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

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

20
Yet further embodiments according to the invention are related to a method for providing
one or more adjusted parameters.

Yet further embodiments are related to a method for providing, as an upmix signal
25  representation, a plurality of upmix audio channels on the basis of a downmix signal
representation, an object-related parametric information and a desired rendering

information.

Yet another embodiment is related to a method for providing, as an upmix signal
30 representation, a downmix signal representation and a channel-related parametric
information on the basis of a downmix signal representation, an object-related parametric

information and a desired rendering information.

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

Yet further embodiments are related to corresponding computer programs.
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20  audio scenes containing multiple audio objects has been proposed, for example, Binaural
Cue Coding (Type I) (see, for example reference [BCC]), Joint Source Coding (see, for
example, reference [JSC]), and MPEG Spatial Audio Object Coding (SAOC) (see, for
example, references [SAOC1], [SAOC2]).

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

Fig. 8 shows a system overview of such a system (here: MPEG SAOC). The MPEG SAOC
system 800 shown in Fig. 8 comprises an SAOC encoder 810 and an SAOC decoder 820.
30  The SAOC encoder 810 receives a plurality of object signals x; to xn, which may be
represented, for example, as time-domain signals or as time-frequency-domain signals (for
example, in the form of a set of transform coefficients of a Fourier-type transform, or in the
form of QMF subband signals). The SAOC encoder 810 typically also receives downmix
coefficients d; to dy, which are associated with the object signals x; to xn. Separate sets of
35  downmix coefficients may be available for each channel of the downmix signal. The
SAOC encoder 810 is typically configured to obtain a channel of the downmix signal by
combining the object signals x; to xy in accordance with the associated downmix
coefficients d; to dy. Typically, there are less downmix channels than object signals x; to
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20  object signals 820b. However, the reconstructed object signals 820b may deviate
somewhat from the original object signals x; to Xy, for example, because the side
information 814 is not quite sufficient for a perfect reconstruction due to the bitrate
constraints. The SAOC decoder 820 may further comprise a mixer 820c, which may be
configured to receive the reconstructed object signals 820b and the user interaction

25  information/user control information 822, and to provide, on the basis thereof, the upmix
channel signals §; to . The mixer 820 may be configured to use the user interaction
information /user control information 822 to determine the contribution of the individual
reconstructed object signals 820b to the upmix channel signals §; to $u. The user
interaction information/user control information 822 may, for example, comprise rendering

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

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
35 mixer 820c in Fig. 8, are performed in single step. For this purpose, overall parameters
may be computed which describe a direct mapping of the one or more downmix signals
812 onto the upmix channel signals ¥; to ¥u. These parameters may be computed on the



However, it should be noted that in many enbodi nents, the object
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obj ect degg «i@nd m xer/renderer, which is configured to obtain the upm x
channel signals™958 in a joint m Xi ng process W thout a separation of the
obj ect

20  Taking reference now to Fig. 9b, another MPEG SAOC system 930 will be briefly

discussed, which comprises an SAOC decoder 950. The SAOC decoder 950 provides a
plurality of upmix channel signals 958 in dependence on a downmix signal representation
(for example, in the form of one or more downmix signals) and an object-related side
information (for example, in the form of object meta data). The SAOC decoder 950
25  comprises a combined object decoder and mixer/renderer, which is configured to obtain
the upmix channel signals 958 in a joint mixing process without a separation of the object
decoding and the mixing/rendering, wherein the parameters for said joint upmix process
are dependent both on the object-related side information and the rendering information.
The joint upmix process depends also on the downmix information, which is considered to
30  be part of the object-related side information.

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

35  Taking reference now to Fig. 9¢, an MPEG SAOC system 960 will be described. The
SAOC system 960 comprises an SAOC to MPEG Surround transcoder 980, rather than an
SAOC decoder. |
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Optionally, the SACC to MPEG Surround transcoder 980 may be configured to
mani pul ate the one or nore downm x signals, described, for exanple, by the
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side information 984 would not allow to provide a desired hearing impression on the basis

20 of the input downmix signal representation of the SAOC to MPEG Surround transcoder
980, which may be the case in some rendering constellations.

Accordingly, the SAOC to MPEG Surround transcoder 980 provides the downmix signal
representation 988 and the MPEG Surround bitstream 984 such that a plurality of upmix

25  channel signals, which represent the audio objects in accordance with the rendering
information input to the SAOC to MPEG Surround transcoder 980 can be generated using
an MPEG Surround decoder which receives the MPEG Surround bitstream 984 and the
downmix signal representation 988.

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

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



Accordi ngly, the SAOCC to MPEG Surround transcoder 980 provides the downm X
signal representation 988 and the MPEG Surround bitstream 984 such that a
pl ural i t YWoR20ppp¥4channel signals, which represent theP&EdiPa0169f¥ETs i n
accordance with the rendering informafion input to the SACC to MPEG
Surround transcoder 980 can be generated using an MPEG Surround decoder

whi ch receives the MPEG Surround bitstream 984 and the downm x si gnal
representation 988. To sumari ze the above, different concepts for decoding
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naturally, the one or more do ix signals 812). These approximated object signals

20 (also designated as reconstructed object signals 820b) are then mixed into a target scene

represented by M audio output channels (which may, for example, be represented by

the upmix channel signals §; to §u) using a rendering matrix. For a mono output, the

rendering matrix coefficients are given by r; to 1n

25 e Effectively, the separation of the object signals is rarely executed (or even never
executed), since both the separation step (indicated by the object separator 820a) and
the mixing step (indicated by the mixer 820c) are combined into a single transcoding

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

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

35 on the receiving end include the freedom of choosing a rendering setup of his/her choice
(mono, stereo, surround, virtualized headphone playback, and so on) and the feature of
user interactivity: the rendering matrix, and thus the output scene, can be set and changed
interactively by the user according to will, personal preference or other criteria. For
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the provision of the upm x signal representation (e.g. the upm x channel
si gnal s iSun@m¥)oflMd R9&tRhong audi bl e degradations in some cases. In view
of this situation, 1t 1S the objective of the present invention to create a
concept

20  This problem is solved by an apparatus for providing one or more adjusted parameters for

a provision of an upmix signal representation on the basis of a downmix signal
representation and an object-related parametric information according to claim 1, an audio
signal decoder according to claim 24, an audio signal transcoder according to claim 25,
methods according to claims 26, 27 and 28, an audio signal encoder according to claim 29,

25  amethod according to claim 31, an audio bitstream according to claim 32 and a computer
program according to claim 34.

An embodiment according to the invention creates an apparatus for providing one or more
adjusted parameters for a provision of an upmix signal representation on the basis of a
30  downmix signal representation and an object-related parametric information. The apparatus
comprises a parameter adjuster (for example, a rendering coefficient adjuster) configured
to receive one or more input parameters (for example, a rendering coefficient or a
description of a desired rendering matrix) and to provide, on the basis thereof, one or more
adjusted parameters. The parameter adjuster is configured to provide the one or more
35  adjusted parameters in dependence of the one or more input parameters and the object-
related parametric information (for example, in dependence on one or more downmix
coefficients, and/or one or more object-level-difference values, and/or one or more inter-,
object-correlation values), such that a distortion of the upmix signal representation, which
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adjustment of the parameters helps to ensure an effective reduction and/or limitation of
audio signal distortions by allowing for a comparatively reliable estimation of audible
distortions.

