEPROM or a FLASH memory, having electronically readable control signals stored thereon, which
cooperate (SY@r&14PEIE of cooperating) with a programmable computeFSHERH ¥t that the
respective method is performed. Therefore, the d’lzgital storage medium may be computer readable.
35Some embodiments according to the invention comprise a data carrier having electronically
readable control signals, which are capable of cooperating with a programmable computer system,
such that one of the methods described herein is performed. WQ 2010/125104PCT/EP2010/055717
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perforrrg1)ing %?r%% gﬂ%ﬁé?ﬁ?ﬁ%%?e%@#b%%%ﬁﬁ %gtjg%%g E)ﬁr? %%hine readable carrier. 10 In other
words, an embodiment of the inventive method is, therefore, a computer program having a program
code for pefftiening it eomathiodhdesorivéer repeiamnie Rarfereunrsptrerqsr B HAthaRs on a
computer. jAdustiesembedireenh efitheninvesiiwdmethads is, therefore, a data carrier (or a digital
‘15storage medium, or a computer-readable medium) comprising, recorded thereon, the computer
- program for performing one of the methods described hergin. A further embodim%}t of the inventive
methotfis, tlﬁéf%r&"é%aaﬂ ShraetsPRoddl ngtb‘fes‘i@?{g?rs& rlé’p%gg%ﬁ?igatﬁoem Oniptiter program for
performing baéngf shprogettiodedd o riseii@0ne rain . of eegmetheda seraiteh kasiie b Eignals may
for example. g Gaafiguraibe Hrpstvkireyia a data communication connection, for example via the
Internet. A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or. adapt&g o.perfornjll one g#g%anr"lretp grsaZad%gaf:ribed
herein. A fuft A Rh AR RO A JHE R EEDH B %Ql?héhﬁﬁ% Aifed (FETedh the coMpUter program
for perférmisigregre TRthenmethodsdesdrbeddubleimaium s smerasmbdrterted dissgratihable logic
device (for gxampie arigishpregsermahlecsater aicay}tnal bestiied teperform some or all of the
fimctionalities of the methods described herein. In some embodiments, a field programmable gate

array may cooperate with a microprocessor in orc&gr to perform one, of the meth %% %gggiggd herein.
Generally, tﬁeﬁﬁ@ﬁﬁ&&ébgma %M&Wb?ﬁ%ﬁt ?)dzi?iy A y{/%r%%g%ap%gﬁsq% q% ,
signals representing the computer program for performing one of the methods described
20 herein. The data stream or the sequence of signals may for example be configured to be

transferred via a data communication connection, for example via the Internet.

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
25  described herein.

A further embodiment comprises a computer having installed thereon the computer

program for performing one of the methods described herein.

30 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
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.

35
The above described embodiments are merely illustrative for the principles of the present
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,



35 The above described embodiments are merely illustrative for the principles of the present 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, WO 2010/125104PCT/EP2010/055717 53
therefore, to'¥f& e8Iy by the scope of the impending patent claims BhHHFA B thé dpecific details
presented by way of description and explanationbof the embodiments herein. WO
2010/125104PCT/EP2010/055717 54 References [BCC] C. Faller and F. Baumgarte, "Binaural Cue
Coding - PatieifoSchehrelnaite apiifidtatibascaeRE FransponlBpgethnardifediniPwdyvbe 11, no. 6,
Nov. 2003 S}t GealiepreRataBiric 0int-Gadingion Audi:-goaesm  H20ih AR &esrention,
Paris, 2006h@£§lprint 6752 [SAOC11J. Herre, S. Disch, J. Hilpert, 0. Hellmuth: "From SAC To SAOC -
Recent Deveﬁoprhents in Parametric Coding of Spatial Audio”, 22nd Regional UK ABS Conference,
Cambridge, UK, April 2007 10[SA0C21J. Engdegard, B. Resch, C. Falch, 0. Hellmuth, J. Hilpert, A.
Holzer,d.. Terentiev, J. Breebaart, J. Koppens, E. Schuijers and W. Oomen. " Spatial Audio Object
Coding (SAOC) - The Upcoming MPEG Standard on Parametric Object Based Audio Coding", 124th
ABS Convention, Amsterdam 2008, Preprint 7377 55 Claims



