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to a method for providing an upm x signal representation on the basis of a
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i nformati on and in dependence on a rendering informati on. O her enbodi nents
according to the invention relate to a nmethod for providing a bitstream
representation on the basis of a plurality of audio object signals. 25O her

enbodi rfecﬁlmcﬁlcﬁ%dd' ng to the invention are related to a conputer program

for per d nethods. Ot her enbodi nents according to the invention
are related to a bitstreamrepresenting a multi-channel audio signal, 30
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providing an upmix signal representatlon on the basis of a downmlx signal representation

and an object-related parametric information and in dependence on a rendering

information.

15  Other embodiments according to the invention relate to an audio signal encoder for
providing a bitstream representation on the basis of a plurality of audio object signals.

Other embodiments according to the invention relate to a method for providing an upmix
signal representation on the basis of a downmix signal representation and an object-related

20  parametric information and in dependence on a rendering information.

Other embodiments according to the invention relate to a method for providing a bitstream
representation on the basis of a plurality of audio object signals.

25  Other embodiments according to the invention are related to a computer program for
performing said methods.

Other embodiments according to the invention are related to a bitstream representing a
multi-channel audio signal,

30

Background of the Invention

In the art of audio processing, audio transmission and audio storage, there is an increasing
35  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 brings along an
improved user satisfaction in entertainment applications. However, multi-channel audio



35 desire to handle nulti-channel contents in order to inprove the hearing
i npression. Usage of multi-channel audio content brings along significant

i mpr ovemawoofig3otohe user. For exanpl e, a 3-di nensi onal ploeaPRe1g/0643py essi on
can be obtai ned, which brings along aa inproved user satisfaction in
entertai nment applications. However, multi-channel audio WO
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type transform or in the formof QW subband signal s). The SACC encoder
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x1l to X Separate sets of downm x
coeffl dhanasvawaﬁﬂrmanﬁ ilable for each channel of the downm x signal. The
SACC encoder 810 is typically configured to obtain a channel of the downmi x

signal by conbining the object signals_ xi d
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domain signals (for example, in the form of a set of transform coefficients of a Fourier-
25  type transform, or in the form of QMF subband signals). The SAQC encoder 810 typically
also receives downmix coefficients d; to dy, which are associated with the object signals x;
to xn. Separate sets of downmix coefficients may be available for each channel of the
downmix signal. The SAOC encoder 810 is typically configured to obtain a channel of the
downmix signal by combining the object signals X, to Xy in accordance with the associated
30  downmix coefficients d; to dy. Typically, there are less downmix channels than object
signals x; to xy. 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 SAQC 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
35  object signals X, to x, in order to allow for a decoder-sided object-specific processing,

The SAQC 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
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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 objeci-related
35  side information will be described, Fig. 9a shows a block schematic diagram of a MPEG
SAOC 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



Taki ng reference now to Fig. 9b, another MPEG SACC system 930 w || be
briefly discussed, which conprises an SACC decoder 950. The SACC decoder
950 proviwexor/pbissal ity of uprrtix channel signals 958pcm/Ebeqendsice on a
downm x signal representation (for exanple, in the formof one or nore
downm x signals) and an object-related side 15 information (for exanple, in
the formof object nmeta data). The SACC decoder 950 conprises a conbi ned
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986 may, for exanple, be used if the channel-rel ated MPEG Surround side

informati on 984 woul d_not allow to pro ide a desired he ression on
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the rendering information. The side information transcoder is also configured to provide an
MPEG Surround side information (for example, in the form of an MPEG Surround
35  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,




25 representation and the object-related paranetric side information.
Exanpl es for this concept can be seen in Figs. 9a and 9b. Alternatively,
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signal representation (for exanple, a 8lownm x signal representation 988)
and a channel -related side information (for exanple, the channel-rel ated
MPEG Surround bitstream 984), which can be used by an MPEG 30 Surround
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di scri mipatiaflel-related MPEG Surround bitstream 984), which can be used by an MPEG

30  Surround decoder to provide the desired upmix channel signals.

In the MPEG SAOC system 800, a system overview of which is given in Fig. 8, and also in

the MPEG SAOC system 900, a system overview of which is given in Fig. 9, the general

processing is carried out in a frequency selective way and can be described as follows
35  within each frequency band:

¢ 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 dy. In
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and the mixing step (indicated by the mixer 820c, 926) are combined into a single
transcoding step, which often results in an enormous reduction in computational
complexity.

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

30 freedom of choosing a rendering setup of his/her choice (mono, stereo, surround,
virtualized headphone playback, and so on) and the feature of user interactivity: the
rendering matrix, and thus the output scene, can be set and changed interactively by the
user according to will, personal preference or other criteria, For example, it is possible to
locate the talkers from one group together in one spatial area to maximize discrimination

35  from other remaining talkers. This interactivity is achieved by providing a decoder user
interface;
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ummary of the Invention

25  This objective is achieved by an audio signal decoder, an audio signal encoder, a method
for providing an upmix signal representation, a method for providing a bitstream
representation, a computer program and a bitstream as defined by the independent claims.

An embodiment according to the invention creates an audio signal deceder for providing
30  an upmix signal representation on the basis of a downmix signal representation and an
object-related parametric information and in dependence on a rendering information. The
apparatus comprises an object-parameter determinator configured to obtain inter-object-
correlation values for a plurality of pairs of audio objects. The object-parameter
determinator is configured to evaluate a bitstream signalling parameter in order to decide
35 whether to evaluate individual inter-object-correlation bitstream parameter values to obtain
inter-object-correlation values for a plurality of pairs of related audio objects or to obtain
inter-object-correlation values for a plurality of pairs of related audio objects using a
common inter-object-correlation bitstream parameter value., The audio signal decoder also
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Therefore, the above-discussed concept results in a small bit rate demand for the object-
related side information in some acoustic environments in which there is a non-negligible
inter-object-correlation between many different audio object signals, while still achieving a
sufficiently good hearing impression,
30
In a preferred embodiment, the object-parameter determinator is configured to set the inter-
object-correlation value for all pairs of different related audio objects to a common value
defined by the common inter-object-correlation bitstream parameter value. It has been
found that this simple solution brings along a sufficiently good hearing impression in many
35  relevant situations,

In a preferred embodiment, the object-parameter determinator is configured to evaluate an
object-relationship information describing whether two objects are related to each other or
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35
In a preferred embodiment, the audio signal decoder is configured to combine an inter-
object-correlation value associated with a pair of related audio objects with an object-level
difference parameter value describing an object level of a first audio object of the pair of
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25  objects using a common inter-object-correlation bitstream parameter value. In this
embodiment, the object-parameter determinator is configured to evaluate an object
relationship information, which is included in the configuration bitstream portion, to
determine whether the audio objects are related. In addition, the object-parameter
determinator is configured to evaluate a common inter-object-correlation bitstream
30  parameter value, which is included in a frame data bitstream portion, for every frame of the
audio content if it is decided to obtain inter-object-correlation values for a plurality of pairs
of related audio objects using a common inter-object-correlation bitstream parameter
value. Accordingly, a high bitrate efficiency is obtained, because the comparatively large
object relationship information is evaluated only once per audio piece (which is defined by
35  the presence of a configuration bitstream portion), while the comparatively small common
inter-object-correlation bitstream parameter value is evaluated for every frame of the audio
piece, i.e. multiple times per audio piece, This reflects the finding that the relationship
between audio objects typically does not change within an audio piece or only changes
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each other, but is not applied to entirely unrel ated audi o objects. In a
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transm ssi on of indivi dual i nter-object-correlation bitstream paraneter
val ues would result in an excessively high bitrate demand and for which a
comon This emwidjeett; caoccrréh@t tonhdiitresntieanapawarte ar proalisich $fid |b1t§ﬂrés@1\i\5 for
a reprodyetd pn Br.i sch t|o
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the|nv |on g %sg schematic aramo an audi o signal
enc oder % ity ﬁb nns! gpdio content w1th a good hearing i 1mpressmn In addition, it should

be noted that the audio signal encoder described here provides for the same advantages

which have been discussed with respect to the audio signal decoder.

