NOVEL | NDOLE, | NDAZOLE AND BENZI M DAZOLE ARYLAM DES Thi s invention pertains
to conpounds useful for treatnent of diseases associated with P2X

puri ner giworemepdmos, and nore particularly to P2X3 andfor/g82048/088906

ant agoni sts usable for treatnment of genitourinary, pain, inflammtory,
gastrointestinal and respiratory di seases, conditions and di sorders. The
urinary bladder is responsible for two inportant physiological functions:
urine st dudigeSignal Dedoder,dvipthpidfgr DEboding ap dastio Signal med Computed Progirams: (1)
the bl adder fills pro ¢ | i L Q¢ wal I's rises above
a threshold | evel; angjs?%cgﬂﬁgﬁe%igkorEe)weec?(?;]?:ég?ﬁ%%g%%§m cturition reflex,
occurs that enpties the bladder or, if this fails, at |east causes a
conscious desire to urinate. AlthougéctiBgodrni cturition reflex is an

autonom c spinal cord reflex, it can also be inhibited or nedi ated by
centers in the cerebral cortex or brain. Purines, acting via extracellular
puri nor efegtnorabFielhve been inplicated as having a variety of physiol ogical
and pat hol ogi cal roles (See, Burnstock (1993) Drug Dev. Res. 28:195-206).
ATP, and to a | esser extent, adenosine, can stinulate sensory nerve endings
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P2Y-_ and P2X-pur.i noreceptors, oh the basjis of nolecular structure,

t r antHuctePEITe U0t eetaclpied PRREs i gEMatipRy act eri zati on. The
P2Y-purinoreceptors are G protein coupled receptors, while the

P2X- puriporeceptors are a famly . of. ATP-gated.cation channels. Purinergic
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been cl o J L.NQs: S ric receptors, P2Xi; P2X2; P2X3; P2X ;
P2Xs; angag%ﬁ@?égﬁ%%}%\}réggffoﬁxga;@ggneri C receptors P2X2/3 ; P2X4/6 ; and
P2Xi 15 (See, e.g., Chen, et al. (1995) Nature 377:428- 431; Lewis, et al.
(1995) Nafithc® ehbbdihihtsadeordiitio B MSERL drd B9Add NeAE ARNATBSOEram36: 1 127-
1139). The structure and chronosomal mappi ng of nobuse ‘genom ¢ P2X3 receptor
subunit has al so been descri bed (Souslova, et al. (1997) CGene 195:101-1
11). I n Someembodireeqiy ecdrding ob th2XRemivh 2 X3latedcte pinoentandrdnKhmoks& Solo
necessar ¥ Ay S%?[Ece ATP-gated currents with the properties seen in sone
sensory neurons (Lewis, et al. (1995) Nature 377:432-435). P2X receptor
subuMits are found on afferents in rodent and human bl adder urothelium

Dat a exi ghsosgRSTthdBvEidn ATP may be rel eased from epithelial/endothelial
cells of "The urinary bladder or other hollow organs as a result of

di stention (Burnstock (1999) J. Anatony 194: 335- 342; and Ferguson et al.
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efficient way. In addition, it is often desired to reproduce an audio content using a plurality

25  of'two or even more speakers, which are spatially distributed in a room. In such cases, it is
desired to exploit the capabilities of such a multi-speaker arrangement to allow for a user
to spatially identify different audio contents or different items of a single audio content.
This may be achieved by individually distributing the different audio contents to the
different speakers.

30
In other words, in the art of audio processing, audio transmission and audio storage, there
is an increasing desire to handle multi-channel contents in order to improve the hearing
impression. Usage of multi-channel audio content brings along significant improvements
for the user. For example, a 3-dimensional hearing impression can be obtained, which

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

using a multi-channel audio playback.



serve a role in conveying information to sensory neurons |located in

subepi thelial conponents, e.g., suburohelial |amna propria (Namasivayam
et al. (190YP1oBIFObNLI . 84:854-860). The P2X receptors kravaerb@enssbaudi ed in
a nunber of neurons, including sensory, synpathetic, parasynpathetic,
mesenteric, and central neurons (Zhong, et al. (1998) Br. J . Pharnmacol .
125: 771-781). These studies indicate that purinergic receptors play a role
in afferent neurotransm ssion fromthe bl adder, and that nodul ators of P2X
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spinal cord has been shown to stinulate rel ease of glutamate, a key
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combining the object signals x; to xy in accordance with the associated downmix
25  coefficients d; to dn. Typically, there are less downmix channels than object signals x; to
xn. 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 one or more downmix signals (designated as downmix channels) 812 and a side
information 814. The side information 814 describes characteristics of the object signals x;

30  to xy, 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 820 is typically configured to
receive a user interaction information and/or a user control information 822, which

35  describes a desired rendering setup. For example, the user interaction information/user
control information 822 may describe a speaker setup and the desired spatial placement of
the objects provided by the object signals x; to xn.
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20  However, it should be noted that in many embodiments, the object separation, which is
indicated by the object separator 820a in Fig. 8, and the mixing, which is indicated by the
mixer 820c in Fig. 8, are performed in one 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 . These parameters may be computed on the

25 basis of the side information 814 and the user interaction information/user control
information 822.

Taking reference now to Figs. 9a, 9b and 9c, different apparatus for obtaining an upmix
signal representation on the basis of a downmix signal representation and object-related
30  side information will be described. Fig. 9a shows a block schematic diagram of an MPEG
SAQOC system 900 comprising an SAOC decoder 920. The SAOC decoder 920 comprises,
as separate functional blocks, an object decoder 922 and a mixer/renderer 926. The object
decoder 922 provides a plurality of reconstructed object signals 924 in dependence on the
downmix signal representation (for example, in the form of one or more downmix signals
35 represented in the time domain or in the time-frequency-domain) and object-related side
information (for example, in the form of object meta data). The mixer/renderer 926
receives the reconstructed object signals 924 associated with a plurality of N objects and
provides, on the basis thereof, one or more upmix channel signals 928. In the SAOC



"Al kynyl" nmeans a |inear nonoval ent hydrocarbon radical of two to six
carbon atons or a branched nonoval ent fydrocarbon radical of three to six
car bon atworpiocaptoai ni ng at | east one triple bond, e.g. pcetmryoglosssyps opynyl ,
and the like. "Al kylene" neans a linear saturated dival ent hydrocarbon
radi cal of one to six carbon atons or a branched saturat ed dival ent
hydrocarbon radi cal of three to six carbon atons, e.g., nethylene,
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dl rret hyl @akiAgRERRYke now to Fig. 9¢, an MPEG SAOC system 960 will be described. The
SAOC system 960 comprises an SAOC to MPEG Surround transcoder 980, rather than an
SAOC decoder.

25  The SAOC to MPEG Surround transcoder comprises a side information transcoder 982,
which is configured to receive the object-related side information (for example, in the form
of object meta data) and, optionally, information on the one or more downmix signals and
the rendering information. The side information transcoder is also configured to provide an
MPEG Surround side information 984 (for example, in the form of an MPEG Surround

30  bitstream) on the basis of a received data. Accordingly, the side information transcoder 982
is configured to transform an object-related (parametric) side information, which is
relieved from the object encoder, into a channel-related (parametric) side information 984,
taking into consideration the rendering information and, optionally, the information about
the content of the one or more downmix signals.

35
Optionally, the SAOC to MPEG Surround transcoder 980 may be configured to manipulate
the one or more downmix signals, described, for example, by the downmix signal
representation, to obtain a manipulated downmix signal representation 988. However, the
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Cycl oal kyl' can optiona e su one Oor nore substituents,
wherdi n eencgpt can be seen m Figs. 9a and 9b. Alternatively, the SAOC-encoded audio

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 channel signals.
25

In the MPEG SAOC system 800, a system overview of which is given in Fig. 8, the
general processing is carried out in a frequency selective way and can be described as
follows within each frequency band:

30 e N input audio object signals x; to xy are downmixed as part of the SAOC encoder
processing. For a mono downmix, the downmix coefficients are denoted by d; to d. In
addition, the SAOC encoder 810 extracts side information 814 describing the
characteristics of the input audio objects. For MPEG SAOC, the relations of the object
powers with respect to each other are the most basic form of such a side information.

35

e Downmix signal (or signals) 812 and side information 814 are transmitted and/or
stored. To this end, the downmix audio signal may be compressed using well-known
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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
25  interactively by the user according to will, personal preference or other criteria. For
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.

30  For each transmitted sound object, its relative level and (for non-mono rendering) spatial
position of rendering can be adjusted. This may happen in real-time as the user changes the
position of the associated graphical user interface (GUI) sliders (for example: object level
= +5dB, object position = -30deg).

35  However, it has been found that it is difficult to handle audio objects of different audio
object types in such a system. In particular, it has been found that it is difficult to process
audio objects of different audio object types, for example, audio objects to which different
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roups, provided that the sanme carbon atom dges not “car
g 5)0 8bject related parametric ?nformatlon ‘The audio s?gnal decoder co¥npr1ses an object

separator configured to decompose the downmix signal representation, to provide a first
audio information describing a first set of one or more audio objects of a first audio object
type and a second audio information describing a second set of one or more audio objects
of a second audio object type in dependence on the downmix signal representation and
25  using at least a part of the object-related parametric information. The audio signal decoder
also comprises an audio signal processor configured to receive the second audio
information and to process the second audio information in dependence on the object-
related parametric information, to obtain a processed version of the second audio
information. The audio signal decoder also comprises an audio signal combiner configured
30 to combine the first audio information with the processed version of the second audio

information to obtain the upmix signal representation.

It is a key idea of the present invention that an efficient processing of different types of
audio objects can be obtained in a cascaded structure, which allows for a separation of the
35  different types of audio objects using at least a part of the object-related parametric
information in a first processing step performed by the object separator, and which allows
for an additional spatial processing in a second processing step performed in dependence

on at least a part of the object-related parametric information by the audio signal processor.
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objects FGO) of the first audio object type to which residual information is associated and

the second audio information describing the second set of one or more audio objects (for
example, background objects BGO) of the second audio object type to which no residual
25  information is associated in dependence on the downmix signal representation and using at

least part of the object-related parametric information and the residual information.

This embodiment is based on the finding that a particularly accurate separation between
the first audio information describing the first set of audio objects of the first audio object
30 type and the second audio information describing the second set of audio objects of the
second audio object type can be obtained by using a residual information in addition to the
object-related parametric information. It has been found that the mere use of the object-
related parametric information would result in distortions in many cases, which can be
reduced significantly or even entirely eliminated by the use of residual information. The
35  residual information describes, for example, a residual distortion, which is expected to
remain if an audio object of the first audio object type is isolated merely using the object-
related parametric information. The residual information is typically estimated by an audio
signal encoder. By applying the residual information, the separation between the audio
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In a preferred embodifnent, the audio signal processor is configured to process the second

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

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

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

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

35  with the audio objects of the first audio object type.
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In a preferred embodiment, the object separator is configured to obtain a common object
25  level difference value for a plurality of audio objects of the second audio object type and
the object separator is configured to use the common object-level difference value for a
computation of entries of an energy-mode mapping matrix. The object separator is
configured to use the energy-mode mapping matrix to obtain the one or more audio
channels representing the second audio information. Again, the common object level
30 difference value allows for a computationally efficient common treating of the audio

objects of the second audio object type by the object separator.

In a preferred embodiment, the object separator is configured to selectively obtain a
common inter-object correlation value associated to the audio objects of the second audio
35  object type in dependence on the object-related parametric information if it is found that
there are two audio objects of the second audio object type and to set the inter-object
correlation value associated to the audio objects of the second audio object type to zero if it
is found that there are more or less than two audio objects of the second audio object type.



renal colic, diarrhea-dom nant |IBS, pain associated with @ distension, and
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O | Sl i PSR R IR AR SR, on & carbin, oxyoen
hydr ogen at om unI ess indicated otherwi se. Wiere a nitrogen-contai ni ng
LR ¥r|1 a preferred embodiment, the object separator is configured to obtain, as the second audio
25 information, a one-channel audio signal representation or a two-channel audio signal
representation representing more than two audio objects of the second audio object type.
Extracting one or two audio signal channels can be performed by the object separator with
low computational complexity. In particular, the complexity of the object separator can be
kept significantly smaller when compared to a case in which the object separator would
30 need to deal with more than two audio objects of the second audio object type.
Nevertheless, it has been found that it is a computationally efficient representation of the
audio objects of the second audio object type to use one or two channels of an audio signal.

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

object type. Accordingly, an object-individual processing is performed by the audio
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of the second audio object type, treating the N-Ng,, audio objects of the second audio

object type as a single one-channel or two-channel audio object. The audio signal

20  processor is configured to individually render the N-Ne,, audio objects represented by the

one or two audio signals of the second audio information using the object-related

parametric information associated with the N-Ng,, audio objects of the second audio object

type. Accordingly, the audio object separation between the audio objects of the first audio

object type and the audio objects of the second audio object type is separated from the

25  subsequent processing of the audio objects of the second audio object type.

An embodiment according to the invention creates a method for providing an upmix signal
representation in dependence on a downmix signal representation and an object-related
parametric information.

30
Another embodiment according to the invention creates a computer program for

performing said method.

Brief Description of the Figs.

35

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



In certain enbodinents of formula | or formula I'l, R2 is C3_6Cycloalkyl. In
certain enbodinents of fornula | or fddnula Il, R2 is cyclopropyl. In
certain ewbadiomaptos of forrmula | or formula I, R2 is Crcéalpkaxnsgone 6al kyl .
In certain enbodinents of formula | or formula I, R2 is 2-nethoxy-|
-methyl-ethyl. In certain enbodinents of fornmula | or formula Il, R2 is
hydr oxy-C _6al kyl. In certain enbodinents of fornula | or formula Il, R2 is
2- hydr ox¥iel 1 - net hyshows tayblock sehemetiaidingean ofliarendie signat desnden accasdingdpmul a
1, R2 is heteroary enfhoddabd)or thed iRvanidadi ments of fornula I or formula Il
V\,herel n R>2 is heteroaryl-G _6al kyl, the het eroaryl portion thereof may be
selected from pyrimdinyl, pyrazi nyI each optionally substituted once or
twi ce wiFig Zi _6al kshlowsl A Bioblo dichrembsic odlagrammmlfaaﬂothnr fwdioukigndll dedodeei n R2
is heteroaryl - -G _6alk h ter t hereof may be sel ected
fromeJI pyri m dinyl, % aﬁem% gn%a}lt&th@qm;eln%%ach optionally substituted
once or tw ce vmth Ci 6a| kyI I n enbodl ments of fornula | wherein R2 is

het er oar lakyl, t r f e from
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enbodi nents of forbaissd ps %@wéﬂﬁema%lweélfﬂwaiﬂrwnt@ifﬂwnmhont he het eroaryl
portion thereof nmay be selected from pyrimdinyl, pyra2| nyI and

pyri dazipyl, each oqpti | I ubstj.t ut ed ance. th,neth nbodi nent s
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C _6al kyl portion tseérmobn naydidaigel eetatdr facoondingt Iy lannembaodiment of the

1- met hyl - et hyl ene. nL,&lteOrr\];bodi ments of fornmula | or formula Il wherein R2 is

het eroaryl - G _6al kyI the G _6al kyl portion thereof may be selected from

-CH and -CH(CHs)-CH - . In certain enbodinments of fornula | or fornula
R2 i Bighgf er Oaréﬂo“g'a_tﬁédklﬁié rﬁﬁlcﬁ’%%@é %scgéfér%b&)s’im y ;

pyrlda2| nf] nmet hyl pyrlmdln% nmet hyl ; 1-pyrazinyl - et hyl;

1- pyﬁ dazi nyl et hyI and 1-pyrimdinyl - et hyl ; wherein the’ pyrazi nyl ,

pyri dazi pyl 4@nd DY sHomisdi Blydk cn@grhinmfantﬁmedécdaaypxbees@mgimtly substi t ut ed

once with nethyl. In certain enbodinents of fornula | or fornula Il, R2 is

het eroaryl - G _6al kyl selected from 5- nethylpyrazin-2-yl-methyl;
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2- met hyl - pyrlmdln 5- y?rre I'n certain embodi ments of formula | or

formfall, R is: cyclopropyl 2- met hoxy-| -nethylethyl; 2-hydroxy-I

- et hyld Pfgh% 5- ngoRsl RY 'bﬁ)%knscﬁreﬁ‘latlﬂE&ﬂagﬂam | of PR addiy! sighly ldecoder,
pyri m di n-

according to an embodiment of the invention;

Fig. 6a shows a Table representing a listening test design description;
25
Fig. 6b shows a Table representing systems under test;
Fig. 6¢ shows a Table representing the listening test items and rendering matrices;
30 Fig. 6d shows a graphical representation of average MUSHRA scores for a
Karaoke/Solo type rendering listening test;
Fig. 6e shows a graphical representation of average MUSHRA scores for a classic
rendering listening test;
35

Fig. 7 shows a flow chart of a method for providing an upmix signal
representation, according to an embodiment of the invention;



5-yl-nmethyl; 6-nethyl-pyridazin-3-yl-nmethyl; pyridazin-3-yl-nethyl;

5-nmet hyl -pyrimdin-ylnmethyl; or 2-nethyl -pyrimdin-5-yl-nmethyl. In certain
enbodi menwe 20fo/fsemonul @ | or fornmula |1, R2 is: 2-hydroxych/eroebhyioeet hyl ;
5- nmet hyl pyrazi n-2-yl-nethyl; |-pyrazin-2-yl-ethyl; pyrimdin-5-yl-nethyl;
6- met hyl - pyri dazi n-3- yl-nethyl; pyridazin-3-yl-nethyl;

5-met hyl -pyrim din-yl-nmethyl; or 2-nmethyl-pyrimdin-5-ylnethyl. In certain
enmbodi mehigs8 of f orshoiva ablesk schematicadiagrampy ajrgferepehyHHEx PAIOC ssstanyl - et hyl ;
5- net hyl pyrazin-2-yl-nethyl; or |-pyrazin-2-yl-et hyI .In certain

enbodi nent s of formula I, R2 is: 2-hydroxy-| t , )

5- net hyl Pgr &i n- 2- wﬁ@t%ylwkoﬁcﬁﬁmw dgru of | E@t?ﬂ“/g ﬁé%%ﬂnaﬁ%é
hydrogen. In certageFa@medbd@amn@ierfornul al or formula Il, R2is

5-nmethyl pyrazin-2-yl-nethyl. In certain enbodinents of fornula | or fornula
I, is |-pyrazin-2-yl-ethyl. In certain enbodinents of formula | or
formul a Fig, OR2 i s shpmisrd Hionk Scldmatiet diggraml nf eer:fegﬂnne S10di systamsusihg for nul a
| or formula Il -nmethyl. In certain

enbodi nents of forR?lrfJé gat% &or mej?ﬁe{alk%aéh |s pyridazin-3-yl-nmethyl. In
certain enbodi ments of forrrula | or formula Il, R2 is

5>- et hyl pyod m di nshﬁbhrs@bmék sclhéinaﬁﬁ;r &ﬁgﬁnﬁﬂpﬁ%ﬁ%ﬂcé Aot ofBMhPudin®an
formula I, R2 is 2-methyl Brlm 5-yl-methyl. In certain enbodi nents of
formfla 1 or for mﬁ’/éoprto MPEY transcoder. 63l kyl ; hydroxy- G _6al kyl ; Ci

6al koxy- G _6al kyl ; hal o-C _6al kyl ; phenyl optionally substitut ed wi th hal o,

I b Pakd h 5o 6[al kyl; or phenyl-C _6al kyl wherein the
phenyl pottion ERLIPLL SHIES SUbstituted with hal o, G _6al kyl,

C _6al koxy or hal o- C _6al kyI In certain enbodi nents of forrmula I or
formul a 1 deke HrdinPYSERXY- G _6al kyl ; G _ al koxy-G - al kyl ;

hal o CI %@“%%%%stltuted vmth G _6al kyl ; or phenyl -
al kyl3> wherein the phenyl portion thereof is optionally substituted with

G _6al kykig, |1 rhhﬁ%taablﬂclﬁﬁmféﬂiaﬂ@@ﬁa%r@ﬁ of ah bl digill deeydat180 labcorBnp S an

G _6al kyl ; ‘f gal K (thenyl optionally substituted with G _6al kyl; or
phenyl - mB% ‘?/m mﬂ phenyl portion thereof is optionally
substltuted vvlth C _6al kyl. In certain enbodiments of fornula | or fornula

Ris Kk opal t i.t h
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formula I] IS 1sopro obu 0 th
signal representatlon and” the oi)jsecbreiated parametrPc 1nformatr1rc'>3n 1% bH-xe audio signal

decoder 100 comprises an object separator 130, which is configured to decompose the
downmix signal representation 112 to provide a first audio information 132 describing a
25  first set of one or more audio objects of a first audio object type and a second audio
information 134 describing a second set of one or more audio objects of a second audio
object type in dependence on the downmix signal representation 112 and using at least a
part of the object-related parametric information 110. The audio signal decoder 100 also
comprises an audio signal processor 140, which is configured to receive the second audio
30 information 134 and to process the second audio information in dependence on at least a
part of the object-related parametric information 112, to obtain a processed version 142 of
the second audio information 134. The audio signal decoder 100 also comprises an audio
signal combiner 150 configured to combine the first audio information 132 with the
processed version 142 of the second audio information 134, to obtain the upmix signal

35  representation 120.



2,2,2-trifluoroethyl, 2-methoxyethyl, phenyl, benzyl, 2-nethyl-phenyl;
4- et hyl - phenyl ; or 2-isopropyl - phenylléln certain enbodi mrents of fornmula I
or fornmulwol2bio/iR9io8 i sopropyl, isobutyl, n-propyl, or 3pcwarbylonobssby! . |In

certain enbodi ments of formula | or fornmula Il, Ris phenyl,
2- met hyl - phenyl ; 4-nmet hyl phenyl; or 2-isopropyl-phenyl. In certain
enbodi nents of formula I or formula Il, Xis -N-. In certain enbodi nents of
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or formu | St = i o) 3 ' :
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enbodi ments of formula I, Ra is hydrogen and R4 and R5 are hydrogen. In
certain enmbadinents.of formula. |l or formula LI, Yis N . In certain
erbod et & H6r FreeRinGsPoOn e pissr @ BXAE oblger seRuiet | ADriTE RisGUr A of
f or mul a inf@nation righaibling a ¥e¢andGRt of landioestj &t of tHeosbicomh bisdiofobjet mydeais| or

formula ||, Y. nr . cert.aj ' rmul a
or for PR 4 frﬁ?ﬁ# aﬁ?;g%?ﬁé’?ﬁgg? ﬁ%#gﬁ@g %EH*F %%‘b&qﬁiﬁgﬁ;ébﬁeﬁéﬁgi all,
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CRC. 10 n ehanpeli #ndaigaphene évetchamichavdio signal)r dserihing (the andip Sbisrls ez | s
CRC, andsddbn@hsHifRebjrEeypy R O@Ribinddme@iet.ai n embodi ments of fornmula I or
formula Il, Yis N and is CRC.In certain enbodiments of forrmula | or
formula Il, Yis N, Zis CRC and Rc is hydrogen. In certain enbodi nents of
formul a In the steonaupracdsbing Ateps tHe @udib Mgna pE&essor 40 gro@sses ¢ satond audioof
Lorul 1443 ool )t XS Rl DAL OGE Dbl 21
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conmpounds3®@f formulas | and Il may be represented by fornula V :

20  Thus, while the audio objects of the second audio object type are preferably not processed
in an object-individual manner by the object separator 130, the audio objects of the second
audio object type are, indeed, processed in an object-individual manner (for example,
rendered in an object-individual manner) in the second processing step, which is performed
by the audio signal processor 140. Thus, the separation between the audio objects of the

25  first audio object type and the audio objects of the second audio object type, which is
performed by the object separator 130, is separated from the object-individual processing
of the audio objects of the second audio object type, which is performed afterwards by the
audio signal processor 140. Accordingly, the processing which is performed by the object
separator 130 is substantially independent from a number of audio objects of the second

30 audio object type. In addition, the format (for example, one-channel audio signal or the
two-channel audio signal) of the second audio information 134 is typically independent
from the number of audio objects of the second audio object type. Thus, the number of
audio objects of the second audio object type can be varied without having the need to
modify the structure of the object separator 130. In other words, the audio objects of the

35  second audio object type are treated as a single (for example, one-channel or two-channel)
audio object for which a common object-related parametric information (for example, a
common object-level-difference value associated with one or two audio channels) is

obtained by the object separator 140.



wherein X, RlL, R2 and R3 are as defined herein for formula | and fornul a
1. Wiere any o f Rl, R2, R3, R4, R5, IRa, Rb and Rc is alkyl or contains an
al kyl noiwoypisuetvoal kyl is preferably | ower al kyl, i.eprc@iepghialoksphe and
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20
The audio decoder 200 is configured to receive a downmix signal 210, a so-called SAOC
bitstream 212, rendering matrix information 214 and, optionally, head-related-transfer-
function (HRTF) parameters 216. The audio signal decoder 200 is also configured to
provide an output/MPS downmix signal 220 and (optionally) a MPS bitstream 222.

25

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

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

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

35
The spatial-audio-object-coding bitstream (SAOC bitstream) 212 may, for example,
comprise object-related parametric information. For example, the SAOC bitstream 212
may comprise object-level-difference information, for example, in the form of object-level-
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The output/MPEG-Surround downmix signal (also briefly designated with “output/MPS

downmix signal”) 220 represents one or more audio channels, for example, in the form of a
20 time domain audio - signal representation or a frequency-domain audio signal
representation. Alone or in combination with the optional MPEG-Surround bitstream
(MPS bitstream) 222, which comprises MPEG-Surround parameters describing a mapping
of the output/MPS downmix signal 220 onto a plurality of audio channels, an upmix signal
representation is formed.
25

2.2. Structure and functionality of the audio signal decoder 200

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

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

35  downmix signal 220. The downmix processor 230 is also configured to receive at least a
part of the SAOC bitstream information 212 and at least a part of the rendering matrix
information 214. In addition, the downmix processor 230 may also receive a processed
SAOC parameter information 240 from a parameter processor 250.
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audio information. The second audio object signal 264 may comprise one or more channels
and may typically comprise one or two audio channels describing a plurality of audio
objects. Typically, the second audio object signal may describe even more than two audio
objects of the second audio object type.

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

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

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

In the following, the functionality of the individual units of the downmix processor 230
will be discussed in more detail.
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20
The SAOC downmix pre-processor 270 comprises a channel re-distributor 274, which is
configured to receive the one or more audio channels of the second audio object signal 264
and to provide, on the basis thereof, one or more (typically two) audio channels of the
processed second audio object signal 272. In addition, the SAOC downmix pre-processor

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

30
Further details regarding the SAOC downmix processor will be discussed below.

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

35 combination may be performed. Accordingly, the output/MPS downmix signal 220 is
obtained.
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25  On the decoder side, the input objects are reconstructed and rendered to a certain number
of playback channels. The rendering information containing reproduction level and
panning position for each object is user-supplied or can be extracted from the SAOC
bitstream (for example, as a preset information). The rendering information can be time-
variant. Output scenarios can range from mono to multi-channel (for example, 5.1) and are

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

besides level and panning modification.

35 The objects themselves can be mono signals, stereophonic signals, as well as a multi-
channel signals (for example 5.1 channels). Typical downmix configurations are mono and
stereo.
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950 provi d&ls SaAOC bit stream 212). The enhanced audio objects (represented by the first audio
object signal 262) and the processed regular audio objects (represented, for example, by
the processed version 272 of the second audio object signal 264) are combined to the
25  output signal 220 for the SAOC decoder mode or to the MPEG surround downmix signal
220 for the SAOC transcoder mode. Detailed descriptions of the processing blocks are

given below.