1. An apparatus for providing one or more adjusted parameters for a provision of an upmix signal
representation on the basis of a downmix signal representation and an 5object-related parametric
information, the apparatus comprising: a parameter adjuster configured to receive one or more input
parameters ¥t28%r¥{de, on the basis thereof, one or more adjusted pdrfafER Y ¥ Rerein the
parameter adjuster is configured to provide the olie or more adjusted parameters in dependence on
the one or more input parameters and the object-related parametric infonnation, such that a distortion
of the upmix signal representation caused by thgtsg,Qfsnon-optimal parameters is reduced at least for
input parameters that deviate from optimal parameters by more than a 15predetermined deviation. 2.
The apparatus.according to claim 1, wherein the apparatys is ¢copfigure ve, as the jnput
parameters,}%ggié% %%%: ri prgraﬁ?él@%%ﬁegfﬁ é%;%;é%’sf’ir%oﬁ néi)tg

t e, .
g Lo Sl of audio
object sign=ABRHBHR S HidTE AtfED SRIRFER PEge &0%y" el dphinésiiradéptesentation; and

whereirsthe pgrametes adiusistiscoRTaRt IRIYdR RS ShiRa apial eps i apgmeters in
de[')endenct.i)atl)rglS 80@Ng, 00 more eswed'renderlng parameters. 25 3. The apparatu; according to .
claim 2, wherein' the |daraﬁ1e er adjuster is configured to obtain one or more rendering parameter limit
values in depgyience o threfjscigtated HafmeaNiclilpmatiorans 00w smbdnfaenation,
dedsc:ibitng ARABIERHLAR %thf‘aﬁh’r@ﬁ’i&’bj?&éiﬁggﬂﬁ*sféﬁaﬁb@ éi%%anﬁ'gﬂatlh@@e;lﬁﬁe@%io‘@Es?ch_t30that
a distortion W, : r e for rendering parameter values obeying limits
defined by t?ﬁé&%{eﬁ’n%%%%ggﬁnﬁy @g%og?%nd wherein th% F[))arameter adjuster isiogfigured to
obtain the afsuadtehderifghadspeters irRdspeitidideho®thdetiesitedlididpeingpdisdinetels and the
one or morej3asandelingegsame e ispticvws) re S Ggbrthaidhe actualrendpaing patmetgestobey the
limits defined by theggodsringparemsismimiivMatlietmad of NRARRARIUHREETAIRY tnane of claims

210 3, Wher%igndm PRIAN]EE Wéﬁ%@&%ﬁg %@Qtﬁlgbmﬁ g4, 0r more rendering parameter

limit values such that a relative contribution of an object signal in a rendered superposition of a
plurality of object signals, rendered using one or more rendering parameters obeying the one or 5more
rendering parameter limit values, differs from a relative contribution of the object signal in a downmix
signal by no more than a predetermined difference.



5. The apparatus according to claim 4, wherein the parameter adjuster is configured to determine the
one or more rendering parameter values ra, such that the equation 10 2 ri 2 xrm Ld i <T dml(m)- X
(=1 15is fulfilled for one or ore audio objects designated by an object index m, wherein Urn designates
a rendering parameter describing a contribution of an object signal of an audio object having object
index m to a given channel of the upmix signal, 20 y¢herein do, designates a downmix parameter
describing a contribution of the object signal of the object having index m in a downmix signal, and
when X, designates an energy measure of the agg;lg ject having object index m, 25which energy
measure is deteimined by the object-related parametric information. 6. The apparatus according to
claim 2 or claim 3, wherein the parameter adjuster is configured to obtain the one or more rendering
parameterilimit valnepguatuthiat pdisidntipnmmeasures wiicticlesaribesasclhher pneea Hedwdean a

downmix signal 30,describad Ly fedanamix slgnalieprasiiaion aada 1gnderediRignal rendered

using one or more r_endel%liln parameters %be ing the one or more rendering parameter limit values, is
within"a predeterRRH&H ?fg PEIMCECAoaatan. he ARRAHI 4 QRN E Fherein the parameter

adjuster is configured to obtain the one or more rendering parameter limit values to 12,2 such that the
distortion measute mHgbidP M mtbr M fidured to receive one or more input parameters and to

provide, on the basis thereof, one or more adjusted parameters,

i0 wherein the parameter adjuster is configured to provide the one or more adjusted
parameters in dependence on the one or more input parameters and the object-
related parametric information, such that a distortion of the upmix signal
representation caused by the use of non-optimal parameters is reduced at least for
input pafameters that deviate from optimal parameters by more than a

15 predetermined deviation.

2. The apparatus according to claim 1, wherein the apparatus is configured to receive,
as the input parameters, destred rendering parameters describing a desired intensity
scaling of a plurality of audio object signals in one or more audio channels

20 - described by the upmix signal representation; and

wherein the parameter adjuster is configured to provide one or more actual
rendering parameters in dependence on the one or more desired rendering
parameters.
25
3. The apparatus according to claim 2, wherein the parameter adjuster is configured to
obtain one or more rendering parameter limit values in dependence on the object-
related parametric information and a downmix information, describing a
contribution of the audio object signals to the downmix signal representation, such
30 that a distortion metric, i1s within a predetermined range for rendering parameter

values obeying limits defined by the rendering parameter limit values, and

wherein the parameter adjuster is configured to obtain the actual rendering
parameters in dependence on the desired rendering parameters and the one or more

35 rendering parameter limit values, such that the actual rendering parameters obey the
limits defined by the rendering parameter limit values.