30 In a preferred embodiment, the parameter provider is configured to provide the common
inter-object-correlation bitstream parameter value in dependence on a ratio between a sum
of cross-power terms and a sum of average power terms. It has been found that such an
inter-object-correlation bitstream parameter value can be computed with moderate
computational effort, while still providing an accurate hearing impression in most cases.

35
In another embodiment according to the invention, the parameter provider is configured to
provide a predetermined constant value as the common inter-object-correlation bitstream
parameter value. It has been found that in some cases, the provision of a constant value



enbodi ment of the invention; 15 Fig. 3shows a schematic representation of a
bi tstream accordi ng to an enbodi nent of the invention; Fig. 4shows a bl ock
schemat i cwdizagremosf an MPEG SACC system using a singl e PCT/EP2010/064379

20i nter-object-correl ati on paraneter ®al cul ati on; Fig. 5shows a syntax
representation of an SACC specific configuration information, which may be
part of a bitstream 25 Fig. 6shows a syntax representation of an SACC

frame inﬂ{l@ﬁ B&isk OPor Maingie, Tay chrexipanhdatl michighehe aaongdnats Fsdoian sypeabl e
representing a
C

coh G haR OB e ) SRR offl e 1 ot SUDlS PR Bk

par anef’er®
SACC s¥stirtng ifripgessidas ousrdingly pdke swivgmgttionaliedigracanf bea mieieized cehBACC

;%i&?g&gﬁ%@%é“? %%gg;%gg@:gﬂggsi&n% Tt standard MBplications of the inventive

5 concept.

In another preferred embodiment, the parameter provider is configured to also provide an
object-relationship information describing whether two audio objects are related to each
other. Such an object-relationship information can be exploited by the audio decoder, as

10  discussed above. Accordingly, it can be ensured that the common inter-object-correlation
bitstream parameter value is only applied for such audio objects, which are, indeed, related
to each other, but is not applied to entirely unrelated audio objects.

In a preferred embodiment, the parameter provider is configured to selectively evaluate an

15  inter-object-correlation of audio objects for which the object-relationship information
indicates a relationship for a computation of the common inter-object-correlation bitstream
parameter value, This allows to have a particularly meaningful inter-object-correlation
bitstream parameter value.

20  Further embodiments according to the invention create a method for providing an upmix
signal representation and a method for providing a bitstream representation. These methods
are based on the same ideas as the above-discussed audio decoder and audio encoder.

Another embodiment according to the invention creates & bitstream representing a multi-
25  channel audio signal. The bitstream comprises a representation of a downmix signal
combining audio signals of a plurality of audio objects. The bitstream also comprises an
object-related parametric side information describing characteristics of the audio objects.
The object-related parametric side information comprises a bitstream signaling parameter
indicating whether the bitstream comprises individual inter-object-correlation bitstream
30 parameter values or a common inter-object-correlation bitstream parameter value.
Accordingly, the bitstream allows for a flexible usage for the transmission of different
types of audio-channel contents. In particular, the bitstream allows for both the
transmission of the individual inter-object-correlation bitstream parameter values or of the
common inter-object-correlation bitstream parameter value, whichever is more suited for
35  the auditory scene. Accordingly, the bitstream is well-suited for handling both cases in
which there is a comparatively small number of related audio objects for which detailed
(object-individual) inter-object-correlation information should be transmitted and for cases
in which there is a comparatively large number of related audio objects for which a



14 Fig. 9cshows a bl ock schematic diagram of a reference SAOC system using
an SACC-to- MPEG transeoder. Detail ed Description of the Enbodi nents 1. Audi o
Si gnal Dewodervmemerding to Fig. 1 In the foll ow ng, arCaR@oDs643Mal
decoder 100 will be described taking rigference to Fig. 1, which shows a

bl ock schematic di agram of such an audi o signal decoder 100. Firstly, input
and output signals of the audio signal decoder 100 will be descri bed.
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descri {.nalyl: he functionality . of the audi o signal decoder 100
Wil l be?gﬁg%“seége%’&?l‘g%‘hé’hgﬁﬁidémgaf%r’?‘él R R %ﬁ?‘&@ﬁﬂe@f{%ﬁw’cei ve
a downnbijstrepgmaramespr edenstilt albowslfbo a reprodiction pited byod lepiriag empeesdiof] ural ity
of audi o object signals, for exanple, in the formof a one-channel audio
signal representation or a two-channel audio signal representation. The
audibo sBEefPesgrp f the .SO receives an object-related paranetric
information 112, 20 which typically describes the audio objects, which are
i ncl Ude[? ijn the downni x si ﬁnal representation 110. For exanpl e, the

obj ect -FBPABELSACSHRSITE 0 themyentan Wil subseqneatly bp descaibpe takingresrenasfiot he
audi o ahg eadlssedvitip< in aheche epr esent ed by the dowmi x signal representation
110, using 250bject-level difference values (OLD). In addition, the
object-related paranetric information 112 typically represents

i ntlér - dbgekt - corshehatitdockeivhematiediagtancsf of atchesignsli decodiracé@dinghbah are
represented by t@nﬂﬁiﬂgﬁ%ﬁﬁﬂﬁ%ﬁfﬁpr esentation 110. The object-rel ated
paranetric information typircally conmprises a 30 bitstreamsignalling
paranmeter (also designated with "bsOneTOC' herein), which signals whether
the obimgt> rated B8GATHIEACChBhRCBRLAh GOIPLIRES AU MY Bhoording 10 an
inter-objectcorrelation bitstream paraneter va Ue8 AsS0ci afed flo A8t vi dual
pairs of audio otﬁ”@&dém@ﬁ%nt%wlqnm er-object-correl ation bitstream
pananet er val ue associated with a plurality of pairs of audi o objects.
Accordifgly, the object-rel ated paranetric information conpri ses 35 the

i ndi vi d‘ﬁg'lyi nt er -%‘B}”@cf‘- ég?%ar%a?t i TGRECETE e 6ag)§‘i§§?9é9 Fefud@goro t AR
conmon i nt erob] enbclimes| dtthomventiat r eam par anet er val ue, in accordance
with the bitstream signalling paranmeter "bsOnel 0C'. WO
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ig. shows a block schematic diagram of an MPEG SAQC system using a single
20 inter-object-correlation parameter calculation;
Fig. 5 shows a syntax representation of an SAOC specific configuration

information, which may be part of a bitstream;

25 Fig.6 shows a syntax representation of an SAQOC frame information, which may
be part of a bitstream;

Fig. 7 shows a table representing a parameter quantization of the inter-object-
correlation parameter;
30
Fig. 8 shows a block schematic diagram of a reference MPEG SAOC system;
Fig. 9a shows a block schematic diagram of a reference SAOC system using a
separate decoder and mixer;
35

Fig. 9b shows a block schematic diagram of a reference SAOC system using an
integrated decoder and mixer; and



The object-related paranetric information 112 may al so conpri se downm x

i nformation describing a downm x of the individual audio objects into the
dow nni x wognalo3p®pr esent ati on. For exanpl e, the object PcelErb@d/opgranetric
i nformation conprises a downm x gain imaformati on DMG describing a
contribution of the audio object signals to 5 the downm x signal
representation 110. In addition, the object-related paranetric information
may, opFigobal |y, somyridock sihemaiix-ddanaedt i evRlendl ISADENSSehNQRFBKI On

DCLD descri bing d | X i differences between different downm
channel s. The si gg‘gﬁ(ﬂa{é}ég@r@]%ﬁc? “Tal so configured to receive a rendering

information 120, for 10 exanple, froma user interface for inputting said
render i Bgai1af @E %g k91 fﬁﬁéﬁeg#ﬁ{ei fig information describes an allocation of
t he signal's upm x channel s. For exanple, the
rendering information 120 may take the formof a rendering matrix (or

ent 1| esi t her 2akih.iMd 1o0add: Welofdinig pigndering Information 120 my comprise
a description of a desired renderi position (for exanple, in terns of
spatial coordinates) of the audi o 150bjects and desired intensities (or
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configured to provide the upm X sign represen ron 130 25 on the basis
of the downm x signal representation 110 and the object-related paranetric
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al so t ypheladrl yheprabyéctesicdt paametrjce dhfor@b@de deoraprises , indik@ual inter-object-
correlation bitstream parameter values associated to individual pairs of audio objects or a
common inter-object-correlation bitstream parameter value associated with a plurality of
pairs of audio objects. Accordingly, the object-related parametric information COMprises