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

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

processor 300 according to Fig. 3a and also to the residual processor 380 according to Fig.
3b.
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nmeta data). The SAOC decoder 950 conprises a conbi ned object decoder and

m xer/renderer, which is configured to obtain the upm x channel signals 958
in ajoint mxing process without a separation of the object decoding and
the m xi ng/ rendering, wherein the paranmeters for said joint upm x process

ar eddepemﬁe &tfsidmal tﬁf@t&soﬁr i) i_@bjoﬁft;guré& kPteR6live afl S A Ab RO gigﬁm lbﬂﬁ‘/hg:h _
renderi ng | ormat | on. e joint upm.xX rocess al so enas n e aownm X
| or rat Tk PeciRRSTE te SRS AhaPBl RnHarepietaton, he BhFBetl P merie

i nf or mat kignal rarpre&mmmgizze otf][ﬁ%. abghceresidhel o3¢k 300 i9éorifi@rddasiproda pael
signa s 953 ¢ erf.or. i.n_a.gne, st rocess or a twosst

o oceke, B hashofeRBE RS Mitmpfof 520 URitlb RS BRI Bird B B e
descri bedbjedthevigiDtayy firenn@pl, boepnyaley tatheFieCudio MEGaBonridamd to the
transcodgfs 9880 di)?etchﬁgnél_ B AR %%ﬁ&&@gf‘&essw90&&%?&%%%&% LA4pd

transcoder  conprises si.de informatign transcoder I's_configured
to recei VEOEEIOB )2 desereing aBe §F awre [thst gadio aviqotorforgmmale, nanrenhaecedor m of
obj ect rr@&cgo gb%}e@bs, mdwd hi@l@tri:oor][éﬁﬁhédiinfo‘i\xfxﬁﬁ_}_ér;fﬁw @gﬂsme)t Réhe@if thY ie,ééaﬁ@ ad%xwm X
signals a e r eri i nfaqr ion. si.de Lnformatjon transcoder is
o) Sof onfitgmadin a2 ghn, Peletdtia e Bsocblf a0aP del PR E Bnoodi 564

exanpl e, audio bhect signal 264.an MPEG Surround bitstream on the basis of a

recei ved data. Accordingly, the side information transcoder 982 is
configured to transforman object-related (paranetric) side information,

whi ch i sThelr¢seduall pfacessor BE0 sbjnptisesen d dordY/2-to-MN vnis (QRAAREN -unét) 388dwhich

(par anet pdeeihves iHdes ADE Ao Bigh% 1 0tAKIWIECH Bk r&enet RO §AR shdResidader i ng

info ti nd, optionally, the information about the content of the one
or b e dumrHe-Sr RSN Ul Bk R HEnSRbECey MR st FBORG 301 M Bodor

380 n’a)t/) B&cgbw ﬂheléﬁkiﬁlcé@gﬁfﬁﬁiob}bgﬁt(EA_tO)Q:oﬁfaﬁlelarinlﬂlwSA@@I\&Uw: pénixi ggral $10.
escribe r a , t ownm x signal r.epresent.at ,~t0 ohtain a
nani pul agésd)’ ﬁ&ﬁ'ﬁ‘i'ﬁ%ﬁ’gﬁa ltri;sg)r%gé\@?saﬁ‘ie&ﬁg%@ .udlgg\ﬂgw%lo? hggomrﬁe?ggggnal
mani pul apmceBss 3h@plsbecoomiriseed remlecing tunat 340h evhoelt petivdowrenenhaséagiraildio-

r epr esent,gt.l f ﬂ%é%; : d 9 s . dentical
topt hz i h@&i’%’%‘%%% g]it“g%a r e|loII ersdgﬁggtnﬁg%ﬁ%&t #ej %f&%%?%&?\%%g Ergragﬁnd

t r and® odeereofibe fshandie fognaion®fi pul at or 986 may, for exanple, be used if
t he channel -rel ated MPEG Surround

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

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

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

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

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

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



side information 984 would not allow to provide a desired hearing

i npression on the basis of the input d®wnm x signal representation of the
SACC t o MPBGofurpmund transcoder 980, which may be the easEPR0HS8Y86
rendering constellations. Accordingly, the SACC to MPEG Surround transcoder
980 provides the downm x signal representation 988 and the MPEG Surround
bitstream 984 such that a plurality of upm x channel signals, which
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cases; a S . use Vi an sign or

exanpl e, B m%ps%gc%e%%%né 7 §ia %i(b%mﬁ §:§§cjcf% (ﬁ%l sigpdl g H{}ﬁﬁ‘goﬂgﬁ?ﬁ

si gnal r aptiebjeckst Mdilrrphaatrd nohenhﬂ@pgtaudlelo@mds yAalﬂoarmmhoubl Isd dleted rifiad raditoi on.
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t he SAOC—encode audi o i nfornmatjon transco
si gnal r @pressfydhs S%W&Préﬁ%ﬁﬁg@erfaﬂ%\/mnﬁhi audig signalreaspdaSent at i on 988)

and a channel -reI ated side information (for exanple, the channel -rel ated
G}Q? ééu 0 gérggm 984§ vai cg &an Be ufleelbé an MPEG Surround decoder
op MPEG SAQC system 800,
a system overview of which is given in Fig. 8, the general processing is

carried ﬂ’r’% 'f8118w eg&g%ﬁégiﬁkﬁc&lﬂ\ffmd{ﬁy Po’&g 581a§] %ﬂi’%é ﬁeécﬁ%&% af?n)lafﬁr? | :dgws

wi thin each freq ue audr
downni xeédudie Oﬂ@mCt pmrceitsm @W@tﬁ@dﬁ@ﬂ tg%oegﬁoﬁbunlﬁodemndmgmmmMﬁAQC t he

downm X @e&hfi:chRAE ST €- t&ﬁ’ﬁfo%gsslﬁg hif R c(eHNateli Mo aadﬁbﬁé ABwnilb€ si ?ﬁ‘%ﬂgn coder

810 §<tr cts side information 8 escrib g ecaracterlstlc
i nput® autieo?-BhNertpsessipg ungpEdedsgied to Hét‘i‘rr%ff PYVERE genal id OoBpihcthessowkitss wi t h
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wnmi X an or n. are t mitte
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usi ng weklie d@mwmraeffbe@m /TéNdll wocassiag 31nss|¢Wh1ah alMPEB@etse loay-4r-N prooessingl

al so kn n t her
(al's OMfes @7 1nv 3210 1¥P) Eﬁcé‘gfﬁ %@%%%A%ﬁgg%d;g%ﬁ e d %H od2! e

audi o _coder . e receiving e concep uaI y tries
to rédt oF‘é‘T?SIﬁ@n‘BFlg grsilpl signals.

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

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

The residual processor output signals 320,322 are computed as

XOBJ = Mowx

res !

35 XEAO - AEAOMEAOX

res !



obj ect signal ("object separation”) using the transmtted side information
814 (and, naturally, the one or nore d¥wnm x signals 812). These

appr oxi mavecomj4emd si gnal s (al so designated as reconst PoTiEPd01005504
signals 820b) are then m xed into a target scene represented by M audi o
out put channels (which may, for exanple, be represented by the upm x

channel sigha f \ to f sing.a.renderjn trix. FEar a .nono tput, the
Fonder i g fox Esbin S gRO PThe Feallir guig OMeqs (0RO he
separ at i emd oX_t his Oisj motlersil godDsoutputr aigehly farxihe us AOC( decodiren neeesr the
e oAl I R B Rl LRl 0 257

separat o xer c) are
conbined into a single transcodi ng step, which often results in an enornous

reduction in conmputational conplexity. It has been found that such a schene
is tremendously efficient, both in ternms of transm ssion bitrate (it is

onl Y NECEREFENANP EARTH donPorfebtte R YRGS i GNARDE! Rl i Brh{Shode or

i nformation |gstﬁ of. Nl I scref.e object.au |qg§|qna1§.orla§’|scr§¢e
system  SHAZE ORI AR RERLER, Pofe BT PHEMES RBU IR oXiet §° AehEdes

mai nly tga%hﬁnﬁynber of output channels rather than the nunber of audio

obj ects). Further advantages for the user on the receiving end include the
freedom of choosj a rendering setup of his/her choice (nmono, stereo,
surround, virtualized peadahesR mMbdy back, and so on) and the feature of
user interaXijwktwes|the rendering matrix, and thus the output scene, can be
set and changed |i eracfti velp/ % t he user according to wll, personal
preference or otthéb criPEPNE9YEBPI®xanple, it is possible to locate the

tal kers fromone group together in one spatial area to maxi m ze

di scrimnation fromother remaining talkers. This interactivity is achieved
by providj ng decaoder user interface. For each _transm_ tted sound object,
its F@I atiete X &0l famhexqoprle. 1SBESHRSIBC 0BR P& rnerg) chapagls 8F throdpwngs signal
render i ngepeéBniagodjl 05 vbitth may ShemaynsPoREEn ithe bR&teald EDrasnfide thesafultchanges

the positjon of t.he associated graphical user interface (GUl).sliders (for
exampi o Chfelpudid FoRREC He s BB Bg BF Gort Mol Sfenbisinhidh hoF R

been f oudesctihad by theitsgtsuléadnt rapdsenting the nuile-chamicbawlyy ewttentof di f f erent audi o
object types in such a system In particular, it has been found that it is

difficult to process audio objects of different audi o object types, for
exanpl e, audi o objects to which differentside information is associated, if

t he tal. nu audi 9 objects to_he processed | ot predeterm ned.
tl? l1"he 6%\61/%"1% process?ng ?sj, represented by r%atrfx an(f ]S:A?) pro%essor y matrix
AEAO'

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

prediction or energy) as

20 M= {Mpredicﬁon, for pedictionmode,

M, for energy mode.

Energy >

The OTN/TTN processing matrix M is represented as

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

the enhanced audio objects (EAOs).

g0 10

25



In view of this situation, it is an objective of the present invention to
create a concept, which allows for a coérputationally-efficient and flexible
decodi ng wod 2ary/@embo si gnal conprising a downn x si gnal pcemresions®bé on and
an object-related paranetric information, wherein the object-rel ated
parametric information descri bes audio objects of two or nore different
audi o object types. Summary of the Invention This objective is achieved by
an audi osisgmal enlesltients.f ore pr ovirdimygtisrnnplrbackgiaymd | objeyy €xBR)atmiaprbe n
dependengg,@f i sgglwa;%ys&,gg@gkdgap LESSHE Rjpl on and an obj ect-rel at ed
paranetric informatio a nmethod for providing an upm x signal
representation in dependence on a downm x signal representation and an

obj ect - r @] BhlchameBhéltoddl ObjBt (MBO) a9 én MPD b esr sdred Hawhmastdetd ned

by th |nd ai,ms. An enbodi t accor nvent reates
o Ut o P gane RACHERT P AU PavISGE dh B oosnghed SADE, bBE 4o geeh
dependenchmmnl ia adowhtinchansél gignkl, ae pABROeah &t usxl anabllimnS AD etotmaere Ieﬁﬁcﬂehtly

par ammet r g\ 3h L Aq%@nelld%iec"f‘uﬂ' e %ﬁgaaéasgeﬁg%%oéoqwme%ge@ﬁ 88k 8Cthe

separ at or Conf gure t he dowmm X si sen atlon

provi de ¥MBOrssPAQGdpaainatesy ﬁr@lwm related rtp ﬁhﬁgownmnx shannels rathep ithanoall thﬂ e
audi o obj;ggbscihindsfirst audio object type and a second audi o information
descréblng a second set of one or nore audi o objects of a second audio
obje type in dependence on the downm x signal representation and using at
| east a part ofirthdiDThjitesk-rel ated parametric information. The audi o signal
decoder al so conprises an audi o signal processor configured to receive the
second audi o information and to process the second audio information in
dependendé. bnDimensidyjadl fignaslamgblaamteteisc | nf ornmation, to obtain a
processed version of the second audio information. The audi o signal decoder
al so conpri ses_an_audi o_signal conbiner configured to conbine the first

audi & i ninhedelowing the dimensinnalitysefdhe vignalp epd parampiersswi bbribrigily gscussed

i nf or mat iPerdbPtoqREALO at ﬁﬁ‘de&'ﬁéﬂdﬁn§h<ﬁﬂ Blter BRIEESBHRA]RMtiohs aleDeffokidd. | dea of
the present invention that an efticient processing of different types of
audi o objects can be obtained in a cascaded structure, which allows for a
separ at i dhe caﬁdibmrﬂlsfefredeﬂﬁedtfy)pesergaftlnaamb@n aij ewtrs hylsiidigutand éabich angyart  of
the obje r I g r roce

oer f or meg& Fr%; e%g%% Eﬁge'iﬁar L Pr gﬁ%gd%g éﬂo% {)Arat%%tteps 8% ~dl 9 fé} %’ﬁh

spat 2@l pm@m@ytmg‘: $lﬂt hambwn@ssmgd@eésn ndy %foquup@rm@pm bctwedre méme

and parameter domain is specified by table A.31 ISO/IEC 23003-1:2007. Hence, all
calculations are performed with respect to the certain time/band indices and the

corresponding dimensionalities are implied for each introduced variable.

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

3.3.2 Calculation of the matrix A,

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

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

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

35



on at least a part of the object-related paranetric information by the
audi o signal processor.lt has been foWlW that extracting a second audio

i nf or mat iwo,20whisgtvoconpri ses audi o obj ects of the seconegcampe@ookgoesct type,
froma downm x signal representation can be perforned with a noderate
conplexity even if there is a |larger nunber of audio objects of the second
audi o obj ect type. ddition, it h been found that .a spatial processing
of the atb?BMHHFééﬁﬁyﬁfmﬁﬁéxééaoﬁﬂléggﬁ%f$?%%xé%n>%ﬁ 6ERgdotSied efficiently
once the second audio information is separated fromthe first audio

i nformation describing the audio objects of the first audi o object type.
Additionally, it has been found that the processing al gorithm perforned by
t he object separAator, £0r sepakat i pgewbhe fbrstaaudiz | nEer mtbon and the
second audf%liﬁfﬁﬁHQQ@Dn can be b‘%forﬁ%d wi'th c8hpar8tively $mal
conplexity if the object-individual processing of the audio objects of the
second audi o object type is postponed to the audi o signal processor and not
performed at the sanme tinme as the separation of the first audio information
and the second audio information. .In a preferggd egpodi nent, the audio

si gnal decoder is configured to prewode @hel%%niﬂﬁnganOreq;e entation in
dependence 2gﬂibﬁgﬁﬁaﬁﬁix siB@@I epresentatian, tfee objectrel ated
paranetric tnformati'on and a“rest dual inforqg@bon associated t@ a sub-set
of audi o objects represented by t eodomgﬁ?x-ﬁ%gn irepresentidtion. In this
case, the object separator is configured to dédconpdse the downmi x signa
representation to provide the first audio information describing the first
set of one or nore audi o objects (for exanple, foreground objects FGO of
the first audio object type to which residual information is associ ated and

the second audi o inf.ormation. desgpi bing the. sec set, of on r re audio
b ects. PG % SRSPHSE BaRitAhen patthe e e E5luelin G Bha i fect
type to whiieh RfppRS d¥abnHaRbQl MRHIORbiRtsADRRL | RbRtl NbrdeRengang esighalt he
downmi X S|9nal r.epresentation and using at |east part of the object-related
par anet r FPISSARBHNRL i on and the residual information. This enmbodi nent is
based on the finding that a particularly accurate separation between the
firstOaudio information describing the first set of audio objects of the
first ‘audi o object type and the second audi o information describing the

second sghe Qhluad!di*Y 8bjcembEtelin EéRnEGRODBH rénidiifg AIb@dtioh ¥R cihddd Wigh gt ai ned
by using a residual information in addition to the object-rel ated

par anet r eehdna¢bayde pbigcts usingdke pereaspomsling EARhelemprets gad asing sheogquatiens of
obj ectrekakgd 4029 anetric information would result in distortions in many
cases, which can be

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

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

34 Calculation of the OTN/TTN Elements in the Residual Mode
20
In the following, it will be discussed how the SAOC downmix signal 310, which typically

comprises one or two audio channels, is mapped onto the enhanced audio object signal

334, which typically comprises one or more enhanced audio object channels, and the

second audio information 322, which typically comprises one or two regular audio object
25  channels.



reduced significantly or even entirely elimnated by the use of residual
information. The residual information 2Bscribes, for exanple, a residual
di storti omo 20dv/abrons expected to remain if an audi o obj ect/Erhotissohé r st
audi o object type is isolated nerely using the objectrel ated paranetric
information. The residual information is typically estimated by an audio
signal encoder. By applying the residual information, the separation

bet ween The fungtipeadity etths lofo-Nhwitfarr2sto-Mwditd 30 hase fort argmpm de timplemedied

obj ect s 9§in$ Hen 8 Q%o%ﬁ%@li@m&? SudRf: £RRRUbFMIRESh tHERinAdls 8Pt ©

obtain the Tirst audjo information_and the second audi g, i.nfornation with
@ﬁ‘gﬁ@eg% 318

part i cul S#1apCcebaulic epsstagsh 3 e etk ofi 18 seroa€ rudigrintormation 322 Hudi o
obj ect tyl@t@ilnamayhhﬂﬁ@ g Mioﬁ_@é%ri@fnlgﬁthecmel_@@lfﬁiécﬂ'mgb]:o%ﬁnifc( Yig8al 3/1Aoid_ch,
intun, allow tg achieve a hi ual ity spatijal processing of t audi o
obj ect s’ 8t ENaafiyf s i 5oesh) Soigl, bR eR br s cBeERr Aigonet Minaatdi o

i nf or mat Accordingtyhéhaddemisatimasdt e on@ss Merdkhin &r Mmégris ed impboditstaptin t he
obj ect Sﬁf%a&&fvgﬁox{x %fttljikeﬁfjsft %&ig%fﬁdrﬁﬂ{)ﬁ%%& QanHrtR 5d&ph Naald &%@mfa‘ﬁ@h%zz

i nformation suc hat audi o objects of the ftirst audio objec ype are
enphasi z&gmohe SA&ddewebj%ttls of the second audi o object type in the first
audio information. The object separator is also configured to provide the
second auydi o i nfornpti ch that audi o objec of  the secqnd audjo obj ect
typel%re%eﬁﬁlﬁ‘é?i“%%gﬁ%g)&&/i i BIYB PERFE lépr%ﬁ@eé by skthes danginigMewrion %}15@ in

t he secopgbdatidh enddefod MBL ), 96 anl eheggynhiedeer red enbodi ment, the audi o signal
decoder 1s configured to performa two-step processing, such that a
processi ng of the second audio information in the audio signal processor is
per f or med’hs ehergy besed| gncoding/dsaplangaprioosdune isiasigned éorf nanswaedictito presdroimgat i on
descri bi pgy; id SEwsh n h?’% AHEN QR Q ' di o
obj ect tgg(ghgﬁgq%{]gésec%xn E%égd?g&lr% or?ngtl onq‘gesc(rﬁl?a%rl%ﬁ (f)rt E%Sgégéﬁ’é’dg‘gt of
one & nerEgamAds dos aet slpenispecifie vevaiosus @t_cs’@jbéé%scag?)éhe Tefptiye gk r ed
enmbodi Ueatstriﬂuhgn@ﬂﬁieqré@tga@b oBfeRECESRI beSdis@REdddH hefle HOaRbel®SS the second
audi o information in dependence on the object-related paranetric

informati on associated with the audi o objects of the second audi o object

t ype and3idndBprdivdeninddeom t he obj ectrel ated paranetric information
associated with the audi o objects of the first audi o object type.
Accordingly, a separate processing of the audjio objects of the first audio
obj eé? tga{efhamae%@nam%ﬁed{%}ag& airh i I8 pﬁﬁ&w&%ﬁpw&m ype can be
obt ai ned;n, ﬁioarc%%l{r{gs% BERAHTEH ! dndGnOLPE atSERAMAMP €S configured to

obtain the Irst au

=D’'C.

Prediction

25  With respect to the several SAOC modes, the extended downmix matrix D and CPC

matrix C exhibit the following dimensions and structures:
3.4.1.1 Stereo downmix modes (TTN):
30  For stereo downmix modes (TTN) (for example, for the case of a stereo downmix on the

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



information and the second audio information using a |inear conbination of
one or nore downm x channels and one a9 nore residual channels. In this
case, thewohpmetomeparator is configured to obtain conbipoatEPeeropssIBsEL €F S
for performng the linear conbination in dependence on downm x paraneters
associated wth the audio objects of the first audio object type and in
dependence on channgl predicgion coefficjents of the audi o objects of the
first audi o objert lype. Qheiﬁonputéhggn of the channel prediction
coefficients of hq)audiolobggct§.o% the|first audio object type may, for
exanpl e, take . nto-consideration_the#iid| oobjects of the second audio

obj ect type aP=za szgIe,f@onhnh audi 00object. Accordingly, a separation
process can be perfornmed Mﬁthosutficient y smal |l conputational conplexity,
whi ch may, for exanple, be al nost independent fromthe nunber of audio

obj ects of the sefopnd alidi,o0 pfject type.)In a preferred enbodi nent, the

obj ect separator is configured to apply a rendering matrix to the first
audio information to map object signals of the first audio information onto
audi o channels of the upni®x dudio sPynal representation. This can be done,
because the object geparator |npy..bepcapabl e of extracting separate audio

si gnal s indivi duptty-+r-epreserfi4-rg-the audi o objects of the first audio

obj ect type. Acepringly, it H% pbsgible to map the object signals of the
first audio information diirectly-onto the audi o channels of the upm x audio
signal representation. In a qQFferr enbodi nent, the audi o processor is
configured to pekfoeeraCsierdod processing of the second audio information

i n dependence on a rendering information, an object-related covariance
information and a downm x infornation, to obtain audio,.channels of the

upni x> audy $ 3 5igTFRIdoMERHESaAR Eﬁ%d.hOX%t&fOo@% G0 ¥Me;s V8L BrFEeSsi ng of
the audi o objects of the second audi o object type is separated fromthe
separation between the audio objects of the first audi o object type and the
audi o objTeresidyil prieeessercovtpht signls aohjamenutedgse. Thus, the efficient
separation between audi o objects of the first audi o object type and audio
obj ects of the second aaﬁéo Qbj ect type is not affected (or degraded) by
the stereo processing, pchitypically leads to a distribution of audio
objects over a plurality ©f gudio channels w thout providing the high
degree of ol ectypeparat]on, which can be obtained in the object separator,
for exanpl e; “%isi Nt he| resfddal information. In another preferred

enbodi ment, the audi o [processor is configured to perform a post

res Npgo-1

10

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

Accordingly, two signals yr, yr (which are represented by Xog;) are obtained, which
represent one or two or even more than two regular audio objects (also designated as non-

15  extended audio objects). Also, Ngao signals (represented by Xgao) representing Ngao
enhanced audio objects are obtained. These signals are obtained on the basis of two SAOC
downmix signals ly,rp and Ngao residual signals resy to resngao.1, which will be encoded in
the SAOC side information, for example, as a part as the object-related parametric
information.

20



processing of the second audio information in dependence on a rendering
information, an object-related covari ajte i nformati on and a downm X

i nf or mat iwo.20f0hi4g70bor m of post processing allows for a epatEpadiopsdoenent of
the audi o objects of the second audi o object type within an audi o scene.
Nevert hel ess, due to the cascaded concept, the conputational conplexity of
t he audi o processor can be kept sufficiently small, because the audio

pr ocessoit sioeld heatoterbhdt the stgmabi}d@ndtﬂnenub])@equiveéhatted.:hq@g@iréﬂ?.,i and that

i nf ormat | th t¥he t hect
type. I o erao s gbd k. HD (IS A Rk by gL M oA By e
audi o pr@@é 488720 | i ke, for exanple, a nono-t o- blnaural processing, a
nono-to-stereo processing, a stereo-to-binaural processing or a
sterep-tQ-stereo pg@cessin In a erred .epbodi mentgaot he obj ect

Separar ofiF SiEn Ror Bt rerBR Rl BT Gl SRR sS Ry YT 85 ect
type, tOean:lh monatpepmgduﬂbnhanﬁm madib abjécss as srcelahrels odshe eahagked aadiadi 0

obj ect. athI%nai 994 audl o signal processor is configured to consider
obj ect - sp rend par aneters to adjust contributions of the objects
of the second audi o Ob] ect type to the upm x signal representation. Thus,

the audi g I{‘?{})}Jdg%ﬁ o abbﬁﬁgl%oel%l@él%'fothé’bﬂn%& E&E@ rﬂé}e RS FHChL bfRnA

singl e au ect secgar at or ch significantly reduces

t he é%rrppré%r@ty%@f tbﬁ@f@ﬁp@%tty g%ﬁbsrr%n Flnaﬁaltéﬁ@ éuahlt epulpleatign ghthgue
resi dual vedib0deseiibiap thabhahfels F1oir)AEBO SATWC 6 @Rih 6ighfier ddddorRasrafBieer S

assoct at et Behlie AU 0901601 71l HfaecencpUG-o, abI ety YEH i1 2

preferre ment, YtHe separator i's corfd gur I'n a conmon
obj ect | eygres@hfafier K@,Q&oﬁftabtﬂiestfaomoanﬁohnatairﬂzf) of audi o objects of the second
audi o object type. The object separator is configured to use the conmon

obj ect-level difference value for a conputation of channel prediction
coefibcients. In additi on, the object separator is configured to use the
channel @r4ep2§£ Igrhogqgﬁ é@ggéﬂw obtain one or two audi o channels
representing the secon o 1nformation. For obtaining a common

obj ect-level difference vaI ue, the audi o objects of the second audi o object

type Canlrb&lefﬁn@l\bﬁ@ thkfdeeiv@idnl of ths eﬁlaﬁbélﬂitﬁhcaﬂﬁjb& stdraBCI200yr, tahem@ﬁm;zt

separator ..l n odi t s arat ured to
obtain a Eg’r‘?ﬁ?ﬁ ‘%ﬁ? lologlﬁg{m ﬁ?‘éﬁf}é g%hedjgg"ﬁ%rr p‘r‘ﬁ‘?cgﬂgf@ ‘E}

obj e20s described ﬁcedhmclasaund whichithe SA QG pevantk sigrel 3b) earhpseparsagnat chasmel

confi gur%gﬁ,to use the common object-level difference value for a
conputation of entries of an energy-node mapping matrix. The object

separ at or 1s
For mono downmix modes (OTN) (e.g., a mono downmix on the basis of one regular-

audio-object channel and N0 enhanced-audio-object channels), the (extended) downmix
25  matrix Dand the CPC matrix C can be obtained as follows:

1 ! My N1
I |
1 0 :
i
Nggo-1 : 0 -1
1 ) 0
I . 0
oo i
€= o
CNpio-10 i 0 1
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configured to use the energy-node mapping matrix to obtain the one or nore
audi o channel s representing the second3faudi o i nformati on. Again, the conmon
obj ect | ewel2ot/fspmnence val ue allows for a conputati onalrcy/mrbéioosené common
treating of the audi o objects of the second audi o object type by the object
separator. In a preferred enbodi nent, the object separator is configured to
sel ectively obtain a common inter-object correlation val ue associated to

t he audi &ifbp axane dpwnnhs, ercbA® dudirsedigip@by onlppend eoefigienidenkielding thee

obj ect-r L16.Lnf o ien:if bkt | u t r WO
audi o obﬁlggé){se@c')% q{ ﬁ%ﬁ é{a{::lg%l Ht%tuctrzlin%E nghé%etd ’ %%pééag%%’ Iti}% nise %‘%Q%l I%tr%?lag Sj ect
correl at (fon exahple, asa0¢cat KACt @ath 322 pHEoRdiAB|t6 Ghes rédhtidnlkips P RBElLR
object t ye.to %qgﬁ if it is found that there are nore or less than two
audi o obFSSWEI% “tHe second audi o object type. The object separator is
configured to use the comon inter-object correlation value associated to
the audi o objects of the second audi o object type to obtain the one or nore
audi o channel s representing the second audio information. Using this

appr oach; 4 i I I is exploited if it is
obtainangé&?#%BE g%%g%ﬁ%n afﬁgﬁgkhgg)ﬁg#%ﬁ%y, i.e. if there are two audio
obj ects of the second audi o object type. Otherwise, it would be

conput ational |y denandfng%to obtain inter-object correlation val ues.
Accordingly, it has beem foond to be a good conprom se in terns of hearing

i npressi on an=£pqgw®atiGﬁﬁl conplexity to set the inter-object correlation

val ue associ ated t0 the audi obj ects of the second audi o object type to
zero if there are noreg Q¢ |legs than two audio objects of the second obj ect
type. In a preferred ewbddéritent, the audi o signal processor is configured
to render the second audi ¢ idforyation in dependence on (at |east a part
of) the object-rel ated pa aQ%ﬂTﬁ information, to obtain a rendered
reprgsentatkg@:Qkﬁwmggﬁﬂﬁ o] q%je_ts of the second audi o object type as a
processed version of t'he second audio information. In this case, the
rendering can be nade indepgndent fromthe audio objects of the first audio
object type. In a preferred &wbodi ment, the object separator is configured

to provide the second audi o i nformation such that the second audio

i nformation descr.ib nor e t han ﬁmo audi o obj ects, of tFe § condlaudLo
obj ect 1y 6 CERESEISKRY BERHRGH Y TETPlfe ofn gBAVELAcss Mg, TR Feller gy ¢
adj ust nenbjectf (htrecmhambet awdio abghict) obBjtectwpwf sigiee X006 aodhpaisel, doobjaauile,t ype,
whi ch i Canifi | O v { pog

| N 1 S oRd ARkT bt B ﬁﬂofea@{a{e)ﬁr%égg«?sqngﬁ%ﬁg tpggﬂgag,fgcg@&m b ﬁg@g@&f%bﬁo,ﬁ%r o

prOCESSIng. n"a preferred i ; ) [ sepal I's C
t o ob? ai shanaslstd¢scrihing g cabanced audio objects). Again, said signals are equivalent to the

signals 320, 322.