takes a predetermined value, wherein C is defined as 10 C =M E 1?4* = C11 C12\ C21 C22/ wherein
15M=d2 d Nis a matrix comprising a first row of rendering parameters r1 to rn and a second row of
downmix parameters d1 to d describing a contribution of the audio object signals to the downmix
signal representation; wherein E is an object covariance matrix which is obtained using parameters of
the object-related parametric information, and wheggin " designates a complex-conjugate operator. 8.
The apparatus according to claim 2, wherein the parameter adjuster is configured to compute a linear

combinatign betgen, g sauare oA esiiod (En9SiiNg, ParAME e AN A RANALSOf 4N, gpimelendering

parameter, to obtain the actual ren g parameter, wherein'the parame juster 1S configured to

determine a contFHEFHST iheakity RFIHRG S dadratar FaerriRe pthnval tendurhdighrameter to
the linear combinatiaivincdepdndencd en e pradeteliimedrthkishd lchparameter dt andwalnd distortion

metric, wherein the, dislgriion melic deseibes e ISmaaBiah, wauld he-caused Phusing dhe one or
more desired rendering parameters, rather than the optimal rendering parameters, for obajning the
pmisignal repTBCETSHT G A SFE e dtm KL G AP SRRt B 2 S ratus

according to claimb8;ohdigrelnnthelparametepraljbster iswonfiguree ¢determined difference.

5. The apparatus according to claim 4, wherein the parameter adjuster is configured to
determine the one or more rendering parameter values rpy such that the equation
10

N
ey dl X,
dm,(m) = —-S——<T
df: 'Z"fz X,
j=1

15 is fulfilled for one or more audio objects designated by an object index m,

wherein r,, designates a rendering parameter describing a contribution of an object
signal of an audio object having object index m to a given channel of the upmix
signal,

20
wherein d,, designates a downmix parameter describing a contribution of the object

signal of the object having index m in a downmix signal, and

when X; designates an energy measure of the audio object having object index m,

25 which energy measure 1s determined by the object-related parametric information.

6. The apparatus according to claim 2 or claim 3, wherein the parameter adjuster is
configured to obtain the one or more rendering parameter limit values such that a
distortion measure, which describes a coherence between a downmix signal

30 described by the downmix signal representation and a rendered signal, rendered
using one or more rendering parameters obeying the one or more rendering

parameter limit vahues, is within a predetermined range.



evaluate the equation T -1222 1dtnx(m) rm 10 in order to obtain the actual rendering parameter rljm,m
describing a contribution of an object signal of an object having object index m to a given channel of
the upmix signal, 15wherein T designates a predetermined distortion threshold parameter, wherein
dm(m) designates a distortion metric associated with the desired rendering parameter rin describing a
desired contribution of an object signal of an audiogbject having object index m to a given channel of
the upmix signal; 20 wherein room, designates an optimal rendering parameter describing an optimal

contribution of anrgbiggt signakeldherudiaiehiest havies ehischindex myadae Qivsirehaang) of the
upmix signal. 251% 'El;he%@pgﬁéatlé% %chﬁard'r}ﬁi;[o‘da'm 3.or claﬁm 9, wherein thezparaﬂw%%[ ?g#uster is
c

. oDt remderine parametér  mit vahies 1o 7 uc . .
conflgured to obtain tlﬁe Istortion metric su ?hﬁ %e Istortion metric Is éepé“ndq'ent onare atlonshlp

between a relativdistoritnbutiaauoé a given object signal in a rendered superposition of a plurality of
object signals, rendered in accordance with the desired rendering parameters, and a relative
contribution of the given 300bject figpal in~a downmix signal comprising the given object signal.
11.The apparatuqﬁqggmingﬁ c‘%?pjlo, wherein the parameter adjuster is configured to
obtain the distortion metric such.that ¢he digtortion metric is dependent on a ratio between a relative
contribution of a given object signal in a 35rendered superposition of a plurality of object signals,
rendered in accordance with 59 the desired rendering parameters, and a relative contribution of the
given object signtikies a doweiririsighadlesmprising the given object signal. 12.The apparatus
according to one of claims 8 to 11, wherein the parameter adjuster is 5configured to compute the
distortion metric %’H@@H) acear Iq dtgsA cb dm(m)= dm,(rn)- i=1

1C

C=M.E-M =[Cn 012)
Gy Cp

wherein
15 M = Fo Fao Ty
dl dz dN

is a matrix comprising a first row of rendering parameters 1 to 1, and a second row
of downmix parameters d; to d, describing a contribution of the audio object
signals to the downmix signal representation;

20
wherein E is an object covariance matrix which is obtained using parameters of the

object-related parametric information, and

wherein designates a complex-conjugate operator.