35  the individual inter-object-correlation bitsiream parameter values or the common inter-

object-correlation bitstream parameter value, in accordance with the bitstream signalling
parameter “bsOnelQC”,



for exanple, object-level-difference values OLD, downm x-gai n val ues DMG
and (optionally) downm x-channel -1 evel -di fference val ues DCLD on the basis
of the obyeavti/BOmMel ated paranetric information 112. Thecamk@oss3nal
decoder 100 al so conprises an signal pisocessor 150, which is configured to
obtain the upm x signal representation 130 on the basis of the downrnix
signal representation 110 and using the inter-object-correlation values 142
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conplexity. To summari ze the above, 't he audi o SI gnal decoder is configured

to provide the upmi x 35 signal representation 130 on the basis of the
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covari ance val ues of the individual audio object signals he esti mated

covariance matrix is then applied by the signal processor 150 5 in order
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di ff er ef¥mpReean! HbjRbGRkarhGePBERIiNAYE 140, which is configured to obtain inter-
object-correlation values (at least) for a plurality of pairs of related audio objects on the
basis of the object-related parametric information 112. For this purpose, the object-

30  parameter determinator 140 is configured to evaluate the bitstream signalling parameter
(*bsOnelOC”) in order to decide whether to evaluate individual inter-object-correlation
bitstream parameter values to obtain the inter-object-correlation values for a plurality of
pairs of related audio objects or to obtain the inter-object-correlation values for a plurality
of pairs of related audio objects using a common inter-object-correlation bitstream

35  parameter value. Accordingly, the object-parameter determinator 140 is configured to
provide the inter-object-correlation values 142 for a plurality of pairs of related audio
objects on the basis of individual inter-object-correlation bitstream parameter values if the
bitstream signaling parameter indicates that a common inter-object-correlation bitstream




10 inter-object-correlation values for a plurality of pairs of related
audi o objects, which constitutes an inportant input information for the

si gnal prwoessanBIm®50. In a first node, the inter-objectPcompediainsam val ues
are determ ned using individual inter-iobject-correlation bitstream
parameter values. For exanple, there may be one individual
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252. Audi o Signal Encoder according to Fig. 2 In the follow ng, an audio
signal encoder 200 will be described taking reference to Fig. 2, which
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exanpl e, be one-channel signals or two-channel signals representing
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20  plurality of inter-object-correlation values for a plurality of different pairs of related audio
objects on the basis of this single common inter-object-correlation bitstream parameter
value. Accordingly, the inter-object-correlation values for a plurality of pairs of related
audio objects may, for example, be identical to the value represented by the single common

inter-object-correlation bitstream parameter value, or may be derived from the same

25 common inter-object-correlation bitstream parameter value. The object-parameter
determinator 140 is switchable between said first mode and said second mode in
dependence on the bitstream signalling parameter (“bsOnelOC™).

Accordingly, there are different modes for the provision of the inter-object-correlation
30  values, which can be applied by the object-parameter determinator 140. If there is a
relatively small number of pairs of related audio objects, the inter-object-correlation values
for said pairs of related audio objects are typically (in dependence on the bitstream
signaling parameter) determined individually by the object-parameter determinator, which
allows for a particularly precise representation of the characteristics of said pairs of related
35 audio objects and, consequently, brings along the possibility of reconstructing the
individual audio object signals with good accuracy in the signal processor 150, Thus, it is
typically possible to provide a good hearing impression in such a case in which only
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si gnal encoder 200.

In the following, an audio signal encoder 200 will be described taking reference to Fig. 2,
which shows a block schematic diagram of such an audio signal encoder 200.

30 The audio signal encoder 200 is configured to receive a plurality of audio object signals
210a to 210N, The audio object signals 210a to 210N may, for example, be one-channe!
signals or two-channel signals representing different audio objects.

The audio signal encoder 200 is also configured to provide a bitstream representation 220,
35  which describes the auditory scene represented by the audio object signals 210a to 210N in

a compact and bitrate-efficient manner.



The bitstream 300 conprises a dovvnm X signal representation 310, which is
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exanpl e, wbeodwsyrsm x signal 232) conbining audi o signaCs/erbolaopisay al ity
of audi o objects. The bitstream 300 ali®o conprises object-rel ated _
parametric side information 320 describing characteristics of the audio
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to Fig, l%presentation of the common inter-object-correlation bitstream parameter value 242 (for
example, a quantized and encoded representation thereof) and the bitstream signalling

20  parameter 244 (for example, in the form of a one-bit parameter value).

The audio signal decoder 200 consequently provides a bitstream representation 220, which
represents the audio scene described by the audio object signals 210a to 210N with good
accuracy. In particular, the bitstream representation 220 comprises a compact side
25 information if many of the audio object signals 210a to 210N are related to each other, i.e.
comprise a non-negligible inter-object-correlation. In this case, the common inter-object-
correlation bitstream parameter value 242 is provided instead of individual inter-object-
correlation bitstream parameter values individually associated with pairs of audio objects.
Accordingly, the audio signal encoder can provide a compact bitstream representation 220
30  inany case, both if there are many related pairs of audio object signals 210a to 210N and if
there are only a few pairs of related audio object signals 210a to 210N, In particular the
bitstream representation 220 may comprise the information required by the audio signal
decoder 100 as an input information, namely the downmix signal representation 110 and
the object-related parametric information 112. Thus, the parameter provider 240 may be
35 configured to provide additional object-related parametric information describing the audio
object signals 210a to 210N as well as the downmix process performed by the downmixer
230. For example, the parameter provider 240 may additionally provide an object-level-
difference information OLD deseribing the object levels (or object-level differences) of the
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The bitstream 300 comprises a downmix signal representation 310, which is a
30  representation of a ome-channel or multi-channel downmix signal (for example, the
downmix signal 232) combining audio signals of a plurality of audio objects. The bitstream
300 also comprises object-related parametric side information 320 describing
characteristics of the audio objects, the audio object signals of which are represented, in a
combined form, by the downmix signal representation 310, The object-related parametric
35 side information 320 comprises a bitstream signaling parameter 322 indicating whether the
bitstream comprises individual inter-object-correlation bitstream parameters (individually
associated with different pairs of audio objects) or a2 common inter-object-correlation
bitstream parameter value (associated with a plurality of different pairs of audio objects).
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inter-object-correlation expander 474 may be arranged before the noi sel ess
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exanple, the single inter-object-correlation expander 474 nmay be integrated
into a bitstream parser, which receives_a bitstream conprising both the
downm x4.si gng PiiCe Y st AGTGIAL 1@ HiZ.- & de i nformation 432. 25 The SACC
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i nf 3t matni® egé‘i‘é $%8t%8%% ncl uded in the side information 432 and an
interaction information 482, which describes a desired rendering of the

audi o The SAOC encoder 410 comprises an SAOC downmix processing 440, which receives the
audio object signals 420a to 420N and provides the downmix signal representation 430 on

the basis thereof, The SAOC encoder 410 also comprises a parameter extractor 444, which

35  may receive the object signals 420a to 420N and which may, opticnally, also receive an
information about the SAOC downmix processing 440 (for example, one or more

downmix parameters). The parameter extractor 444 comprises a single inter-object-
correlation calculator 448, which is configured to calculate a single (common) inter-object-
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10  determining whether a common inter-object-correlation value (for example, a bitstream
parameter value) or individual inter-object-correlation values (for example, bitstream

parameter values) should be calculated.