25  In a preferred embodiment, the apparatus is configured to receive, as the input parameters,
desired rendering parameters describing a desired intensity scaling of a plurality of audio
object signals in one or more channels described by the upmix signal representation. In this
case, the parameter adjuster is configured to provide one or more actual rendering
parameters in dependence on the one or more desired rendering parameters. It has been

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

35  distortions, which would be introduced by a given choice of the rendering parameters
(which may be defined by the input parameters).
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20 contribution of an object signal in a rendered superposition of object signals is similar to a

contribution of the object signal in a downmix signal, while a strong difference of said
relative contributions typically brings along audible distortions. This is due to the fact that
a strong change of the (relative) level of an object signal when compared to the (relative)
level of the object signal in the downmix signal representation often brings along artifacts,

25  because often it is not possible to separate object signals of different audio objects in the
ideal way. Accordingly, it has been found to bring along good results to adjust the
rendering parameters such that the relative contribution of the object signals is only
changed moderately by the choice of the rendering parameters.

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

35  that the choice of desired rendering parameters, which form the input parameters of the
parameter adjuster, should be made such that a sufficient “similarity” is maintained
between the downmix signal described by the downmix signal representation and the
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In a preferred embodiment, the parameter adjuster is configured to provide one or more
adjusted parameters in dependence on a computational measure of perceptual degradation,
such that a perceptually evaluated distortion of the upmix signal representation caused by
the use of non-optimal parameters and represented by the computational measure of

25  perceptual degradation is limited. In this way, it can be achieved that the parameters are
adjusted in accordance with the hearing impression, thereby avoiding an unacceptably bad
hearing impression while still providing sufficient flexibility in adjusting the parameters in
accordance with a user’s desires.

30 In a preferred embodiment, the parameter adjuster is configured to receive an object
property information describing properties of one or more original object signals, which
form the basis for a downmix signal described by the downmix signal representation. In
this case, the parameter adjuster is configured to consider the object property information
to provide the adjusted parameters such that a distortion of the upmix signal representation

35  with respect to properties of object signals included in the upmix signal representation is
reduced at least for input parameters deviating from optimal parameters by more than a
predetermined deviation. This embodiment according to the invention is based on the
finding that the properties of the one or more original object signals may be used to
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20  difference between the estimated tonality and a tonality of an upmixed signal obtained
using the one or more adjusted parameters within a predetermined range. Using this
concept, a measure for a degradation of a hearing impression can be obtained with high
computational efficiency, which allows for an appropriate adjustment of the rendering
parameters.

25
In a preferred embodiment, the parameter adjuster is configured to perform a time-and-
frequency-variant adjustment of the input parameters. Accordingly, the adjustment of the
input parameters, to obtain adjusted parameters, may be performed only for such time
intervals or frequency regions for which the adjustment actually brings along an

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

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

35  taking into consideration the downmix signal representation, an even more precise estimate
of the possible distortion of the hearing impression can be obtained.
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input parameters and to provide the one or more adjusted parameters as the actual
rendering information. The apparatus for providing the one or more adjusted parameters is
also configured to provide the one or more adjusted parameters such that distortions of the
25 upmixed audio channels caused by the use of the actual rendering parameters, which
deviate from optimal rendering parameters, are reduced at least for desired rendering
parameters deviating from the optimal rendering parameters by more than a predetermined
deviation.

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

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



conmput ati onal efficiency, which allows for an appropriate adjustnent of the
rendering paraneters. In a preferred enbodi nent, the paraneter adjuster is
conf i gur &N0t2010685F0dr m a ti me- andf requency- vari ant adj u®CERR016/0537ME | nput
paranmeters. Accordingly, the adjustneldt of the input paraneters, to obtain
adj usted paraneters, may be perforned only for such tine intervals or
frequency regions for which the adjustnent actually brings along an
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the object-related paranetric informtion to the upnm xed audi o channel s.
The Further embodiments according to the invention create a method for providing one or more

20  adjusted parameters, a method for decoding an audio signal and a method for transcoding
an audio signal. Said methods are based on the same key ideas as the above discussed
apparatus.

Another embodiment according to the invention creates an audio signal encoder for
25  providing a downmix signal representation and an object-related parametric information on
the basis of a plurality of object signals. The audio encoder comprises a downmixer
configured to provide one or more downmix signals in dependence on downmix
coefficients associated with the object signals, such that the one or more downmix signals
comprise a superposition of a plurality of object signals. The audio encoder also comprises
30 a side information provider configured to provide an inter-object-relationship side
information describing level differences and correlation characteristics of object signals
and an individual-object side information describing one or more individual properties of
the individual object signals. It has been found that the provision of both an inter-object-
relationship side information and an individual-object side information by an audio signal
35 encoder allows to efficiently reduce, or even avoid, audible distortions at the side of a
multi-channel audio signal decoder. While the inter-object-relationship side information is
used for separating the object signals at the decoder side, the individual-object side
information can be used to determine whether the individual characteristics of the object



audi o signal decoder al so conprises an apparatus for providing one or nore
adj usted paraneters, as discussed before. The apparatus for providing one
or nore MNPR8tEdSWAr aneters is configured to receive the&CHEPRIIOMH5T@Nder i ng
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or even eliminated.

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

Brief Description of the Figures

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

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

information;



paranetric information (in conbination wi th downm x signal information),
whi ch are caused by the use of the actual rendering paraneters, which

devi at e fWOIWHI2ZPYWAl rendering paraneters, are reduced RCTERASW/O0FHA7 desi red
rendering paraneters deviating fromt¥e optimal rendering paraneters by
nore than a predeterm ned deviation. It has been found that the concept of
provi ding adjusted paraneters is also well-suited for the use in
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20 embodiment of the invention;
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
25 separate decoder and mixer;
Fig. 9b shows a block schematic diagram of a reference SAOC system using an

integrated decoder and mixer; and

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

Detailed Description of the Embodiments

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

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



describes tonalities of the individual objects. It has been found that the
tonality of the individual objects is a psycho-acoustically inportant
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Anot her enbodi ment according to the iMvention creates a nethod for encoding
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I nventiony more input parameters 110) in an apparatus for providing an upmix signal representation
on the basis of a downmix signal representation and the object-related parametric
information 130, is reduced at least for input parameters 110 deviating from optimal
parameters by more than a predetermined deviation.
20
Accordingly, the apparatus 100 receives the one or more input parameters 110 and
provides, on the basis thereof, the one or more adjusted parameters 120. In providing the
one or more adjusted parameters 120, the apparatus 100 determines, explicitly or
implicitely, whether the unchanged use of the one or more input parameters 110 would
25  cause unacceptably high distortions if the one or more input parameters 110 were used for
controlling a provision of an upmix signal representation on the basis of a downmix signal
representation and the object-related parametric information 130. Thus, the adjusted
parameters 120 are typically better-suited for adjusting such an apparatus for the provision
of the upmix signal representation than the one or more input parameters 110, at least if the

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

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



Fig. 4 shows a schematic representation of a contribution of object signals
to a dowmmm x signal and to a m xed signal; Fig. 5a shows a block schematic
di agr am ovOo201mpisl0downm x- based SACC-to MPEG Surround t PEREPIIENSS7TaTcor di ng
to an enbodi nent of the invention; FilJ. 5b shows a bl ock schematic di agram
of a stereo downm x-based SACC-to MPEG Surround transcoder, according to an
enbodi nent of the invention; Fig. 6 shows a block schematic di agram of an
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one or more input parameters 110. For example, the parameter adjuster 140 may optionally
evaluate downmix coefficients, one or more downmix signals or any additional
information to even improve the provision of the one or more adjusted parameters 120.