25 |

8. The apparatus according to claim 2, wherein the parameter adjuster is configured to

compute a linear combination between a square of a desired rendering parameter
and a square of an optimal rendering parameter, to obtain the actual rendering
parameter,

30
wherein the parameter adjuster is configured to determine a contribution of the
desired rendering parameter and of the optimal rendering parameter to the linear

combination in dependence on a predetermined threshold parameter T and a



wherein ro, and ri designate desired rendering parameters associated with audio 10objects having
object indices m and i, respectively; wherein dm and d, designate downmix parameters describing a
contribution of object signals of audio objects having object indices m and i, respectively, to a downmix
signal of the downmix signal representation; 15 wherein Nob designates a humber of audio objects
under consideration; wherein Xi designates energygmeasures associated with the object signals of the
audio objects having object indices i. 20 13. The apparatus according to claim 8, 9 or 10, wherein the

parameter adjustgis,GeRTguIEd WOHRRIAINHO S AISIAUIPH ML R sULINALIRS ASIORIRBMEIHE 1S

dependent on a %ifferenc between a relative contribution of a given object signal jn a rendered
superposition of BXpIAHAIY B JEEeL Bighateor RIS S8 A R EEcP S e L o ering

parameters, and eptetadivenderitribptiomofethelgivebtahingtibigwabin aigowmipiesigraboormptising the
given object signgdsikd, e RRA|EMUS gpgﬁglg,igg,g@aggﬁ_ of claims 8 to 13, wherein the parameter

adjusger is configured to compute the distortion metric such that the distortion metric is 30dependent
on a mask-to-signal ratio, such that the distortion metric decreases, indicating a smaller distortion, if
the mask-tb-signaeation ffiefiesares rdoue el i 7imSe Mkerse Umperanata pdhsref HoxiigrEgd 9 dm, =
dm2,00= PNoiseeswdnib¥entideahattod m;ac al Maskmsr Pm& 1 2 NN irm Ed,2 X +d EI'2 .X 2. dmr",

-1
2 _ 2 2 2
r!’ii'n,m_ (r - Fr )+I"

m opt,m opt,m

10
in order to obtain the actual rendering parameter 1y, describing a contribution of
an object signal of an object having object index m to a given channel of the upmix

signal,
15 wherein T designates a predetermined distortion threshold parameter,

wherein dm,{m) designates a distortion metric associated with the desired rendering
parameter 1, describing a desired contribution of an object signal of an audio object
having object index m to-a given channel of the upmix signal;

20
wherein o, designates an optimal rendering parameter describing an optimal
contribution of an object signal of the audio object having object index m to the

given channel of the upmix signal.

25 10,  The apparatus according to claim 8 or claim 9, wherein the parameter adjuster is
configured to obtain the distortion metric such that the distortion metric is
dependent on a relationship between a relative contribution of a given object signal
in a rendered superposition of a plurality of object signals, rendered in accordance
with the desired rendering parameters, and a relative contribution of the given

30 object signal in a downmix signal comprising the given object signal.

11.  The apparatus according to claim 8, 9 or 10, wherein the parameter adjuster is
configured to obtain the distortion metric such that the distortion metric is
dependent on a ratio between a relative contribution of a given object signal in a

35 rendered superposition of a plurality of object signals, rendered in accordance with



1=1i=.1 msr (Eri2) (X) 1=1 wherein rm and ri designate desired rendering parameters associated
with audio objects having object indices m and i, respectively; wherein dm and di designate downmix
parameters describing a contribution of object signals of audio objects having object indices m and i,
respectively, to a downmix signal of the downmix signal representation; 15wherein N designates a
number of audio objects under consideration; whekgin Xi and Xn, designate energy measures
associated with the object signals of the audio objects having object indices i and m, respectively; and

20wherein st defingaa Mo ignakiaife:Lo.Hhe.spparalls Agotding b anelabipad o 15

wherein the parameter adjuster is configured to,provhqge the o;}(g_or more adjusted parameters in
dependence on &8/ PN IEA e ST RSB HE G QPAEH S h that a perceptually 25

evaluated distortion of the upmix signal representation caused by the use of non-optimal parameters
and repregented by the,apmRUIalNBRIME Bk of PRiceRiUp] deRtadatinn iatimited -8k dér {he
apparatus accordinfgﬁto one of claims ] to 1§él¥vhereirt|nth%agarargeter lil%:,{ter is configured to receive
anin |vidual-obj§8 p%ﬁ%rt)?i% ormation glesscrllt()}llﬁén ATy |\7igﬁ1 Fﬁ?glbeir € of one or more original
object signals which form the basis for a downmix signal described by the downmix signal '
representation; and 5 wherein the paérfg?zt%r adjuster is configured to consider the individual-object
property information, and to pr vide' e-adjusted parameters such that a distortion of the upmix signal
representation Wiﬁ"?’fé@é&fﬁb deatiy rendered upmix signal representation is reduced at least for
input parameters deviating from optdﬁg ];@ls’arameters by more than a predetermined deviation. 18.
The apparatus according to claim 17, Wwherein the parameter adjuster is configured to receive and
consider, as an individual object property information, an object signal tonality information, in order to

provide the one QrypQsg f}gjlelﬁt?‘i’i %@gﬁﬁ{?%&é& rendering parameters associated with audio