The parameter extractor 444 is also configured to provide a plurality of parameters

15  describing the audio object signals 420a to 420N, like, for example, object-level difference
parameters. The parameter extractor 444 is also preferably configured to provide
parameters describing the downmix, like, for example, a set of downmix-gain parameters
DMG and a set of downmix-channel-level-difference parameters DCLD.

20 The SAQC encoder 410 comprises a quantization 456, which quantizes the parameters
provided by the parameter extractor 444, For example, the common inter-object-correlation
parameter may be quantized by the quantization 456. In addition, the object-level-
difference parameters, the downmix-gain parameters and the downmix-channel-level-
difference parameters may also be quantized by the quantization 456. Accordingly, the

25  quantized parameters are obtained by the quantization 456.

The SAOC encoder 410 also comprises a noiseless coding 460, which is configured to

encode the quantized parameters provided by the quantization 456. For example, the

noiseless coding may noiselessly encode the quantized common inter-object-correlation
30  parameter and also the other quantized parameters (for example, OLD, DMG and DCLD).

Accordingly, the SAOC decoder 410 provides the side information 432 such that the side

information comprises the single IOC signaling 452 (which may be considered as a

bitstream signaling parameter) and the noiselessly-coded parameters provided by the
35 noiseless coding 480 (which may be considered as bitstream parameter values).



251 for a plurality of tenporal portions having tine indices 1. A signal
bl ock of L sanples represents the signal in a time and frequency interval
whi ch i s wopartto3efost he perceptual |y notivated tiling of pCEPROWBed3T€qUENCY
plane that is applied for the descri psion of signal properties. 30 Hence,
the covariance matrix is given as SS = 11SI 112P12 "PIN P2111' 02P2N Pi P
N211WL12 WO 2011/ 039195PCT/ EP2010/ 064379 25 with (Pm= ionin 5 The

covari %ﬂ%ﬁ!@é [eXoded 400 N ERlflghrddS@detdtvd R Mf&mﬂﬁmmrmﬁa@d By tiand
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with thechefiy data, and the non-diagonal elenents are given by the
i nter-object-correlations (10Cs) as P. "0"3.0'0;0" 1C. 151t should be noted
that the object-level-difference values describe smand sn.

5 The SAOC decoder 420 comprises a noiseless decoding 464, which is configured to

reverse the noiseless coding 460 of the side information 432 performed in the encoder 410.
The SAOC decoder 420 also comprises a de-quantization 468, which may also be
considered as an inverse quantization (even though, strictly speaking, quantization is not
invertible with perfect accuracy), wherein the de-quantization 468 is configured to receive

10 the decoded side information 466 from the noiseless decoding 464. The de-quantization
468 provides the dequantized parameters 470, for example, the decoded and de-quantized
common inter-object-correlation value provided by the single inter-object-correlation
calculator 448 and also decoded and de-quantized object-level difference values OLD,
decoded and de-quantized downmix-gain values DMG and decoded and de-quantized

15  downmix-channel-level-difference values DCLD. The SAOC decoder 420 also comprises
a single inter-object-correlation expander 474, which is configured to provide a plurality of
inter-object-correlation values associated with a plurality of pairs of related audio objects
on the basis of the common inter-object-correlation value. However, it should be noted that
the single inter-object-correlation expander 474 may be arranged before the noiseless

20  decoding 464 and the de-quantization 468 in some embodiments. For example, the single
inter-object-correlation expander 474 may be integrated into a bitstream parser, which
receives a bitstream comprising both the downmix signal representation 430 and the side
information 432.

25  The SAOC decoder 420 also comprises an SAOC decoder processing and mixing 480,
which is configured to receive the downmix signal representation 430 and the decoded
parameters included (in an encoded form) in the side information 432. Thus, the SAOC
decoder processing and mixing 480 may, for example, receive one or two inter-object-
correlation values for every pair of (different) audio objects, wherein the one or two inter-

30 object-correlation values may be zero for non-related audio objects and non-zero for
related audio objects. In addition, the SAOC decoder processing and mixing 480 may
receive object-level-difference values for every audio object. In addition, the SAOC
decoder processing and mixing 480 may receive downmix-gain values and {optionally)
downmix-channel-level-difference values describing the downmix performed in the SAOC

35 downmix processing 440. Accordingly, the SAOC decoder processing and mixing 480
may provide a plurality of channel signals 484a to 484N in dependence on the downmix
signal representation 430, the side information parameters included in the side information
432 and an interaction information 482, which describes a desired rendering of the audio
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20
50 sy ... s(L-1)
S 3250) sz:(l) sz(L:—-l)
sy(0y sy (1) ... sy (L-1)

Here, the entries si(}) designate spectral values of an audio object having audio object index

25 i for a plurality of temporal portions having time indices I. A signal block of L samples
represents the signal in a time and frequency interval which is a part of the perceptually
motivated tiling of the time-frequency plane that is applied for the description of signal
properties.

30  Hence, the covariance matrix is given as
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Thus, the proposed nethod successfully circunvents the high bitrate demand
of conveying all desired object correlations. This is done by calculating a
singl e tiwe/2brieggemwacy 10 dependent single |1 OC val ue i n aciare@anes’d si ngl e
| OC cal cul ator” nodule 448 in the SAGS encoder (see Fig. 4). Use of the
"single IOC" feature is signaled in the SAOCC information (for exanple,
using the bitstream signaling paraneter "bsOnel 0C'). The single I OC val ue
per time/frequency tile is then transmtted instead of all separate |1COC
val ues (for exanple, using the comon inter-object-correlation bitstream
par anef®8H val ue). 15 In a typical application, the bitstrea. mheader (for
exanpl e, the "SAOCSpecificConfig()" elenment according to the
non-prepublqiheg ADC St andard [ SACCD i ncludes one bit indicating if
"single IOCV'&ighdling or "nornmal" 1 OC signaling is used. Some details
regarding this issue will be discussed below. 20 The payl oad frane data

f I .1 he " SA ; " I i . S
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dependiimgrdenta dlgainsheghannelGigrialod84atorddN! node. 25 Hence, a bitstream

parser (which may be part of the SACC decoder) for the payload data in the
decoder coul d be designed according to the exanple bel ow (which is
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(nunber O Transm ttedl ocs); WO 2011/ 039195PCT/ EP2010/ 064379 27 According to
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only a single inter-object-cor belﬁp“@ﬁépi@@t ream paraneter value (which is
I

signal ed by the paraneter val ue™ 1OC"). If the bitstream parser

finds that there is only a single inter-object- 5 correlation value, the
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inter-object-correlation t stream paranet er val ue) fromthe bitstream
which is indicated by the operation "readfocDataFronBitstrearn(1)". If, in
contr asthe hii@bét bBliiteRsHleRaosRlatibhNEBudshadededaof doagey ithe Midée' cdeatinoot
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obj ect Se:'lement of the bitstream, which may, for example, be designated with
“SAOCSpecificConfig()”. Objects, which are not related to each other, are, for example,

25  assumed to be uncorrelated, i.e. their inter-object-correlation is equal to zero.

However, there exist application scenarios where all objects (or almost all objects) are
related to each other. An example of such an application scenario is a telephone conference
with a microphone setup and room acoustics with a high degree of inter-microphone cross
30 talk. In these cases, the transmission of all IOC values would be necessary (if the above-
mentioned conventional mechanism was used), but usually would exceed the desired bit
budget. As an alternative, assuming that all objects are uncorrelated would induce a large
error in the model and, therefore, would yield sub-optimal audio quality of the rendered
scene.
35
The underlying assumption of the proposed approach is that for certain SAOC application
scenarios, uncorrelated sound sources result in correlated SAOC input objects due to the
acoustic environment they are located in and due to the applied recording techniques.



15 Alternatively, the "single 10C" signalling can be present in the payl oad
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5. Encoder - Si ded I npl ementation of the Cal culation of a Common I nter-Cbject-
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a single frequency- and time-varying value.