20 2, System according to Fig, 2

In the following, the MPEG SAOC system 200 of Fig. 2 will be described in detail.

In order to provide a good understanding of the MPEG SAOC system 200, an overview
25  will be given of the desired system specifications and design considerations. Subsequently,
a structural overview of the system will be given. Moreover, a plurality of SAOC distortion
metrics will be discussed, and the application of these SAOC distortion metrics for a
limitation of distortions will be described. In addition, further extensions of the system 200
will be discussed.
30
2.1 System Design Considerations

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



I nformati on and/or an inter-object correlation informati on describing a
plurality of objects. The apparatus 100 conprises a paraneter adjuster 140,
whi ch i s WOnP1g2fwd to recei ve the one or nore input paP&F#PI19/03707 and to
provi de, on the basis thereof, the on® or nore adjusted paraneters 120. The
paranmeter adjuster 140 is configured to provide the one or nore adjusted
paraneters 120 in dependence on the one or nore input paraneters 110 and
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In the following, some details regarding the approaches for avoiding SAOC distortions will
be discussed. The approach for SAOC distortion limiting presented herein is based on the
following concepts:
25
e Prominent SAOC distortions appear for inappropriate choices of rendering coefficients
(which may be considered as input parameters). This choice is usually made by the user
in an interactive manner (for example, via a real-time graphical user interface (GUT) for
interactive applications). Therefore, an additional processing step is introduced which
30 modifies the rendering coefficients that were supplied by the user (for example, limits
them based on certain calculations) and uses these modified coefficients for the SAOC
rendering engine. For example, the rendering coefficients that were supplied by the
user may be considered as input parameters, and the modified coefficients for the
SAOC rendering engine may be considered as modified parameters.
35
e In order to control the excessive degradation of the produced SAOC audio output, it is
desirable to develop a computational measure of perceptual degradation (also
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e They consider the downmix coefficients. These determine the relative mixing fractions
20 of each audio object within the one or more downmix signals. As a background
information, it should be noted that it has been found that the occurring SAOC
distortion depends on the relation between downmix and rendering coefficients: if the
relative object contribution defined by the rendering coefficients is substantially
different from the relative object contribution within the downmix, then the SAOC
25 decoding engine (which uses the modified parameters) has to perform considerable
adjustment of the downmix signal to convert it into the rendered output. It has been

found that this results in SAOC distortion.

e They consider the rendering coefficients. These determine the relative output strength
30 of each audio object to each of the one or more rendered output signals. As a
background information, it should be noted that it has been found that the occurring
SAOC distortion also depends on the relation of object powers with respect to each
other. If an object at a certain point in time has a much higher power than other objects
(and if the downmix coefficient of this object is not too small) then this object
35 dominates the downmix and is reproduced very well in the rendered output signal. On
the contrary, weak objects are represented only very weakly in the downmix and thus
cannot be brought up to high output levels without significant distortions.
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Intr %UC%O% SJamg to Fig. 8, such that the above-discussion also applies. Moreover, it should be
noted that the MPEG SAOC system 200 can be modified in accordance with the
implementation alternatives 900, 930, 960 shown in Figs. 9a, 9b and 9¢, wherein the object
encoder corresponds to the SAOC encoder, wherein the user interaction information/user
control information 822 corresponds to the rendering control information/rendering

25  coefficient.

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

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

Taking reference now to Fig. 2, it can be seen that the MPEG SAOC system 200 comprises
an SAOC encoder 210, which is configured to receive plurality of object signals x; to xx,
associated with a plurality of objects numbered from 1 to N. The SAOC encoder 210 is
35 also configured to receive (or otherwise obtain) downmix coefficients d; to dn. For
example, the SAOC encoder 210 may obtain one set of downmix coefficients d; to dy for
each channel of the downmix signal 212 provided by the SAOC encoder 210. The SAOC
encoder 210 may, for example, be configured to obtain a weighted combination of the
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20  The MPEG SAOC system 200 also comprises an SAOC decoder 220, which may comprise
the functionality of the SAOC decoder 820. Accordingly, the SAOC decoder 220 receives
the one or more downmix signals 212 and side information 214, as well as modified (or

“adjusted”, or “actual”) rendering coefficients 222 and provides, on the basis thereof, one
or more upmix channel signals y;to yx.

25
The MPEG SAOC system 200 also comprises an apparatus 240 for providing one or more
modified (or adjusted, or “actual”) parameters, namely the modified rendering coefficients
222, in dependence on one or more input parameters, namely input parameters describing a
rendering control information or rendering coefficients 242. The apparatus 240 is

30 configured to also receive at least a part of the side information 214. For example, the
apparatus 240 is configured to receive parameters 214a describing object powers (for
example, powers of the object signals x; to xn). For example, the parameters 214a may
comprise the object-level-difference parameters (also designated as OLDs). The apparatus
240 also preferably receives parameters 214b of the side information 214 describing

35 downmix coefficients. For example, the parameters 214b describe the downmix
coefficients d; to dy. Optionally, the apparatus 240 may further receive additional
parameters 214c, which constitute an individual-object property side information.
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coefficients 242.
20
However, the functionalities of the rendering coefficient adjuster 250 and of the distortion
calculator 260 may also be integrated in a single functional unit, such that the modified
rendering coefficients 222 are provided without an explicit computation of a distortion
measure 252. Rather, implicit mechanisms for reducing or limiting the distortion measure

25  may be applied.

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

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

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

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



encoder corresponds to the SAOCC encoder, wherein the user interaction

i nformati on/user control information 822 corresponds to the rendering
control iwbaomaksma/ rendering coefficient. Furthernore, PCliEPIAOCsTIeT 0der of
t he MPEG SACC system 100 may be repl assed by the separated object decoder
and m xer/renderer arrangenent 920, by the integrated object decoder and

m xer/renderer arrangenment 930 or the SAOCC to MPEG Surround transcoder 980.
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The 20 it is based on the desired rendering coefficient input 242.

In a preferred embodiment, the apparatus 240 is configured to modify the rendering
coefficients based on a distortion measure., Preferably, the rendering coefficients are
adjusted in a frequency-selective manner using, for example, frequency-selective weight.
25 |

The modification of the rendering coefficients may be based on this frame (for example, on
a current frame), or the rendering coefficients may be adjusted over time not just on a
frame-by-frame basis, but also processed/controlled over time (for example, smoothened
over time) wherein possibly different attack/decay time constants may be applied like for a

30 dynamic range compressor/limiter.
In some embodiments, the distortion measure may be frequency-selective.