10 objects having object indices m and 1, respectively;

wherein d,, and d; designate downmix parameters describing a contribution of
object signals of audio objects having object indices m and i, respectively, to a
downmix signal of the downmix signal representation;

15

wherein N, designates a number of audio objects under consideration;

wherein X; designates energy measures assoclated with the object signals of the
audio objects having object indices 1.
20
13.  The apparatus according to claim &, 9 or 10, wherein the parameter adjuster is
configured to obtain the distortion metric such that the distortion metric is
dependent on a difference between a relative contribution of a given object signal in
a rendered superposition of a plurality of object signals, rendered in accordance
25 with the desired rendering parameters, and a relative contribution of the given

object signal in a downmix signal comprising the given object signal.

14.  The apparatus according to one of claims 8 to 13, wherein the parameter adjuster is
configured to compute the distortion metric such that the distortion metric is
30 dependent on a mask-to-signal ratio, such that the distortion metric decreases,

indicating a smaller distortion, if the mask-to-signal ratio increases.

15.  The apparatus according to one of claims 8 to 10 or 11 or 12, wherein the parameter

adjuster is configured to compute the distortion metric according to



19. The apparatus according to claim 18, wherein the parameter adjuster is configured to estimate a
tonality of an ideally rendered upmix signal in dependence on the received object signal tonality
information and the received object power information; and 20 wherein the parameter adjuster is
configured to provide the one or more adjusted parameters to reduce a difference between the
estimated tonality and the tonality of an upmix signal obtained using the one or more adjusted
parameters when compared to a difference between the estimated tonality and a tonality of an upmix
25 signal obtained using the one or more input parameters, or to keep a difference between the
estimated tonality and a tonality of an upmix signal obtained using the one or more adjusted
parameters within a predetermined range. 20. The apparatus according to one of claims 1 to 19,
wherein the parameter adjuster is 30configured to perform a time-and-frequency-variant adjustment of
the input parameters. 21. The apy ’ %tyg,)?cg%rgi’.%}g ope qucIaims 1 to 20, wherein the parameter

adjuster is configured to also don fger the ‘downrdi Sighal répresentation for providing the one 350r
offé of claims 1 to 21, wherein the

more adjuSted Harafieters. X
parameter adjuster is configured rtank{@mfan’(@e@ﬂ@st&’m)on measure, that is a weighted
combination of distortion measures desgribing a plerality of types of artifacts; Swherein the parameter
adjuster is configured to obtain the overall distortion measure such that the overall distortion measure
is a measure of distortions which wg be caysed h¥,using one or more of the input rendering
parametergmﬁamgmgh@@)ap&mrem@ﬂ@baéw ¢ ‘ for obtaining the upmix signal representation on

the basis of the downmix sitfaak represeritétioR..10 23. The apparatus according to claim 22, wherein

the paramfeter adjuster is configured to combine a ng distortion measures in
order to obtginthe overalldfjsdriidn meaguuelzr;sz%ﬁeésu’(e)degdbin@’ IE)J parasitic change of timbre of
an audio olbjeCth,l a measure describing a parasitié modulation ofian object signal associated with an
audio object; 20 a measure describ& the reszieﬁszof a parasitic musical tone; a measure describing
the presence of a parasitic modtifate ﬁbi‘sg b Adi'au 'of)signal decoder for providing, as an upmix
signal representation, a 25 plurality of upmix audio channels on the basis of a downmix signal
‘representation, an object-related parametric information and a desired rendering information, the audio
signal decoder comprsing, andipmizepcanfidgsied tocabtainghetapraizedassioedamiblssoddhe basis
of the

objects having object indices m and 1, respectively;

10

wherein d,, and d; designate downmix parameters describing a contribution of
object signals of audio objects having object indices m and i, respectively, to a

downmix signal of the downmix signal representation;

i5 wherein N designates a number of audio objects under consideration;

wherein X; and X, designate energy measures associated with the object signals of

the audio objects having object indices i and m, respectively; and

20 wherein msr defines a mask-to-signal ratio.

16.  The apparatus according to one of claims 1 to 15, wherein the parameter adjuster is
configured to provide the one or more adjusted parameters in dependence on a
computational measure of perceptual degradation, such that a perceptually

25 evaluated distortion of the upmix signal representation caused by the use of non-
optimal parameters and represented by the computational measure of perceptual

degradation is limited.