Thus, the proposed method successfully circumvents the high bitrate demand of conveying
all desired object correlations. This is done by calculating a single time/frequency
10 dependent single JOC value in a dedicated “single IOC calculator” module 448 in the
SAOQOC encoder (see Fig. 4). Use of the “single IOC” feature is signaled in the SAOC
information (for example, using the bitstream signaling parameter “bsOnelOC™). The
single 10C value per time/frequency tile is then transmitted instead of all separate 10C
values (for example, using the common inter-object-correlation bitstream parameter value).

15
In a typical application, the bitsiream header (for example, the “SAOCSpecificConfig()”
element according to the non-prepublished SAOC Standard [SAOC]) includes one bit
indicating if’ “single IOC” signaling or “normal” IOC signaling is used. Some details
regarding this issue will be discussed below.

20

The payload frame data (for example, the “SAOCFrame()” element in the non-
prepublished SAOC Standard [SAOC]) then includes IOCs common for all objects or
several I0Cs depending on the “single IOCs” or “normal” mode.

25  Hence, a bitstream parser (which may be part of the SAOC decoder) for the payload data
in the decoder could be designed according to the example below (which is formulated in a
pseudo C code):

30 if (iocMode == SINGLE_IOC)

{
readlocDataFromBitstream(1);

35 {
readlocDataFromBitstream (numberOfTransmittedlocs);
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correlation data units read in this case is typically determined by a number of pairs of

related audio objects.

15
Alternatively, the “single I0C” signalling can be present in the payload frame (for
example, in the so-called “SAOCFrame()” element in the non-prepublished SAOC
Standard) to enable dynamical switching between single IOC mode and normal IOC mode
on a per-frame basis.

20

5. Encoder-Sided_Implementation of the Calculation of a Commeon Inter-Obiject-

Correlation Bitstream Parameter

25 In the following, some preferred implementations for the single IOC (IOCginge) calculation
will be described.

5.1.  Calculation using Cross-Power Terms

30" In a preferred embodiment of the SAOC encoder 410, the common inter-object-correlation
bitstream parameter value IOCq,q. can be computed according to the following equation:

N N
Z Z hrgy

l'--] =/
=Re =

Z Z TETE

J=i+l

10C

single

35



with c being a constant. WO 2011/ 039195PCT/ EP2010/ 064379 29 Thi s const ant
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€ summation may be pertormed, for example, for all pairs of different audio objects, or

15 for pairs of related audio objects only.

The cross-power term nrg; may, for example, be formed as a sum over complex conjugate

products (with one of the factors being complex-conjugated) of spectral coefficients s™"

nk
5

>

associated with the audio object signals of the pair of audio objects under
20 consideration for a plurality of time instances (having time indices n) and/or a plurality of
frequency instances (having frequency indices k).

A real part of said ratio may be formed (for example, by an operation Re{}) in order to
have a real-valued common inter-object-correlation bitstream parameter value 10Cqingle, 8s

25  shown in the above equation.

5.2. Usage of a Constant Value

In another preferred embodiment, a constant value ¢ may be chosen to obtain the common
30  inter-object-correlation bitstream parameter value IOCgingte in accordance with

IOcsingle =,

with ¢ being a constant,
35
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xpander” module 474 (see Fig. 4).

20 A preferred method is a simple copy operation. The copying can be applied with or without
considering the “related to” information conveyed, for example, in the SAOC bitstream
header (for example, in the portion “SAOCSpecificConfiguration()”).

In a preferred embodiment, a copying without “related to” information (i.e., without
25  transferring or considering a “related to” information) may be performed in the following
manner:

I0C; = I0Cgipgle, for all m, n with m # n.

30 Thus, all inter-object-correlation values for pairs of different audio objects are set to the
common inter-object-correlation (bitstream) parameter value.

In another preferred embodiment, a copying with “related to” information (i.e., taking into

consideration the “related to” information) is performed, for example, in the following
35  manner:
10C,, . » for all m,n with m = n and relatedTo(m, n) =1

IocC = {
0 » Tor all m,n with m = » and relatedTo(m, n =0
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30  information 432, may be provided in accordance with the following description,

An SAQC bitstream, which may be provided by the above-described SAOC encoders and
which may be evaluated by the above-described SAOC decoders may comprise an SAQOC
specific configuration portion, which will be described in the following taking reference to

35  Fig. 5, which shows a syntax representation of such an SAOC specific configuration
portion “SAOCSpecificConfig()”.



35"bsRel atedTo[j][i]" is set to the sanme value, i.e., to the value of the
matrix entry "bsRel atedTo[i][j]". For details, reference is nade to the
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different audio objects. However the relatlonshlp of audio objects may be represented for

example, by a square N x N matrix having a one-bit entry for every combination of audio

20  objects. Entries of said matrix describing the relationship of an object with itself, ie.,
diagonal elements, may be set to one, which indicates that an object is related to itself.
Two entries, namely a first entry having a first index i and a second index j, and a second
entry having a first index j and a second index i, may be associated with each pair of
different audio objects having audio object indices i and j. Accordingly, a single bitstream

25  bit determines the values of two entries of the object relationship matrix, which are set to
identical values.

As can be seen, a first audio object index i runs from i = 0 10 1 = bsNumObjects (outer for-
loop). A diagonal entry “bsRelatedTo[i][1])” is set to one for all values of i. For a first audio
30  object index i, bits describing a relationship between audio object i and audio objects j
(having audio object index j) are included in the bit stream for j =i + 1 to j =
bsNumObjeets. Accordingly, entries of the relationship matrix “bsRelatedTo[i}[j]”, which
describe a relationship between the audio objects having audio object indices i and j, are
set to the value given in the bit stream. In addition, an object relationship matrix entry
35  “bsRelatedTo[j][i]” is set to the same value, i.e., to the value of the matrix entry
“bsRelatedTol[i][j]”. For details, reference is made to the syntax representation of Fig. 5.



30 It should be noted here that the SACC specific configuration information
may conprise nore or |ess than the above described configuration
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value is included in the SAOC bitstream, or whether object-pair-individual inter-object-
correlation bitstream parameter values are included in the SAQC bitstream. Said common
inter-object-correlation configuration information may, for example, be designated with
“bsOnelOC, and may be a one-bit value,

20

The SAOC specific configuration information may also comprise a distortion control unit
configuration information.

In addition, the SAOC specific configuration information may comprise one or more fill

25 bits, which are designated with “ByteAlign()”, and which may be used to adjust the lengths
of the SAOC specific configuration information. In addition, the SAOC specific
configuration information may comprise optional additional configuration information
“SAOCExtensionConfig()” which is not of relevance for the present application and which
will not be discussed here for this reason.

30
It should be noted here that the SAOC specific configuration information may comprise
more or less than the above described configuration information. In other words, some of
the above described configuration information may be omitted in some embodiments, and
additional configuration information may also be also included in some embodiments.

35

However, it should be noted that the SAOC specific configuration information may, for
example, be included once per piece of audio in an SAOC bitstream. However, the SAOC
specific configuration information may optionally be included more often in the bitstream.
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to a predeterm ned value, for exanple, to a predeterm ned val ue indicating
a zer 0 guRi&helY, $HirshOkh $aftkt My evaluate the bitstream for values j of a second audio
30  object index between i + 1 and bsNumObjects. If audio objects having audio object indices
i and j are related, which is indicated by a non-zero value of the object relationship matrix
eniry “bsRelatedTo[i][j]”, the bitstream parser performs an algorithm 610, and otherwise,
the bitstream parser sets the inter-object-correlation index associated with the audio objects
having audio object indices i and j to five (operation “idxIOC[i][j] = 5™), which describes a
35 zero correlation. Thus, for pairs of audio objects, for which the object relationship matrix
indicates no relationship, the inter-object-correlation value is set to zero. For related pairs
of audio objects, however, the bitstream signaling parameter “bsOnelOC”, which is
included in the SAOC specific configuration, is evaluated to decide how to proceed. If the
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val ues (DIVG) on, a, per - audi o- obj ect a5| S.
typi caIrFlﬂ 1085307 176i€S-encoded downmi x- channel -1 evel di ff erences (DCLD), which
may optionally be included on a per-audio-object basis. 10 The SACC frame
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are in A ange ‘Bet wed
par ametgstser ‘Pf(ﬂ%‘{etﬂP]eH fqrrelahon 1!3@1095316?5@(@@5}[1]0 i nversel y quant i zed inter-

300bj ect-correl ation val ues using the mapping of the table of Fig. 7.