3.4.1.3 Calculation of the inverse extended downmix matrix

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

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

as
B =it
den



i nformation, a one-channel audio signal representation or a two-channel

audi o signal representation representi3y nore than two audi o objects of the

second awsoombj4embd type. Extracting one or two audi 0o sipgmaiP2@lo@assyes s can

be perforned by the object separator with | ow conmputational conplexity. In

particular, the conplexity of the object separator can be kept

significantly snaller when conpared to a case in which the object separator

woul d neéhbe elsmgatsl dwi t(Foresprmplenalnthe iyeesgdP o cbhiesxtendest dewmmisananiy Buedi o

obj ect type. verthel ess, | been .found that it is a conputationally

efficien leggﬁrlggsaéﬁfl%rt“l’e nuSg’Ig tﬁﬁgoq%ﬁ”d?%v%ﬁsect s of the second audi o object

type to use one or two channels of an audio signal. In a preferred

enbodi ment, the audio signal processor is configured to receive the second

audi o inf rrriat"‘ n,and to process the second audio information in dependence

on (at | &ast Jagam of) the object-related paranetric information, taking

into considerafion object-related parametric information associated with

nore than two audi o objects of the second audi o object type. Accordingly,

an ob% ecty i ndif ¥hdual | processing is perfornmed by the audi oprocessor, while

such an 61b1 ect A_]Fﬁzﬁqfv’dual processing is not performed for audi o objects of

t he second audi'o obj’ect type by the object separator. In a preferred

enbodi memt , =vhe ranidi B deander i, sncominguregn,0 extract a total object

nunmber i%oimati on,and a forgeground object nunber information froma

conf i gur &t SARIHESr irdbi"oh "8l et 3"k “dh*kt - rel at ed paranetric

i nf or mat i@snxm‘[nengﬁﬂyrpnﬁgﬁqgef s, abspaconf hgured to determ ne a nunber of

audi o obj &cts’of ‘the $€cond audi o' object type*by forming a difference

bet ween tdhe=ratak,ndbjmel + mder i mt-onmet,i-omnand t he foreground obj ect

nunber information. Accordingly, efficient signalling of the nunber of

audi bOobja%gt:ﬂmszfhe second audi o object type is achieved. In addition,

this concept prevides for a high degree of flexibility regardi ng the nunber

of audi o b f e n di ject. type. In a preferred

enmbodi rrerﬁf?‘f tglﬁ%%‘gg'+e%{)l3 gee’g‘?at ”?"%f s%’g%lfi %T‘E% to use object-rel ated

par anmet r idg, #n@arrngm} reymassedi-ansdnw kimMNeam,augi o obj ects of the first

audi o object type o ohtain, as the first audio information, Neao, audio

si gnal s epr&s &M TinG ™ "priehE aBf{h™ riadu4«})> t he Neao audi o objects of

the first; augj }eqt,t 2 Q D t he second audio

i nf or mat itd(.z)'?], q%%g% ﬁ?‘\‘/’\% %ﬁ“?ﬁo—a’g‘%hal ’gp);ingr Z%’Z’??fi ng the N-Neao audi o objects

of the se _ANIdp oNObj_ee): type, 1reateng:he: j ' t he
R kil i to iRl U Al e

second audfio o pe’ds da singl e ohe-tha
obj ect. The _audi ignal precessor ps configured to individually render the
N Neao atiged oty 2t PRy BBREER g FrlR AR SO AR ol B

d3,5 = ’nlm3 +nln3 +m22n1n3 +m§nln3 +mlm3n22 +n11m3n: _m2m3nln2 _mlm2n2n3 —m3m4nln4 _n11m4n3n4 ’

dy o =mm, +nn, +m22n1n4 +m32”1”4 “‘”’1””4”22 +m1m4n32 —mym,mn, — MM, Ay — I, N, R, — M nn,,
- 4 4
dyy ==1=D 10 =D 1 —mn} —min =i —nin; —minl —min + 2mmn + 2mman, + 2mmn,
o o
20 d4,5 =m,m, +n,h; + m]2n2n3 + mjnz’% +m2m3nlz + mzmanj —mmnn, —mm,n, —mmn,n, —mm,mn, ,

_ 2 2 2 2
46 — LM, TN, I R, LR, LI+ M iy — M i R, — I, T — I, I B, — P, PLH,

Qe

B 4 4
55 "1—2”112' _an _mgnlz *mfﬂxz _mlznz. —mf"zz —mlzni —mzznj +zmlmznln2 + 2mlm4nln4 +2’”27”4”2’74 ?
Jj=1 =
J#3 J#3

Q,

ds,s =mm, +mn, + mlzn3n4 + m22n3”4 ~+""”3’"4’712 + mam4n: - mm,mn, —mmn,n, — ML, —m,nn,n,

- 3 3
g =—1=D 5 =Y 12 —nin} —min} —m'n} —minl —min} —nin; +2mmynn, +2mmynn, + 2mmnn,
=l =

4 4
den=14 1t + Y 1 +non. + e +nin +ni . +1ns + i +m R+l gk + i ] +

Jj=1 Jj=1

25 L1, — 2y, — 2, = 2, ~ 2, ~ 2, — 2mm .



one or two audio signals of the second audio information using the
object-related paranetric information #ssociated with the N-Neao audio

obj ect s olotzhm/memond audi o obj ect type. Accordingly, treTardio/osspect
separation between the audio objects of the first audi o object type and the
audi o objects of the second audi o object type is separated fromthe
subsequent processing of the audio objects of the second audi o object type.
An enbodi nent according to the invention creates a nmethod for providing an
upm x signal representation in dependence on a downm X Signa

representation and an object-related paranetric inforpmation. Another

enbodi mette aoefficintsg n, oartdhe, i afvibatextmded dawamiza netup U edenpteothcadnwronix

perform ng said net Br i ef cripti on of. the Figs. Enbodi nments

accordi nﬁg{l%saﬁoﬁgvﬁr?ﬁ%g? ijof?ra?elrl%@ﬁﬁégem%rmlxﬁ alalgls ribed taking reference
to the enclosed Figs., in which:Fig. 1 shows a bl ock schematic di agram of
an audi o signg] -decoder, agcording to an enbodi nent of the invention; Fig.
2 shows a bl ocK scliéitatit diddfam of another audio signal decoder,
according to an enbodi nent of the invention; Figs. 3a and 3b show a bl ock
schematic diagrans of a residual processor, which can be used as an object
separator_in an enbodi ment of the invention; Figs. 4a to 4e show bl ock
schemat i ¢heliddgments daf odutlit clasimgmial metroc &b e btamgdc msipanthp edeswdixi gaidn

audi oy si gFgm ABATHAG é}ﬁﬂﬂg g&ﬁ%%(r%@ dBAmBRP eRlintENevaldiftend iR¥ERLLON DALY 4

shows a bl ock di agram of transcoder proce55|ng nPde; Fig.. 49 shows
cg: T3 gxamplgsbxu ™S ock

ock di agran . . r
a bl ock Whidriamebidedin 8rXAQEdBipamalion s i ispergesep
schemat i ebjdtta@Ia80 firaraétria itbAngioanal o @S0 bseand infermiatioan 12nbodi ment  of
the invention; Fig. 5b shows a bl ock schematic diagram of another audio

signal decoder, according to an enbodi nent_of the invention; Fig. 6a shows
a Tabl e %erp%%sé@mq %ﬁéﬂ%cgﬁeéh? Hanl@g% mgEg; Bn ofigize 2 pbi SHh frr—li’r@?ntgbdfs hows a
Tabl g5 r epresentd 019, §Y9) edbtaifetefromaié DMGand BCIIhpavameteladdl € representing
the listening test itenms and rendering matrices;

0.1DCLD; 1

oosoms, | 10 0.05DMG
g d ;=10 g

0.1DCLD; °

1+10

d, ;=10

1 +10%1PCED;

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

0.05DMG,

dO.j =10

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

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

30 EAO(j)=N-1-7, =0, N, —1.

3.4.1.4 Calculation of the matrix C

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



Fig. 6d shows a graphical representation of average MJSHRA scores for a
Kar aoke/ Sol o type rendering |listening 34st; Fig. 6e shows a graphi cal

r epr esentwi2on/ap7oaver age MUSHRA scores for a cl assic regdapkeg/obsoss eni ng
test; Fig. 7 shows a flow chart of a nmethod for providing an upm x signal
representation, according to an enbodi nent of the invention;Fig. 8 shows a
bl ock schematic diagramof a reference MPEG SACC system Fig. 9a shows a

bl ock schematic diagram of a reference SACC system using a separate decoder
and m xer; Fi ¢, 9@15}0}3/\@@1 bJ ock scherr@t |-<(1d|,1§|ram f a reference SACC
system usi ng af int egr &t ed decoder and ’ mxer and g 9c shows a bl ock
schemati c di agram of a reference SACC system usi ng an SACC-t o- I\/PEG
transcodgf othg%véfdls et‘ﬁe %ﬁ&faﬁ&ﬁ'@bsogre BPI% rE géc'dﬁﬁrl@e %rlth'%ﬁ@é% %iongecoder
accor d| ng; .to . hows a emat1 ¢ di agram o n audi o

si gna? dBdidan a}i%@%&@@@fﬁ‘d 3§ qoastéamléaﬁlgerlrmm @reviendhg eppsteingth CPEREayudi o
si gnal delsoderdedosl fremabaiilyes eg) ,C usisgeidifferant livbjtatixn appkaEck deqratrainglgr i ¢

i nformat| endation 112. The audi o signal
decoder %%81 Con%naoggg%d%{gg)gﬂﬁélqggj‘e\;a%pesezsm’i%y gnal representation 120 in
dependence on the downm x signal representation and the object-rel ated
paranetric information 110. The audi o si gnal decoder 100 conprises an

obj ect separat.or 130, i s configur to deconpose. the m x .Si gnal
repr esenﬁasﬁf’@ﬂ%ff??e%oth\é?w THePAFISS; i nﬁﬁtﬁl tef‘ﬁ?cg?tﬁ&flf“dﬁleigﬁ \A@’é}si"di ng a
first0 sewhath thaeatix erories guaicaonipped) sreafpieallyi ordy regudedifobd éoinhikpe and a
second audi.Q ;i |§Q scribing a second set of one or nore audio
objects o0 h% lggf(s:%%%‘a&au 19(%%%& type in dependence on the downni x si gnal
representation 112 and using at |least a part of the object-related

par anet r ifge (PR aFBEIneRaindPby HQuBkdidht Hnffad ndecafer 100 al so conprises an

audi o signal processor 140," which i's configured to receive the second audio

information 134 and to process the second audi o i nformation |n dependence

on at |east a part 35 he Obj ecz el at ed par amet r(gf i nfor rrat;ev 112, to

obtain a processed” i ohena? & Phe second aulli%Pnt BySrati ok ¥54. The

audi & si gnal decoder—106 N%qlng,pmupnpl TSes an Budio N le_, ,

2IOLD + Z z m[mke,,kj: (OLDR+ Z Z n,nkei,kJ
i=0 k=0 i=0 k=0

with the weighting factor 1 determined as

— PLzoRo :
IJLO PR() '
20

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

_ PLoCo,jPRo - PRnCo,jPLoRo ~ PRoCo jP PInCr) jPIORO

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

25  The energy quantities P,,, P, , P

roro> Droco; @0d P, ;. are computed as

P, =0LD, + m;me,



si gnal conbi ner 150 configured to conbine the first audio information 132
Wi th the processed version 142 of the 3%cond audio information 134, to

obt ai n t woupromombgnal representati on 120. The audi o si goaierd@ooss@ns 100

i npl enents a cascaded processing of the downm x signal representation

whi ch represents audi o objects of the first audi o object type and audio

obj ects of the second audi o object type in a conbined manner. In a first
processing step, which is performed by the object separator 130, the second
audi o informati on descrididag'a second set of audi o objects of the second
audi o obj ect #&ﬂﬁ=P5Rte Sfémﬂhﬂon1the first audio information 132
describing a first set of &ddi o objects of a first audi o object type using
the object-related paranetric informati on 110. However, the second audi o
information 134 is typically an audio imfjoermation (for exanple, a
onechannel audygos¢gm@LDp#nazngwcHHnneQEaudao signal) describing the audio
obj ects of the sécond audi o object type,wn a ‘conbi ned manner. In the second
processing step, the audi o signal procesSor 140 processes the second audio
inforfation 134 i n dependence on the object-related paranetric information.
Accordi ngly, the audio signal processom.d40 is capable of perform ng an
object-individh@J,@np@@@§+mgaqriTé%ﬂbriE@ wé the audi o objects of the
second audi o object type, which are deSC?lbed by the second audio
information 134, and which is typlcally “hot performed by the object
separator 130. Thus, while the audi o objects of the second audi o object
type areTpe etbmrmbd:eymatnb( R A€ deffreed in theddllowjngovayi: itle vovduiahcemaatar E byf t he

obj ect Sg&gr]@ LR valﬁpelgﬁ-lgﬁsaum g Jpgécg%&ggu% aﬁ/g %gﬁtlﬁﬁg?ﬂg ?%ﬂ{a?&gm}em type

are, indééd, processed In af’o i nd nner

rendeg ed covhriafcRhet 1 N186°V aH8l & obiBAREfdmithe ODNB HRJOThREAEEESANY St ep,
which is perforned by the audi o signal processor 140. Thus, the separation

bet ween t he aud;gégﬁéean of the first audio object type and the audio
obj ects of the, O_LdIO6  pbj ect type, which is performed by the object

separator 130, is separated fromthe object-individual processing of the
audi o obj ects of the second audi o object type, which is perforned
af t er war (HErebyhetdtquaudied) objegn@irartes €S0 IAd0areAdbtiied] fuglexampleefrpmakessi ng

MhIC?SIS e81 %]r%p108? &8%?&PQ&3§é@@H%%§ﬁi?3§gb$tantially i ndependent

froma n8 er of 0 o bj ect type. In
addition, the fornat (for exanple, one-channel audio signal or the

t wo- Chan@@bwﬁ&ﬂlQLEhQQW%}eﬂﬁm&aﬁm%%%%ﬂ%¢%Udi0 information 134 is typically

i ndependent

OLD,0OLD,I0C, ,,.

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

and can be derived using the downmix information:

N-Ngio-1
OLD,= > d;OLD,,

i=0

N-Ngo-1
25 OLD,= > dlOLD,
i=0 '
10c, - 10C,,, N-Ng, =2,
‘ 0, otherwise.

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



fromthe nunber of audio objects of the second audi o object type. Thus, the
nunber of audi o objects of the second a&udi o object type can be varied

wi t hout hwoiog/ubmoneed to nodify the structure of the ebjrarRosepaoat or
130. In other words, the audi o objects of the second audi o object type are
treated as a single (for exanple, one-channel or two-channel) audi o object
for which a conmon object-related paranetric information (for exanple, a
common olipplies-4 ewethanintl wegelar audialobiectisignd). dh edninist,hordy ene cotwmmnanbgkct-
channel s)evefdFRi Refe DLDNE QRiREd RERR R ﬁﬁr%\]\ o O]%ﬁtg%ﬂ%lé/ase bhg ogie'd' 0

signal decodey 100 a cordlng to Filg. 11s ndle a varra

nunber ofh %{@a( Eneny) edqvanyx gigpal é@é@hoprafmbé)y é)TBP]&;Sta eperehagnehsrgulag audio
struct ur abjesidigdalcati on of the object separator 130. In addition, different
audi o. obj ect processing algorithns can be applied by the object separator
130 a%d t he audi o signal processor 140. Accordingly, for exanple, it is
possi bl e Aseapde fseenntlenfimu@n theodageof a Sﬁp&hﬂh‘lbkﬂbvﬂﬁhlﬁglgﬂal’)aﬁisdl&d[n thafcagemat i on
by the of ti r gQad, . .

stparat i ont ope SERAEPRnt ke el B elel BiRAl: b o A uainea

i nf or mat bmrﬁummlmerm@mmmpnmoésthe regule &uﬂl@MmetSohanllag alldﬂpr ehjegigintdére (qual ity
of an objigflesprRanALK UManddl (&%@Teré?ﬁﬁnel)t fendgdior & aialx x AP §HEROF 140 may
perform an obj ect-individual processing wthout using a Tesi dual

info tion. For exanple, the audio signal processor 140 nay be confi gured
to pelr f oM ae@mﬂw@ﬁﬁrh@ﬂalé]eagaﬁélailff@@ﬂdd)vﬂﬁﬂ %DRnglmls(&é@@ they BRe %)lﬂ@i OI
signal processing.to render nt _audi 0,0 i 0 Sigha
ecoder REESPaInRG dp§rif SEhal € chleined) FbapRET G AR RTb LG 4 e s 200
accor di ngudio chjectsrtawigitentudid objeet indwefut imtices) 1 to the righisdrand df the SAOC

bl ock- schg '1)951?!1%%66”1 of this audio signal decoder 200 shown in Fig. 2.

The audi 0 decode is configured to receive a downm x signal 210, a
so-ca? | ed SACC bitstream 212, rendering matrix information 214 and,

opt i olnal T¥e cbﬁt@i@u’g@{ amft éme&]{: &uagﬁci oF; eétﬁ'ﬁ[@in@ﬁ&cﬁ%ﬁa & iBdRes ﬂbetoaudl 0
si gha IS al.s on O provi an ou ownnj x
Si gnal iﬁ‘do 218 IF‘g)Cﬁ%F%L ﬁﬁt(g’f F“é‘gﬁ\g lgnﬁl) 0 9&9 ¥nd

out put ssgnall §l(bﬁs tdmapxaudil for sixgimale, dakimgl éxito 208sitleratibre tlia)ﬂb@mmbg gamadoi,-,ous

O be LERRbANg. uiRHb ek anah s BNty A0 BERCHlariliea il fedsaser 200

ESCF
0 n e 8,@, anhavhea htainigg g}nmleftoq:haanqlwagr@h ahthsl SAOC downmix 51gna1 3 10 and also the

object level of the regular audio object having the audio object i, which is represented by
the value OLD;.

Similarly, the common object level difference value OLDg is obtained using the downmix

25 coefficients d;;, describing the downmix gain which is applied to the regular audio object
having the audio object index i when forming the right channel signal of the SAOC
downmix signal 310, and the level information OLD; associated with the regular audio
object having the audio object index 1.

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

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



audi o signal. The downm x signal 210 may, for exanple, be derived from an
encoded representation of the downm x 37 gnal. The

spati al - angi2otplapmet - codi ng bitstream (SACC bitstrean) 2t2/ErPay1/068906
exanpl e, conprise object-related paranetric information. For exanple, the
SACC bitstream 212 may conpri se object-level-difference information, for
exanple, in the formof object-leveldifference paraneters OLD, an

i nt er - objlee tovwianed mefrigre: j (Ahdenyatis defineflas faloawspl e, in the form of

i nter-object-correlation paraneters 1OC. In addition, the SACC bitstream
212 may i X 4 orrnaj{,i i.bin w m x.sighal s
have beegﬂg%{\ﬁ%gge lgl% e %%gs?lées o} a‘glp gl‘r%g‘%ﬂsye'*b?e pg%)s P%nga?@é\g?‘”é‘%&b"ﬁa S
using a dRWsHiEiKalpsits Sovaitaice aXaAR! E~ SshandASGbiih&l FeaMHBYLEOIR 16€ a
downni x gain paranmeter DMG and (optionally) downm x-channel -1 evel

diffe engﬁraﬁlﬁeﬁm ers DCLD. The rendering matrix information 214 nay, for
exanpl e, describe di fferent audi o objects should be rendered by the
audi o decoder.e,-,jF‘-Q;[OIé%@ﬁ@JIQ,C,-Jt-he rendering matrix information 214 may
describe an allocation of an audio object to one or nore channels of the
out put/ MPS downmi x signal 220. The optional head-related-transfer- function
(HRTF) paraneter information 216 may further describe a transfer function
for deriving a binaural headphone signal. The out put/MPEG Surround downm X
si gnal (&bsexabmlef|y designated with "out put/MPS downni x signal") 220
represents one or nore audi o channels, for exanple, in the formof a tine
domai n audi o signal representation or a frequency-donai n audi o signal
representation. Alone or in conbination with the optional MPEG Surround

bi tsweam (MPS bi_t\@m whi ch conpri ses MPEG Surround paraneters
descri bing a fappi tput / MPS downm x signal 220 onto a plurality
of audi o channels, an upm x signal representation is forned. 2.2. Structure
and functionality of the audio signal decoder 200 In the follow ng, the
structure of the audio signal decoder 200, which may fulfill the
functionalit an tr coder or the functionality of a SAOCC decoder,
will be &’é‘ﬁ%}ﬁi’ Liaﬁgm ﬂ@?@ LR 2f 60mPFd 235 AaPedpbeBtier 200 conprises a
downm x processor 230, which is configured to receive the downm x si gnal
210 and Hergtlewedeantizad bhjectymsdnseteh ercedftainedas out put / MPS

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

15

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

20  3.4.2. Energy Mode

In the following, another concept will be described, which can be used to separate the
extended-audio-object signals 320 and the regular-audio-object (non-extended audio
object) signals 322, and which can be used in combination with a non-waveform-

25  preserving audio coding of the SAOC downmix channels 310.

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

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

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



downm x signal 220. The downm x processor 230 is also configured to receive
at least a part of the SAOC bitstream3hformati on 212 and at | east a part
of the remdeniongomatri x informati on 214. In addition, tIpeTdPonioEsops ocessor
230 may al so receive a processed SACC paraneter information 240 from a

par anmet er processor 250. The paraneter processor 250 is configured to
receive the SACC bitstreaminformation 212, the rendering matrix
information 214 and, optionally, the head-rel ated-transferfunction

par amet efﬁlé(ﬁ&@d@%&é}f? 'alsg@ged ﬁ&g \thch‘isO&'és%’?lateﬁ Rs b eerp,"f‘@’ ﬁ‘xoﬁge&o‘% ép %I}eoelvaG

Sur r ound bltsﬁéfan12 carry g he surround aneters
sur r oundY$fsr W rtéanél?lgt”?%al}??l | sigmak ifprgnatiogy Aé%&nﬁleer egilay guchp, objgsts
t ranscodi (ﬂujl dtbdecedf aude bBfet @) hre irbatetidi ti flgle tohe-cRAHRI®E @oRhesRS 398i0250

d SAQC i this d SACC
i orfmt PERE BV BERR Reayo STRmpRbgr- o e s RERR e funct i onal i ty

of the domnnlx processor 230 will be described in nore detail. The downm X
processoro2 R &Rfgy ndes it mesixINR g{)r g%@d egﬁgltln he RolanEe MbakdRA t O
recei ve the downmx signal 210 an& o provide, on the basis thereof, a

first audndthel§)ldes, asmgihbe d&sBbetbmcthe fillogvisp- cal | ed enhanced audi o objects
(EA(B) whi ch may be considered as audi o objects of a first audi o object
type. The first audi o object signal may conprise one or nore audi o channels
and hdy Bé Zbrsiem Madasdrteree Dowamik dlades 6Kt i on. The residual processor
260 is also configured to provide a second audi o object signal 264, which
descri bes audi Q objects of a second audig objec type and y be conS|dered
as a sec %Psﬁﬁgﬁétefw(g?rﬁﬂn@}? apiEeo Xé’ﬁdh‘b &h ‘&FY"%F@HB

conpri seckamaelsrandi¥m o chhamved-sudineb by chqrmﬁkshlthq/mtrtqas iM&; 8 nmchﬁ”WSaraudl 0
channel s escrlbln Iurallt audi o objects Typlcally, t he second
audi o obP&@med ﬁaﬁhﬁeﬁﬁgeﬁ@EQPﬁ oK%t han two audi o obj ects of the
secohdl audi o object type. The downm x processor 230 also conprises an SACC
downmi X pre-processqr onfigured to recejve the second audio
obj ect signal 264 a d—%e—p#gv+ﬁe——eﬂ-the basi § thereof| a processed version
272 of the second a LBbL 264, which may be considered as a
processed ver3|9qyof e %ecg; ‘au o i nformation. Thel downm X processor
230 al so conpﬁﬂ&es n audi o signal co i
receive the first audi o objegt signa
t he second audi o objlect signal 264, an
t he out put/ MPS

is configured to

62 anﬂgﬁhe processed version 272 of

3 .
&L%RFH%T g,.?OLBfn t he basis thereof,

=0

m.OLD, n.OLD,

Nggo -1 Nggo-1

OLD, + >, m!OLD, \|OLD,+ ) n’OLD,

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

Nggo-1 Negg -l

OLD,+ Y, m’OLD, {|OLD,+ » n’OLD,

i=0 i=0
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The residual processor output signals are computed as
25



downm x signal 220, which may be considered, alone or together with the
(optional) correspondi ng MPEG Surround3di tstream 222, as an upm X signa

r epr esentwi2on/4pmwot he fol l owi ng, the functionality of wPoe/EPraioesdual units
of the downm x processor 230 will be discussed in nore detail.The residual
processor 260 is configured to separately provide the first audi o object
signal 262 and the se o d audi o object signal 264. For this purpose, the
resi dual prgcessgyene y be configured to apply at |east a part of the
SACC bltstre8ﬁ1|n (o tlbn 212. For exanple, the residual processor 260 nmay
be configured to eval n object-related paranetric information

associ at ed *@th he ud@ lhopj ects of the first audio object type, i.e. the
so-cal |l ed "eﬁﬁanced aﬁﬂl robjects EAO In addition, the residual processor
260 may be configured to dbtain an overal | |nfornat|on descri bing the audio
obj ects of the second audi o object type, for exanple, the so-called
“non-enhanced audi o objects”, commonly. The residual processor 260 may al so
be copfigured to eval uate a residual information, which is provided in the
SACC bi t 3@? SgRpls Lo YRt hish 2pa pepressnted byetha sianpbXotye dossaihe dvtherenlsd andiei o

Obld ect Sb()Bj'éé’t's Qaﬁzphﬁytb% é@lful\iatb‘ﬁt ]fctd Fiet signthdliz02 bmgpﬂletsyg}@)s o rw@f re)h@ gedd |
audio o [ ects o g&cond, au ] esi dua
i nformati g‘ﬁﬂ‘rﬂéﬁe?"é@ gggﬁ?ﬂ ggnaé,}%cég eSC e ihe BJﬁﬂl F%@Pd’lglfl"tss(? H}ay lWhl ch
i s appli eguivalemthd dersignapdd4 orctolthe $ignatl3e@n separati on between the enhanced
audi o obj ects and the non-enhanced audi o objects. In addition, the residual
processor 260 nay, optionally, evaluate at |east a part of the renderi ng
matri% i B armend spmix 4igndlois éesgn@lfer then case dedr a tsterete lewninire signall, st 24tddt i on
of the eBHﬁQ{sﬁ% 1%99 e RBLERLS thPetdfIausl ﬁeﬁﬂ@gﬂ%&%opﬁm B thd badis BEHeO
obj ect signa SACC downm x pre-procesSor 270 conprises a channe
re-di st r FBUC I“@b%gmﬁﬁkﬁh is configured to receive the one or nore audio
channel s of the second audi o object signal 264 and to provide, on the basis
t hereof, one or nore (typically tw) audio channels of the processed second
audi o object signal 272. In addition, the SAOC downm x pre-processor 270
conpid ses.4. ddbmrgeMatie tbrVMgmaDepnmii NMede2®INwhi ch is configured to
receive the one or nore audi o channels of the second audi o object signal
264 and to PFOVIde on the basis thereof, one or nore decorrel ated signals
278a, 2788t hamaene we(fateramnle arhencsdqymnix qerthe badofineragulamhandiepbiect
re-distr ichmtner aiRl Wi etrafiedd-inaliobbiincliangelpy, deesaridey N ST Bnall MGF® tilee
second au gject si gnal 264.