30 downmix signal representation and in dependence on the object-related parametric information and
an actual rendering information describing an allocation of a plurality of object signals of audio objects
described by the object-related parametric information to the upmixed audio channels; and 35an
apparatus for providing one or more adjusted parameters, according to one of claims 1 to 23, wherein
the apparatus for providing one or more adjusted ggrameters is configured to receive the desired
rendering information as the one or 63 more input parameters and to provide the one or more

adjusted parameters A5 g AC ERdesiDgRloamation; and whrieln ihe SRpatalysdpispioiding the
one or more adjusted parameters is Conf'ﬁﬁﬁ,%% EOCBrowde the one ar more aci({uste irgar meters

such that distorti& (8 JPriReEl adtio AEH YT (R BPIHE LT TR EHITy
parameters, whichdaadistbpirapartptinfalne atmng paasiatbissisiandd udodhaiolmasiddagiedned

rendering paramgters glewalipga rascieopimal deRsaiingipararepteisRymmEhan a predetermined
deviation. 10 25.An audio signal transcoder for providing, as an upmix signal representation, a

channel-related parametric information on the basis of a downmix signal representation, an
object-related pardisticthsforAiamsiranidiistdsie ¢rehgedgtherasdsnthnandividugigprhiettanscoder
comprising: 15 amsideififonmatian dhansdodes-eomiiiglicesdiosohiain- thec-ahasngl-teiatediparametric

information on thgf%?es%%%‘r% %W@Hfs%i@%ﬁ%ﬁ%% %HPH;%ﬂ%@aﬂiﬁ%ﬁﬁi‘%@%ﬁﬁi@@igﬂ?"'t're'ated

parametric information ctual’rendering information describing of a{) urality of

object signals of KBHisrBIEEs etidhsed sbHFaH OhjRR AP S An SRR T P mix audio
channels describeddnyethe bhanmel thelateprpbrametrid iforatiation; and an apparatus for providing one
or more adjusted parameters, according to one of claims 1 to 23, wherein the apparatus for providing
one or more adjysted 25 parameters is configured to. receive the desired rendering infarmation as the
one or mo}g'inp D5 PRRAEIEHS %%Stfiﬂfrégié}@fﬂe?ghglb?%@ea PArAMTets (ﬂlﬁ%“g ual
rendering informé&tioegeane svidereirsider. appanatodi fodynovhiiny thersny orlvmmetagiustedperameters is

30 configured to gravidethe-Pnaannnse, adiisedparamalers shebihaidisipiienpatihadpmixed
audip_channels caused by the use of the actual rendering parameters, which deviate from optimal

rendering parameters, are reduced at least for desired rendering parameters deviating from the
optimal reh8ering pararrseivs pecricieetiasaprélerdiminie dhedavitmapicreuljuster is configured

to estimate a tonality of an ideally rendered upmix signal in dependence on the
received bbject signal tonality information and the received object power
information; and
20
wherein the parameter adjuster is configured to provide the one or more adjusted
parameters to reduce a difference between the estimated tonality and the tonality of
an upmix signal obtained using the one or more adjusted parameters when
compared to a difference between the estimated tonality and a tonality of an upmix
25 signal obtained using the one or more input parameters, or to keep a difference
between the estimated tonality and a tonality of an upmix signal obtained using the

one or more adjusted parameters within a predetermined range.

20.  The apparatus according to one of claims 1 to 19, wherein the parameter adjuster is
30 configured to perform a time-and-frequency-variant adjustment of the input

parameters,

21.  The apparatus according to one of claims ! to 20, wherein the parameter adjuster is
configured to also consider the downmix signal representation for providing the one

35 or more adjusted parameters.



26. A method for providing one or more adjusted parameters for a provision of an upmix signal
representation on the basis of a downmix signal representation and an object-related parametric
information, the method comprising: 5receiving one or more input parameters and providing, on the
basis thereof, one or more adjusted parameters, wherein the one or more adjusted parameters are
provided in dependence on the one or more input parameters and the object-related parametric
information, such 10 that a distortion of the upmix signal representation caused by the use of

non-optimay parameters is rediced At Jaas forinput Rarameters deviating from,eplimalparameters by

more than a predetermined deyiation. 27. A method. for providing, as.an upmix signal representation, a

plurality of upmix@&E1EFEAIl HUHRIL SN Y PR EL RS }?rbﬁail rEpIEEEAERBR I Ybject
related parametrig iif¢ertiationcasid e desirsdngadéringtinfdriyrztor, atigfavisthod comprising: providing
one or more adjusted parameters, according to claim 26, wherein the 20 desired rendering information

is received as the pne.or more input parameters.and wherein the ane.or more adjusted parameters are
provi§ed as an a‘gﬁf&{fﬂr%n@griﬂagrﬁgtrrﬁa%fmﬁ?%ﬁd SV\/ %I}elf%lfﬁ% (?P]e%)r}%norg% Jl‘jg]fé%_ ;S%Srtagrlﬁlé’férs are
provided such thexeasstsrtiests thatheeupreise distaféreHanters dagsagasythelubstetivrs actimk

rendering parameigiii whichsevintafiom aptiorakwedaring pasamelRls: sre2braeeed ahlgast for
desired renderin r ter viating { he aptimal rendering parameters hy maqre than a
predetermined d%lﬁgt%%ggﬁlgegg%% _ i g %%éﬁ’lfie’?d(ﬁ% %D&glﬁn]%g%xnst %%5%%% oF t ae% downmix
signal representdibR&FP iR HyBRc s SR EBEER 8Rted parametric information and 30 the

actuat rendering information describing an allocation of a plurality of object signals of audio objects

described 2y the apjegisielaied Rarame icdnarmationda e inmixed eudin.anaeth l, fimethod

for providing, as an upmix signal representation, a channel-related 35parametric information on the
basis of a downrifCSRATEPIEEE AT, A BURED RIS SFFETHE bR IR SRE'A d¥sired

rendering informationltdstoetrotesmprising: 65 providing one or more adjusted parameters,
according to claim 26, wherein the