20 To summarize, for each combination of two audio objects, it is first evaluated whether the
two audio objects of such a combination are signaled as being related to each other (for
example, by checking whether the value “bsRelatedTo[i][j]” takes the value zero or not). If
the audio objects of the pair of audio objects are related, the further processing 610 is
performed. Otherwise, the value “idxIOC[i}[j]” associated to this pair of (substantially

25  unrelated) audio objects is set to a predetermined value, for example, to a predetermined
value indicating a zero inter-object-correlation.

In the processing 610, a bitstream value is read from the bitstream for every pair of audio
objects (which is signaled to comprise related audio objects) if the signaling “bsOnelOC”
30 is inactive. Otherwise, i.c,, if the signaling “bsOnelOC” is active, only one bitstream value
is read for one pair of audio objects, and the reference to said single pair is maintained by
sefting the index values iocldx1 and iocIdx2 to point at this read out value. The single read
out value is reused for other pairs of audio objects (which are signaled as being related to
each other) if the signaling “bsOnelOC” is active.
35
Finally, it is also ensured that a same inter-object-correlation index value is associated to
both combinations of two given different audio objects, irrespective of which of the two



To concl ude, an SACC configuration portion "SAOCSpecificConfig()"
preferably conprises a bitstream paraneter "bsOnel OC' which indicates if
only a siwgl2eil@a9par aneter i s conveyed common to all olpcemPr0mi6439 have
relation with each other, signaled 335by "bsRel atedTo[i][j] =1". The

i nter-object-correlation values are included in the bitstreamin encoded
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ent ri escofd btnoabjeay "1 dxI OCrilijr are mapped onto inversely quantized

val ues using the mapping table of Fig. WD 2011/ 039195PCT/ EP2010/ 064379 36
7, to obtain inversely quantized inter-object-correlation values. T
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M cr opLAE@sE&RErmide HeQ@pREADEIOE dbeiti esntfdl negaswkectronic circuit. In sone
enbodi nents, sone one or nore of the nost inportant nethod steps may be

exéeut ed by such an apparatus. 25 The inventive encoded audio signal can be
st or ed Mireavad] thie Sl 0@ fimmegeasnedipriseone oamave fillbin SByted#non: a transni ssi on
medi um such as a wireless transm ssion nediumor a wired transm ssion

medi um such as the Internet. Depending on certain.j ntati.on .
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digital, st raP ﬁdi um for exanple a floppy disk, a DVD, a Blu-Ray, a CD,
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conput ebjaceadatlheon parameter will be described.

95  As can be seen, a first row 710 of a table of Fig. 7 describes the quantization index idx,
which is in a range between zero and seven. This quantization index may be allocated to
the variable “idxIOC[i][j]”. A second row 720 of the table of Fig. 7 shows the associated
inter object correlation value, and are in a range between —0.99 and 1. Accordingly, the
values of the parameters “idxIOC[i][jI” may be mapped onto inversely quantized inter-

30  object-correlation values using the mapping of the table of Fig. 7.

To conclude, an SAOC configuration portion “SAOCSpecificConfig()” preferably
comprises a bitstream parameter “bsOne]OC” which indicates if only a single 10C
parameter is conveyed common to all objects which have relation with each other, signaled
35 by “bsRelatedTo[i][j] =1". The inter-object-correlation values are included in the bitstream
in encoded form “EcDataSaoc (IOC,k,numBands)”. An array “idxIOC[i][j]” is filled on the
basis of one or more encoded inter-object-correlation values. The entries of the array
“idxIOC[i][j]” are mapped onto inversely quantized values using the mapping table of Fig.
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i nvention conprise a data carrier having electronically readable control
si gnal s, wbi2etmsemscapabl e of cooperating with a prograroaiEpeoioosas er
system such that one of the nethods d@scribed herein is performned.
General ly, enbodi nents of the present invention can be inplenented as a

.ary . d bei,.
oper at 1 peBr ARG R thaliicd i BRET A8 Con, e P, RGEED" B e,
pr oductinfemedjesircerrd aimpuraues, Whechpare designatetiwitrd PG o mreensedib @btaén stteed on a

machi neys gadallignGakdab®y - [ %@r C%LTBE CRPUL: gram
for perform ng lon("(‘a:3 ér{a&ﬁeF%ePﬁ%dgﬂg%gtrl e_%hﬁe uelfﬁi,:e%s%@?gtd@gﬁ (ciilﬁrﬁ%eghﬁone

r eadabl RAIEBPIESErE also ppplisdpwhiclisreidesigngteditiviOfEht of the inventive nethod
is, stherefore, a conputer program 15 having a program code for performng

one of the methods descri bed herein, when the conputer programruns on a
conput e A further enbodinent of the inventive nethods is, therefore, a
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or the pasgoetdedisnmedi um are typically tangible and/or non-transitionary. A
funpher enbodi ment of the inventive nmethod is, therefore, a data stream or
a sequence of 25 i representing the conputer programfor performng
one of the n%tﬁa@g3§g§2k§6€d herein. The data stream or the sequence of
signals may for exanple be configured to be transferred via a data

comuni cati on connection, for exanple via the Internet. A further

enbodi ment conprises a processing neans, for exanple a conputer, or a 30
pr ogr amrabl §memhent®onCeliteg@riitgured to or adapted to performone of the
met;hods described herein. A further enbodi nent conprises a conputer having
i nstall ed thereon the conmputer programfor perform ng one of the nethods

describ herein. 35 |n sone enbodi nment a programmabl e | ogi.c device (for
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2011/ 039195PCT.
described in the context of a method step also represent a description of a corresponding
20  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
programmable computer or an electronic circuit. In some embodiments, some one or more

of the most important method steps may be executed by such an apparatus.

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

Depending on certain implementation requirements, embodiments of the invention can be
30  implemented in hardware or in software. The implementation can be performed using a

digital storage medium, for example a floppy disk, a DVD, a Blu-Ray, a CD, a ROM, a

PROM, an EPROM, an EEPROM or a FLASH memory, having electronically readable

control signals stored thereon, which cooperate (or are capable of cooperating) with a

programmable computer system such that the respective method is performed. Therefore,
35  the digital storage medium may be computer readable.



38 with a mcroprocessor in order to performone of the nethods described
herein. CGenerally, the nmethods are preferably perfornmed by any hardware
appar at uswotha/sbse descri bed enbodi nents are nerely i lPCustre@biogss7d or t he
principles of the present 5 invention.37lt is understood that nodifications
and variations of the arrangenments and the details described herein wll be
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In other words, an embodiment of the inventive method is, therefore, a computer program
15  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

20 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—
transitionary.

A further embodiment of the inventive method is, therefore, a data stream or a sequence of

25  signals representing the computer program for performing one of the methods described
herein. The data stream or the sequence of signals may for example be configured to be
transferred via a data communication connection, for example via the Internet.