) tamed rom the correspondmg ‘OLDs according to

20

OLD
MgBlgy - I NEAO_]L s
\/ OLD, + >, m’OLD,

i=0

m2OLD,
Ngao—1
OLD, + >. m’OLD,

i=0

M Energy

EA4A0

2
: mNEAO -1 OLDNEAO -1
Nepo-1

OLD, + ) m’OLD,
i=0

The residual processor output signals are computed as
25



Further details regarding the SACC downm x processor will be di scussed

bel ow. The audi o signal conbiner 280 c4mbi nes the first audi o object signal
262 wit h wboeopragmssed version 272 of the second audi o ebjrarbosiogsyas . For
this purpose, a channel-wi se conbination nay be perfornmed. Accordingly, the
out put/ MPS downm x signal 220 is obtained. The paraneter processor 250 is
configured to obtain (optional) MPEG Surround paraneters, which make
up the MPECK,Sut nerd;bfistreamZZZ of the upm x signal representation, on
t he basis of the SACC bitstream taking onto consideration the rendering
matrix information 214 and, optionally, the HRTF paraneter information 216.
| n ot her moxg@;=ﬁﬁgh$ggifﬂéraneter processor 252 is configured to translate
the object-related paraneter information, which is described by the SACC
bitstreaminformation 212, into a channel -related paranetric infornation
whi chsis described by the MPEG Surround bit stream 222. In the follow ng, a
short overview of the structure of the SAOCC transcoder/decoder architecture
shown in Fig. 2 will be given. Spatial audio object coding (SAOC) is a

par anet r Ac smglet fe@hﬁr—@bdh@&ibj@t)@hmglel 8eh r(irqnl&enﬂeﬁ Bys Xdg1 AaeNz | p ehlizdasdd t a

nunber of ect.s,Lpn, a S exa m x audi o
si gnal 2939 Olll?hetcp 1P 7 32@ (rﬁpﬁ?ﬁe&ﬁ?fg?%kg "F§ @‘{]ﬁ? bwfieﬁpqyrﬁpgpyb%&ﬁw%mes
conpat i biModowef Mepgiap re%ﬁ@é&tlop&faﬁétnéhscwlt $AQEmiewrrdix( $ignal S&npl e,
using,th information 212) that allow for recreation and
nanlgﬁlalfg gﬁ#gaiéégfag]nal obj ect signals. An SAOCC encoder (not shown
here) produces a downm x of the object signals at its input and extracts
these obnegttwe%mi Bliéren)T i b ﬁgﬁ‘a{l i9Tdc QR Shd Rade GAN ohE- cﬁﬁgfé ggo}éoz in
principle not Ilimte ec araneters are quanti zed e

ef fi ci enflPYNinkt H2her SRS nsm%%%aw?fzper foraed dNFRAmPs. (i dhe precpreenssese
conpr essew) af thethasin SMtHet 2€-hbil0 bilnlBeneed to update exi sting coders and
infrastructures. The object paraneters, or SACC side information, are
transtritted in a low bit rate side channel, for exanple, the anC|IIary dat a
portion of the downm x bitstream On the decoder side, the input objects

are recopst r ugl gt LNISHANN L iR GEOLBAMIISE priccblopyback channels.
The rendering T d panni ng

position for each object is user-supplied or can be extracted fromthe SAOC
bitstr ea[ﬂ ﬂlfe%ll&mgpdh@ op8@tidn Bf 88 FADOTdetARix BR) proddiSor AR Riddds&ritgmat i on

can Vv,
9(? %)g?l fa or some decodmg modes of operation and for some transcoding modes of operation.

4.1 Operation in the Decoding Modes

4.1.1 Introduction

25
In the following, a method for obtaining an output signal using SAOC parameters and
panning information (or rendering information) associated with each audio object is
described. The SAOC decoder 495 is depicted in Fig. 4g and consists of the SAOC
parameter processor 496 and the downmix processor 497.

30
It should be noted that the SAOC decoder 494 may be used to process the regular audio
objects, and may therefore receive, as the downmix signal 497a, the second audio object
signal 264 or the regular-audio-object signal 322 or the second audio information 134.
Accordingly, the downmix processor 497 may provide, as its output signals 497b, the

35  processed version 272 of the second audio object signal 264 or the processed version 142
of the second audio information 134. Accordingly, the downmix processor 497 may take



Qut put scenarios can range fromnono to nulti-channel (for exanple, 5.1)
and are independent from both, the nunder of input objects and the nunber
of downmwochammeios. Bi naural rendering of objects is pessiBre@oiossdbaidi ng
azimuth and el evation of virtual object positions. An optional effect
interface allows for advanced mani pul ati on of object signals, besides |evel
and panni ng nodi fication. The objects thensel ves can be nono signals,

st er eophdhsirelestfghaf 4 OGadowwhix rars-pacagssor 27¢, auntimetolesofipha bsdip fshakepracke 5. 1
channel s)y40 Typi cal downmi x configurations are nono and stereo.In the

foll owi ng, the basic structure of the SACC transcoder/decoder, which is
showmn in Fig. 2, will be explained. The SACC transcoder/decoder nobdul e

descri beThb 8OO paRhcls tprodebftR498Smay Bike Mkl R OB FAVE HaPim@s Froldsgprscoder

froman 0 an MPEG suryound bit'stream endi ng on the intended
out p cﬁ%%‘fc%?ﬁqeﬁ ¥ BE9Y ?L‘{Pwrlﬁ‘l’firﬁf%‘fnaﬁlﬁﬂgs&' operation, the output

signal configuration is nono, stereo or binaural, and two output channels
are used. In this first case, the SACC nodul e may operate in a decoder
mode, and the SAOC nodul e output is a pul se-code-nodul ated out put (PCM
out put) . 412 t PewhimixPragasser an MPEG surround decoder is not required.

Rat her, the upm x signal representation may only conprise the output signal
220, while the provision of the MPEG surround bit stream 222 may be

oni t {@d. In thefolewmgythelosmmix Professon: Which anpart shitiequria: signpl procgssor 140,

rru:jt : - Chalﬁtnﬁﬁhidliﬁ@fdieggﬁ@&c} @@a%h?)@@b@mhb@ﬁretm@ce@%_ﬂrplﬁo @@Wﬁh&diﬂi&? cfftAOC
nmodul e e operational. in apsc.oder : e modul e out put may
conpr i srer? éo?ha% W&M%?gwﬁwﬁo&?%qgﬁ S%g%gdgiﬂg%g%cﬁﬂﬂ?bes‘%qs%l?ﬁd?ﬂ in
t hi s casmoradetsihown in Fig. 2. Accordingly, an MPEG surround decoder is
required in order to obtain a final audio signal representation for output

by the speakers. Fig. 2 shows the basic structure of the SACC
t r ansTod&ey dec deredenmone tadcthar®AOCheysteas | e autpit signeb dA2.22 62, eddTbaeft thet he

T g e R %&?“b’ o) 918 e el R chie
i du i [ [ i I : ;
preproce§%¥esf%tﬁ5g%}ﬂ‘e§’§5§1‘t‘ﬂblq & hAnd dhrodesibe @ I(S\Q]{]%Zé(p(&-lzf%ﬂm
exarrgl el, yiebtieg herfoat owpdi mmigmﬂ.ﬁﬂe\ieﬂhelessaﬂﬂidmtpgbls'@ﬁﬁlsl4292722/}2741)9(215! ofithe
resi dual £ ion is transmtted.in t SACC bit stream T
enhanceddg‘ﬁ%ri%bxn%%?%aog 1B R asé@eﬁf)@gnﬁg ‘{Vﬂg ey & MRTeYIByiget Ssp&n;%zZGZ)
and 2he prscestsrdtheaghinzned audiooopgiectiss corbineentmed beferioexedrpefere thye t he
pr oces sedoY&bshdfg 2fAndis HlEbAC Qeh MM 2CcoMiRGE sighANBbARAD 1R Suf QB ned
the downmix processor and the one or more signals representing the enhanced audio
objects is input to the synthesis filterbank). Alternatively, the output signal of the downmix

processor may be combined with one or more audio signals representing the enhanced

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

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

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

35 X=GX+PX,.

The decorrelated mono downmix signal X, is computed as



out put signal 220 for the SAOCC decoder node or to the MPEG surround downm x
signal 220 for the SAOCC transcoder nod42 Detail ed descriptions of the
processi ngokbneiagroar e gi ven bel ow. 3. Architecture and Pummrb@oabsody of
Resi dual Processor and Energy Mbde Processor In the follow ng, details
regarding a residual processor will be described, which may, for exanple,
take over the functionality of the object separator 130 of the audio signal
decoder 100 or of the residual processor 260 of the audio signal decoder
200. For thi sgﬁpu_r osgy Fpgg 3a and 3b show bl ock schematic di agranms of
such a residu d‘p‘gﬁoé”rs”% 00, which nmay take the place of the object
separator 130 or of the residual processor 260. Fig. 3a shows |ess details
than Fig. 3b. However, the follow ng description applies to the residual

pr ocessoflhgQkRcaraacdisignaio X;i gre 8mamddframsthet decbirelatoe sdedudbedpiro E8QABE 380

accorgdin | 3b..The resjdu rocessor 300 is_ configur 0 receive an
3a0c Honrdi - Lot St SR bR Ry PRESESHR, sfeme. S we; RD#RTeriesFEnd

r epr esentatfigomatibh Zhofild Fiegised with a deeodtelaromiindes| gnas , aceprdesetot BabloA . 25110 of
Fig. 2. Thileres QUO/EO®QC86GHR1:200D Hehce,ahé i4836r88nd (0) BEMtésiBe dedbridiionasi s
thereof, a first audio information 320 descri bing one or nore enhanced

audi o obp®eEss; whi ch may, for exanple, be equivalent to the first audio
information 132 or to the first audi o object signal 262. Al so, the residual
processor 300 nmay, provide %s?@ogﬁgﬁ io information 322 describing one or
nor e; @t her augddg(d‘bjag feortuicldxadbd] non- enhanced audi o objects, for

whi ch no resi dial\xi.oif QrieratiFerc((6s YBXi)| abl e), wherein the second audio

i nformation 322 nay be equivalent to the second audio information 134 or to
t he second audi o object signal 264. The residual processor 300 conprises a
| -t o- N 2Ht cashl ofi oirtau{aDbMphT Mheuupniix padinetsrli G hankdePedarbgd tiiven SACKA OO, X
signal 3 g i . Lk i and..resi dua ca

| -to-N 2getgg%%ﬁﬁ)%gh:@Seoea%rgol\x/]igz%g%eg%%%ﬁec%)g)-hg(gg‘% giéo{])j ec g(ssil ‘%‘;"334,
whi ch de&udi Kegk yiching theabicedabodput &bj eetlg.(LAGerawatmminred 170, whereSIeC

downmi x gignal 310, S the |-to-N2:t0-N unit 330 provides the second
audi i(;@i n %gcn%chguﬁe 35@6 d‘%ﬁ@np)égfoﬁﬁssz)r Bfgg‘gg'sor 300 al so conprises a
rendering unit 340, which receives the enhanced-audi oobj ect signal 334 and

a_render Thg taigdt binautd r&ideRhs BRAIS4 A aRd sPE QW Mepnsion of iR daféds bitreeh, the
first audio information 320. In the follow ng, the enhanced audi'o ob% ect

processi R§TERAG piot@sed dgpm HikiTc parpmpeters and rendering matrix M with elements

I.m

my;

for example, by the SAOC parameter processor. The target binaural rendering matrix
20 A" represents the relation between all audio input objects y and the desired binaural

output.

i=0

, Nygpp -l ) m , Ny -1 , m
mo_ m m < Yi mo_ m m . i
a, = E m, 7 H| exp ]7 , a; = E m, H; exp —]7 .

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

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

4.1.2.1 Qverview
30

In the following, an overview over the downmix processing will be given taking reference

to Figs. 4a and 4b, which show a block representation of the downmix processing, which
may be performed by the audio signal processor 140 or by the combination of the SAOC



performed by the residual processor 300, wll be described in nore detail.
3.1. Introduction into the Operation o43the Residual Processor 300

Regar di ngwoheidiupmbi onal ity of the residual processor 3@07/EPRo1shssshe be
noted that the SAOC technol ogy allows for the individual manipulation of a
nunber of audio objects in terns of their |evel anplification/attenuation
w t hout significant decrease in the resulting sound quality only in a very
limted REARMERT spwepwpr "Addr gokethey SAOGpidwon pre-poeeraei & 70equi besthe t ot al

(or al Nogémbkfibn oSHPBRERS paBmeler bRRSBEAIE Al 1ROHEGASIx r¥Piss@ Aoy the |ead
vocal , keeping the perceptional quality of the background sound scene

unharnmed. A typical application case contains up to four enhanced audio
obj ects (E&G) rsﬁe?lnad: ﬁow\MSliFig"J 4@ athe _db%nﬁ%gfmb@ingf rRp¢ieseNtentigving maeiReMient
sterep o i r.exampl.e. t | endent stereo ect iC e

pr epaéraedgfl §8Jl:e)§t 1%%%1\1/ ed At lpﬁoémgﬁ%Bgﬂtaﬂ éntaré8§8§FC)°FrFﬁ‘%]gﬂ wf’ﬂn\l\gg’nﬁ&%{e& t hat
t he (onedownmix g)inga&irimatioe dhdac end foionaldy)j @ dbwnfix chamret lprekdiffatyce t he
audi o si trh ot 4 i i . ! i ) are
el uded oA DOPY, TRRGoRRART Bl Ap bl kot ??jpt; da 3R b

cont ri buflalis A theibasis 9f Wi Iendering BaGIXOWL, pesrXpmpleh 4pi88 @ RARIMGCIOdjeters ar e

m xed, Dbynd HMARALYPiRE 0LRS, SdnfiksRITTal Qv BEShcB Yndifhe FPdtel bBtaftledNA defiaORr |
with @udl 0 S|(g)nal 00{1@%1 but i or%s of, ot a&lﬂ{?o obj ect s, wrl,ch, e not
enhahted B TIhj et differgnes infprmatioy (1P gd fsiaigr-phisst cotrgiagoR infampation

cont ri bul@Gn$oroéxampdé, uasallistyssaf abmearsimiady déimrigbpeat dovaireixamanixt Poaeal |y
over |l app rqm 0 1 X. processi ng. for by t he.audi o .si gnal
encoder . 8&? %e%&é%%rn c%r}c%tesglttﬁ? Eéﬁv(p‘gfﬂr)‘bo‘(%atlril Hgbs n lé)ﬁgfel\él A%lgid%e éﬁm)%c aﬁn‘flhe

f ol | owi nigvedditiaienge indgraration®GlH2 resi dual processor 300 will be described.
Enhanced audi o object processing incorporates the 1-to-N or 2-to-N units,

dependi ng on t he SAOCC downm x node. The 1-to-N processing unit is dedicated
to alhon&Htidmia desyisd) coxprdance anattix F prepolipiaed it derprpenceoryihgi repdesingt o a

stereo dewwnifl A didghétovati@nceBakifixt1esigo,UnichBr KEIRE 95 bbtamed M BEFRhIERE oand
enhanced nodi fi.cation of _the ﬁ}-ﬁt -2 b.oxwétTTT b&x). known. from 1 SO | EC
23003- 1: 60 I AEnRBRC Bok! TediiuP <o AR G gt euIucs GRoTAEHTHt o t he
downmi x. thEh@®f)OTN VTTN 1 processing units (which are inverse one-to-N
processing units or inverse 2-to-N processing units) are enployed to
produce and encode the correspondi ng residual signals. The EAO and regul ar
si gndl s &een yaluesvis Ed for bra ehmanelsirmpiiaingd independerapranentriesrofithe dgdredsi ng
the SAQCcsi#ignéed inatiiXel iaAf i skaladd GARRY &S ah SaeAbRInnsl 93¢ diffel&iRevarRVer ed

@c is obtained in dependence entries f of the desired covariance matrix F. A rotation angle

o is also obtained in dependence on entries f of the desired covariance matrix F, taking into

consideration, for example, a constant c¢. In addition, a second rotation angle B is obtained,

25  for example, in dependence on the channel gains P, Pr and the first rotation angle a.
Entries of a matrix G are obtained, for example, in dependence on the two channel gain
values Pi,Pr and also in dependence on the inter-channel phase difference ¢c and,
optionally, the rotation angles a, B. Similarly, entries of a matrix P, are determined in
dependence on some or all of said values Py, Pg, o, a, p.

30
In the following, it will be described how the matrix G and/or P, (or the entries thereof),
which may be applied by the downmix processor as discussed above, can be obtained for
different processing modes.

35  4.1.2.2 Mono to Binaural “x-1-b” Processing Mode




EAGCs (which are described by the enhanced audi o object signal 334) are fed
into the rendering unit 340 which repr&kents (or provides) the product of
t he correspantimgronendering matri x (descri bed by the remrdemPpgonsions X
information 342) and the resulting output of the OTNNTTN unit. The regul ar
audi o objects (which are described by the second audio information 322) are
delivered to the SAOC downm x pre-processor, for exanple, the SAOC downm x
pr epr ocebsthe PHOwingon pregessing mude valdiendjscusagisin Baiclatie Bguldepudiv objeets
gener al r felesle ha€y6q t h f the
resi dual §Itr§rﬂgglt§§éslg?cpg E%Igreli‘% dt dr oceg‘i%?ﬁ acl)t}tBSU%64§|3I2§ I@%‘FaSAé@eglz‘gﬁl%h%
conput edbeevr%re@ %Mlsrdéiﬁeélsents the downmi x signal of the regular audio
objects (i.e. non-EAGs) and X 40 is the rendered EAO out put signal for the
SACC decodi ng node or the correspondr ng EAO downm x signal for the SACC
trans%odﬂhgumueparametmeﬁu ‘dend Pyt eecenreputedhas operate in prediction (using
residual information) node or energy (w thout residual information) node.
The extended i nput/ si gn)gjl'i >é§zin defined acgordingly: Here, X may, for

0.5

exanpl e, represent| Phee B g thahells of the downnmi x signal
representation,310, whic mady /be ‘t ranspoftled in the bitstream representing
the nulti chanhel® audr o On%ibe res nmay designate one or nore residual
signals, which ma E H}op t'"healbt tlstream representing the
mul ti - channel audilp cont N/TTN rocessing is represented by
matri x M and EAO processor by matrix AEAO The OTN TTN processing matrix M
is defined according to O operation node (i.e. prediction or energy)
as The OIN TTN pr B’S”deﬁé ;Tgl% miSgfapf esented as ' where the matrix

ar

MOBJ rel ates ,the Tegu Obj ect’s| (i.e. non-EAGs) and MEAO to the
enhanced audi zob_] ects ( In sone enbpdi ments, one or nore multichannel
background obj ect % ;@_agm L@dm e sanme way by the residual
processor 300. A ti-chanriel) B ckgroun bj ect (MBO is an MPS nono or

stereo downm x that |s part of the SAOC downm x. As opposed to using

divid h I I h I I
can be udbEARRD 1 G Sac 1 et BRR Sl PuRbia o a il ti Schannel

object. In the VMBO t he SACC overhead gets |ower as the
P =

10 The desired covariance matrix F*™ of size 2x2 with elements f,.f}’" is given as
F'" = A'E" (A"
The scalar v is computed as
V" =DE" (D) +¢?
The inter channel phase difference ¢-" is given as

15 é_m:{arg(f '"), 0<m<l1], pE" > 0.6,
0, otherwise.

The inter channel coherence p)” is computed as

PE" = min l fiF 1.
\/maxfl 22, )




MBO s SAQCC paraneters only are related to the downm x channel s rather than
all the upm x channels. 3.3 Further De4jnitions 3.3.1 Dinmensionality of

Si gnal s amo 2Pew@apmbers In the follow ng, the di nensionalcrgEpediob®osi gnal s
and paraneters will be briefly discussed in order to provide an
under st andi ng how often the different cal cul ations are performed. The audio
signal s are defined for every tine slot n and every hybrid subband (which
may be alhe&feionanedaspanand K" Meeivarasespondi ng SACC paraneters are
defined for each paraneter time slot 1 and processing band m A Subsequent
mappi ng between th 1hybr|d and pa r domain is specified by table A 31
| SO/ | EC 23003- 1: 20 m‘@ﬁ ge. “ﬁ Telh Egﬁfaﬂ]%ﬁ%—erpbeFﬂbﬁned with respect to
the certain tit® hd |nd|ces and the correspondi ng di nensionalities are
inplied for each introd QQQ%Q piahl e. Hovgyghuisd N the following, the time
and frequency bandl i ndi cks mnl e onmitted sonmetines to keep the notation
concise. 3.3.2 Calculation of the matrix A EAO The EAO pre-rendering matrix
A EAO is defined according to the nsnb of output channels (i.e. nono,
stereo or blnabfakyaamf aﬂﬁﬂp+ées—é%§£%efined as where the rendering
sub-matri x corresponds\to t hé FEAO Brerh ing (and describes a desired
mappi ng of enhanced audi o objects onto channels of the upm x signal
representation). The values are conputed in dependence on rendering
inforgmtion associated with the enhanced audi o objects using the
correspondlno EAO elenents and u5|ng t he equations of section 4.2.2.1. In
case of BilnadMgnortanyierg 1t ping Magdedef i ned by equations given in
section 4.1. 2 for which the correspondlng target bi naural renderlng mat ri x
contains_o O rel ated el ene ts 4 Cal.c Iatlo t he OT El ement s
“"t he RS STONe & BOGEASRE BB aiiH e deScriad npuh She s 8Glar Hokip CRiESSACT
downmi x siegapdeschidd], bwmi;m@letcyip)mreals@yalcldnrm&@esz ane ivwhicht: acrdd eendbamnl s, is
nappﬁg OH&thhe enhanced audi o object signal 334, which typically conprises
one or nore enhanced audi o object channels, and the

In case of stereo output the "x-1-b" processing mode can be applied without using HRTF
information. This can be done by deriving all elements ai’,'; of the rendering matrix A,

yielding:

Im __ N m .
15 a, =my ay, =mg .

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

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

rendering of the regular audio objects is desired.

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

4.1.2.5 Stereo-to-binaural “x-2-b” processing mode
30




second audi o information 322, which typically conprises one or two regul ar
audi o obj ect channels. The functionalit46of the 1-to-Nunit or 2-to-N unit
330 may, woromxappbe, be inplenmented using a matri x vectron/Ereéiopdoneat i on,
such that a vector describing both the channels of the enhanced audi o

obj ect signal 334 and the channels of the second audio information 322 is
obtai ned by nultiplying a vector describing the channels of the SACC
downni x &i theafollgwingandréepsing maldeyWilldreedeserilpelrie wisish degallarsiudivadtgects bl a
mat ri x oyl -MERS 0% i \ s [ i

mat ri x Nm%p?%sgiétt%?lgg%%whner égﬁéf‘%ﬁ?ﬁ’ ?%ﬁgg%’a4rl9t7a’rs}§l ggﬁ}ﬁﬁﬁﬂag%@?lv%ﬁ%ﬁ%of t he
first auﬂfgleir?ﬁ‘%‘f‘rr?’&fllocﬂhmsélﬁﬂrqdhe second audi o information 322 fromthe
SACC downnmi x 310. To sumrari ze, the OTN TTN upm X process is presented by
either a matrix Mored,ctlon for a prediction node or MeEnergy for an energy
node. 5 Th&he npmifypasametdrseGic’d dih ), decodimpptet acedur e is desi gned for
non-wavef orm preservi ng codi ng of the downm x signal. Thus the OTN TTN
upm x matrix for the correspondi ng energy node does not rely on specific
wavef orms, buf only e;grli be the relative energgﬁllgizstri bution of the input
audi o obj ects|, as wi |l dbe di scussed..nn npre det a1 bel ow., 3. 4,11 |Predi ction
node For the |pfedi%P 6n_2'rr_oﬁgs@ﬁe +n%tr)i xrplz/l PF I](ﬂ_o;“fsg de*P‘neﬁ expl oi ting
t he downi@'%¥ #|nf or mat i‘on [cbntai ned in the matri D] 12 and the CPC|data from
matrix C: With.riespectg't’o\t he sever AQC npdeg,the ext.ended |downm x
matrix D and |CRC ﬁ-ﬂiﬁfx—;‘%%rﬁi t“f"h@ fgi | §WP gfab—rrslﬁ%@ﬁs ~#hd /gt ructures:
3.4.1.1 Stereo downni x nodes (TTN): For stereo downrfi x nodes (TTN) (for
exanple, for the case of a stereo downni x on_the basis of two

regul ar - audi o- obj géct cha nakge(c N EAO enhanced- audi o- obj ect - channel s),
the (extended) dodnfie U’r—t—x—@a' ih ({38 +@PC)mat ri x C can be obtai ned as
follows: Wth z},ﬁt reo downnmi x2 each EAO | holids two CPCs C10 and C1

yielding matritx €|. The [esi dzatlm) rocessor output signals are conputed as
t

Accordingly, two signals yLABYhip (é"{h( I are.ylepresented by XOBJ ) are

obt ai ned, which repres ‘one 20r {wo\dr e¥en’ hore than two regul ar audio
obj ects (al so designat ed*as nonextended audi @ objects). Al so, N EAO signals
(represented by XEAO representing NEAO enhanced audi o objects are

obt ai ned Thd kesespshdinglesinar®"obtPai-hadd dii”t R" Hasihs lef atdwiglBAOGd ohmmicks
signals lo,ro and NEAO residual signals resO to resNEAG-i, which will be

encoded A¥
fl.m,x l.m.x
P/™ = |max| ——,&% |, Py™" = |max fa> et |,
v,m,x vl,m,x

! 1,1 2,2
P = |max| ——, & |, P;" = |max| == &
: o yr

The desired covariance matrix F"™* of size 2x2 with elements /" is given as
F/,m,x — Al,mEI,m,x (Al,m )‘k

15  The covariance matrix C"" of size 2x2 with elements c,i”'f of the “dry” binaural signal is

estimated as
' = G R (D/)* (élm )" ,

I,m,] Im2
preaf122) e 22

Lm} Im2\ |
P eXp(—j ¢2 ] P,i"”’zexp(—j ¢2 j

where

él,m _




the SACC side information, for exanple, as a part as the object-rel ated
paranmetric information.It should be noted that the signals yL and yR may be
equi val enwot2010/ihe7osi gnal 322, and that the signals VO, EROriEP20dbiB£E9%06 EAO
(which are represented by X EAO) my equivalent to the signals 320. The
matrix AEAO is a rendering matrix. Entries of the matri x AEAO may descri be,
for exam%l e, a mapping of enhanced audi o objects to the channels of the
enhanced Thaapsesppiding seslaymal ™ 3aul ¢’ XEm@ommigesoasdi ngl y, an appropriate choice
of the matrix AELO ma |l ow for an optjon i ntegratiqn of the
functionality"@f’xfﬂéxﬁ(l’é"zyé? rﬁggung’t'"% ’;‘+§ﬁ’%:}£’t’”r{b??‘rtﬂzéz3rrm€%-i plication of
the vector describing the channels (lo,ro) of the SACC downm x signal 310
and one dhe dovampewiattixaD*sofgpizd b< Ir wih elementsed NEADbDE Youndtas t he matri x may
directly result in are tion X EAO of the first audio information
320. 3.4.1.2 Q@,n_o dowent xohtdes (OTN): Ln theud ol Towing, the derivation of
the enhanced fudi'd obj agt, ;gtgnals 320 for‘,l al t eypatjoweby; of the enhanced
audi o obj ect signals 334) and of the regular audi o object signal 322 wll
be descr Thestefedrdotimenig asrit B Wikigh 2476 GO etherB N’ X cal BRund a9 conprises a
signal channel only. For nono downnmi x nodes (OTN) (e.g., a nono downmi x on
t he basis of ope regul araudi o- object channel and N EAO

enhanced- audi 0#obj’ect channels), the (extended) downm x matrix D and the
CPC matrix C can be obtained as follows: Wth a nono downm x, one EAOj is
predi ct eThbyapi E"bheitl elefrichtsi @fif ayd derivied frotrhide fieliawing latiinkshipat ri x

el ements C are obtained, for exanple, fromthe SACC paraneters (for

exanple, fromthe SAIDCﬂat SZé)X according to the rel ationshi ps provided
bel ow (sectiop8.-451. 4)7 Th sidyal processor output signals are conputed
as The out put $i gnal \ XOB¥ ¢ mﬁfr*ré,'ég, for exanple, one channel descri bing
the regul ar audi o obj ects (non-enhanced audi o objects) . The output signal

XEAO co ' : kb . ven nmore channel s describing the
enhancegﬁghgﬁ%% jeeé@é ﬁp?tg?rgr?éa%gl‘bf? %%A%%c %’nnel s describing the enhanced
audi o objects). Again S id signals are equivalent to the signals 320, 322.
3.4.1,3 Cal cul¢a,x,JZO r&)ﬁ‘ﬁ,’zf"’fa':)e i A¥ersH, ext ghBled.6downmi x matri x

0,

otherwise.