15 ¢ ameasure describing a parasitic change of timbre of an audio object;

e a measure describing a parasitic modulation of an object signal associated

with an audio object;
20 s ameasure describing the presence of a parasitic musical fone;
_ & ameasure describing the presence of a parasitic modulated noise.

24, An audio signal decoder for providing, as an upmix signal representation, a
25 plurality of upmix audio channels on the basis of a downmix signal representation,
an object-related parametric information and a desired rendering information, the

audio signal decoder comprising:

an upmixer configured to obtain the upmixed audio channels on the basis of the
30 downmix signal representation and in dependence on the object-related parametric
information and an actual rendering information describing an allocation of a
plurality of object signals of audio objects described by the object-related

parametric information to the upmixed audio channels; and

35 an apparatus for providing one or more adjusted parameters, according to one of
claims 1 to 23, wherein the apparatus for providing one or more adjusted

parameters is configured to receive the desired rendering information as the one or



desired rendering information is received as the one or more input parameters and wherein the one or
more adjusted parameters are provided as an actual rendering 5 information, and wherein the one or
more adjusted parameters are provided such that distortions of the upmixed audio channels caused by
the use of the actual rendering parameters, which deviate from optimal rendering parameters, are
reduced at least for desired rendering parameters gleviating from the optimal rendering parameters by
more than a predetermined deviation; and 10 obtaining the channel-related parametric information,

which describes Hi‘@rr':‘B&B{%e}%%@éﬁbﬁhm%%%iﬁ@t@@%@&ﬁhﬁo@'@%}@?&@i nakierresgniation and in
dependence on the ogﬁgcgrelated arametric i(pformation and the actual rendering 15 information

describing an all X6 ?Bﬁ;ﬁrﬁ Tbaftl@%;eaéf signals of audio objects described by the object-related
parametric information to umnixed audio channels, which upmixed audio channels are described by
the channel relatedpaiarmgirigpipfotnation. 0200 andiomigoaleaeoder forarevidingta-dawnmix
sianal representafion and.an oblestelated Paramelria iprmation an.ihe basls Cf BlHTaly of oblect
signals, the audio en(,ggd‘er o ixdr configured 1o provide one or more downmix

omprising: & downmix :
signals in depen&%ﬁ@%‘ﬁ%é‘&ﬁmﬁh%’é@%ﬁfﬁ&% bedbeiaie@Wis fréisbjseasigarsranctithat the one
or more dowqmimﬁi@haisﬁgmﬁr@ @ﬁu@rmﬁiﬁﬂ@goﬁaqﬁmaﬂty@é obméignaés_gtgfsidmmmation
provider conflgurl%g&grﬁ%) i Anntaaniecl#LIAUan iR SId el andeRcuRINg, el differences

and correlation characteristics of object 30signals and an individual-object side information describing
one or more indifitRISTEpEHLS I ndividual object signals. 30.The apparatus according to claim
29, wherein the side information provider is configured to provide the individual-object side

informationssuch that g, 3aindividialRRigcisidgwiamatandessibessignaliigsabhaindivdual
object signals. channel-related parametric information on the basis of a downmix signal
representation, an object-related parametric information and a desired rendering
information, the audio signal transcoder comprising:
15
a side information transcoder configured to obtain the channel-related parametric
information on the basis of the downmix signal representation and in dependence
on the object-related parametric information and an actual rendering information
describing an allocation of a plurality of object signals of audio objects described
20 by the object-related parametric information to upmix audio channels described by

the channel-related parametric information; and

an apparatus for providing one or more adjusted parameters, according to one of
claims 1 to 23, wherein the apparatus for providing one or more adjusted
25 parameters is configured to receive the desired rendering information as the one or
more input parameters and to provide the one or more adjusted parameters as the

actual rendering information; and

wherein the apparatus for providing the one or more adjusted parameters is
30 configured to provide the one or more adjusted parameters such that distortions of
the upmixed audio channels caused by the use of the actual rendering parameters,
which deviate from optimal rendering parameters, are reduced at least for desired
rendering parameters deviating from the optimal rendering parameters by more than
a predetermined deviation.
35