A further embodiment comprises a processing means, for example a computer, or a
30 programmable logic device, configured to or adapted to perform one of the methods
described herein,

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

35
In some embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
described herein. In some embodiments, a field programmable gate array may cooperate



WO 2011/ 039195PCT/ EP2010/ 064379 40 Clains 1. An audi o signal decoder (100;
420) for providing an upm x signal representation 5(130; 484a to 484M on

t he basi swof2om/doam X signal representation (110; 430) pamaprac0/064379
object-related paranetric information 3112; 432), and depending on a
rendering information (120; 482) t he apparatus conpri sing: an
obj ect paraneter determn 0; 464,468, 474). confi ured ta| n

"h or - 1Bbf SR PHCESOR R Biey 1 DETmaR o Bemeris des A RFIR. s e of
audi o ah¢ awtismds whegreferalilh perdhinedtbypaiydimedvedre depL s nat or ls confl gured to
eval uate a bitstream signaling paraneter (bsOnel0C) in order to decide

whet her to evaluate individual inter-object-correlation bitstream paraneter
val ues, Theoahsiye alescribed emboldjreatts are5menshyr Bluatratore foatheegrifaipleaopihermbseny of

pai 55 Qfdiftlofl Rchs LRioBRIBA AodiBlari hs A aRiali L8 Lk SfanGARLRL Bhh O val ues

f or a plurality o galrso ate ects usi ng
i nt er - slsfadlst deserbed Betelh vl g F‘B%ﬁ*?fﬁa‘ioaﬁ@?@r Slﬂlﬁq’chéﬂ ﬂafh@fta I’!s |1?ghb£| ifemcessor

é 150; 4?&%:&@@ b Ui ed @n@'bliy'itﬁé dcbge tap Eﬂalnqjegaﬁg el @ﬁﬁzﬂ& ahdl 8t BP tgn the
asis o mx S e S ncatlon
i nter- c?BF‘é‘EF c%?%ﬂg‘l Bﬁeﬁ%’ﬁg‘{;gwu‘&? Og CCTPIAT, P?‘{]fxgﬁnﬁgﬁ“r QFGIFG CERPLEERFIAdi o

obj ect heaid. t he rendering information. 2. The audi o signal decoder

ac ardlng to claim1, wherein the object paraneter 25determ nator (140;

46 468, 474) is configured to eval uate an object-rel ati onshi p-
|nfornat|on (bsRel at edTo), describing whether two audi o objects are rel ated
to each other; and wherein the object paraneter determ nator is configured
to selectively obtain inter- 30 object-correlation values for pairs of
audi o objects, for which the objectrelationship-information indicates a
rel ati onshi p, using the common inter-objectcorrelation bitstream paraneter
value and to set inter-object-correlation values for pairs of audio
objects, for which the object-relationship information indicates no

rel ati onship, to a predefined value, 35



3. The audi o decoder according to claiml1l or claim2, wherein the object
paraneter determ nator (140; 464, 468, 474) is configured to evaluate an
obj ect - r evatzoorshiop | nf ormati on conprising a one-bit fl agTiEPR010M64379

conbi nation of different audio WD 201%/ 039195PCT/ EP2010/ 064379 41 obj ects,
wherein the one-bit flag associated to a given conbination of different
audi o @b i.ndi cat es whet her the audi o objects of the given conbination
are re%a Bfirenckl ot. 54. The audi o decoder according to one of clains 1 to 3,
wherein the object paraneter deterrninator (140; 464, 468, 474) is
configured to set the inter-object-correlation value for all pairs of
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bi t st r dveloamenist én  ParhuegicoCading odnfipatial nﬂadmdbﬂéml Begioehlation AKiSt st r eam
paranetgmﬁyakmgcw@bnagg[ﬁQdMQﬂQ§quer according to one of clains 1 to 5,
wherein the audi o signal decoder is configured to conbi ne an
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descri %ﬁg&a@‘gﬁl&?ct ]15]% t au |$ obj ect  of @f 0 reI at ed
audi o CBB]“& %‘%mﬁﬂc I %?Sedleé&‘f"iobl ng an
obj ect QOém” b34thAé3§06W€au@W Mﬂp@’@rﬂ Mgt Reeppat 71379f rel at ed audi o obj ect s,
to obtain_a _covariance val ue j) associated with the pair of related
audi o ODPEEs. 2359/1ER,EMREf @‘J@‘pgtﬁ@hmé%%ﬁderpaﬁc%&Mflﬁbwél%@@eét clains 1
tolf, Vhding (3ADE),AI8D/MHECITHEAUSCEWdEN (MPEGFCDW30A320 handl e three or
nore audi o objects; and wherein the object paraneter

determ nator (140; 464, 468, 474) is configured to 30provide an
inter-object-correlation value for every pair of different audi o objects.
8. The audi o signal decoder according to one of clainms 1 to 7, wherein the
obj ect paraneter determ nator (140; 464, 468, 474) is configured to

eval uate a bitstream signaling paraneter, which is included in a
configuration bitstrearn portion 35 (SACCSpecificConfig), in order to

deci de whet her to eval uate individual interobject-correlation bitstream
paranmeter values to obtain inter-object-correlation values for a plurality
of pairs of related audio objects, or to obtain inter-object-



WO 2011/ 039195PCT/ EP2010/ 064379 42 correl ation values for a plurality of
pairs of related audi o objects using a common inter-object-correlation

bi t strearwpanamsbt®s val ue; and wherein the obj ect par@Pea16064379
determ nator is configured to eval uat4# an object 5rel ationship information
(bsRel atedTo[i][j]), which is included in the configuration bitstream
portion, to determ ne whether two audi o objects are related; and wherein

t he obj Sparanet er determinator is confi gured to eval uate a common

i nter-object-correlation bitstream paraneter value, which is included in a
frame 10 data bitstream portion (SAOCFrane) for every frame of the audio
content, if it is decided to obtain inter-object-correlation values for a
pluralilty ofArpandie sighal decoded (10480 biiravewidingi avgupmizosignal representation
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encoder (20 rovid bitstream rrepresentati on on the I5basis
of a plural B B 09,1?8’1‘ &g é’é{aﬂéfit@ﬁalp rrggemy (1 252404, a90%PeBding o 2 t he
audi o si gnalrereieiag éiforationi ($2M3t823 tHeuratey cdrd@ikingt40) configured to
provi de a downm x signal (232; 430) on the basis of the audi o object
signals and in dependence on downm x paraneters (DM5 20DCLD) descri bing
cont ri buti oms afect Iperaawwroiemnjrﬁmmrsﬁlgﬁaﬂ@ t468t Add)ormmfignredooechtdiannet-s of
ggdownni x r t !ﬁlﬁl‘:] 0)
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repr esent ati on
i nt er - obj ectobisci-edraalition walves fcémbmalamfmamaifuslamddawme dbjects neing :a

signal i ng papaRShter-object-correlation bitstream parameter value; and

a signal processor (150; 480) configured to obtain the upmix signal representation

20 on the basis of the downmix signal representation and using the inter-object-
correlation values for a plurality of pairs of related audio objects and the rendering
information.

2. The audio signal decoder according to claim 1, wherein the object parameter

25 determinator (140; 464, 468, 474) is configured to evaluate an object-relationship-

information (bsRelatedTo), describing whether two audio objects are related to
each other; and

wherein the object parameter determinator is configured to selectively obtain inter-
30 object-correlation values for pairs of audio objects, for which the object-
relationship-information indicates a relationship, using the common inter-object-
correlation bitstream parameter value and to set inter-object-correlation values for
pairs of audio objects, for which the object-relationship information indicates no
relationship, to a predefined value,
35
3. The audio decoder according to claim 1 or claim 2, wherein the object parameter
determinator (140; 464, 468, 474) is configured to evaluate an object-relationship
information comprising a one-bit flag for each combination of different audio



10. The audi o signal encoder according to claim9, wherein the paraneter
provider is 35configured to provide the common inter-object-correlation
bit strearwpanamst®s val ue i n dependence on a rati o bet weem/ER26100643(79 Cr 0SS
power terns and a sum of average powetl terns. WO

2011/ 039195PCT/ EP2010/ 064379 43 11. The audi o signal encoder according to

claim 10, wherein the. anmeter, provider . i,s, confiqured to.co te the cross
power term fo§}ec§’ g‘ﬁ'}-{%ﬂg%h 8 ltaﬁ%ﬁ R R 5@1%%af?}3?@ﬁ%o%g§t¢ﬁ&?ﬁam
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plurality o requency i nstances; and wherein the paraneter provider is
configured to conpute the average power termfor a given pair of audio
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5. The audio decoder according to one of claims 1 to 4, wherein the object parameter
determinator (140; 464, 468, 474) comprises a bitstream parser configured to parse

a bitstream representation of an audio content, to obtain the bitstream signaling

15 parameter (bsOnelOC) and the individual inter-object-correlation bitstream
parameter values or the common inter-object-correlation bitstream parameter value.