The ICCs p;” and p}™ are computed as

I.m l.m
- . lflz | Im . ICI,Z l
P77 =min 1, pZ" =min .
Jmax (£ 1767 Jmax (el e?)

The rotation angles a"” and S"" are given as

P};,m _Plf,mj

o' = -;—(arccos (ppm)-arceos(pt™)), A" =arctan (tan(al’m)m

15

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

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

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

25  4.1.2.7 Stereo-to-mono “x-2-1” processing mode




The matrix D1 is the inverse of the extended downm x matrix D and C
inplies the CPCs. The matrix D is the 4fiverse of the extended downmi x
matri x Dwodomanvte cal cul ated asThe el enents d: | (for pexrarpdie,nsbet he
inverse D of the extended downmi x matrix D of size 6x 6) are derived using
the follow ng val ues: The coefficients and n of the extended downm x matri x
denote the downm x values for every EAO | for the right and |l eft downm x
channel as The el enments d of the downmi x matrix D are obtai ned using the

downni X gathe ﬂont)wmgahlpm awaetvbm HeOddsL:btall ith ISIUR R eXre Ogb@fl Bedio loByeRts

different infor n I.NC i.nf t|on 332,

Whi ch | 5 edSPRAERE 2 ?C&% gt iered il 66 20 9L 9T b e e

i nf or mat cleamngll(@aomo) tdnderBACE desiteslt r eam i nf ormati on 212. For the stereo

downng x case the downmi x nmatrix D of size 2cNwith elements d J ( z = OI;

O...,N1Il) is obtained fromthe DM and DCLD paraneters as For the nono

downnmi x Bnewetohanaovaiipul, thatstarso Drepfocessitg iBeipligct Withlacvmale sctive(rendding

=0, ..., Nepahilx érﬁry)% é‘és@ﬁgecfﬁe%‘@vhb@e%wﬁﬁ gneters as Here, the dequantized

dovvnm X paraneters DM3 DCLDy are obtained, for exanple, fromthe

paranetric side i nformatl on 110 or fromthe SACC bitstream 212. The

functi on4BEACX Cbhnélaties m nes mappi ng between i ndi ces of input audi o object

chanE(FI s and EAO signals: EAQ(J) =N1-J, j O0,...,NeAO- | . 3.4.1.4

Cal cutation of the matrix C The matrix Cinplies the CPCs and is derived

f r om t he Tekiag sefictened aGAOD pgsadetmd 4b,(d pecessing 16k Deen H€3CabedOMERharad HBCLDs)

asln oth I i I { h the
?,éﬁ 1 ts‘ﬁ '1- m%ﬁﬁ%éi%?ﬁttgg cﬂ%ﬁleFE’gﬁ 333 S04 8bnefh7l ?eﬁ&s%ﬂﬁxf%{ﬁ%‘??g@ﬂér

above eq consi as a’constr
However , a‘ﬂdﬂl@ demé& ﬁ@hsn@dmcww ﬁ@;raéllogobem‘ée@ethev@aeﬁdednaqdm obigrigeandctly |

causi ng ?egﬂlafrfaﬁﬂx%rﬁb dokdMFi @t u@@n@QBrlIT@s%l&te(@l@'}ﬁéJeﬁlﬁg Rghe?dif Phd szsn%rofcan be
be. not ed, hat%q{nat rix

set be. equal

ont 1195 Elg@a b #%?%? e a&%oah%m% Per@g@teaﬁﬁmém&a& igtrggucgdiip Kieetat ri x
entries staggsofcpotedingare typically only required if the downm x signal
is a stereo downm x signal. The CPCs are constrai ned by the subsequent
limting functions: with the weighting factor | determ ned as

4.2. Operation in the transcoding modes

20
4.2.1 Introduction

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

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

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

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

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

bitstream 212. Also, the SAOC parameter processor 491 may receive a rendering matrix



For one specific EAO channel j = 0. . .NEAO - 1 the unconstrained CPCs are
esti mated by The energy quantities PLoA9 PRo , PLoRo PLoCo J and PRoCoj are
conput ed weBhayagwari ance matrix e i s defined in the folpcowrogonssons The
covariance matrix E of size NxN with elenents e represents an

approxi mati on of the original signal covariance matrix E SS* and is
obtained fromthe OLD and 1 OC paraneters as Here, the dequantized object
par anet efrfomuatipn 4900y whicle matythaiindudedfio rthfeoftamhelateﬂ erantdtyec jpdorarmtionilé0.si de

i nf or mat bpﬂfhljeil%e%f bed écﬁlmatléh@ totSrerRieting h‘r’a@ﬂ& g‘&@rmaltlﬂn Q@Q"FHe%Ob PRrdfifer for
exanpl e, be obt ?gﬂgﬁl as The p %r aneters OLD1 Rcorr espond

to the rBHSFSSPT %) algp PEstde dpvnmEnPIEeSTng; lvécamagvmé%mo dovseinmix

i nf or mat pﬂi&esséﬁ 49anwbﬁh31ﬁ@3ﬂ ,beteqmvmﬁfmﬂ t}@birﬁ@ﬁnalueﬁer)derecmﬂtth\éaélwes QD L

and D are co &)Er t he reu i 0 ob 'ntth%nge of

st er eo dBHAMRELET n%ﬁgﬁor(j' itH BPd F‘i‘récgl eacfﬂof\% éW%”rn audi o

obj ect spammileler bitstreammt 4H sl whoohl c,ommeses:arpmm@m emtrdumdeﬂnformatlbe vérich isal ue

QDL i Sc&ﬁﬁ%ﬂﬁl@%&lq ?\)ﬁﬁﬁ gr%lﬁ'l: apd %e%PEG' gi'mtonﬁd %ﬁ&?ea.m 4@1@1?& ’hann_el
whi ch era

(mono) downm X Si one- channel regu audi o
obj ect sfajeapmpleate parh OB@esaé@ﬁssed ryersiqrny 1542 c(fu the sewend: auhio gtformation, @mma

downm X Sdr@Rahplede p%ﬁ'(ﬁofkdkettﬁkeplﬁé%sﬁt% MPSRIReRannel downm x signal)
rmP@ object-level-difference value OLD L is obtai ned by summi ng
ontrib

utions of the regular audi o objects having audi o object index (or

[ ndl ces) The tdownhgx |p@<5des$b|ﬂa1996h coofigwed €o @é&m‘eeé )io@ﬁmﬁ)h@lgﬁzﬁq@zz@%ﬁﬂlﬁlsﬂ gnal
310. The s?, d Lonm d eﬁlﬁie l.evel -di ff r&(l:e gla V\/m cr}H| S, used
inthe c y "o 8%%1 QWUHBMWQI %rlag V%ﬂf 8% Wé(flw saf}m %h the
contri bupre&rsblafequwgleneguﬂlarseaunﬂl audmcb}rémtrmtxlwavlﬁﬂgoxt toethasdéandahijdec objectdex

(or indiges) 264 03ézheme' g nahaBRRks Mgaem%\%odﬁmmex afl! ?Eb g&g oundne

contri bution ( ere Eﬁagl’ aUIO ObjeCtS avl ng aUIOO cts
i ndi t&s fiewmw islgwlré}%hovm)c @ﬁn%ll‘fql@t|t@{qrnaﬁa?ﬂ@e ppensead ‘(qwoxséﬁ ot Hgnnel

signal) @écoh@@utﬁé\moﬂﬂm P84Sb19é1ﬁﬁvafe¥1@td @)r 99ﬁﬁﬂttﬁgproﬁé’§se@¥@§i@h§72 baleng
into con5|derat¢on t he .do @/2 X gain d o. descri bing the downm x gain

appl i ed tEORfaUYiaghIegtst 'obj ect having audi o object index i when
obtaining the | eft channel signal of the SAOCC downm x signal 310, and al so

the objeg,,l.6ye he?ef zg’é Qi?ffe{ glgc%aifs 0?9%13% %;E tg l%@df&go%@edo%%& S ggx%le%bl

whi ch is represen j €ct’ | evel
di f 29 en@@th\ﬁm Q@a@mudso obieetisigngl L3, ﬂéhme @mmmtwn may be performed in the

MPEG surround domain.

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

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

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

35

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

4.2.2.1 Introduction




coefficients dl1>ls describing the downm x gain which is applied to the
regul ar audi o object having the audio object index i when form ng the right
channel swognaloabd7obhe SACC downni x signal 310, and the IlperaPr2o10fosson@t i on
OLD, associated with the regul ar audi o object having the audi o object index
i. As can be seen, the equations for the calculation of the quantities PLO,
P RO P LORO P LOCQJ and P ROCQJ do not distinguish between the individual
regul ar audi o objects, but nerely nmake use of the commobn object |evel

di f f er enge yvalfdiRwitd QeéﬂonOaDd&crlf)tlﬁﬁf 8h¥nhe R Qfa‘n%dﬁr@e mlo8é %@ fthé %fé&
obj ects ﬁ%aV|n audi ject indices i) as a single audio object. A so, the

inter-ob ?%S%P”éﬁ?’?)ﬁw\?& ue 1OC L,R which is associated with the
regul ar audi o obj ects, |s set to O unless there are t wo regul ar audio

covart andb€ nEivet, bAGETT bket (PRl ikrebfi PLDR TP PpisPl <BHBland] Toc.
appr oxi ndewnmidogainhBM i @dn@dwrgnlqnehanncivlawladmfferqme MGMP) SBsmathd $40C
obt ai nedbftﬁf%@}rf 418 ttg‘tgoa&fjmltpgp rﬁﬁf GrELEbE fﬂxamll: IrelGttd r%neﬁéﬁe(ﬁfé dheePell d

OLD R and ,R are co descrl ove. equant | zed
Obj ect péH] Eﬁﬁetce@%rlétebﬁlﬂaamﬁb@ra%at@mcc soarme} ryediggion copffigient GR@dof fhe |

M), WA NsulOuRY aiirbA CaRbRIinER G | 'tﬁ@%eﬁdﬁf'ﬂrg' Mifé¥ehation. The downmix is
Obj eﬁés | evel -di fference 1tz?ar aneters a er-object-correl ati on paraneters

2. med fwcw mg)ty op etl?asqlmeﬁsr?@ aa HBg h’&ept will be described,

whi ch can be used to separate the extended-audi o-object signals 320 and the

regul ar - audhg-SRLERL (0N Sifendodeaudh o O SELLCA! RS pBRZAndnghiCh oo

be used in'c I hat T on Wi noh-wavef ornpr eser Vi ng audPo 151 he
SACC downsiitigulehelithe dewamix mpdifeatier, wibbdgivenhe ener gy based

encodi ng/ decodi ng pr ocedure i s designed for nonwaveform preserving coding
of the downnmi x sig Thus the OTN TTN upm x_natrix _for the correspondi ng
ener§y nbtfe 496%%%6@%@%%@@5%;#ﬁ@rq;easﬁ@?gowhlﬁ 1ppariosmed forauedify F

rel ati vedensmgy sighll forkitbingle @ doleniiRighalalBH, Q64)b$ﬁc492a/&e§&1b1ﬁé1§1ec&fécept

O ot el % RG0SR, pngaBly e be
audi o obpectsingnorteaehancedledngi matolyj dt.s)a doenmiveanad na"snaatmnn@ﬂ\éG, a
one- changglffx t4Qnk2NREl cﬁﬂgljeﬁce information DCLD, an object level difference
20  information OLD, and an inter-object-correlation information IOC. The rendering matrix
may optionally be modified by a parameter adjustment, as it is shown in Fig. 4c. Entries of
a downmix matrix D are obtained in dependence on the downmix gain information DMG
and the downmix channel level difference information DCLD. Entries of a coherence
matrix E are obtained in dependence on the object level difference information OLD and
25  the inter-object correlation information IOC. In addition, a matrix J may be obtained in
dependence on the downmix matrix D and the coherence matrix E, or in dependence on the
entries thereof. Subsequently, a matrix C; may be obtained in dependence on the rendering
matrix Mie,, the downmix matrix D, the coherence matrix E and the matrix J. A matrix G
may be obtained in dependence on a matrix Drrr, which may be a matrix having
30  predetermined entries, and also in dependence on the matrix Cs;. The matrix G may,
optionally, be modified, to obtain a modified matrix Gmoq. The matrix G or the modified
version Gmog thereof may be used to derive the processed version 142, 272,492b of the
second audio information 134, 264 from the second audio information 134, 264,492a
(wherein the second audio information 134, 264 is designed with X, and wherein the
35  processed version 142, 272 thereof is designated with X.

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



obj ect having one or two conmon object-|evel-difference values OLD L, OLD
R For the energy node the matrix MEnesgy is defined exploiting the downm X
i nf or mat iwo 2andh4btve OLDs, as will be described in the fekr®mrngosdoé. 2. 1.
Energy Mode for Stereo Downm x Modes (TTN) In case of a stereo (for
exanple, a stereo downm x on the basis of two regul ar-audi o- obj ect channel s
and NEAO enhanced- audi o- obj ect channels), the matrices are obtained from

t he corr peffancidnig &8s taoblaindihegrbeesddievereiondiddl 2p2,402s b thoowdcpud andgnal s
are conp £ ) N [ r enyr - signal X
oBJ, des%&?’%@ﬁl{%ﬁggﬁ%ﬁl’?g 35%}!5?83}{6 @@{g %nagd{(r)ayjﬁzzse‘ggﬁ?evg (éltrlltPe%f o the
signal 322) , and the signals yo, EAOto NEAO -1 EAO which are described by
the signab > RARIEESTroBRA dRrHBhanced audi o objects (and may be equival ent
to the signal 334 or to the signal 320). If a nmono upm x signal is desired
for the case of a stereo downm x signal, a 2-to-|l processing nay be

per f or meThe fihs@daipétermibys tHeepietefsofe IO MPY Aecutlet AecAdinp Sto ahe tthiget

t wo- channel signal X, -.3.4.2.2. Ener e f.or. Monp Downm x. Modes
(OTN) Foren@ﬁrénméesea%]w de s %ﬁwsé?atax %ﬁm&,ﬁw&a@ﬁf)tﬁ%t SLETENEGE 1Sone
r egul ar - dexbirat whh dctind piasndly and N EAO enhanced- audi o- obj ect channels), the
matrices are obtained fromthe correspondi ng OLDs according to The residual
processor output signals are conputed asA single regul ar-audi o- obj ect
chanh@l 322 (FepY¥seM.ad(MySXcEY). @RoMEAMeMYbacedaudi o- obj ect channel s
320 (represented by XEAO can be obtained by applying the matrices to a
representati on of a single channel SACC downm x signal 310 (represented
here by dby transdoding: Recesh sansPngeptustlsde dipidiest iafogmal parts. deene gart faothreche
case of ghHmer ¢RRARE 1§ PRABIMEAPYWM YefS | iRl andacehtdr OchéniX 0 ¢ ShisNdagiBihebe
performed, for egﬁa%\*-ﬂ%. t he .Ere: roceezlsor 270 on, the ba%l s .of %%le
one- chanRERME[GhHARr ¢ ihix modififatiqaas Yl ayihe Bisdichion dATBIe TR LTt Thownni x
Pr e- P§ ocess dor the MPfe déc@ldeoave ndtaitdde [10 fer @hérgrartathe (Hd SAO O arameters for
pr e- procaRsSal d2r17n0 l\)’gt\lvlee bﬁleq?osn ! 'ncki) ggrrgﬁ) tdhcﬂca eld g@? Ef%%?a?rqéi&% @dﬁi‘g t.o—f left

§0r Sone g des”6 operation ) era

oper ati on and Fo e transcoding no ( ) ionin the
Decodi ngsiwbelasl, dght. font rtrightisirtduod) are determined.

4.2.2.2.1 Rendering to left, right and center channel
20

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

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

MPS decoder) and the downmix converter matrix G .

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

CrX=C;GX~AS.

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

30 downmix matrix D,, defined by

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



In the follow ng, a nethod for obtaining an output signal using SACC
paraneters and panning information (or5%endering information) associ at ed
wi th eachweudio4ompect is descri bed. The SAOC decoder 4®6TiEP2@lopsdved in
Fig. 4g and consists of the SACC paraneter processor 496 and the downm X
processor 497. It should be noted that the SAOC decoder 494 nmay be used to
process e regyl ar _audi o_obhj ects, an y therefare receive, as the
ownm x SPGrr o Ja i GBS audt 058, 261 "I GIR Suthe Tt e Sherky ot
regul ar - | 0-.0Dj i cagh di,0 ¢4 nf;iQ¢ LWon 134.

Accor di ngdl’fg{“'iﬂﬁ%”ggtm%qr%ﬁhlgagﬂrl%%%gggéne%gs @gﬁi’cﬁpﬂ%l”dg?tdags]flﬁltltgﬁgggput si gnal s
497b, the processed version 272 of the second audi o object signal 264 or
the processed yversi én*%42 of the second/audie infor n%izgps 134. Accordingly,
t he downnmi x processof,, 497 fmay t aket heg, rofe of2 4 he SA ownmi x
pre-processor 270, or the role of the audio signal processor 140. The SACC
par anet e oge 6 the role of the SAOCC paraneter processor
252 and E:V(})l%ge 'ﬂzi%%tﬁq%r%% etggggv'mm x information 496a. 4.1.2 Downni X
Processor In the follow ng, the downm x processor, which is part of the
audi o5 si fomtheprsbmesewof he0desaed prediationimsatde SC.gn aneé theadovenh BAGEPHOTHIITIZX

pr e- proc p I 0 i i AR i i { gnat ed

W th" 467 TR0 K “ENcHy b BEJRFRATHIR G Mesledy 2 Gt B8 e dBRIPRELY (e
decoder node of the SACC system the output signal 142, 272, 497b of the
downnmi x proce§s¥r APepresented in the hybrid QW domain) is fed into the
correspondi ng synthesis filterbank (not shown in Figs. 1 and 2) as

descri bedyia A i'sz-gelg%}p%{‘édnsi%ggli%ﬁfe%lo%ﬂ%gh%rﬂcsi nal output PCM signal.

Nevert hel ess, the output signal 1 272, 497b of the downm x processor is
typically co -Q@ED j ¢ ne or nore audi o signals 132, 262 representing the
enhanced audimcgii jem@‘gl‘:ﬁ:i s conbi nation may be perfornmed before the
correspondi ng synthesis filterbank (such that a conbined signal conbining
the oyt p?‘_he %luﬁ&?t&ﬁwﬂﬁi‘nﬁd 1@&%&1%% gﬂ_éld%?ﬁ’e [Eé%@p@s@ﬁ)lé)fva\'?@t?&% ﬁiaﬂ:'ﬁﬁblst_he target
representijng, the enhanc audi 0 o I Sy 1-npu 0 es|.s

fil terbaﬁ&t)p.gt Mg neaalfj\e/qglnyartl%nge%‘%%ﬁtés%dna TTo%retnﬁ)g’ %\%ﬁ%‘l&%yﬁ?h’éne%%h& may
be conbi sgstkerniof bquarienor nore audi o signals representing the enhanced audio
objects only after the synthesis filterbank processing. Accordingly, the
upm x si gnal Qgptg§@ntation 120, 220 may be either a QW donain
representation or a PCM donai n

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

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

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

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

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

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

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

25  stationary point or points of the function,



representation (or any other appropriate representation). The downm X
processi ng i ncorporates, for exanple, Ihe nono processing, the stereo
processi ngoany/14pfoor equi red, the subsequent bi naural precesrbngossbhe out put
signal X of the downm x processor 270, 497 (al so designated with 142, 272,
497b) is conputed fromthe nono downm x signal X (also designated with 134,
264, 497a) and ,the decorrel ated nono downm x signal Xd as X=GX+P2Xd . The
decorrel at ed mﬁﬁ‘o gpwnm x signal Xd is conputed asXd = decorrFunc (X) . The
decorrel ated si\gnals Xd are created fromthe decorrel ator described in
| SO | EC 23003-1: 2007, subcl ause 6.6.2. Followi ng this schene, the
bsDecorr f+ap= i g At S be used with a decorrel ator index,

- 8, g@@orrdﬂ’m gﬂ%ﬁﬁﬁf%&égﬁoﬁab 3g’A. 29 in SO | EC 23003-1: 2007.
Hence, the decorrFunc{ denotes the decorrel ation process: |In case of
bi naur al w@EtPt Lfé Gpﬁiéndpa,r_ tiers))G and P2 derived fromthe SACC dat a,
rendering i nfofhatdon &nhd HRTF parameters are applied to the downni x signal
X (and Xd) yielding the binaural output X, see Fig. 2, reference nuneral
270, whefert figs Rashbviak h4midie &oRtioh et rﬁ”?, Be %6@1‘% $0¢hokéh HEONER- c1dseq
target binaural rendering trix A "of “slze X consists of the el enents
. Each etcethenpointsreddting el af FBnpkiRTir@mhadwstefist ated, thender i md Frais rohrseni t h
el enent s y=[}0r ygXavRtethe Rlenidnes AL prREBERES! tHISOCESFQF = y They 18I getl,2.
bi naural rendering matrix A -mrepresents the relation between all audio
i nput objlben & sglutiendistdeterminsidisech thahaur al out put. The HRTF paraneters are
given by for each processing band m. The spatial positions for which HRTF
par anmet ers ar écavdi aj{)yle.tgre_chard:gterize,d by the index i . These
paraneters arezdéserT ted™ nyT%: EC iﬁo’é:l: 2007. 4.1.2.1 Overview In the
fol | owi ng, an overView over t eZd(oyyﬁ € processing will be given taking
reference to Figs. 4a and 4b, which ow a bl ock representation of the
downm x processing, which may be perfornmed by the audi o signal processor
140 or byf tHee obtairednadlutioh dbr teheanSACCHIar autsitie rthprabloess orangd FoamdedidteznSACC
downi X B5STRARIRATS dgﬁﬁ’ed o _pysthe (898&1@6%11 980AEC A03AS0 (A" A A"
processor and the downm x processor 497. !

be calculated according to below.

First define the set of points, x, as:

2y . —b 3y, —b
min| 3, max —2,———————————-——71’2 ] min| 3, max ~2,~————————y"2 !
haté > até
-2 3
p ) 3

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

and the distance function,

15 distFunc (xp ) =x I'x, - 2bx

P

Then the prediction parameters are defined according to:

|

The prediction parameters are constrained according to:

™

o™

XEXD

j =argmin (distFunc (x)) .

2



Taking reference now to Fig. 4a, the downm x processing receives a
rendering matrix M an object |level dif§4erence information OLD, an

i nter-objwotzempmpmbati on information | OC, a downm x gai eCTEPesOBE$906) DMG
and (optionally) a downm x channel |evel difference information DCLD. The
downm x processing 400 according to Fig. 4a obtains a rendering matrix A on
the basis of the rendering matrix V\§~for exanpl e, using a paraneter
adjuster and & Flot 1ﬁ1§r?5pi n@.=@3%,czérﬁ7bi es of a covariance matrix E are
obtai ned i n dependence on the object level difference information OLD and
the intewheR] £CY, &80 HehtdefiRed & ormation 10C, for exanple, as discussed
above. Simlarly, entries of a dowmmm x matrix D are obtained in dependence
on the downm x gaidf, i rmag i and the downm x channel |evel

di fference infypgnn?]ﬁ’h‘gigﬂj’éﬁ 1%2*3%@ f of a desired covariance matrix F are
obt ai ned i n depeRdgnrck; oh2fhe-4&ndédyi,ng matrix A and the covariance matrix
E. Also, a scalar Iqeafv 1$ qgbrained in dependence on the covariance

matri x E and Vpe—d%&ﬁm#%ziﬁé@—%i—i,n dependence on the entries
thereof). Gain vahies2Pls*PR; 6, 1v/schannel s are obtai ned i n dependence on
entries of the desired covariance matrix F and the scalar value v. Also, an
i nter-channel phase difference value fc is obtained.in gependence entries f
of the desi rée_ covgzﬁ,iz ardcet fatfix s P otk itols Afgl)e ai§ al so obtained in
dependence on ries .frof -t s\(red valrl tr X 'F, taking into
consi derati on, e(pi)‘rjl%ignj{i’f’ g?@%%ﬁ%ﬂﬁﬁ%& ?%’33?3% ?ng%r“) second rotation
angle b is obtained, for exanple, in dependence on the channel gains PL, PR
and the Fprie MBS dedoder, thegTRCuandrioriespendofg 16 Grat are pra@idadaasdbiavned, for
exanpl e, in dependence on the two channel gain values PL 5PR and also in
dependence ony he Lnter-chgnnel_ hfDerenee] fc and, optionally, the
rotation angl gscpca’, E‘.(?’gf ﬁ‘ih?céﬂzy,o? lﬁ?l iagg of “B matrix P2 are determned in
dependence on sone or all of said values PL, PR, fc, a, b. In the
following, it will be described howthe matrix G and/or P2 (or the entries

t her eof) 4 2%-9?,<e?1§rri%e?e?‘8?%f'n1?&g%’Sﬁ%lﬂl‘a‘mg?g@ﬂm ocessor as di scussed above,

can be obtaine rocessi ng nodes. 4.1.2.2 Mno to Binaural
"x-11®" Processing Mddeln the follow ng, a processing node will be

di scusseaht Banhietdds thReddi§eih@ihe aétlieAn® BLORES fdhCandRFrEFRNERENEY cah & NYl e

h I 134, 264 2, 497 whi ch i I
:’:eﬁgg?i nggti,r\ga{{]ggggércglg?rom ’c?he’targgt éovgrzlarice rr?atre%x aFnd 'n which a binaura

2 2
CLD,, =10log, M , icc,, = maX(fa,b,s ) ’
max(f,,,b,g ) \/max(ﬂ,a,gz)max(fb‘b,az)

15

with (a,6) = (1,2) and (3,4).

The MPS parameters are provided in the form
20 CLD;" =Dy (h,I,m) and ICC," =D, (h,1,m),

for every OTT box h.