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

35  characteristics:

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



side information 214 may further conprise an optional object property side
i nformati on, which may represent individual object properties. Details
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2.3 SAOQC Distortion Metrics

In the following, a plurality of different distortion measures will be described, which may,
25 for example, be obtained using the distortion calculator 260. Details regarding the
application of these distortion measures for the limitation of the rendering coefficients will

be discussed below in section 2.4,

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

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

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



or limted. The apparatus 240 for providing the one or nore adjusted
paraneters 242 may, for exanple, conprise a rendering coefficient adjuster
250, whi clworenei2sms t he i nput rendering coefficients 242camb2@oosizgdes, on
t he basis thereof the nodified renderisng coefficients 222. For this

pur pose, the rendering coefficient adjuster 250 may receive a distortion
nmeasure 252 which describes distortions which would be caused by the usage
of the input rendering coefficients 242. The distortion neasure 252 may,

for exanghf! igtgrovﬁied bzﬁgistortion cal cul ator 260 in dependence on the
par anmet ers— S i nput rendering coefficients 242. However,
the functionalities of the rendering coefficient adjuster 250 and of the
di storti r . . al j.nt e i ' | pral
ani - sudh SRTSRIE s RPN eif | borsthilla o o, PR fndichy 297

wi t hodit avilldégpglesaibedconput ati on of a distortion neasure 252. Rat her,
inplicit mechanisnms for reducing or limting the distortion nmeasure may be

applied. Regardjng.the functionpalit f MPEG SACC system 200, it should
be not ed FJ;F] sek%omﬂﬁcs(ptg&gsﬁaphcﬂ%ai\%gﬂté&%@ﬁyﬁm &8N i 598l f or m
of the ugpiy wdansialesipaiialchadhe] (digna¥)) Willitse eneided. W inpudaeib pbjecepiréial
quality causeeﬁg.u I bl e distortions V\c'gi h woul d&?e caused b ra0

| nappr opRoAPIRHEIGR Bonp sienAbad TeRISr LT A AT UL OB o BT Pt ope

i nf orlfrat idown8#AR coeffitientsraed dermtatiebysgist éaBdthe remderiag ebeffidichts aréidenoted by

nodi ficati o j h i ffl.cl : i.fkgcation
or - ad) uothnt RS RHBLIRE forlydey Bk BIAEE 10 BRI orh B8 R Sim ]y TR

degr adat iftpayensty indisespleave deenteilt quigratiogithat the equationsastate rsubbal signals. In

degr adat isgp 6f thd!@qRREGERPHBY, IFRERER MitehS Qemdte | &%ﬁﬁciérﬁﬂuﬁeﬁgﬁ\ﬂﬁ,” and
conpared to se | h the input rendering coefficients 242 are Psed

ac whi ¢
directly U@erwﬂfﬁ%gmte the comrespongie RYYREHYER Cathbe seapdrane s fantexs ot |
t he f16l | aié reguatidis. fAlsgt itostahild ybeohoted ethhinviznbls vare c sumarheswidpresontetr bef | y

sumari zed. G ven a. di rti sur g- |( Si | st Lon in the
audro outperoniedinl Bl o TR ol B GRaT i e B BREDE 121 uet or
the given signals, and nodifying the SAOCC decoding algorithm (limting the

actual |y psede rtﬁé}d&gw%@ Qﬁéafrih%i o8 ikde%) m$ Y€ b LBREL b grrdest @.(r%?,itﬁé‘ pigRasur e
val ue does not exceed a certain threshold. A systen12 D,acgor ing to
dominant object which is increased in its relative level and thus limits the overall sound
20  quality. Then the ideal desired output signal (upmix channel signal) is given by
N
=[x, 1+ [ 2x,7) 1)
i=1; i#m
Herein, the first term is the desired contribution of the object of interest to the output
signal, whereas the second term denotes the contributions from all the other objects
(“interference”).

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

N N
yl;=t-2xi-d,.=[xm~t-dm] + [ Zx,»t-d,.]
=1 =L i#m )
i.e.,, the downmix signal is subsequently scaled by a transcoding coefficient, f,
corresponding to the “m2” matrix in an MPEG Surround decoder. Again, this can be split
30 into a first term (actual contribution of the object signal to the output signal) and a second
term (actual “interference” by other object signals). Herein, the SAOC system (for
example, the SAOC decoder 220, and, optionally, also the apparatus 240) dynamically
determines the transcoding coefficient, ¢, such that the power of the actually rendered

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



this concept is shown in Fig. 2 and has been expl ained in sone detail
above. Regarding the system 200, the foll ow ng remarks can be made: The
desi red rwoderomgiogoefficients 242 are input by the usercwEPamoObREm7
interface. Before being applied in tle SAOCC decodi ng engi ne 220, the
rendering coefficients 242 are nodified by a rendering coefficient adjuster
250, which makes use of one or nore cal cul ated distortion neasures 252,
whi ch are supplied froma distortion cﬁggl tor 260. The distortion
cal cul ator 260 evaluates information ( %ararret ers 214a, 214b) fromthe
side information 214 (for eb’g&ripl e rerdii-ve—obj ect power/O_D%) downmi X
coefficients, and - optionally - object grlggal property information).
Additionally, it is based on the desir tenderlng coefficient input 242.
In a preferred enbodi ment, the apparat us 240 is configured to nodify the
renderi ng disetthdrcinenduse bIaB/Eobaﬁrbeadaiimtld:ymmpumagshe eclatrrebewabd yhe itdea
renderi ng_coeff Nt S t ctive manner using,
for exang?‘g?“topkg’lﬁl nO-fsel e %Itgxgla%éds%gﬁa%o%&‘%ﬁﬁ%ﬁ}a@ﬁrfon of the rendering
coefficients may be based on this frarre (for exarrple on a current frame),
or the rendering coefficients may be adjust r time not just on a
frame-by-franme basis, but al SQ procegsed/r@o 410I ied over time (for exanple,
snoot hened over ti rre) whe(e) -n—gssi-hine di-H-Erent—at t ack/ decay tine
constants nay be applied |ikePiar a(lmdﬁna 2G g:ngf conpressor/limter. In
sone gnbodi nents, the distortion neasure ﬁ’a; requency- saj‘ectl ve. In
sone nbodinents the distortion neasure nay consi der one or nDre of the
follow n char r| stics: _Power/energy/level_ of each ohj
coeffi ci eXa rdgn@fé%themﬂvx@ﬁpéthe Hplly renderg; sgnshAn ﬁéctxprlé ty
side infor ITB.tI oﬂ if applicable. In sone enbodinents, the di'stortion
measur e pawebef thaﬂcwhmmsigm}erbjthatt inaanchcomhiiplementatiern, the &, aalugncante al |
di stortl rrb d| [ I e
i nfor mat i Hﬁ‘:tg'ﬁf’é’ édndﬁ{é Bt TON3 DERIGCE (BLPPCVANesSIHAR are
transmitted as part of the SAOC side information 214.