6. The audio decoder according to one of claims 1 to 5, wherein the audio signal
decoder is configured to combine an inter-object-correlation value (JOC;j)
20 associated with a pair of related audio objects with an object level difference value
(OLD;) describing an object level of a first audio object of the pair of related audio
objects and with an object level difference value (OLD;) describing an object level
of a second audio object of the pair of related audio objects, to obtain a covariance

value (e;;)} associated with the pair of related audio objects.

25
7. The audio signal decoder according to one of claims 1 to 6, wherein the audio
signal decoder is configured to handle three or more audio objects; and
wherein the object parameter determinator (140; 464, 468, 474) is configured to
30 provide an inter-object-correlation value for every pair of different audio objects.

8. The audio signal decoder according to one of claims 1 to 7, wherein the object
parameter determinator (140; 464, 468, 474) is configured to evaluate a bitstream
signaling parameter, which is included in a configuration bitstream portion

35 (SAOCSpecificConfig), in order to decide whether to evaluate individual inter-
object-correlation bitstream parameter values to obtain inter-object-correlation
values for a plurality of pairs of related audio objects, or to obtain inter-object-



wherein, nrgfj. EEs,n,k (z7k) n k 25wherein n and k describe tine and
frequency instances for which the SAOCC paraneter applies; and wherein Sk is
a spectravovalumsImssoci ated with tinme instance n and frequareyioionsrance k
of the audi o object having audio objet index i; 30 wherein sink is a
spectral value associated wth tinme instance n and frequency instance k of
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si gnal encoduer-ajexsredimigtion bubtedam Paramhter ealnetdnd par aneter provider is
configured to provide a predeterm ned constant value as the conmon

i nter-objectcorrel ation bitstream paranmeter value. 5 14. The audi o signal
encoder accdhgray thhebistt Pregmaterodetgrmigatope confisyre paye@mateanpeicitder is

cond i gured tQa@dndRipRhAHE80R (bsRRIA&IT B Bl WAREHE Bichife@iA®d nflBsdmahat edTo)
descri bi ng ether two audi o opjects aré related to e?éh &th r.- 1015. The
audi o si gnaPlEFEBHRITIGRAB MgieHyInegvhathsT hve Audigiobicsisare Fdatedraiftet er provi der
is configured to selectively evaluate an inter-object-correlation of audio
objects, for,which the object relationship.informtijon indicates a
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i nf or mat i ondegigks teplaid intempbiest-peprelation values for a plurality of pairs of related

audio objects using a common inter-object-correlation bitstream parameter value.

5. An audio signal encoder (200; 410) for providing a bitstream representation on the
15 basis of a plurality of audio object signals (210a to 210N, 420a to 420N), the audio
signal encoder comprising;

a downmixer (230, 440) configured to provide a downmix signal (232; 430) on the
basis of the audio object signals and in dependence on downmix parameters (DMG,

20 DCLD) describing contributions of the audio object signals to the one or more
channels of the downmix signal; and

a parameter provider (240; 444, 450, 460) configured to provide a common inter-
object-correlation bitstream parameter value (242) associated with a plurality of

25 pairs of related audio object signals, and to also provide a bitstream signaling
parameter (bsOnelOC; 244; 452) indicating that the common inter-object-
correlation bitstream parameter value is provided instead of a plurality of individual
inter-object-correlation bitstream parameter values; and

30 a bitstream formatter (250) configured to provide a bitstream comprising a
representation of the downmix signal, a representation of the common inter-object-
correlation bitstream parameter value and the bitstream signaling parameter.,

10.  The audio signal encoder according to claim 9, wherein the parameter provider is
35 configured to provide the common inter-object-correlation bitstream parameter
value in dependence on a ratio between a sum of cross power terms and a sum of

average power terms.



obtaining inter-object-correlation values for a plurality of pairs of audio
obj ects, 20 wherein a bitstream signaling paraneter is evaluated in order

t o deci dewotretimspi9so eval uat e i ndi vi dual i nter-object-cecrairatioosnsse t st ream
paranmeter values, to obtain inter-obj4#ct-correlation values for a plurality
of pairs of related audio objects, or to obtain inter-object-correlation
values for a plurality of pairs of. related audio objects using a common
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programruns on a conputer. 19.A bitstreamrepresenting a multi-channel
audi o ghgnalThetan@icifill ef@def SdMFdifiE BYclaikb a0 beRlagadN] ahbein tit parahoueam X

| “conbi ni dio signals of a plurality.of audio objects:.
objl&ct - el aPER it SrEPRFBET o8 RYF b B aRe P B SR PP IIRRS or

t he audi 0  parameter value IOC;inge according to

N N
2. 2. g,
IOCsing]e =Re N ’:.fl S
> Jnrgnrg,
i=1l j=i+l
20
wherein,
- n,k nk *
nrg,j-mZZS, (sj )
n ok
25 wherein n and k describe time and frequency instances for which the SAOC
parameter applies; and
wherein s™ is a spectral value associated with time instance n and frequency
instance k of the audio object having audio object index i;
30

k

wherein s is a spectral value associated with time instance n and frequency

instance k of the audio object having audio object index j;

wherein N designates a total number of audio objects.



obj ects, wherein the object-related paranetric side information conprises a
20 bitstream signaling paraneter indicating whether the bitstream conprises
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i nter-objectcorrelation bitstream parawdeter value. 25

13.  The audio signal encoder according to claim 9, wherein the parameter provider is
configured to provide a predetermined constant value as the common inter-object-
correlation bitstream parameter value.

5
14.  The auvdio signal encoder according one of claims 9 to 13, wherein the parameter
provider is configured to also provide an object relationship information
(bsRelatedTo) describing whether two audio objects are related to each other.
10 15, The audio signal encoder according to claim 14, wherein the parameter provider is

configured to selectively evaluate an inter-object-correlation of audio objects, for
which the object relationship information indicates a relationship, for a computation
of the common inter-object-correlation bitstream parameter value.

15 16, A method for providing an upmix signal representation on the basis of a downmix
signal representation and an object-related parametric information and in
dependence on a rendering information, the method comprising:

obtaining inter-object-correlation values for a plurality of pairs of audio objects,
20 wherein a bitstream signaling parameter is evaluated in order to decide whether to
evaluate individual inter-object-correlation bitstream parameter values, to obtain
inter-object-correlation values for a plurality of pairs of related audio objects, or to
obtain inter-object-correlation values for a plurality of pairs of related audio objects
using a common inter-object-correlation bitstream parameter value; and
25
obtaining the upmix signal representation on the basis of the downmix signal
representation and using the inter-object-correlation values for a plurality of pairs
of related audio objects and the rendering information.

30 17. A method for providing a bitstream representation on the basis of a plurality of
audio object signals, the method comprising:

providing a2 downmix signal on the basis of the audio object signals and in
dependence on downmix parameters describing contributions of the audio object
35 signals to the one or more channels of the downmix signal; and

providing a common inter-object-correlation bitstream parameter value associated
with a plurality of pairs of related audio object signals; and
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18,

19.

providing a bitstream signaling parameter indicating that the common inter-object-
correlation bitstream parameter value is provided instead of a plurality of individual
inter-object-correlation bitstream parameter values; and

providing a bitstream comprising a representation of the downmix signal, a
representation of the common inter-object-correlation bitstream parameter value
and the bitstream signaling parameter,

A computer program for performing the method according to claim 16 or claim 17
when the computer program runs on a computer.

A bitstream representing a multi-channel audio signal, the bitstream comprising;

a representation of a downmix signal combining audio signals of a plurality of
audio objects; and

an object-related parametric side information describing characteristics of the audio
objects, wherein the object-related parametric side information comprises a
bitstream signaling parameter indicating whether the bitstream comprises individual
inter-object-correlation bitstream parameter values or a common inter-object-
correlation bitstream parameter value.