4.2.2.3 Stereo processing
25

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

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



The upm x parameters G and are conputed as The gains for the left and right
out put channels are The desired covarighce matrix F/ mof size 2 x 2 with
el enent s we 2givamroas The scal ar v/ is conputed as The i rcemEpeh@ns®bs phase
difference is given as The inter channel coherence is computed asThe
rotation angles a mand b ' mare given as 4.1.2.3 Mno-to-Stereo "x-1-2"
Processing Mdde In the followi ng, a processing node will be described in
whi ch the regul ar audi o objects are represented by a singl e-channel signal
134, 264, 222, and in which a stereo rendering is desired. In case of
stereo output the "x-]1-b" processing node can be applied w thout using HRTF
i nf or mat it stenge dovaumixpX , bk ipyertesentigd by the regulae madio obiskt siprals E@6#ng
matri X A4924 e belicBied 4nth. the4mblified tRWRNR si'i%fai-i',' WHOE 65 $4fEseiid ey e he
follo¥nn§ a grocezﬁln% de will ?f ﬂgzprl ed in which the regul ar audio
obj ects RFessE realampudionPiest spualsi4ordAnel 134, 264, 322, 497a and in

whi ch a two-channel rendering of the regular audio objects is desired. In
case of nono gut the "x-1-2" processing node can be applied with the
following entries:” 4.1.2.5 Stereo-to-binaural "x-2-b" processing nodeln the
foll owi ng, a processing node will be described in which regul ar audio

obj ects @nerd epresented by a two-channel signal 134, 264, 322, 497a, and in
whi ch _a binaural rendering of the regular audio objects is desired. The
upm x“ paranmeters G "1 and are conputed as The corresponding gains , P1 for
the left and 1Ggbt GutPutM [EDJel s are The desired covariance matrix F mx
of size 2x 2 with elenents is given as The covariance matrix C' of size 2x
2 with el ements of the "dry" binaural signal is estimated as * whereThe

cor r espoiitie ipak statear autpitfindm than AV Cntrangodamiutiegrodaced by mixing X with a

decorrelated signal component according to:

15
X =G, X+PX,,
where the decorrelated signal X, is calculated as described above, and the mix matrices
G, and P, according to below.
20
First, define the render upmix error matrix as
R= AdiffEA:iiff s
25  where
Agn =DrrA; - GD,
and moreover define the covariance matrix of the predicted signal R as
30
-~ ’,;l,l ;i,Z Wal
R=| " .7 [=GDEDG .
B T2
The gain vector g, can subsequently be calculated as:
Ftr, e ; 2
35 g, =| min|  |max ﬁ-——ﬁ%—,o ,1.5| min|  |max ME—,O ,
hotE o +E



The downm x matrix D of size 1x Nwth elenents can be found as The stereo
downni x matrix D of size 2 x with elesgents can be found as The matrix E ¢
with el erwwotg10aiseroderi ved from the foll owi ng rel ati onshippT/EPreotons®@ne channel
phase differences are given as The 1 CCs and are conputed as The rotation
angles a mand mare given as 4.1.2.6 Stereo-to-stereo "x-2-2" processing
node In the follow ng, a processing node will be described in which the
regul ar audi o objects are described by a two-channel (stereo) signal 134,
264, 322 gndBhéan@NFathiR Wi Ghiferdas; channel (stereo) rendering is desired. In
case of stereo output, the Stereo preprocessing is directly applied, which
wi || be described belowin Section 4.2.2.3. 4.1.2.7 Stereo-to-nmono "x-2-1"
processi ng nodel n {digg (fgQl J®WmG:0,a processing node will be described in

whi ch t he regﬁﬁa«z dio Obje%E%mﬁéﬁ represented by a two-channel (stereo)
signal 134, 264, 322, 497a, and I n which a onechannel (nmono) rendering is
desirgd. In case of nono output, the stereo preprocessing is applied with a
single aghh&gg&g&qg&hﬁgﬁQQﬁHgéhﬁﬂﬁ&y, as described bel ow in Section
4.2.2.3. 4.1.2’8 Conclusiof Taking reference again to Figs. 4a and 4b, a
processi ng has been descri bed which can be applied to a 1-channel or a

t wo- channel signdlol184, 264, 322, 497a representing the regular audio

obj ect s subseque [ t Ia separafi on between the extended audi o objects and
the regul ar auélio“objects. Figs. 4a and 4b illustrate the processing,
wherei n the proce¥siieg( V) FoGgwisda and 4b differs in that an optional
paraneter adjustnent is introduced in different stages of the processing.
4.2. Qperation in the transcoding nodes 4.2.1 Introduction In the

f ol | 8 ndo dgrietvhcardf Wy, the sharasterdsticaamtipard R tneeds tabd splvadi ng i nf or mati on
(or rendering information) associated with each audi o object (or,
preferably, wth each regul ar audio object) i,n a standard conpliant MPEG
surround bit stf ﬁ?%ﬁ%%ﬁb%ngF@%ﬂme@P Sl :

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

15  system:
(R—=2,,Dvgr, =0.

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

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

from the first by a — 90 degrees rotation:

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

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

Rd z[l‘dn l'mz}:diag(l)l (DED*)P;),

oo Taoo

30  which gives

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




The SACC transcoder 490 is depicted in Fig. 4f and consists of an SACC
paranet er processor 491 and a downm x Jfr ocessor 492 applied for a stereo
downni x. wbeofsi@obr anscoder 490 nmmy, for exanple, takepor@pr2i10®58906
functionality of the audio signal processor 140. Alternatively, the SACC
transcoder 490 may take over the functionality of the SACC downm X
pre-processor 270 when taken in conbination with the SACC paraneter
processor 252. For exanple, the SACC paraneter processor 491 may receive an
SACC bi t gid gaMABd dhix Wigh is equivalent to the object-related paranetric
information 110 or the SACC bitstream 212. Al so, the SACC paraneter
processor 491 may receive a rendering matrixinformation 491b, which may be
included int e_g@jegt ®lat d\paranetric information 110, or which may be
equi valent to'the ¥en ing rix information 214. The SACC par anet er
processor 491 may al so provi de downm x processing informati on 491c to the
downnf x processor 492, which may be equivalent to the information 240.

Mor eover, the SACC paraneter processor 491 may provide an MPEG surround
bitstream_(or NPEGBgurround parameter bitstrean) 491d, which conprises a
par amet r f&-&HPU8LMAds nf or mati on which is conpatible with the MPEG surround
standard. The MPEG surround bitstream 491d nmay, for exanple, be part of the

processe S 0 i.Q nformti . 0 anpl e
e part  arY SRt edel phl B YF BRE oSS, b2 R 8 GreciricFibuuctOC, e
pr océdsoralddatetd sacording) o egh tabtemetiesd \sehand donrthe wppgndleqd&ig, ranke.c Mhiss
pr ef er abl e- 1 i I tWO- I 1 Lagnal ,
nd wni cft B BREE bu T bspP B ool B E AREE o BIRGREAST  o
to the semgadisacatied objsecpnsiaypfrm2presersg, catieg dégmithie pgocdisdn High may
al so provigl@ey AREG surround downm x signal 492b, which is equivalent to
(or part of) the processed version 142 of the second audio information 134,
or equivalent to (or part of) the processed version 272 of the second audio
obj et? siFgntik upper. pakioneserdrands, lefisedaye bsWttBaadelmw s\a¥ s nokBadnpbPnifhgnd he MPEG
surround ' j | b I Q10 .Signal 132,
262, The Com e e R s R R o .
Al ternatively, however, the MPEG surround representation, conprising the
MPEG surround g@rCnem r bitstream 491d and the MPEG surround downm X Signa
I@r
en?

492b, of the rjégu udi o objects nmay be converted back to a nulti-channel
time domain r %re ation
, =G

20  Define the energy downmix and energy target vectors, respectively:

€4y = [e""‘*‘ j =diag (DED" ) + €I,

edme

etar1

Car =| Glarz |~ dlag(A:‘EA; )’

tar

etar3

and the help matrix
25

tl,l
T=\t,, t,, |=AD +el.
t3,]

Then calculate the gain vector



or a multi-channel frequency domain representation (individually
representing different audi o channel s)5%y an MPEG surround decoder and nay
be subsegmenvioisgmobi ned with the enhanced audi o obj ect peirgradis/osdone shoul d
be noted that the transcodi ng nodes conprise both one or nore nono downm X
processi ng nodes and one or nore stereo downm X processing nodes. However,
inthe followng only the sterea downm x processing node will be descri bed,
because the processi of &de regular audio object signals is nore

el aborate in the stefgqgegdowmiex processing node. 4.2.2 Downni x processing
in the stereo dgwnim “X=2-5" rocessing node 4.2.2.1 Introductionln the
fol |l ow ng sectgi= , 3 | pf the SAQOC transcodi ng node for the
stereo downmi X ¢as | 13 lesher Gieyen " The object paraneters (object |evel

di fference OLD, \8nt ef -obj el ation 1 OC, downmi x gain DMG and downmi x
channel |evel differ bm t he SACC bitstream are transcoded into
spatial (preferably greael % #hat €d) parameters (channel |evel difference
CLD, inter-channel-correlation |ICC, channel prediction coefficient CPC) for
t he MPEG surround bitstream according to the rendering information. The
downm X ixhidhCftiallly @6 cd ElecOie p@dicdo®Bia@®l paraneters and a rendering matrix.
Taking reference now to Figs. 4c, 4d and 4e, an overview of the processing,
and in particular, of the downm x nodification, will be given. Fig. 4c shows
a bl ock represent &ti,ong:6f |a processing which is perforned for nodifying the
downni x si gnalc, =f @1, exgaplie the downm x signal 134, 264, 322,492a
describing the o to’r, p’r ferably, nore regular audi o objects. As can be
seen from Fi gs. Bigdfdnd de, the processing receives a rendering matrix
Men, a downmi x gain informati on DM5G a downnmi x channel |evel difference
information DCLD, an object |evel difference information OLD, and an
inter-object-correlation information IOC. The rendering matri x may

opt i onal by Combinedi EK & & AQC alepadiagratescodidg wsddep aticodes adcordisg sdhdvgn 1i0manki g.

4c. Entri %@ r&x D are obtained in dependence on the downm x
gain inf st?reangl %C%O anﬁégﬁé’ %%vmm x channel |evel difference information
DCLDIOEntries of a coherence matrix E are obtained in dependence on the

obj ect | eyele [ilbhaleRRicl BERFPBSA BN HOLInHHEIFNES ISNET pRRIeShg SPefe!valll on
information | OC. In_ad |At|oQ,, 3 rl%trlx J, may be ohtained in
be given. A preferred “combined EKS SAOC” processing scheme is proposed, where the

EKS processing is integrated into the regular SAOC decoding/transcoding chain by a

I

cascaded scheme.
15

5.1. Audio signal Encoder according to Fig. 5

In a first step, objects dedicated to EKS processing (enhanced Karaoke/solo processing)
20  are identified as foreground objects (FGO) and their number Nggo (also designated as
NEeao) is determined by a bitstream variable “bsNumGroupsFGO”. Said bitstream variable

may, for example, be included in an SAOC bitstream, as described above.

For the generation of the bitstream (in an audio signal encoder), the parameters of all input

25  objects Ny, are reordered such that the foreground objects FGO comprise the last Nrgo (or
alternatively, Neao) parameters in each case, for example, OLD; for [Nopi - Nrgo <1 < Nop;
—-1].

From the remaining objects which are, for example, background objects BGO or non-
30  enhanced audio objects, a downmix signal in the “regular SAOC style” is generated which



dependence on the downm x matrix D and the coherence matrix E, or in
dependence on the entries thereof. SubSequently, a matrix C3 may be

obt ai ned wo 2dmpapmence on the rendering matrix Men, thecamreborossyasrix D,
t he coherence matrix E and the matrix J . A matrix G may be obtained in
dependence on a matrix DITT, which may be a matrix havi ng predeterm ned
entries, and also in dependence on the matrix C3. The matrix G may,

opt i onal kijthe isementidief sees at @ babtgapumdeotjod NG @ dNem thie badrgolndTdtgeatmnd ihe G or

the nodi £i.e Qoﬂﬁ'& 8 4!9&5 %@&Mﬁi&@@fn fﬁ@y‘Ek% E%SIB sHR a\fla?f%g}&u%4ﬂ?ﬁﬁaﬁ)%

version 142, 27 he second aud | tlon 1 romthe
second at?d?’%rapﬁfi&%teﬁ%f%%wzﬂaa 9% 4h J(SWF 8P $XHRA PracssuRg SigpYnesd to be

i nf or mat imdécd. TREY nbehageioffiecbiwtiedm ¥yntak & refgfedi n the processed version
142, 272 thereof is designated with X . In the follow ng, the rendering of

t he object energy, which is perforned in order to obtain the MPEG surround
par anmet ekrs pthet Worde atlitlse exsdel: sidé,simn-¢rthensideselto pbepts are sisstingyishddi frbm

! f f th
sopond. aciiabot Qe plauON BhOhRCORORFS SRIRTSLAR, Hitdo ARG tNe
obj ects wighal lbercnre?@drwfb@ldrepmsgnts i@ rs@daeaudr@0bcct©m0@@ﬁmmdgu@9 opjests),

t ranscodwheféeﬁ it HRS Hehﬁleg%@@%%rﬁmfo% reghfr Wi ARFQEeMoAGHRLFHAGuER the

targ dering as described by the rendering matrix re . The six channel
targ (5 QJSP% pre-ehanpeledf Wrt-rhannel HEvish asglomeqtr%%am@lab%é@éls can

concept Uad)rhkhnbdi vdihvosteer m@t@eﬁh&ﬁcdlﬁﬁdcﬁo objecogignddé (Whidh tnidye €orC
i .cent er channe

renderin erfor eft . stage
e par afat SESLSERE o Sl nie Sl d BimS, O*evwa%flgmlﬂwm

par anet errzayf tor exlamplel belrornd-chranhéleddviaBnictes grobé ror art@voeﬁtamleiecﬂ)wﬂnmxtshmlabt her
part the t P nd
surround ((S:?ﬁann the;%?%aglgﬂ%nét%?ﬁi%a}l;% %‘?ﬂ%?g %ﬂﬁ t}si}ﬁ‘r? daud“ 8 F@tf ront
- right dovpEEnepndre deternmined. 4.2.2.2.1 Renderl ng to Ieft, ri ght and
center channel In this stage the spatial paraneters are determ ned that
control the rendering to a left and right channel, consisting of front and

surround signals. These paraneters describe the prediction matrix of the
TTT box fwthetfodoViRg, decledicngruCtitré of GRE peasamikilemsodedrwitlie iR ydésadlex)) and

the down i AIMELIC FB! b Xyfion SEhLL of Al ECHRRSfl SheRnIRbA IoF s Q5L N

the targ ’he o
20 encoder 1000, accordlng to an embodiment of the invention. The SAOC encoder 1000

comprises a first SAOC downmixer 1010, which is typically an SAOC downmixer which
does not provide a residual information. The SAOC downmixer 1010 is configured to
receive a plurality of Nggo audio object signals 1012 from regular (non-enhanced) audio
objects. Also, the SAOC downmixer 1010 is configured to provide a regular audio object

25  downmix signal 1014 on the basis of the regular audio objects 1012, such that the regular
audio object downmix signal 1014 combines the regular audio objects signals 1012 in
accordance with downmix parameters. The SAOC downmixer 1010 also provides a regular
audio object SAOC information 1016, which describes the regular audio object signals and
the downmix. For example, the regular audio object SAOC information 1016 may

30 comprise a downmix gain information DMG and a downmix channel level difference
information DCLD describing the downmix performed by the SAOC downmixer 1010. In
addition, the regular audio object SAOC information 1016 may comprise an object level
difference information and an inter-object correlation information describing a relationship
between the regular audio objects described by the regular audio object signal 1012,

35
The encoder 1000 also comprises a second SAOC downmixer 1020, which is typically
configured to provide a residual information. The second SAOC downmixer 1020 is



A3 is a reduced rendering matrix of size 3xN , describing the rendering to
the left, right and center channel resfectively. It is obtained as A3
=D36M en wiDt2n10v1ae706 to 3 partial downm x matri x D36 def ipoedirbyidhssoparti al
downm x weights wo , p = 1,2,3 are adjusted such that the energy of p(y2
+y2p ) is equal to the sumof energies up to a limt factor. where denote
the elements of F . For the estinmation of the desired prediction matrix
Cttt andptdfierablywanfigurpd épreceirs ©hagr netre enhaGeatearded dhiectasigrabsdi (2Riand ahsat ri x
G of ST gfredite helrb@llarl £RANSoEiC UBAnAA GhaiBRgler i ng Such a matrix is
derived by consi ger ng the normal equatirons The solution to the nornmal
equations yields the best possible waveform match for the target out put

gi ven thehohkesid SRV ideRamitRdri20 fo absl cohfifured € FRYVIAYALARfoRYSAOLVI Ng

t he system of . equat.i CITTG, =C3 To avoi d, nuneri.cal probl wh

o cof at ARG SEat | OL0F BEDOJT 0 e chlErd BUTOHTRE SaRetel antil s 2 of
J are cakgulaataedio abjdey dognaiéet §idnal 1214. Whén providiegthel coasn@r SASOG d@ehmix
descendi rder i . cor i t ot he .| arger

ci gonval gants et SHOCHESS, B6R FiichT RELS I8 ISk, Wb BeE%
lie in tHewposisignad 1R1phemsingleionsichaingherivorehenna) objscpogiali ve) . The second
ei genvector is obtained fromthe first by a - 90 degrees rotation: A
weighting matrix is _conputed fromthe downmi x matrix D and the prediction
mat r #& c3he secaydng A0 dowpmuxer {19481 qsoponfigaradply provilecen gRhgsedmudior s ¢,
?nfll c2 (aﬁjegleSAO@d?fdﬂrghtﬁg w&t@h?_ag't@fma,:fap%%npl&iﬁmﬁnrx_ ; Eﬁe%nintél lé@%&ﬁdiiﬂf%r_@ﬁbei Inf t he
ol | owi ng wa i nd. t he ionary point or points .0 ] unction, r
does ot vaey PG Dy aiFiatsd it e SRR oblseSy b0k byt Bferb ISR ¢ o
i es cl o®ddd atsociated wivh the erandedi avgid objactd Bid passoljbetawghklatids values 1OC st ep,
the row i . Tas- e e : S i ISk » ug, j =1,
2 . Thenlasasgélgfégt ?’gﬁh?ls %&\nger% %&eﬁgsoﬁ&&%@%h%aﬁ EM(Il: ﬁﬁérﬁe{ﬂgg% g%?\cg%%s(gﬁyugzlgnﬁf or c,
and &2 i predereblydenfiguredd prasife resdial frdernptiodiagtocistedowigh pachi o thasenhigaged; s

defined a8dio abjsds, ichdhatd el R8JLIN idfSiAdifel £300aed WiaP fle efhaled laubR

cal cul ated according to | ow. First define the f points, S:
objects gescribegs the d?&"erence between an original indfv%ua? enhance aud%po%ect

o

signal and an expected individual enhanced audio object signal which can be extracted
from the downmix signal using the downmix information DMG, DCLD and the object
20  information OLD, IOC.

The audio encoder 1000 is well-suited for cooperation with the audio decoder described
herein.

25 5.2, Audio signal decoder according to Fig. Sa

In the following, the basic structure of a combined EKS SAOC decoder 500, a block
schematic diagram of which is shown in Fig. 5a will be described.

30  The audio decoder 500 according to Fig. 5a is configured to receive a downmix signal 510,
an SAOC bitstream information 512 and a rendering matrix information 514. The audio
decoder 500 comprises an enhanced Karaoke/Solo processing and a foreground object
rendering 520, which is configured to provide a first audio object signal 562, which
describes rendered foreground objects, and a second audio object signal 564, which

35  describes the background objects. The foreground objects may, for example, be so-called
“enhanced audio objects” and the background objects may, for example, be so-called
“regular audio objects” or “non-enhanced audio objects”. The audio decoder 500 also
comprises regular SAOC decoding 570, which is configured to receive the second audio



and the distance function, Then the prediction paraneters are defined
according to: The prediction paraneterg] are constrai ned according to: where
| , g andwg2oswremefi ned as For the MPS decoder, the CP@sTardoioossespondi ng
| CC TTT are provided as follows 4.2.2.2.2 Rendering between front and
surround channel s The paraneters that determ ne the rendering between front
and surround channels can be estimated directly fromthe target covari ance
mat ri x Folfetthsigagl§62=ar(dl {2 presvintt, (8, thy .badibehd®H, papranekel sedioa $rovf ded i n
the for Iy 2, 2 [ LRCess] In the. folbow ng,
a ster egls %)C?%%_g\ségllon%b?%g s?%?é&l ? %’u—fhaer a@&%fig&q ]Fg((): a§|8 C?\’?ﬂlp ?i%%sf tcémgﬂl,epég wi ||
be descr hidh is Fhefigred wocombine Bwifigt dudiaelberct signdlef¢2/andathp prsessed wersipaner al
repr esentas bPfhe bddnd 2hdioUbidch8igRASES, Bfobik WodBa Vgl 58Pr esentation of the
regulgr audi o obj ects. The stereo downm x X , which is represented by the
regular audi o object signals 134, 264, 492a is processed into the nodified
downm x $i thedbllowingydhe Gimcitisndlpoeseniugid deyodda&0paK &s dadudsed it siiineamdieﬁ

rom t.he

obj ect si,gnal 42 X, = ere .The,.final stereo o ut f

ot SRR 1 s 002 e Bips AT 36t v BEEERY PO o bR
conponenscleorocahpgsitg firstly= atvbaiKanee2Karaok eaBap eprobassitie @ik S Ipadoeskisg)gwal  Xd
is calcu escr| . 1 %At hiGces P2.
accordi nhg(%ogﬂg)g?(t)%. &E\l’ﬂrn?? %X%@?%ﬁ%t@%c%%%@r 6@%@@8&%@@%&’@%&%& e A
di ff1® t {fGRAs)3 The @quired ghigchisvegliderenessi(Q& Dshand mjeirabiget eomelatians (HPCshe
predi ct eghSth@BadkeRiRd obiiRt 8RI R riVEE B Y @6jeePihdSURRBRMEMIMatiéh GRliGlsat ed

cand t tri dis ven,as:
as-an ggthn%lgjecq-arelgte)é parametric ig%ormation, and which is both typically included in the
SAOQOC bitstream):
15
N=Npgo-1
OLD,= Y d;OLD,
i=0
N=Npgo-1
OLD,= > d}OLD,,
i=0
10C,,, N-N,., =2,
20 10C,, = o Feo
" 0, otherwise.

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

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

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



Simlarly, the mx matrix P2 is given as To derive vVR and W , the
characteristic equation of R needs to & solved: det(R - 121) = 0, giving
t he ei genweluagl49oand X2 . The correspondi ng ei genvect eCc3/prR10/088%ds VR2 of
R can be cal cul ated solving the equation system (R 2l)VvR 1 R2 =0.

Ei genval ues are sorted in descending (X1X2) order and the eigenvector
corresponding to the |larger eigenvalue is calculated according to the

equat i on Tabovenbinad FI§S S8€)E eyistern rénresents & drentpoationi ofelhbeptial irbperties ef enment

has to bedagildrVeAoCT iR SRCHd ltglg@@vrﬁs(ﬁ@rrm§ C@Bf&w%owsom hfetd Byt by @

- 90 degrees rotation; QfStcor porating an be ca ated
accor di n§eFePoRHNE r?effP%@&ﬁdlSmngéF IPjoRaged ﬁys%erwmh the semp bitsireggdor fpe The

SACC t r apr€S€ einodiafitd ebndefiag)Tiand "RbfabR&SoBLimP2 addrehize rdddedhOt bRFbAGRL I'i X

C3 be5 cal cul at ed according to an alternative scheme for the upper frequency
range) THY®¥PYernative scheme is particularly useful for downm x signals

where the upper frequency range is coded by a non-wavef orm preserving
coding algorithme.g. SBRin H gh Efficiency AAC. For the upper paraneter
bands, defined by bsTttBandsLow pb <nunBands , Pl, P2 and C3 should be

cal cul at é&é}@@@ﬁélwgﬁwuﬂhé%@rdleg iaFigveb scheme descri bed bel ow. Define the
energy downn‘ix and energy target vectors, respectively: and the help matrix

enc Iatethe galnvctorvvhlchflna,ll ives the new _prediction
mat J& ﬁ@’&l$ﬁ§e§ﬁ\@@zﬁfgéfé‘&ﬁt‘ﬁﬁlq r%?@ﬁ@&?%&%%%oceﬁ@még%’@ ing to

Fig. 10 d&tirlby@'t&fffﬁg ataen@ ok OSIFI\ﬁﬁch BiowHH bloek tsbgerhaic dimgra@l, ofasd@hlaef

descrlptlon t.he ces be_gi v

pref erred™¢ fﬁ?flr‘@ﬁl ng@igﬁg‘l% St@ﬂ%i ﬁggﬁ%%{yssgge qefeﬁnﬁe EKS
processi iy may almtmyoaslddredra*b*anmhrhode@dlear SAOC decodi ng/transcodi ng chain
by a cascaded schene.

15  The combined EKS SAOC system 590 is configured to receive a downmix signal 510a, an
SAOC bitstream information 512a and the rendering matrix information 514a. Also, the
combined EKS SAOC system 590 is configured to provide an output signal 520a on the
basis thereof.

20 The combined EKS SAOC system 590 comprises an SAOC type processing stage I 520a,
which receives the downmix signal 510a, the SAOC bitstream information 512a (or at least
a part thereof) and the rendering matrix information 514a (or at least a part thereof). In
particular, the SAOC type processing stage I 520a receives first stage object level
difference values (OLD;s). The SAOC type processing stage I 520a provides one or more

25  signals 562a describing a first set of objects (for example, audio objects of a first audio
object type). The SAOC type processing stage I 520a also provides one or more signal
564a describing a second set of objects.

The combined EKS SAOC system also comprises an SAOC type processing stage II 570a,

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

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



5.1. Audio signal Encoder according to Fig. 51n a first step, objects

dedi cated to EKS processi ng (enhanced &&ar aoke/ sol o processing) are

i denti fi estoasidfapmgr ound obj ects (FGD and their nunber pPNFEP2¢18l05806
designated as NEAO) is determ ned by a bitstream variable "bsNunta oupsFGO'.
Said bitstreamvariable may, for exanple, be included in an SACC bitstream
as descri bed above. For the generation of the bitstream (in an audi o signal
encoder), the parameters of all input objects NOb , are reordered such that

the foregbQumechebk %Yeta?oo%z‘@ i 09BNhLH8 atgtéﬁerjaﬁ%d ORI ﬁﬁrbaéﬂc s%@t%fvé d’é%&YbedNEAO)
paranmeters in_each c for exa ].

| e,

Fr om t he "B Faicrngg t eé‘? @%ﬂ‘éﬁ%@r e%?dl&?%ﬁl[the HEYS@R‘QT ound Obj ect s BGO
or nonenhanced audi o objects, a downni x signal in the "regular SACC style"
IS geper ated whichat the sanme tinme serves as a background object BGO Next,
the background object and the foreground objects are downm xed in the " EKS
processi Ag st PertptaadEvabsiiduaf therfomnbimtd BIRS iSAQRK Pravessag $ehemeeach
foreground object. This way, no extra processing steps need to be

i ntroduced. Thus, no change of the bitstreamsyntax is required. In other
words, af-lt he levidveibpdodogye DesigiLadismsed audi o obj ects are di stingui shed
from enhanced audi o Obj ects. A one-channel or two-channels regular audio

obj e ﬁ X SI 1s provided v(\qwi represents the rggg‘l ar, audi o
obj ot ?ens ates.le}ait 1R ByeET PYuCiiA R eitrAcoHEcalliaiplaied Jaening igoBr  even
nmore r egtﬂaais @s@m@d abpesiitshigingualanhisrairg. ah@pnyw@kecassi)one Thiag besiphbadsnel or

tvvo chan t do n I h one
ror e hpacaa Aot BB DA B e SR A P o e

one chantest H@t@daﬂogowcd thnostcrkdalrm plocsduesahssy, intthe sprtial audio oenifroatiodoastr x

signal ( «

t wo-ch an‘r?%eamgvnm@g‘l )r(xfug’t:ipl@é cor%?ﬁ?ﬁgagﬁe ﬂ%n%lds%{gen s)ﬁc\)@ E e%gﬁjged

audi & obf@ébeswﬁftlméssreegtﬂna@f intramedigts walityqdionese sfegense [TDn t he

foll owi ng, the basic structure of such a cascaded encoder will be briefly

Fepr esen ol SIEnE S SRECP A 11 J5oret RS Aol S TEABOE HERCGE. ¢ he

i nvent i orxpetiepcedAGRreEne du@eccaddte odtipthedt SERA metthda@gyd therlisterers WertO,

whi ch is 1ﬁsYIHE It!) A%té!{) WO f A’gﬂln%pt 01%§er % PhO Yésg Qofdifi QQI%'
L%‘ﬁe é&%@ 6% con &% t &%

i nformation. ownm xer 0 receive ality
of NBEO smndpaizsdjastamaticglhafos ea@mstflte@narrcb@mle l(smmr él?knaﬁnbleer)veaﬁmoeses
were recorded by a computer-based MUSHRA program on a scale ranging from 0 to 100.
An instantaneous switching between the items under test was allowed. The MUSHRA test
has been conducted in order to assess the perceptual performance of the considered SAOC
modes and the proposed system described in the table of Fig. 6a, which provides a
25  listening test design description.

The corresponding downmix signals were coded using an AAC core-coder with a bitrate of
128 kbps. In order to assess the perceptual quality of the proposed combined EKS SAOC
system, it is compared against the regular SAOC RM system (SAOC reference model
30 system) and the current EKS mode (enhanced-Karaoke-Solo mode) for two different
rendering test scenarios described in the table of Fig. 6b, which describes the systems

under test.