10
For a better interpretation of dm;, its definition can be reformulated as follows:
r2 X
N
r2e Zdlz X, Z X,
dm(m) = ——— = (4a)

N 2
dm'zr’z.Xi d X

T Yax
i=1

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

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

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



be evaluated. The additional object property side information 214c may be
extracted in an enhanced SACC encoder, for exanple, in the SACC encoder
210. The woOdbtoapmi obj ect property side infornmati on maychapenbessied, for
exanpl e, into an enhanced SACC bitstr®am which will be described with
reference to Fig. 7. Also, the additional object property side information
may be used for distortion |imting by an enhanced SACC decoder. In a
speci al cage, Attaduendi Isindiestss idsakbdualify with rdsecaisedbjaet #Anlte obj ect property
descri bed QV ;I{&?ea‘glﬁg'dtrﬂ %ﬁleggpéx’%clt 1anchéQfeEﬁéa§hQ§uélﬁ§or mation. In this case,

t he noi siness/tonalfty transmt much coarser frequency
resol uti on % h¥Xaluss ﬁ@dmob?léﬁ’tl Pranei it dmproye qé%lwlﬂ‘ regiepkio qbie Cég% on side
information. In an extreme case, the noisiness/tonal | ty obj ect property
side nformation may be transmtted with just..on [,.0 ect
(for xaﬁﬁp%?qu%fglybr%é’dﬁ dEFTH Wgtsf?ﬂse a§%' 8§A r%&yofqu@ﬁ ll%‘f ics In
t he fol | ea Begcongpupediasatollows:of di fferent distortion nmeasures will be

descri bed, which may, for exanple, be obtained using the distortion

cal cul ator 260. Details regarding the application of these distortion
nmeasures for the Iim tat| g‘h W)t Bexluenggyijing coefficients will be discussed
bel ow i n section 2.4. er “word this section outljnes several

di stortion neasures. DMEse can used 1 ndi vi dual | y or @;n be conbined to
forma compound, nore conpl ex dPs¥G¥tion netric, for exanple, by weighted
addi tion of the individual distoftion metric values. It should be noted
here thafn tthie &R&iidn," #BE Aidicands mﬁlghﬁlg dador’ of sbipct #Han thatt relatds ti38$liegnat e

d
the 1011 SRt 'aﬁéee%d?ﬁgaﬁj 178 i BEflish B Sy RL PRI ARO stehg RS b 58
my be ewd) ahcﬂdccbgld bl ehdsent dapending oal tbeibhicor @B /loddndss etfmingy (e Xwé ed by
the r end%{e&g ?Eﬁﬁ&ﬁ?b%ok@i@s%i?% A ?%{ulﬁte tﬁ@ﬁs@bﬁbafcbﬁstﬁqgﬁddegﬁ

renderi ng COG 22 on as| s O he, 1 nput renderl ng ,coefficients

242. 2. 3. grcnvtbtf@r this @bigsh diwrdermore, y(heoyl 6|t¢1@vwﬁgaccguvﬁ togplity ad Jpaskipe
measure GRbSAnSASABOREGELY, Qv(t)Raflbs ket | oWhidhdsdilitate¥ thk) computation of@MY.i bed.

15

2.3.2 Distortion Measure #2

An alternate distortion measure can be constructed by starting from equation (4) to form a
perceptual measure in the style of a Noise-to-Mask-Ratio (NMR), i.e. compute the relation

Pzdeal - P

actual  _

20  between noise/interference and masking threshold:
dm2 ( m) Nozse —

N N
2, 2. —d%. ‘2. .
(rj—d:‘-tz)- X, :(rm édi X,-d, ;rz Xz] X
Mask  msr- P

N N N

total msr-Zriz-X,. msr-(zrf-Xi)'(de"Xi)
i=1 i=1 =1

(6)

In this equation, msr is the Mask-To-Signal-Ratio of the total audio signal which depends
25  on its tonality. Increasing values of dm, indicate higher distortion with respect to sound
object #m. Again, the value of dm, remains constant if all rendering coefficients are scaled
by a common factor, or if all downmix coefficients are scaled likewise. The value range of

dmj; can be interpreted as follows:

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



For the sake of conceptual sinplicity, aN-1-1 SACC system (e.g., a nono

downm x signal (212) and a single upm x channel (signal)) wll be

consi der ewo 2bhioympos audi o obj ects are downm xed into a romEpseignss71and

rendered into a nono output. As giveresin Figure 8, the downm x coefficients

are denoted by d .. d and the rendering coefficients are denoted by 1 .. G
In the following fornmulae, tinme indices have been omtted for sinplicity.

Li kewi se, frequency indices have been left out, noting that the equations

o2t oo B e e e Db RS Bl O LR e

cor r espopat gequapwtedsgs fallowdt can be seen fromthe context of the equations.
Al so, it should be noted that signals are sonetines represented by
correspondi ng time-frequency-daoyai n coefficients, rather than in the

ti me- donmai n Assurre t hat obj ect w(nng [u@g(n@u] ect index m) is an object of
inter; t he nost ngnt o ject I ch |5Tw;creased inits relative
| evel andthus limts the~6verall uality. n the ideal desired

out put signal (upm x channel S|gnal) ‘g( ven by =i m + [ (Di=l, im
Herein, the first termis the desiregicontribution of the object of

i nterest Atgﬁmt W?n})iﬁ'ﬂwdies %lv@eﬂgﬁtm Wﬁﬁbﬁ@ﬁolﬁé& #ﬁﬁtﬁ@tﬂdlate@ rtm}dﬁbﬁ’gﬂlﬁéanbél elevel
contri bu O(r%{ﬁp al | ‘ﬂ?& Cg g_gh ct S do | nt ert %@Xcel?() Lity,
however , ! \IARESS o e SHipcuth B dda s SRR el By & va

=t - X OXm)f[\Mthnac:t:Ozd} + [ -d,] ;=2J=l, im(2) i.e., the dovvnmx signal is
subsequently scaled by a transcoding coefficient, t, corresponding to the
"nR2" matrix in an MPEG Surround decoder. Again, this can be split into a
firsi0t el [istortiah roeastrei o equaonf(6) Rempipe the disigrian apthendffetenpr ot ghegnal )

and a Sef)@@'@rst ?fhﬁ@ (Qfedinds| B e4d eneRe "witly §cd@al Qﬁ’ff&‘éﬁceﬁ' Qﬁ@E&kmeﬁﬁr ein,
t he SACC s%éstem far exarrpl e, the SACC decoder 220, E)cth ﬁ}ag (}/thal o)

t he appaﬁé natively t}gfyﬁlgm p@n e computed on a waveform as1s w

following measure including an additional mixed product term:

2
i E m;idea _Amacua }
dmz'(m) — PNmse - {;y deal ~ Vm;actual —
Mask msr - P, .,
N N . 8
Zdz X, +d?- Zr X, -2-d,r, \/(Zr,?-x,)-(zdf-x,) X, ®)
=1 i=] i=1

msr-(zrf .X,.)-(Zd,? ‘X))
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2.3.3 Distortion Measure #3

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

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

From SAOC parameters (e.g., parameters 214a, which may comprise object level
difference parameters and inter-object-correlation parameters) a model of the object