66 31.A method for providing a downmix signal representation and an object-related parametric
information on the basis of a plurality of object signals, the method comprising: 5providing one or more
downmix signals in dependence on dowmnix coefficients associated with the object signals, such that
the one or more dowmnix signals comprise a superposition of a plurality of object signals; and
providing an inter-object-relationship side informatign describing level differences 10and correlation
characteristics of object signals; and providing an individual-object side information describing one or

more ndividual PRORLE bl RRUILSHORIESh SENRI A3 A AKEI0 BISH SRR GAIESERING 2

plurality of object signals in ﬁr] encoded form, ﬁ?ﬁ e audio bitstream_comprising: a downmix signal

representation refBYE TR EFHBFO SR RRINASISNAIR ARWERRH ST SERECB AP R Ahix signals

comprises a sup@tpe@{ff@hteﬂ aghumatity 2ofobijset, Shgmakshahdampimteraobject-relationship side

infoimation describing level differences and correlation characteristics of object signals; and 25an

indwu%ual object side information describin one or mor%lndlw ual properties. of the ?dlwdual object
W

signals Cof erei the Ma |du§5f1%61?§§0 id&fhf8rmation

33. The alidio bitstream accord ﬁlé 58 |m
describes tonalitiBst aRBIH R PagaidBjct signals. 30 34. A computer program for perfonning one of
the methods according to claims 26, 27, 28 or 31.

wherein the one or more adjusted parameters are provided in dependence on the
one or more mput parameters and the object-related parametric information, such
10 that a distortion of the upmix signal representation caused by the use of non-
optimal parameters is reduced at least for input parameters deviating from optimal

parameters by more than a predetermined deviation.

27. A method for providing, as an upmix signal representation, a plurality of upmixed
15 audio channels on the basis of a downmix signal representation, an object related
parametric mformation and a desired rendering information, the method

comprising:

providing one or more adjusted parameters, according to claim 26, wherein the
20 desired rendering information is received as the one or more input parameters and
wherein the one or more adjusted parameters are provided as an actual rendering
information, and wherein the one or more adjusted parameters are provided such
that distortions of the upmixed audio channels caused by the use of the actual
rendering parameters, which deviate from optimal rendering parameters, are
25 reduced at least for desired rendering parameters deviating from the optimal

rendering parameters by more than a predetermined deviation; and

obtaining the upmixed audio channels on the basis of the downmix signal
representation and in dependence on the object-related parametric information and
30 the actual rendering information describing an allocation of a plurality of object
signals of audio objects described by the object-related parametric information to

the upmixed audio channels.

28. A method for providing, as an upmix signal representation, a channel-related
35 parametric information on the basis of a downmix signal representation, an object-
related parametric information and a desired rendering information, the method

comprising:
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providing one or more adjusted parameters, according to claim 26, wherein the
desired rendering information is received as the one or more input parameters and
wherein the one or more adjusted parameters are provided as an actual rendering
information, and wherein the one or more adjusted parameters are provided such
that distortions of the upmixed audio channels caused by the use of the actual
rendering parameters, which deviate from optimal rendering parameters, are
reduced at least for desired rendering parameters deviating from the optimal

rendering parameters by more than a predetermined deviation; and

obtaining the channel-related parametric information, which describes the upmixed
audio channels, on the basis of the downmix signal representation and in
dependence on the objeét-related parametric information and the actual rendering
information describing an allocation of a plurality of object signals of audio objects
described by the object-related parametric information to upmixed audio channels,
which upmixed audio channels are described by the channel related parametric

information.

An audio signal encoder for providing a downmix signal representation and an
object-related parametric information on the basis of a plurality of object signals,

the audio encoder comprising:

a downmixer configured to provide one or more downmix signals in dependence on
downmix coefficients associated with the object signals, such that the one or more

downmix signals comprise a superposition of a plurality of object signals;

a side information provider configured to provide an inter-object-relationship side
information describing level differences and correlation characteristics of object
signals and an individual-object side information describing one or more individual

properties of the individual object signals.

The apparatus according to claim 29, wherein the side information provider is
configured to provide the individual-object side information such that the
individual-object side information describes tonalities of the individual object
signals.
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A method for providing a downmix signal representation and an object-related
parametric information on the basis of a plurality of object signals, the method

comprising:

providing one or more downmix signals in dependence on downmix coefficients
associated with the object signals, such that the one or more downmix signals

comprise a superposition of a plurality of object signals; and

providing an inter-object-relationship side information describing level differences

and correlation characteristics of object signals; and

providing an individual-object side information describing one or more individual

properties of the individual object signals.

An audio bitstream representing a plurality of object signals in an encoded form,

the audio bitstream comprising:

a downmix signal representation representing one or more downmix signals,
wherein at least one of the downmix signals comprises a superposition of a plurality

of object signals; and

an inter-object-relationship side information describing level differences and

correlation characteristics of object signals; and

an individual-object side information describing one or more individual properties
of the individual object signals.

The audio bitstream according to claim 32, wherein the individual-object side

information describes tonalities of the individual object signals.

A computer program for performing one of the methods according to claims 26, 27,
28 or 31.