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

35  proposed combined EKS SAOC system. It should be noted that for the current EKS mode
it is necessary to generate a stereo background object (BGO) prior to the actual
encoding/decoding procedure, since this mode has limitations on the number and type of
input objects.



objects. Also, the SACC downm xer 1010 is configured to provide a regular
audi o obj ect downm x signal 1014 on thé4 basis of the regul ar audi o objects
1012, sucwot2osii4dtee regul ar audi o object downm x signal pt@kP2€i0nbsones t he
regul ar audi o objects signals 1012 in accordance with downm x paraneters.
The SACC downm xer 1010 al so provides a regul ar audi o object SAOC
informati on 1016, which describes the regular audi o object signals and the
downmi x. For exanple, the regular audio object SACC i nfornati on 1016 may

conpri se i

i T er onag oy e el Skttt 4 TR PR WMQW@ %@E*aa*e?éfﬁh#&oc
downni xef he1g! Omedafeéfﬁbﬁwbewﬁeleﬁfe@éqomthaﬁeﬁ e tbwd fOffPAQR?Sﬁlﬁf( fByeudion 1016
My conpitese dastribbd &f thel R¢emesti [Df emeRN@erelptindngaiatLfbr REraRet 5&&@*01@5&@“
corre%atl |nfornat%on descrlblnqﬁ relati nshl?1 dﬁeﬁ %n t he r@% audi o
obj ect s IBUEHTE BPRSIOR SCPRERR e s B elde (ahlE e Tigo bs 1000
al so compstesiag tast femeand SAQEiomamicaer 1020, which is typically configured
to provide a residual information. The second SAOCC downmi xer 1020

i spreferably configured to receive one or nore enhanced audi o obj ect

signal s ﬁ@lés@nme lesiResults ecei ve the regul ar audi o object downnix signal

1014. The second SACC downmi xer 1020 is also configured to provide a comon
SAOC m. X signal 1024 on _the basis of the enhanced audi o object SI gnal s

1022! fﬁ@%vgmlew Iy fFgng Oéme&%greraMﬁwn%ﬁagﬂer crpianed pdening st WSHE t he
conmon Sé@;:bammm PSgsg ealand bbewbaeag Sﬁ%odevmt eMUBRR A ydokesafol Yhet 1 eat s

two- chaniiaraoh el Bk g R Rl bino R s oﬁfmﬁs@é W5 S HRE ores™
confi gur éat the cbusm/ red]elemng tisthaing echt.dlt IdotstshewttthA@agaMJSPH{A cgmadmlng pdfr
describ % mf&fef]gl)f zigﬂgé% a \élgangtﬁ(u ﬁ@aﬁr}%@aln Jaﬁ}/eeeveg hlfl fe%lﬁ (f 1t§r%% 'flj(gg'r%e 19 vaI ues

assocj at e an di'6 obj ects, ob] ect
OLD &3sodicaseeriatpd H5%bisenbdmanavervalsdi o obj ects and inter-object correlation
val ues |1 OC associated with the enhanced audi o objects. In addition, the

second 20 i s preferabl confl d to provide si du fornatlon
Sesoci at i \K?]]?(}W@&e DS CPa, pR AR DR OB Hfeier s %fﬁﬁﬁccerhﬁletef‘ﬁe PR dual
i nf or mat itests: associ ated with the enhanced audi o obj ects describes the

di fference between an original individual enhanced audi o object signal and

an expected individual enhanced audi o object signal which can be extracted
from®he downfig 65l ignreisenis ithegcarhparigondon shei evrsnirEKiSomodiveyithDbe Roarhinadhe

obj ect i nfor MaKIORAR®: sybtels for Karaoke-type of applications. For all tested items no
significant difference (in the statistical sense) in performance between these two
systems can be observed. From this observation it can be concluded that the
combined EKS SAOC system is able to efficiently exploit the residual information
25 reaching the performance of the EKS mode. One can also note that the performance
of the regular SAOC system (without residual) is below both other systems.

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

Therefore, it can be concluded that the proposed unified system combining the EKS mode
35  with the regular SAOC preserves the advantages in subjective audio quality for the

corresponding types of a rendering.



The audi o encoder 1000 is well-suited for cooperation with the audio
decoder described herein. 5.2. Audio ségnal decoder according to Fig. 5a In
t he fol | ombnrglo/ubmobasi ¢ structure of a conbi ned EKS SA@CTAd®Pe@d®ssobd0, a

bl ock schematic di agram of which is shown in Fig. 5a will be described. The
audi o decoder 500 according to Fig. 5a is configured to receive a downm X
signal 510, an SACC bitstreaminformation 512 and a rendering matrix

i nf or mat iTaking imo at¢ranbthdifactdeas deprop0@d compined K A A€h syt hianaokeérSol o
processi I to
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f or egr our@QSpmde and 438 Uée éhﬁ:m hﬁﬂre@%&r@@t tyesgplarend@me, whirpsadde i bes
the backgneutgeal t8eicrpotie if iafortie MIPRG SBiGRCkandiy., for exanpl e, be

so- ca%led "enhanced aug?o obj ects” and the background objects may, for
exanpf e, be so-called "regul ar audi o objects” or "non-enhanced audio

obj ects”. The audi o decoder 500 al so conprises regular SACC decoding 570,
whi ch is~conf] & 4he second audi oobj ect signal 562 and to
provi de, on t “£§§$%g¥iﬁg§;1% Z processed version 572 of the second audio
obj ect signal 564. The audi o decoder 500 al so conprises a conbi ner 580,

whi ch 1 S ¢ aRf flo BN Sﬁle@rﬁﬂbﬂopﬁrcﬁvﬂﬁ dé b ﬁfamﬁyﬁgﬁhl Q@Qrgééhtaﬁbﬂ W@Hep@ﬁ@erﬁ:@%nt he

processed er sion of the secon |o 0 &t sig . to ob‘iatwn an
out p ?051ng TFPF@SWQOB ant %t? cméanil@ctsrc d’P OFH%U%H’F ecoder
500 wi | I dbs%rlﬁbcﬁﬁ&tﬁ$€f€relnde .ﬂwmcrdﬁioarsla flMchbi®f SABG slededi ng/ transcodi ng

side, the upm x process results in a cascaded schene conprising firstly an
enhanced Kar aoke- Sol o processing (EKS processing) to deconpose the downm x
si gnal i ithe nicttedsdéOkugmyuises Ditppdt0 (BEOpmposing erdegrmnﬁmdignaijrepxtsen(diﬁmsﬁo The
r eq“' r Ed (ﬁecé g'rs?‘éﬁhlo%ﬁ&ﬁ%ﬁirﬁﬁﬁschﬂx%z) ﬁ?s@g t'f&‘&{e cﬁrbhgﬁet add® [)gg@tg o‘?%s

ackgroun j ect are derive romt ect a

| nf or%mt 5 a@m @lneqt dymsotil dbgased -apdioginfamgtien describigi Eh‘ﬁQYpﬁ@ltSFtofrf or@n@r vvhl ch

is both tipé aadibYobjdeed Md@@edoﬂdtahalo%g&tb St @e%)@ldenhél oftdfé HoRAmit Bigﬁalst ep
(which is t plcallgﬂﬁxecuted

ocessin f oregr % ect
Contori nEresBn o kb AR S e o R OB PR RS BaloFA e THE st put
channel s 708 utsh cbh@hsesfa)stepﬂaﬁrmlf@rodek@ng t}resrecrmalchtﬂla)hjfm:rtatlsngmdbpcﬁﬁr’maes a
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roun I''ses
pl urddit pudp 11$f0rr0@tldned "regul ar audi o Obj ects") is rendered to

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

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

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

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



t he correspondi ng out put channels by a regul ar SACC decodi ng process (or,
alternatively, in sone cases by an SAGe transcodi ng process). This process
may, for weammiray7obe perfornmed by the regul ar SACC decodcmgr20/ossbhe fi nal
m xi ng stage (for exanple, the conbiner 580) provides a desired conbination
of rendered foreground objects and background object signals at the

out put. Thi s conbi ned EKS SACC system represents a conbi nation of all

benefi ci atogparopebleicempuofer bhen elegudrae ciBADC S yorhe amandinienss, kS mnder méte s

2yt om el e HERAER B ol ey Bl RO P A AR Nler i gy and

Kar aoke/ Sol o-si m I ar (extrene rendering) playback scenarios. 5.3.

Gener al I mg nﬁtehucé Uh@®d8g 60did] sighal @arFbé stoRdl éﬂlatdlfgﬁtaﬂ Qo4 Mediud @enarwl i zed
struc 1%Féon’m ned EKS SAQC system 59 be descri hed t aki ng

refer e R R Y V?Eq\ﬁnf'éﬁérﬂl%m&f“a@ R OE AonTd
general i Zreﬁhmn@mm mediveKSichbAOheslyisi®mn The conbi ned EKS SACC system 590 of
Fig. 5b may al so be considered as an audi o decoder. The conbi ned EKS SACC
system 590 is configured to receive a downm x signal 510a, an SACC

bi t st r eabeperfcingran icortais idpleaedtatine rmﬁn@mehts;gem’amdimnﬁs roff dhevmventionscazhe Al so,

the comby lﬂgﬁmd%‘i&r e?& %?#2%%% n%ﬁ ne Ex%fe%%g%ﬂoﬂrcgﬂ'bg?gg@nﬂéﬁ Bkﬂl % gnal

520a on t ba3| s there conpri s S an
SACCL® y pdigitabgterage mpddyagior exapplg a fenpyHliske @dPVPs atEH@e -B8¥ink P> ¢ RAM. 8510a,

t he SACCPRION! b€ @PRIONIOhAEEPROM lotea FEAS@I rﬂeﬁﬁ‘ﬁ}t Havig! éleétf&'ic%ﬁgf)reeﬁﬁglet he
renderi ng?matrl X nfor éll on 514a (or at ast B

parti cul &P HEeng 5B &84 if%’?@ﬁfe s Gabilie o Ve § with ge

obj ect | @m@rardmfalﬁleroenmatemysmﬁ sQE D3} the rEbhecBdOmethpdds pedomssl. Ahesfage |
520a proyid | |b|ng a first set of objects
(for exa\r{rﬂp cggltﬁggﬂ% rg&gg ?‘%ﬁ?" ('Sofn?p %rgﬁ%I o} obj ect type). The SACC type
procé$sing stage | 520a al so provides one or nore signal 564a describing a

second s@hnff eﬁhio@ﬁﬁe’fhts T&@oﬁﬁ@'tﬂe@heEKﬁ'véﬁ% SYSPASR 8 Stk OPRfikS ahiviHy SACC
type processing stage 570a,, which is configured to receive the one or

more si gRsreongAly dé%‘@bleblcﬁatr?lhél%lé@on‘ﬁ ight atst casolsctof soRPerasingr ithde  on

the basi gridr@neable ofgp@er RPItEmSisgetaltBatSdRa ofeherinbihods alebdiived Betinofs
obj ect s u5| nrgnsecond stage object level differences, which are included in
t he saocP®

20

Generally, embodiments of the present invention can be implemented as a computer

program product with a program code, the program code being operative for performing
one of the methods when the computer program product runs on a computer. The program
code may for example be stored on a machine readable carrier.

25
Other embodiments comprise the computer program for performing one of the methods

described herein, stored on a machine readable carrier.

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

computer program runs on a computer.

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

35  computer program for performing one of the methods described herein. The data carrier,
the digital storage medium or the recorded medium are typically tangible and/or non—
transmitting.



bitstreaminformation 512a, and also at |east a part of the rendering
matrix information 514. The conbi ned EKS SACC system al so conprises a

conbi ner w8Qajo/mbrioch may, for exanple, be a sumer, to pcoErPd@obb@o©ut put
signal s 520a by conbi ning the one or nore signals 562a describing the first
set of objects and the one or nore signals 570a describing the third set of
objects (wherein the third set of objects may be a processed version of the
second sétfughendmbestimyntid teeimventiveentthed wbthereforej gdatistredmonsa scqyener el | zed
form of ¢; i : i it ence i in a
R A AR

Combi ned heRE. SRexdatsy Hrcauspiiic Seasmee 6f sigrals mayeios saampigyoe candignisd ke |t ens
Thi s subjregdferv&@l Vik aldeni ddehrh@féBionRbenceanEl 6t @dniple vl tckiughdtcal | y isol at ed
i stegi ng roomthat is designed to permt high-quality |istening. The

pl ayback was done using headphones (STAX SR Lanbda Pro with Lake-Peopl e

D/ A- Convér figthea naintsiAXeBRMMises ar procdsmgt exbnyyebhedathplel awedputee, st andar d
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t he subj described bgrsisssnent of intermediate quality audio (see reference
[7]). Atotal of eight listeners participated in the perforned test. All
subj ects can be consjdered experienced listeners. In accordance with the
MUSHEA mét r offLOdimENt FRPBHES s? \GOFWUIeH SRaving élast%llgdc QP ethy| fompRaKer

condi t i opfogagaiftiSierfoR@ing@ne o€ tHetnethbds dee&ibeddiaebin.i ons were randomni zed
automatically for each test itemand for each |istener. The subjective
responses were recorded by a conputer-based MIJSHRA program on a scal e
rangi ng fm esomé enbodidientsia prograemzbhe gsc devite ton gxamatlewmelicld lpeogramnmmblender

t est was I%,g bee i n; r ss the
per cept ugﬁtlep_er rma.l ng?a Mga—{?ﬁ gteggltr% i@g@re eﬁ %}Kg%qgn%g%@ﬁ%ﬂﬁgﬁ gO%ptP %8%@53 system
desct? bedescabedderelb(le spme mmpodgaents Geld frogramasble g4te pEay MYt w@PCIdEsi gn

descri pt ingfh a hitRoHBELSSHAARM G0 HOMEH SnSHONa nTethYls AekPBBA heiBin) GeabraiC
cor e-coder V\n?ﬁgh a bitrate of f’LZ Ebgs. In . order to assess the perceptual
qual i ty ¢ PREONT BpBLderRly MsTiRERe nyAEdNYE CRRATHPE | s conpar ed agai nst

the regular SACC RM system (SACC reference nodel system) and the current

cKS o RN RSSO TBL FPAEN Mgl UL B HEDIEELIRL LR

unde0t egnvention. It is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent,
therefore, to be limited only by the scope of the impending patent claims and not by the
specific details presented by way of description and explanation of the embodiments

herein.
25

9. Conclusions

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

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

35  Also, the first mode is considered to be the main objective of EKS processing, the latter
provides additional flexibility.



Resi dual coding with a bit rate of 20 kbps was applied for the current EKS
node and a proposed conbi ned EKS SACC &6§stem It should be noted that for
the currewD2B@4pmde it IS necessary to generate a stereoTEeekgnssse obj ect
(BGO prior to the actual encodi ng/ decodi ng procedure, since this node has
limtations on the nunber and type of input objects.The listening test

mat eri al and the correspondi ng downm x and rendering paraneters used in the
per f or melf hae deen frawnd thas@rgesetabizaton dfrtbe KiSefugetiongfityt dpasaspientlyf twolyeppesal s
(O P)  audirgr idre@mbifss HREE it the ReuBR UBOLprbeksing Moode b bR AL Rt @ for
"Kar aoke" and "C assiC! ren&({erl ngl $pp| I cati'on scenarios can be found in the
tabl e of SYSIQ e pojgntials cdsueh 3 palied pYstmpify test itens and rendering
matrices. 6.2 Listening Test Results A short overview in ternms of the

di agranms denonstrating t tained listepning test results can be found in
Fi gs.?6d and 6&° SWL%%F%@@&%%O@%WS Q/Ag?%t%éu%%-lm scores for the

Kar aoke/ Sol o type rendering listening test, and Fig. 6e shows average
MJUSHRA scorgs R G ' [ ing. test. The plots show the
average MUSH ngrbé%‘?%é&%g?ﬁ?‘t%lﬁn§§€‘g¥éggﬁf%ﬁf‘%‘?g{ﬁgg’s and the statistical nmean
val ue over all evaluated itens together wth the associ ated 95% confi dence

intervals. Jhalof Bhit@dbNe GRNEHBAOSSinpaN oBjects r@Wpri %et‘ﬁe HRerbiR] bEjRet ts of
t he i(ﬁnduct eﬁ&%@ eni Hq tests:, Fig. 6d represgnés t he corgé)larl son foltr?rthe
curr&ht EKS i eh thet RefRHS Redicpk S eaeraleyRT SRTKEERINRA AL S1I0Y ft

appl i cati ons. SA@C ahdodirgst4@ ;iahéns no significant difference (in the
statistical sense) in perfornmance between these two systens can be
observed. Fromthis observation it can be concluded that the conmbi ned EKS
SACC syst em i Suppyireof e refiduat iceding oresqpégrpund blgecte yicdidiag chenoedrpeiceptual
reachi ng the Fyp:Yeln S, al so note that the
per f or mance oﬁﬁ{dkgqregu%ﬁ%%%osystlg%%at otlhltgﬁ(?}}as'si dual) is bel ow both

ot heﬂSSystem;. Fig. 6e represents the conparison of the current regul ar
SACC Wi t IThedeende @ithéddeen BKSHIRNGE bS Yisd @iiTiEDEystndasabéEmeeni ng scenari os. For
all tested itens the performance of these two systens is statistically the
sane. This denonstrates the proper functionality of the conmbi ned EKS SACC
system for a classic rendering scenario.



Therefore, it can be concluded that the proposed unified system conbining
the EKS node with the regul ar SACC pres®rves the advantages in subjective
audi o quakotyioiap7obhe correspondi ng types of a renderi ngcTaipmg/ o583
account the fact that the proposed conbi ned EKS SACC system has no | onger
restrictions on the BGO object, but has entirely flexible rendering

capabi | i li/ of the regular SAOCC node and can use the sane bitstreamfor all
t ypes of ﬁﬂ@i‘i%g |t appears to be advant ageous to incorporate it into
t he MPEG SACC st and hod According to 831537 In the follow ng, a

met hod f &k pr m/éEﬁngéH/%%ﬁ/W@ lgMPERGapPesenenit 1Cal fen dernosals ong

downm X si gnasgitﬁﬂ)rAQﬁﬁm)Bj'ébmbcﬁﬂgj A9thQIPEGIMESIn! RRrRREAMRNGAS Jd00h or mat i on
will be described with reference to Fig. 7, whi ¢h shows a flowchart of such

Si nal r B ool B E ol CE SRR EE gﬂ’ﬁ?é)i g NEOTaE e Swdedr Fiiy
firstSset of @bﬁcoICodmgeEmldatmnquoeedLsemanchCﬁitamm" A8eth MBBGeMeetizgppeSaand a
second audi o iy EH describing a second set of one or nore audio

au

obj ects of a secon I'0 object type in dependence on the downm x signal
representation and at |east aGglart of the object-related paranetric

i nformat {(Wn.  IHYTReUIAG/SEE/WiIGd Q@A) Rosumert N 5Pp (Reforimmodeaisl Aydioche

second audi 0 Obff 0BEINERNID SERBEARAIESTE MIEG Maeeﬁﬁg qGlusdrk kB AT anet ri c
information, to obtain a processed version of the second audi o i nformation.

e o o8 T ORGEE SPPEO8RR 3! BARECD, UnetEBL MBS <o
obt al® the upMexfisatgmaResubpfadeihdakiavke/Sob systehoiin#OGing cloopationgate ¢fi g. 7
may be suppl epgpsy & tAh‘%)’ Rﬂ)(o“{mh%g%@%é‘ét& ﬁH%ng“*i‘ﬁﬁéef aky%oé"’“' ch are

di scussed herein w respec e’itnventiv t he net hod
700 brin s al ong t he advanta es discussed with reslpect to t he i nventive

appar at u?] 8. I3GpEentHt HB(é { br(VERE@Q)e sDogumeat gHl 066 e "Sardie cars IHAUIECheen

descri bed i n tzisl@oacmo@%s &fal AMdRPOBeat USding tSASCYH!, 88th MPBG MB&SE, ASRECE S
al so repr esen grzggieon of the corresponding nethod, where a bl ock or

devi ce corres thod step or a feature of a nethod step.
Anal ogousl vy, aspects described in the context of a nethod step al so
repr ésen{6la déSCAEQtITEH/IT2HUWEoY Ir B4PBGI Rgcumhamt M 106601 EStaiws ahé W urkplanf a

correspondi ng ,ARAFB ALY Eqifcdls 2dih MPE@R1dBhD Mt ERS, AB¥i1 2000.

[7] EBU Technical recommendation: "MUSHRA-EBU Method for Subjective
Listening Tests of Intermediate Audio Quality", Doc. B/AIM022, October 1999.

(8] ISO/IEC 23003-1:2007, Information technology — MPEG audio technologies — Part
20 1: MPEG Surround.



be executed by (or using) a hardware apparatus, like for exanple, a

m cr opr ocessor, aprogrammabl e conputer7®r an electronic circuit. In sone
enbodi nenve,2oemir7oone or nore of the nost inportant netirod/EPh@p®ssyay be
executed by such an apparatus. The inventive encoded audi o signal can be
stored on a digital storage nmediumor can be transmtted on a transm ssion
medi um such as a wireless transm ssion nediumor a wired transm ssion
medi um such as the Internet. Dependi §daio certain inpl enentation

requi renents, enbodi nents of the invention can be inplenented in hardware
or in software. The inpl enentati can be performed using a digital storage
medi um for e%&n{ﬂdéo 21geb96s° F R00;a2 {3005 Y0 dORRPVINEIN UPRERVFIERAIPROM
an EPR|OM ~an E@Eaaawa@dén &hﬁ&ﬁbﬁ&bmmr%dohzﬁmmgigﬁhleﬁ{dr mp'rdsaﬂthtyonlr (slaQ?Qﬂ@,
contr si gnalks,.s t her eon ich cooperate .(or e, capahl

coopet at i ng) aﬁ%h§gkﬁr%bP§W9€§F%&Q8ﬂﬁﬁF§F §$§FEW§§J3ﬁ61%§g fﬁ%%y2§b3§tive
met hod i s per idiosignaldeeodsl oomprising: di gi t al st orage nedi um nay be conput er
readabl e. Sonme enbodi ments according to the invention conprise a data
carrier having electronically readable control séggals, whi ch are capabl e

of cooper ati ng? ®Picht serpraéir@ Attt Sé8npiftad confeirediio deromnopatheodvishixt he
et hods descr kiBgsl Rpfesématich, Re ptAndR . firSleARNAlid¥rmAHA0ABIEDES 1, 1582a)
preSth |nven'a| onb.can e inplenmented as a Qq(]) ut rf ro‘?({;a%ﬁroduct \fll\”h a
progtam code, 9¢SELBBSHISNeE BHRHY HeresHER ¢ 1%&? P RPIet BRe 49 3 he
met hods when tdvend anghiotieforpathgr AU pLEeL S, 564 describirgoapedoad sefldfeorer @igr am
code may for %xz%errglll(ﬁo%ﬁ.e%%sor d on. choi ne Eeadabd e cdargei er Q;lher .

enbodi nent's cONpY I Se° the - conput e’ ‘%?g‘g?ar?ﬁ% ypﬁépf S ﬁa ofe }bef THE et hods
descri bed her signal represemtition; a machi ne readabl e carrier. In other words, an
enbodi nent of the inventive nmethod is, therefore, a conputer program having
a program code for, perform ng one of the nethods described herein, when the
conpli er pr ogPRANGIQ FiEnahpracesseronELured t ircervathesaserd Ao ifpropgtion G3snt i ve
met hO?S i's, ':jb&lt;e%qf 86423 aHdt@prodkdsitRE sdcdhd alé&iggilfﬁﬁhat&irﬁhftﬁgeﬂﬂéﬂ&&?ﬂ tHr a
conputer-rea e iU conprisin recqrde ereqn e, GOl ' _
ropram  or - paRearY R ORe oHEn T on oS G ey e e (1P Hag 22
carrier, the AV éthestonmdgadimediarmaton;tahé recorded medi um are typically

tangi bl e and/or nontransmitting. A further enbodi nent of the inventive
method is, therefore, a data stream or a sequence of signals representing

the é®nputer praydiansigw combingr id HY 280 580 $30a) venfhgiied de sempipedhe first

audio information with the processed version of the second audio information, to

obtain the upmix signal representation.

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

signal representation,

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

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

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

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

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

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



herein. The data stream or the sequence of signals may for exanple be
configured to be transferred via a dat@a comruni cati on connection, for
exanpl e wve fwegpmbernet. A further enbodi ment conpri se®Ca/EPL@OASDEN]
nmeans, for exanple a conputer, or a progranmable |ogic device, configured
to or adapted to performone of the methods descri bed herein. A further
enbodi nent conprises a conputer having installed thereon the conputer
program f or pend or moregawlive olojectt o€ theefildnalrlic ebject thpel aleammephasizéd osa@nidio

enbodi nent s, . i G. I e I el d.programuabl e
gate array) rrglf}g%tg%%ggg ‘?Jgaﬁggg)oof%&?yr?%?%%hfegfrft %?@Hgorﬁl&{r@f’iag%al ities of
t he nmet hods descri bed herein. In sone enbodinents, a field progranmbl e

gate array MayheRAP&kahfecdpardor Tk ChRPHREERSROVIIR tRY €Rbnd Qudi8hAlfRRRe Of
t he net hods descri bed herein. generallﬁ, t he met hods are preferably

perfo? med by thatr ey ebisgip aF teussconshrudi, phigctdeRs AiesErPhasigetP YRS fidioar e

merely illust oejkétyof fherfirbtmdier dbjedt pipesn He sebendpiudtcinformadent i on. It is
understood that nodifications and variations of the arrangenents and the
details described herein will be apparent to others skilled in the art. It
i s the iAtent The hediefsigna] d¢adbe(1I00n28E&E00n590)mecotdangswope df clsihes i frpéndi ng

patent clains : -t afJ: i )

descri ption a@glceéiﬂ[; tglr?g. Lloosgﬁgf Rfcﬁgéﬂégﬁgﬁ%%f?%g@g?tﬁ%dgw E}éx%isﬁié (S)%Csh I n

t he 1911 owi ngthat aneroeespiaetdf the deenndamidaqyéafopnationeincbrbiudiod SIERE [BACKSSy st em
according to @ prESSTS; J70HENY p@tbritlel |subRqREdtab sy sepdfiBh i veRfeentBE it aoke
and Sol o pl ayba&k,scenarl 0s, t,E,e SQQE EKS %E)(rocesm ng rrg,de suppogﬂ\%ébot h
reproduct i on 8P AEOFAIE, JESTHOB; tae L1556 S B 8E0soRISEs Bsthg ity and
an arbitrary audbwbfec( tgk] madtHeysebbl awdicéfiforgativat ddskibiag thdesendbiestt

groups. Al so, nsi dered..t oggl%gtbt he main objective of EKS
|

he fi \
pr ocessi ng, tﬂt%e gra’?ilf)rrgfg}usgg%ﬁ%fgo%gaF'?Clog?]‘ugﬁldl?IO t’P’P?'ty. It has been found

t hat 1a generalization of the EKS functionality consequently involves the

effort of; combypi &%‘@Y‘h&d&# 002880: 00585 RLOLERS{NShe™MAGaihk PRI AI N one
uni fi ed ss'ystem Q'Ia,eopo gn_tléal S @f éugt?i a ﬂﬁ?ﬁi ed s;?/r?é)m are: a%%e g%,n’gl e
cl ear SACC deddarchy/the audieotieny mpsaseruiseconfigheedpia gracessnilicorechnd HugRS and

regul ar SACC #8@nation (134; 264; 564; 564a) in dependence on the object-related parametric
information (110; 212; 512; 512a) associated with the audio objects of the second

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

type.