25  covariance can be determined

E=+OLD"-OLD-10C



determ nes the transcoding coefficient, t, such that the power of the
actually rendered output signal is matched to the power of the ideal

si gnal : ; a¥oAotlyesmati on nmeasure (DM can be defined by eormrRémngsizhe

rel ati on between the ideal power conti bution of the object #mand its
actual power contribution: d mN N Herein, -X denotes the power of the
finally rendered signal, and d -X is the I=l i=1 power of the downm x
signal . Notealcuhad the idikt@fioR eledire hrmétﬁmtlﬁésisaﬂblea Réhich étﬂlkdiﬁﬁthé aéhdefand

directly repl aced T U n ect lLevel ren

val ves. | ARTRETS cosatichit, P Beom APPBred Rb S QResT ety B b SARC For a
better i mystemyetation of dmi 5 its definition can be refornul ated as
follows: 1=1 Effectively, this nmeans that the distortion netric is the
ratio of the, rel ative object power contribution in the ideally rendered
(outp?t)]?j fal "eersus”v¥n the downmi x (input) signal. This goes together
wth i ndi,ngZ,t hat #hg SACC schenme works best when it does not have to
alter the relative obj ect powers by large factors. Increasing values of dm
i ndi cate decreasing sound quality with respect to sound object #m It has
been foungebhaliahbevdtabsiptRidodmie aRd fé’ﬁd&‘é&%ﬁgﬂﬂtc i thé‘ﬁ' rendering
coefficients are scaled by a common factor, if all downm x coefficients
are scal ed |likew se. Also it has been found that i ncreasi ng the rendering
coefficient foéﬁﬁfj ct, #ep (i ncreasing its relative level) leads to

i ncrease aﬁét The yalues of dnii can be interpreted as follows: A
val ue of 1 indicates Pdeé? quality with respect to object #m |Increasing
dn vabues\ ébwytonlmeardircPMVE isl@efirerdakng quality; Values of dn below 1 do not
further inprove quality with respect to object #m Consequently, an overal
measur e of sound scene quality (i.e. the quality for all objects) can be
conput ed foIIo X kﬁ]thla equation, w(m indicates a weighting factor of

obj ect # ?—r_ﬁﬁ’t e

The values of DMj can be interpreted as follows:

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

2.3.4 Distortion Measure #4

2.3.4.1 Overview

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

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

2.3.4.2 Nomenclature

ch={,2,..,N_} index for upmix channels



significance and sensitivity of the particular object wthin the audio
scene. As an exanple, w(m then could be chosen dependi ng on the object
power / |lwodoesswen) = (rm2 Xn) a where a nay typical pgThP2eioesenr as 0. 25
to roughly enul ate the psychoacousti c3ol oudness growth for this object.
Furthernore, w(n) could take into account tonality and nmaski ng phenonena.
Alternatively, w(n) can be set to 1, which facilitates the conputation
OfDML. 2.43=X1}stortion Measindex £ dawnalix ehamatks di stortion neasure can be

construc%@@gﬁgﬁrbl}i ng frommRexadria@dioldblect® forma perceptual neasure in
the style of a NoiSe-to-Misk-Ratio (NVR), .i.e. conpute the relation between
noi se/ i nt@?gr%neé’iénd maski WX Fﬂré)éﬁﬁ?%erbéﬁ%( m = (6) In this equation,

nsr is the Mask(dpogighal - Rafen@erdfg tharik OF@ cRaeP chi OfiRlio W& e&pgnds on
its tgnal i€%. Increasing val ues of g{;% i.ndi cate higher distortion with
respett to sound object #m PYERFCT PHERRI e of dn® remmins constant if all
render i ng.copf¥ Giverit 9bhr e sdetvardixppatixdondmmmizchannel gk, duicetiecdornm x
coefficients are scal ed | ikeySQranklier ¥aldy® range of dn2 can be interpreted

as follows: A valug of O indicat.es Ldeal qualit i th.respect obj ect
#mo | ncr%asfn‘ﬁz/o nﬁﬁval ues aWS\gﬁ%l&g i %8505 at" reﬁ%‘ﬁ%e S \f‘égnéﬁ%tnﬁ e} Teddt) £
degradations; Val ues of dnRlondhessofaudidiobjtteot fodpatimetpubatrhit e qual ity

Wi t hypespert bt@m@(%?_ #m Cops@aNe Bble¥t egP Ve hudiBaBpce with Beunghesscene
quality (i.e?” the quality for all Obljle ts) ¢c conputed as follows: N

n he
w(m max[c?n2(m,|] DVR J (7°5°t8 AgIRne I1_bndi cates a wei ghting
factor ofObBjgct OfM(phab)r el abjest tlovel hdiffirgnvief | whishe desaribeel the |inleasitss of
the particular object w thingifieREIbGwRESBfRe aldiBiobRl! ¥b GROBROHS Wit =
(rj Xm awtha=0.25. the highest energy for the corresponding frequency band pb

15 I0C,,  »=10C (obi ,0b,, pb) inter-object correlation, which describes the
correlation between two channels of audio objects.

2.3.4.3 Algorithm

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

e Calculation of the upmix and downmix relative energies:

A2 _ 2 72 _ L2
rch,ob,pb - OLDob,pb ' rch,ob,pb ’ ddx,ob,pb - OLDab,pb ddx,ob .

Nab Nab
. . . ~2 32 .
25 e Normalization of energies such that z Popobpp =1 and Z Agmobpp =1°
ob=l ob=1
y) 72
~2 _ rch,ob,pb JZ _ ddm,ob,pb
Fenob,pp = W, ’ dm,ob,pb ~ Np :
A2 2
Z rch,vb,pb Z ddm,ob, b
ob=1 ob=1

¢ Construction of the optimal downmix d f,f,‘;”b’,)pb for each upmix channel and band:

2(opt) _ 72 72
Aeno,ob = Conob b * Fonpp T Benob,pb d; b b -
The multiplicative constants @, ,, ,,» .0 2re calculated by solving the overdefined

2(opt) ~2 s
dch,ob,pb —rch,ob,pb O *

a.B

30 system of linear equations to satisfy the following condition:

¢ Calculation of the distortion measure:

Nob Nch Fz
M. = ch,ob,pb ~2
D 4= Z Z 1- 2(opt) wob,pbrch,ob,pb .
ob=1 ch=1 dch,ab,pb



The distortion neasure on equation (6) conputes the distortion as the
difference of the powers (this corresponds to an "NVMR with spectral

di fferencwd 20masroenent). Alternatively, the distortionpcaErb@oossput ed on
a waveform basis which | eads to the fall ow ng neasure including an

addi tional mxed product term 2.3.3 Distortion Measure #3 A third
distortion neasure is presented which describes the coherence between the
downmi X EﬁdrﬁDlSmId_mhmtméndered signal. Hi gher coherence results in better
subj ective sound quality. Additionally the correlation of the input audio
obj ects can be taken into account if 10C data is present at the SACC
decoder . DistantiosAGErqlas avinxved by (ieniting opeaoraneteeersicping apeffihicotis)iay conpri se

obj ect | eésthdelict boankendistopionanedsaresDsidd i nt er - obj ect-correl ati on paraneters)
a nodel of the object covariance can be determined E = Vg LDt OLD I OCTo
calculate the distortion neasure a Matrix Mis assenbled which contains the

render apgngoyibted §aefif the nfabise (Meledntamly fifr didui@tedoramex casadadi(ipitmat ri x

for a N 520380 ccits forRIxEPYAd kaRge between the downmi x and rendered
signal Cis then A distortion neasure DMB is defined as The val ues of DMB

can be interpreted as follows: Values are in the range [0 .. 1] and
i ndi cat e, 3h495 igl%%g{t%gce bet ween downm x and rendered signal. A value of 0
i ndi cat es=ideat quar i I ncreasi ng DM3 val ues indi cate decreasing

qual idy. 2 3.4 D|stort|on Measure #4 2.3.4.1 Overview This approach

pr oposes as a di st.ortion rreas e th ave i et ween
the targ %Fg@;%é r8P| tj ;g?ﬁc% PR thggﬁgonr?gﬁ gl%ésr%g?ﬁ%g%éﬁl at ed
from gi vEAllge ?:I'é‘?néf fPS reference is also made to Fig. 4,

whi ch shovvs a &ungm eaJtransQ dasent ation of the

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

2.3.5 Distortion Measure #5

An alternative computation of the transcoding coefficient ¢is suggested. It can be
20 interpreted as an extension of ¢ and leads to the transcoding matrix 7 which is
characterised by the incorporation of the inter-object coherence (I0C) and at the same time
extends the current metrics DM#1 and DM#2 to stereo downmix and multichannel upmix.
The current implementation of the transcoding coefficient ¢ considers the match of the
power of the actually rendered output signal to the power of the ideal rendered signal, i.c.
25

N
Z’?ZXI‘
i=1

==

> d'x,

i=1
The incorporation of the covariance matrix E yields a modified formulation for ¢, namely
the transcoding matrix T, that considers the inter-object coherence, too. The elements of
E are computed from the SAOC parameters 214 as

30 e; =,/OLD,OLD,IOC,.