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

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

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

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

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

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



No limtation to the nunber of input objects conprising the background
object (BGD, such that there is no ne&d to generate the background object
prior to wbeofsAdZoencodi ng stage ; and Support of a regcdwErko0ossong for
foreground objects yielding enhanced perceptual quality in demandi ng

Kar aoke/ Sol o pl ayback situations. These advantages can be obtained by the
uni fied system descri bed herein. References [1] ISOIEC JTCLl/ SC29/ W51 1
(MPEG, Docunent N8853, "Call for Proposals on Spatial Audio bject

Codi ng", 79th MPEG Meeting, Marrakech, January 2007. [2] 1SQOIEC

JTC1/ SC29/ W51 1 (MPEG), Docunent N9Q99, "Final Spatial Audio Object Coding
Eval uation Procedures and Cri er(oon", 80t h MPEG Meeting, San Jose, April
2007. [3] 1SA1EC JTC1/ SC29/ 2 (MPEG, Document N9250, "Report on
Spatial Audio Obje ngj{%gmdn? ?eﬂ'e tion", 8lst MPEG Meeting, Lausanne,
July 2007. [4] |SOYEC JTe1/ SC297Wel| 1 (MPEG), Docunent MI5123,

"Informati on and Verification| Results for CE on Karaoke/ Sol o system

i nprovi ng the perfornmance of EG S RMO', 83rd MPEG Meeting, Antalya,
Tur key, January 2008. [5] | SOMN EG<J'PC1/ SC29/ WGl 1 ( MPEG), Docunent N10659,
"Study on 1SO | EC 23003-2: 200x Spat i/al Audi 0 bj ect Codi ng (SACO)", 88th
MPEG Meeting, Maui, USA, April 2009. [6]] I1SOIEC JTCl/SC29/ W5l 1 ( MPEG),
Docunent MLO660, "Status and V‘_b,rka.a'h&r SACC Core Experinents", 88th MPEG
Meeting, Maui, USAXApeiA™ 8. "°77]reEBU|Techni cal recomendati on:

"MUSHRA- EBU Met hod for Subjective Listening Tests of Internediate Audio
Quality", Doc. B/AI M22, Cctober {1999. [|8] ISO I EC 23003-1 : 2007,

I nformati on technol ogy - MPEG audi’6x.gehnol ogi es - Part 1. MPEG
Surround. C ai 1. An audi o signal decoder (100; 200; 500; 590) for
providing an u‘%gﬁrne%’ signal representation in dependence on a downni x signal
and representation ( 112; 210; 510; 510a), an object-related paranetric
information ( 1 10Mm212; S5p2¢c 512a) the audi o signal decoder conprising: an
obj ect separator (138%“960; 520; 520a) configured to deconpose the downnix

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

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

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

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

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

downmix matrix D which is defined as



signal representation, to provide a first audio information (132; 262; 562;
562a) describing a first set of one or73more audi o objects of a first audio
obj ect tye,2ommdomosecond audi o i nformation (134; 264; P84/EP2E4858906
describing a second set of one or nore audi o objects of a second audio

obj ect type in dependence on the downm x signal representation; an audio

si gnal

264; 564; 564a) and t p?oces thpmseconﬂhaud
on the object-rel ated| paganmetrjc i pf or mat,i on
(142; 272; 572; 572a)|of-the _second audi o ¥nf
conbi ner (150; 280D=s OW%SSOaWocdnflgured ?o
information with the processed: vergion of the
obtain the upm x signal representation. 2. Th

processor configured to receive the second audio information (134;

o information in dependence
to obtain a processed version
br mat i on; and an audi o si gnal
conbi ne the first audio
second audi o i nformation,
audi o signal decoder

to

al

=

according to claima1, Wnerei fvthe Qudi-o srdnal decoder is configured to
provide the upm x signal representation in dependence on a residual

i nformati on associated to a subset of audio objects represented by the
downm X si gnaiwheepr ths ®hjeat separatontecaifigutedeo objacthe seyrax Gtasr i s confi gured
to deconpose the downm x signal representation to provide the first audio
i nformation describing a first set of one or nore audi o objects of a first
audi o object type to (vhi Eh respdudﬂ)ihfoQ tion is associated, and the
second audi o i nformat|ongdescribi g a.segond set of one or nore audio

objec%s of a seconghaudfﬂ"obrectwﬁyper—fg whi ch no residual information is
assoct ated, in depéndenfe on the d&mnﬁix ignal representation and using
the residual informatjon: 3. The dudio. signal decoder (100; 200; 500; 590)

according to claim1l pr 2, m@ereid(}hg,opject separator is configured to
provide the first audihd=»nforfeti’dn such thatone or nore audi o objects of
the first audi o object type are enphasi zed over audi o objects of the second
audi o obj ect iy fir | 0. i i . j.ect
separator s SHRIbieAd Feop b AR PLRETRIRR SR MOBIE BEAgBRCT L
audi o obj ect s figf ahdie obREPRPe:aUdi 0 obj ect type are enphasized over audio
objects of the first audi 0 object type in the second audio information. 4.

The audi o signal decoder (100; 200; 500; 590) according to one of clains 1
to 310 wherein no to n, _, are downmix values associated with the audio objects of the

first audio object type.

9. Audio signal decoder according to claim 8, wherein the object separator is

configured to compute the prediction coefficients ¢, , and ¢, as

15
P oo Po,— P

_ " LoCo,j" Ro RoCo,j

- 2
PLoPRo - PLoRo

P

LoRo

€0

PLoCo,j
2
P

LoRo

P

_ PRoCo,jPLo - LoRo

J1
PLoPRo -

;and

wherein the object separator is configured to derive constrained prediction

coefficients ¢, and ¢, from the prediction coefficients ¢, , and ¢, usinga
20 constraining algorithm, or to use the prediction coefficients ¢,, and ¢, asthe

prediction coefficients ¢, and ¢ ;

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



wherein the audi o signal decoder is configured to performa 2-step
processi ng, such that a processing of The second audio information in the
audi o si gwel2opragmssor (140; 270; 570; 570a) is performedTarbeiogssens to a
separati on between the first audio information, describing the first set of
one or nore audi o objects of the first audi o object type, and the second
audi o information descrlblng th second set of one or nore audi o objects of
t he second audi o obj ec e dio signal decoder (100; 200; 500;
570) according to gjffe I(‘)) b?e/P”a%s zﬁ ?’gwﬁéj"v\her ein the audi o signal processor
is configured to process the second audio information (134; 264; 564; 564a)
i n dependence on the object-yghated paranetric information ( 110; 212; 512;
512a) associated wp, h:UmQ)augg hﬁg@s of the second audi o object type and
i ndependent fromthe object I d’ paranetrlc information ( 1 10; 212;

512; 512a) associated with the audlo objects of the first audi o object
type. 6. The audio signal decoder (100; 200; 500; 590) according to one of
claims 1 to 5 whergein Eh (ﬁﬁe g@ rator is configured to obtain the
first audio |nfornaﬁﬁbn 11 {4 562a X EA0 ) and the second audio
information (134; 264, 564 564a ' XOBJ usiyng,a linear combination of one
or notge downm x signhal c I miegnal representation and
one o% nor e reS|dugﬂtha%22P§ §a§iFe|H t _gggect%separator i's configured
to obtain conbination paranmeters for performmg the |inear combination in
dependence on downm X paraneters a5500|atedN ith the audio obj ects of the
first audi o object ‘tyqpe URDr+ 1NEACN,OL %WEAO-I) and i n dependence
on channel predlctlon coefficients (CJ , ) =bf the audi o objects of the

first audi o object type. 7. e {0 Sj decoder . (100;. 2 590)
hocording Lo Shg<ur iRgiews oL, @%@q&e?@ w@%ﬁp@e@ 'S apdio sy of tne
configured tosabhdbumdid lbbjeti typt amdiadt defimddoacowddirgtoand t he second audi o

i nformati on accordi ng towherein wherein Xos/ represent channels of the

second audi o information;, wherein X EAO represent object signals of the
firsgypaudio |nforngﬂupnz ergz@LB represents a matrix which is an
inverse of an extended dovnm X'matfix;

N-Ngo-1
OLD,= Y d}OLD,,

i=0

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

0, otherwise.

Ioc, , = {

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

second audio object type;

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

20

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

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



wherein C describes a matrix representing a plurality of channel prediction
coefficients, ; wherein | and r0O represent channels of the downm x signal
repr esentwoi2ony4whverein reso to res _, represent residustcTwmranmoet®ps and
wherein Ais a EAO pre-rendering matrix. 8. The audi o signal decoder
according to claim7, wherein the object separator is configured to obtain
the inverse downm x matrix D~ as an inverse of an extended downm x matrix D
which is defi bgreaswhetndl L e ebjasiences splaesdenivads fromnpbigetrlevelidifferboes n t he
matrix C as whghfleferd%hd iRtelloBjcdQUHEIMtiohdaHesct@8SAel ated with the audio
objects of the first audio object type; wherein n to are downm x val ues
associated with the audio objects of the first audio object type. Audio

si gnal decodewharioeguRgstaiatdivithd pathef gidio bbecwhifeied 18eRaloadHéct itgpe
configured to, conpute §hF rel i cti.on.co ff%ci@ntﬁFas J %gboR%.Lg 0 LoRo ,
wherein the oBfEEtR §EFLFRIG ™ aB@ﬁPfaﬁﬁéanﬁsa VECRG AU AYEH PP di ct i on
coefficients fromthe prediction coefficients using a constraining

algorith or e & LCEHin@N I G e. nredict |

oot T ci ont o Bhorans il B CHOBT 265 50h, SOERls ol ol BRGH 9:f00y
are defined a¥hpeinths obiachperaeater ioconfigurey o gdizindhg st pudio deformatmand: o
audi o obj ect sRfsetdid aﬁggﬂﬁ%@gﬂb@a&g}@;@t& ype and are defined according to
wherein dOi and dij are downm x val ues associated with the audi o objects
of t second audi o object type; wherein OLDj are object level difference
val ues associ ated with the audi odpbjects of the second audi o object type;
wherein Nis a total number of "3ydio| objects; wherein NEAO is a nunber of
audi o objects of the, fiMiidndi o dbject type; wherein 1000 i is an

i nter-object-correl ation val ug assocjated with a pair of audio

4

€S £a0 =1
_ A EAO Prediction

XEAO =A M EAO

wherein

15 M =D7'C

Prediction

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

wherein X, represent object signals of the first audio information;

20
wherein D™ represents a matrix which is an inverse of an extended downmix
matrix;
wherein € describes a matrix representing a plurality of channel prediction
25 coefficients, ¢ ,, ¢, ;
wherein d represents a channel of the downmix signal representation; and
wherein res, to res,  represent residual channels; and
30

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



obj ects of the second audi o object type;wherein e and e i ,R are covari ance
val ues derived from object-Ilevel-differ@&nce paraneters and

i nter-objwotempipmbati on paraneters; and wherein e are aeymrR@besswséth a
pair of audio objects of the 1st audio object type and eL,R is associated
with a pair of audio objects of the second audi o object type. 10. The audio
si gnal decoder (100; 200; 500; 590) according to one of clains 1 to 6,
wherein the object separator is configured to obtain the first audio

i nformatijpn ande theioSaeon dieastdl %cé:d}ﬁﬁ’i%g@rtélﬁﬂl @G,%ﬁajefﬁgthta%by%rsgﬁd?atw ein

Xog/ representsig channel of_ the seco audi o I af ormat | on, erel n XCAO
represent obj EeR1EIehig abiip the Wverse doWAmMK Brafris BF mis FHIVeRsp F an gxtonded
represents a aeivhing mairshDi whidhid def@eges of an ext ended downmi x matri x;
mhere%n C describes a matrix representing a plurality of channel prediction
coefficients, wherein dO represents a channel of the downm x signa
representation; and erdinimes -0 t"ew, ) epr esent residual channels; and
wherein A EAO is a EAQO pre-tenderimgmatiri x. 11. The audi o si gnal decoder
according to clai mpo fler i n tHe obj edqt separator is configured to obtain
the inverse downmix nmatrix DO is an:inverse of an extended downmi x matrix
D which is defined as|whereimthe object] separator is configured to obtain
the matrix C as whereirn"#0'to are downnix val ues associated with the audio
objects of the first audio object type. 12. The audi o signal decoder (100;
200; 500; 590) ,accordi 0 one of clai 1 10.6, wherein the object
separator is &ﬁ’fe’l“b{?l"é’g%f{)segﬁliag s ‘f%‘éﬁgfl@st? Obﬁm‘@ei ré’fhﬂﬁsi on and the
second audi o informati on according to wherein Xoa/ represent channel s of
the second audio infoymatigny whegein X O represent object signals of the
first audio infornmatipn:-whereranhRerein nD to I NEAO- 1 are downm x val ues
assoghated with thea di‘o qblj ect sV f the first audio object type; wherein

n0 to are downm x val pes: asgpci-ated with the audio objects of the
]

Crppt 1O 1
wherein mg to m,, _, are downmix values associated with the audio objects of the

first audio object type.

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

the second audio information according to

Ner; l
XOBJ = MgBng [ ’ ]

%

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

wherein



first audi o object type; wherein OLD, are object |level difference val ues
associated with the audio objects of tRé first audi o object type; wherein
OLD L andwOLl2D10R4amoe conmon obj ect | evel difference val uesTapsmoiossoesd with
the audi o objects of the second audi o object type; and wherein A EAO is a
EAO pre-rendering matri x. 13. The audi o signal decoder according to one of
claims 1 to 5, wherein the J r is configured to obtain the
first audio information dnd the €48bnd audi o information acFordi ng to
wherei n XOBJ represents g thannel'zgf jhe second audi o inforfation;wherein X
0 represent object signal Dy et iALBudi o i nformation; wherein do
represents a channe>%# =th downni*k signal representation; wherein wherein
nm to NMNEAO-i are downm X val ues associated mith Uzg)kaudi o0 objects of the
first audi o object type; (wherein LD are objject Teygl dirfference val ues
associated with the audiq objects of the fif{€lBudiy ebpept type; wherein
OLD L is a common object | evel difference value assaciated Wmth the audio
obj ects of the second audi g—objes sicr nW—ﬁ——A—H—a EAO
pre-rendering matrix. 14. The -Jii'a ecode’i&ro(Lf@O: 200; 500; 590)
according to one of clains o] N i n|the objaect,separator is
configured to apply a re {‘hg+r1i§.r’}’,\?ﬁ tgé)ﬁ?zer*'s Uﬁ%Bfi nf ormati on (132;
262; 562; 562a) to _nmp obj ect sightls of thé first dudio information onto
audi o channel s" of ™MeoUpti x audi o:signal representation (120; 220, 222;
562; 562a).15. The audio|si according to
one of clains 1 to 14, e ei”?%at:ﬁ bMa@H—lo Si s 140; 270; 570;
570a) is configured to pe a‘gter r epr Qcessig t he second audio
information (134; 264; 56 8@@45)% rf"rze nd Qg Rd‘ng Fg)ﬁ@'r ng i nformation
(Men) n object-related covariancé& informati'on (E),”a downm x i nformation
(D), to obtain audio channels of the processed version of the second audio
LprormaLl o ohorehl o /AR H AoV hed A00%iard? Qe WOaudis BjBE GRU "9 1O
5 first audio object type;

wherein ny to 5 Ny € downmix values associated with the audio objects of the

1

first audio object type;

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

wherein OLD;, and OLDg are common object level difference values associated
with the audio objects of the second audio object type; and

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

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



audi o si gnal

processor (140; 270; 570; 570a)

is configured to performthe

stereo processing to map an estinated a8%di o object contribution (ED*JX) of
t he secomsoaudiaoionf or mati on (134; 264; 564; 564a) ont opaTmpee@losdoyes of

channel s of the upm x audi o signal
rendering informati on and a covariance information.

represe

ntation in dependence on a
17. The audi o signal

decoder according to claim15 or claim 16, wherein the audi o signal

processor is configured to add a decorrel ated audi o si gnal

contri bution

(P2Xd) to thevweronX gudipoesent drjevatigoals obthedirsti anflarinfdrinatioer i ved from t he

second audi o i nfornmati on,
(R) and one or

i n dependence on

a render upm x error information

nore decorrel ated-signal-intensity scaling values (W1, W2)

18. The audwbesimgdalepteandechaeelwfdhd\@owtmixiigral repkaabmtidn;t 0 14, wherein

the aydi o signa

processor (140; 270; 570; 570a)
post processing of the second audio information (134; 264; 564; 564a)

is configured to performa
in

dependence onwaereandering i nformation (A), an object-related covariance

information (E) and a downm x i nformation (D)
si gnal

according to claim18,
perform a nono-t o- bi naur
map a single channel

t he upm x signal riﬁwes
transfer function. 20. T
wherein the audio signa

w05 the

rein the audio
processi ng of t
secoodDaudi O |
t gtion, vLAKINg 1 n
@UBj © 3 gmadLRje
ocessoro i s conf

nono-t o-stereo processing of the second a

channel of the second aud
signal representation. 21
wherein the audio signa

st ereo-to- bi naural proces
channel s of the seqgheay
signal representation, ta3
function. 22. The audio
audi o signal processor |
processi ng of the second

di
S
S

infaf@m[%pn on

ioF]
OLBs$0D  i18’ QI f
st ng of The secon
dio information o
1Ki i i

c

i=0

19. The audi o signal decoder
processor is configured to
he second audio information, to
nf ormati on onto two channel s of
to consideration a headrel at ed
coder according to claim 18,
igured to performa
dio information, to map a single
o two channel s of the upm X
decoder according to claim 18,
i gured to performa

audio information, to nmap two
nto two channels of the upm x
rati on a headrel ated transfer
ording to claim 18, wherein the
rforma stereo-to-stereo

wherein my to mneao-1 are downmix values associated with the audio objects of the

type;

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

object type;

wherein OLDy is a common object level difference value associated with the audio

objects of the second audio object type; and

wherein A* is a EAO pre-rendering matrix.

The audio signal decoder (100; 200; 500; 590) according to one of claims 1 to 13,

wherein the object separator is configured to apply a rendering matrix to the first
audio information (132; 262; 562; 562a) to map object signals of the first audio

10
first audio object
15 of the first audio
20
14.
25

220, 222; 562; 562a).

information onto audio channels of the upmix audio signal representation (120;



information, to map two channels of the second audio information onto two
channel s of the upm x signal represent@®ion. 23. The audi o signal decoder
accor di ngvoeommaemh clainms 1 to 22, wherein the object peparainnsgse
configured to treat audi o objects of the second audi o object type, to which
no residual information is associated, as a single audio object, and

wher ei n the audi o signal processor (140 270; 570; 570a) is conflgured to
consi der 18bj edhe gpdieisidne! desaden (HYY; BA0:A6t 59®) amserdiigaba@uietod clares Audlild,
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commop obj ect . |evel.. erence val u or,,a plurali of
audi oglobj ects o?m%%%lé’n oRddaTm Hﬁs @%’Py@ %n‘&’t 'dich chapne P}e%}fe
separator is pm&ssgdwewom@fﬂme;etm aonmnforotajien;t | evel difference value for

a conput ati on of channel prediction coefficients (CPC); and wherein the
obj ect separator is configured to use the channel prediction coefficients

to obtai Aoone T8¢ audip sianal decoren 0200 502D isaeprding te stromal Sawdiersin the
l nf ormation. g&lio -Et}ﬁiafiﬁﬂic@ssﬁf onry, 2d6€5r¢tﬁr57@§}>gré$hﬂg fe@ t8"HerfBFm Gh@lflheol 1O
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obj ects of t heucsemhdnauﬂu (qsmm@gséuyma) anw a/\plafaelw\of bl%nﬁ@ﬂs@ﬁ&h&@;ﬂﬁfxat or
i's conflguredfup1 |ffer

nce v
conputation o entsr1 natl rgpregep% 1i<(%R)Fnd%Q{‘f‘f’d\ﬂt}efielieﬂ H?P@?ﬁtwgefﬁdrét or is
configured tocmanmnfmmml&n(l\/p to obtain one or nore audl o channel s
representing the second audio information. 26. The audi o signal decoder
according_to one of clains 1 to 25, wherein the object separator is
conf i yur ga t o ae eudio ie1a) deprdst meeordipariorclaim &9 %G}I%@t 1@ ovheseiat therfudigl ue

(1CC L, R asssighat pdcésRot K‘sﬁcé\ﬂrﬁiglﬂecpbd) el Qfdeéélﬁélﬁg&%&oa h&l 8Rit8GdtidnyPe in
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18.  The audio signal decoder according to one of claims 1 to 14, wherein the audio
signal processor (140; 270; 570; 570a) is configured to perform a postprocessing of
the second audio information (134; 264; 564; 564a) in dependence on a rendering
information (A), an object-related covariance information (E) and a downmix

25 information (D).

19.  The audio signal decoder according to claim 18, wherein the audio signal processor
is configured to perform a mono-to-binaural processing of the second audio
information, to map a single channel of the second audio information onto two

30 channels of the upmix signal representation, taking into consideration a head-
related transfer function.

20.  The audio signal decoder according to claim 18, wherein the audio signal processor

is configured to perform a mono-to-stereo processing of the second audio

35 information, to map a single channel of the second audio information onto two
channels of the upmix signal representation.



wherein the object separator is configured to use the common inter-object
correlation value for a conputation of8eéntries of an matrix (M; and
wher ei n twe 20tymetooseparator is configured to use the ceormrmwisssebj ect
correlation val ue associated to the audi o objects of the second audio
object type to obtain the one or nore audi o channels representing the
second audio information. 27. The audio signal decoder according to one of
clains 120 28heandipsignat ¢reoderdiceordingrialclapmdde vhorein the aodibi sigmabprocesspender

the second augy QohffiREdabi QI §eRERESABRARM] toﬂiscegahg%ﬂ !eéc%gd RRfggTeL ri
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et kAt eiahe

i nforfation stk B¥nd audio information describes nore than two

audi o objects of the second audi o object type. 29. The audi o signal decoder

accor di ngsto %@iaﬁalig%ign @ercshé} &Q&dﬁgtg%lairﬁqgamh@fn fh? aﬁ@lﬁfs%g%if gl%c%sgor
obtain, as the second ‘audi o | nformatiton, a oné-channel "audi o Signa
represent ati oft ¢PNBZUAd-tohasheIm L dieessiagFieteo r pigeessimgt af itbe seeprdsadio ng

more than twoifydh@ioRbite Ghep Aot SRnAS ATHRUSHOnPRIuED! irki¥RSation Contd NGvaaUdi 0
Si gnié decoder acclg[?&llg??g tog opne of claing 1 to 29, whereln tlhe audi o si gnal

procé¥sor is CoAPF Yrgnix stgaplaepiesentadi®ond audi o i nfor mati on and to
process the second audio information in dependence of the

obj ect-rghat edparanetric . informtio t.aki ng . nto considerati.o .

obj ect -r 2Pat eggf)g}lalr?e ignal dle?ﬁc%F ﬁ%(‘tqr@ﬂg 48 §88%’£tcgadm5mﬁtﬁ %r‘ﬁheﬁ'}aﬁh‘? ehegtudi o
obj ects of theemedontd cndigareddp et aydie.obtts Jhtheasachml aidimabjedetypdeto
according to Qm i ; 814N ' ' l,.gdecoder is
confi gured to e%hﬂfgcﬁglghﬁ?%ﬁ%%%géta w%glﬁgégfa%é{]n?%gggi{@g%b% EQRIPJ%GJ] ects) and
a fot ground obj ect nunber information (bsNunG oupsFGO from a

confi gurati onwihbfed fRtauad 4SAOPRRESE (L00010.097005704)8s ebliftted Bl @hSider
paranetric inf .rngau aon, -and to detertm ne the nunber a}er‘ﬁ’u I 0 {og{eects of the
second audio 8 egéstpef'glﬁéelb TNG FRFATFIES FFTaCKhOethp G J§95%0% Bl ect
nunber i nf or matdiowbgrd typeeo fadjusy cantributims ext tthe audie objenfsarfnthé isedond audio

object type to the upmix signal representation.

20
24.  The audio signal decoder according to one of claims 1 to 23, wherein the object
separator is configured to obtain one or two common object level difference values
(OLDy, OLDg) for a plurality of audio objects of the second audio object type; and

25 wherein the object separator is configured to use the common object level
difference value for a computation of channel prediction coefficients (CPC); and

wherein the object separator is configured to use the channel prediction coefficients
to obtain one or two audio channels representing the second audio information.
30
25.  The audio signal decoder according to one of claims 1 to 24, wherein the object
separator is configured to obtain one or two common object level difference values

(OLDy, OLDg) for a plurality of audio objects of the second audio object type, and

35 wherein the object separator is configured to use the common object level
difference value for a computation of entries of an matrix (M); and



32. The audi o signal decoder according to one of clains 1 to 31, wherein

t he object separator is configured to 85e object-related paranetric

i nf or mat iwo 2asg@gicat ed wi t h NEAO audi o obj ects of the fipcsiEPamdiosssodj ect
type to obtain, as the first audio information, NEAO audio signals (X 40 )
representing the NEAO audi o objects of the first audio object type and to
obtain, as the second audio information, one or two audio signals (X0 )
representing therdip bhemﬁtsdmayatob}se@m@gmfedtthelss dromdirau@Vl) tobpeit ohe pe,

treating the Hid}le5&9}@h‘ﬁﬁ)@lsqpfbrgé\ehﬁng{hecfggorﬁeeﬁﬁ@ﬁqn nhﬁo bj ect type as a

si ngl e one-channel or a two-channel i 0 obj ect erein the audio
signal processor is configured to individually render the N-N EAO audi o

obj ects nepr eﬂ\hefaﬁ&obsigﬂaﬂl@le&m%r @écdr&@g&b‘din@ oFictimk S @f 24,heher&iaaRE oBjedi O
i nforpation using.the obj %%? ate%Hp trlc|nforrratt|o%atssomated wth
the NNEAO audP® gar}?rebst £OT5t RIS T Bj SERMPY, Jater-g 9 CirCESIRY  or

provi di ng an wplue XI@Cg@adtssocnqﬁeéwmhaamcbu dbj]:cdeﬁﬂ[td];EROEd andia ahgeunnipe ? gnal
[ t ho
representati og Cﬁéﬁﬁg@c{%ﬂoﬂ%ﬁSEJgEtexle?attee'dj%at?%@tﬁ@txﬁfoﬁné& 01??85}5 'f&{]ntd tﬁcjﬁeﬂér}g s 5

conprising: d represen ion
first audio i h‘f’@réwdm @bﬂe@téglfrﬁhblwgor& ﬁudlstom@ﬁ tye, cand tor sa’mnhe 1atsvd-|0bjeoﬂ)j ects

of a first au@bﬁel@@érﬁ%lué é@%@elaﬁa 9o ﬁqeseﬁfa?dng ayd b?tﬂe('}je% o o J @@&C[%’é){ong a

second set of one or udi 0 objects of "a secon pe in
depellngence onZ¢Ref dd \?\/ED tg?“g‘i‘?ﬁ‘le e proEs enlest then taRcudia oljeds of Brsrecendpart
of the obj ect andibabprd: tgps;amat ri c i nformati on; andprocessing the second

audi o information in dependence on the obj ect-rel ated paranetric
information, to obtain a processed version of the second audi o information;
and comnbi ni ngwhieif ithetotgendi separatar matcbofigwed hot hee phe‘D(IE)SBE@h vistes-objecof t he

second audi o AL ik fof @ BRbHafloh BECHAL & 5Bt @?r gentation. 34 A

conput er program performng e net accor ai m 33 when the
conpuf er programruns on a conputer.

wherein the object separator is configured to use the common inter-object
correlation value associated to the audio objects of the second audio object type to

obtain the one or more audio channels representing the second audio information.

20 27.  The audio signal decoder according to one of claims 1 to 26, wherein the audio
signal processor is configured to render the second audio information in
dependence on the object-related parametric information, to obtain a rendered
representation of the audio objects of the second audio object type as the processed
version of the second audio information.

25

28.  The audio signal decoder according to one of claims 1 to 27, wherein the object
separator is configured to provide the second audio information such that the
second audio information describes more than two audio objects of the second
audio object type.

30

29.  The audio signal decoder according to claim 28, wherein the object separator is
configured to obtain, as the second audio information, a one-channel audio signal
representation or a two-channel audio signal representation representing more than
two audio objects of the second audio object type.

35

30.  The audio signal decoder according to one of claims 1 to 29, wherein the audio
signal processor is configured to receive the second audio information and to
process the second audio information in dependence of the object-related
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31.

32.

33.

parametric information, taking into consideration object-related parametric

information associated with more than two audio objects of the second audio object
type.

The audio signal decoder according to one of claims 1 to 30, wherein the audio
signal decoder is configured to extract a total object number information
(bsNumObjects) and a foreground object number information (bsNumGroupsFGO)
from a configuration information (SAOCSpecificConfig) of the object-related
parametric information, and to determine the number of audio objects of the second
audio object type by forming a difference between the total object number

information and the foreground object number information.

The audio signal decoder according to one of claims 1 to 31, wherein the object
separator is configured to use object-related parametric information associated with
Neao audio objects of the first audio object type to obtain, as the first audio
information, Neao audio signals (X, ) representing the Ngao audio objects of the

first audio object type and to obtain, as the second audio information, one or two
audio signals (X ;) representing the N-Ngao audio objects of the second audio
object type, treating the N-Ngao audio objects of the second audio object type as a
single one-channel or a two-channel audio object; and

wherein the audio signal processor is configured to individually render the N-Ngao
audio objects represented by the one or two audio signals of the second audio
information using the object-related parametric information associated with the N-

NEao audio objects of the second audio object type.

A method for providing an upmix signal representation in dependence on a
downmix signal representation and an object-related parametric information, the
method comprising:

decomposing the downmix signal representation, to provide a first audio
information describing a first set of one or more audio objects of a first audio object
type, and a second audio information describing a second set of one or more audio
objects of a second audio object type in dependence on the downmix signal
representation and using at least a part of the object-related parametric information;
and



83

WO 2010/149700 PCT/EP2010/058906

34.

processing the second audio information in dependence on the object-related
parametric information, to obtain a processed version of the second audio
information; and

combining the first audio information with the processed version of the second

audio information, to obtain the upmix signal representation.

A computer program for performing the method according to claim 33 when the
computer program runs on a computer.