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

yielding



downm x (DMX), the optinml downm x energy (DMX opt) and the target
rendering energy (UPM X). 2.3.4.2 Nonenclature ch ={1, 2, ...,Nch } index
for upm xwohamnesmdx = {1, 2} index for downm x channel culEPzopb5517 .., Nob
} index for audio objects p b = {l,2,32..,N pb } index for paraneter bands
rchob pb =r(ch, ob, pb) rendering matrix for channel ch, audi o object ob and
paraneter band pb x ob pb = d(dx, ob, pb) downm x matrix for downm x
channel dx, aqd;gE@b'{ggb*?‘b and paraneter band pb wob pb = w(ob, pb)

wei ghting factor representing the significance / |level / |oudness of audio
obj ect oh for_ paraneter b pb NRGpb =NRE pb) absol ute object energy of
the audi &VigbfecREL +of Ifyhiaﬂ%ﬁé’ﬁlezmenergy for the frequency band pb OLDob pb
=0OLD( ob, pb) object |evel N(ﬁf erence, which describes the intensity

differen eHNgse e 1 ject ob and the object with the highest
ener gy fgrr?ég/ﬁ"e cor;bég‘go 3 (E‘fﬁ%ﬁ‘uency band pb 10Cob ob pb =IOC [ ,0b] ,p
b inter-object correlation, which describes the correlation between two
channel s of audi o objects. 2.3.4.3 Al gorithm Steps of an algorithmfor

obt ai i nthet Wistaftion oneasore i aberssylgsofnidn, et mope s, cHayc Ao wR@IN/fenderang
fol | ow ng: . t . ] nd downm x relative energies: r

ch, ob, pbgg_mlaﬁ’ﬁ“égﬁ'k&rk')gﬁ,og ec%?ﬁ;s@%%(rf‘baﬁ pb = ob pb ' , 0i Nor mal i zat i on of
ener gi es such thzt ;g%pbﬁfﬂn;n Construction of the optimal downmx d O b for

each upni x ch&fhér “hang—

m,n' k,n

Considering dm, (m) separately for the left and right downmix channel leads to
2
Pk V2,2

2
dm, (m,k) =224 and dim, (m, ) = B2
m2"%k,2

m,1"%k1
10 It can be assumed that the better of the two downmix/upmix paths is relevant for the
quality of the rendered output, thus the measure corresponds to the minimum value, i.e.
dmg (m, k)= min[dm,,dm,] .

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

Ney

Z ci’m'5 (m, k) r,f,ka
15 dms (m)+=

NCIl
2
Vo kCr .k
=1

The overall measure of all objects can be obtained by
N
" w(m)max]| dm; (m),1]
DM, === =
()

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

with w(m)= [r,:X . T as before.

20
2.3.6. Distortion Measure #6

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

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



a ch,ob,pb ~ a ch,ob,pb ' a \,ob,pb + Pch,ob,pb ' a 2,o0b,pb ' The

mul tiplicative constants achob pb , bc ob pb are cal cul ated by solving the
over def resloyavemoaf |inear equations to satisfy the folpcowrogoossyditi on: k
j " pb - ob L-a b >0 Calculation of t3ise distortion neasure: 2.3 .4.4
Distortion control Distortion control is achieved by limting one or nore
rendering coefficient(s) in dependence on the distortion neasure DVA. |t
may be noted that (i) the neasure is relevant only for the stereo downm x

case, and (ii) it can be reduced to Dl\/lvalf{@r} #dx=l and #ch=l . 2.3.4.5
Properties In the follow ng, pr oper¥i® the concept for calculating the
distortion neasure nunber 4 will be briefly sunmari zed. The concept

assunes ideal transcodi ng can handl e stereo dovvnm'x and allows for a
general i ion to hannel ndering. .5 ure #5
Al rer AAEPRRvES, BT bRG: PRERE of SROBINGP enfcheiB bRl el SRR € |
can b2 i mseh prstengdbfatheavarience ofithe Hitbett engldpe aitks1ft éntahm Qarsan@commaﬁgrerrat rix
Twhi ch i LefL R€elb Bhier @het he inter-object coherence
(100 ange%?g%f% sa P{rar%letgxtee %LL cﬁﬂcurrent %Etrl cs DM#1 and DW¥2 to
stereo downm x and mnul ti channel upm x. The current inplenmentation of the

transcodippg @ﬁgitﬁfin@isenmehesﬁ QRSHsER! N, chie bgﬁfeféﬂrnﬁfedtfbﬁb@tﬁwﬁé 1a>efauy hendb@édlm Iy

rendered out put Sign to th e rende d .S
e e AP e b Al RALRC sPe g Siphr 980 3 WS pedsuf
f or mup at icanbé esmputed franethy diffeeerice daswed both, egt:ri x T, that consi ders the

i nter-object coherence, too. The elenents of E are conputed fromthe SACC

paraneters 214 as ev = O.DOLDJI OC 5
|Ntdeal N

actual

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

15 2.3.7. Calculating the energies of the source signal images for reference scene and
SAOC rendered scene

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

20  transcoding matrix T for the SAOC rendered scene as it is done in “Distortion measure 5
but also the correlation of the source signals for both, the reference scene and the rendered
scene.

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

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

30  Split all source signals x, into a signal part x

illm

x, and a part x, , that is uncorrelated to x,,. This can be done by subspace projection of

that is correlated to the object of interest

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

ilim

x Tx IOC

xi||m = T xm
w5 Tl

x _glm m *

35
2.3.7.1 Calculating P,

ideal ,x,,

from the image of source y, _in the reference scene y:




The transcoding matri x represents the conversion of the dowmm x to the
rendered out put signal such that TDx * Rx . It is obtained through

m ni m satwonrronf126tve nean square error, yieldingT = RED pcT/EpRidas371) ~ N N W
h H=RED o h] = rtldjmelm/=1 nr\ aad V=DED r v =f f td d nelm =X n¥l
the distortion neasure in the style of nx but now for every
downm x/ rendering conbination {n, k) of object mis given by Considering
nk(m separately for the left and right downm x channel leads to It can be
assurted tgh FOR0Sd of -of LIe L 1R RBOTY XoHRRke Pakfisul endpledfhellor the
qual ity of the rendered out'put'’thus measure cbrresponds to the m ni num
val ue, i canbeiggcylated viam¥i = Ryl Wi#Rg . An overal | measure of all output
channel s, designated by index k, can be conputed as The overal |l measure of
all objects can be obtained by N T ( )max 25(w), 1] DM = - with wm = |
rm2 $ as before. wW(m n¥\ A si¥Jaf ext ion off t to T is possible for
dn2 and dn2 . 2.3.6. Distortion Meapgtne #6| EnmMhg foll owing, a sixth
distortion nmeasure will be describe k(t» "He the squared Hubert

envel ope of object signal #i and Pj ) r.of |object signal #i (both
typically within a subband), then aj measurg N'of [tonality/noise-likeness
can xTNllm gN,mme

x’ -€
tﬁt o]

Y, canthe be calculated by
Y, =RX, =

Iy r : v r
chy,x) chy x; chy Xy g 1m xm

rchz,xl rch2 Xg . rchz,xN gZ,mme

Y ch-12%N r
Y kX1 Y b X2 Y b+ %1 Y XN Exm*m

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

ideal ,x,,

2 2

rchl,xl gl,m + rchl Xy g2,m +oet rch, XN gN,m ” "xm "
ideal x,, =
2 2
lIrNc,,,xl gl,m + rN,,,,xz g2,m Feeet rNch Xy gN,m “ "xm "
2.3.7.2 Calculating P, . from the image of source p, inthe SAOC rendered
15 scene y:

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

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

20 Y, =T*°DX,

[lm *



be obtained froma normalized variance estimte of the Hubert envel ope
like var{e,} N=P, 2 Aliternatively, also the power / variance of the
Hubert enwel0opeizstiofif erence signal can be used instead ofctrhwvanssmce of

t he Hubert envelope itself. In any cawse, the nmeasure describes the strength
of the envel ope fluctuation over tinme. This tonality/noise-I|ikeness
nmeasure, N, can be determned for both the ideally rendered signal m xture
and the actually SACC rendered sound m xture and a distortion neasure can
be computed fromthe dlfference bet ween both, e. g : M6 - NactJ where b is a

paraneterK(e g =2)—2 | c ting the i es of |[the source signal
i mages for eﬁbﬁcevrcén 4@*&#;aendered gﬁdﬁNcaldﬁhﬁtl g the

obj ect energles[_ ersourc dmmwc;p t he. ref @nqe ,and Ak 'ender ed
scene used for ‘the dlstortlo neasures one have to tAKe ijto :accpunt the
transcoding matrix T for the SACC r ender ed scene as it is dOﬂEﬁ
"Distortion %?+§ 9112t4h N cq.rrel at dglf+z pr fve*sifgnal s for
bot h, the refereénhce cene a the ehdéred s mar The notation of
the signals in uppercase reflect here the natrlx notation of the si gnal s,
not the_signals energies as.in the chapters hefore For arbitrary source
xm t he SICEGAAE he-GeReY oo FTSOMICE 10355/ g”ﬁ@f@?ﬁ‘éﬁlcséceesm@{;%t ed as follows:

Split all source signals X1 into a signal part |||ffl that is correlated to
t he obj ect ofcinterest xmand a part xIIntthat is uncorrel ated to xm h|s

can be don& by BCy go_gll J
]m+xlIm. The cg?s"g(l‘ﬁ:f %Er’t1 g“’ \}er‘f by e ( lc’ul\]l][—C A LT X from
t he i mage of |[source vx in the reference scene v VVth Y R X and X = | m
+ || m, the ijnage f s e, X ntf al | red ch S 2
‘gl,m (\,tNthldll—'- th,,zd21)+g2m Iy, 1d12+\/ Ny, 24 22f gNm \‘/ In diy + Nc,,ZdZN) ||xm||2

2.3.7.3. Calculating the distortion measure

The distortion measure in the style of dm, can be calculated for every object m and output

10 rendering channel % as

i () = Tt Ir.10C,,, ++++ 1, 10C,, |

2
Focta ”(\/;k—l'dll-l— tk2d21)10C1m+"'+(\ﬁ;-le+J;;d2N)‘[OCNm

Nen
> drty (m, k) |

dm;, (m) = Nea
Z Fon k€
iw(m)max[a’m7 (m),l]
DM, === with w(m)= [r,fX N T as before.

> w(m)

15

2.3.8 Object-Signal Properties

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

distortion measure.



can be calculated via Y = Rwhere Y x can the be cal cul ated by Therefore
the energy Pjdeal x of source image Y x in the reference scene will be: +
--- + K owb 2010/1%8%, N, mideal, x ml|2 2.3.7.2 Cal cul at iPog/BP2800053717 uaa | |
, XX mfromthe i mage of source Vx in Ihe SAOC rendered scene y : This can
be done in the same manner as for Pldeal x . Wth T the transcoding matri x
and D the dowmnm x matrix, y x for all channels in the rendered scene wl|

be: Yx =gk QAX)C tpmc!églﬁgq sééeral Madi¥ d%]el:ic} RRTRE RIoWhGiRAL Y apé&dvﬁiﬁl x of

Zogr ge 3| rs%aglc‘ﬁhlﬁh ﬂﬁ&leephge(g ¥c§ g%%arst%ﬁlneﬁ@% B 1= ered (\)utput If A tonapobject signal is

mixed together with a more noise-like second object signal of equal signal power, the
result tends to be noise-like. The same holds, if the second object signal has a higher
5 power. Only, if the second object signal has a power that is substantially lower than the
first one, the result tends to be tonal. In the same way, the tonality / noise-likeness of the
rendered SAOC output signal is mostly determined by the tonality / noise-likeness of the
downmix signal regardless of the applied rendering coefficients. In order to achieve good
subjective output quality, also the tonality/noise-likeness of the actually rendered signal
10 should be close to the tonality/noise-likeness of the ideally rendered signal. In order to use
this concept in the distortion measure, it is necessary to transmit the information about
each object’s tonality/noise-likeness as part of the bitstream. The tonality/noise-likeness N
of the ideally rendered output can then be estimated in the SAOC decoder as a function of

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

15
N = f( Nl: Pla NZ: P2> N39 P3: o )
and compared to the tonality/noise-likeness of the actually rendered output signal in order
to compute a distortion measure. As an example, the following function f{) may be used:
ZN i Pia
20

Ry

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

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

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

tonality/noise-likeness measure (e.g. 0=2). A suitable distortion metric based on
25  tonality/noise-likeness is described in Section 2.3.6 as distortion measure #6.

2.4 Distortion limiting schemes

30 2.4.1 Overview of the distortion limiting schemes

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

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

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



The distortion neasure in the style of dn\ can be calculated for every

obj ect m and output rendering channel k as 7 () . 4=1 7 wth ( ) = as
before. 2Av8.28100kfmaet - Si gnal Properties In the foll ow ngpcamprexampizer of
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distortion nmeasure.ln the SACC processing, several audio object signals are
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According to the second concept, the parameter adjuster computes a linear combination
between a square of a desired rendering parameter and a square of an optimal rendering
parameter, to obtain the actual rendering parameter. In this case, the parameter adjuster is
configured to determine a contribution of the desired rendering parameter and of the

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

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

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

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

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

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

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

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

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

2.4.2 Distortion limiting scheme #1




out put estimating the tonality/noise-likeness value of the m xture of the
signals. The paraneter acan be chosen to optim ze the precision of the
estimati onopooceswne for a given tonality/noise-|ikenesgCrmresmnmsi7e7 d.
a=2). A suitable distortion nmetric based on tonality/noise-likeness is
described in Section 2.3.6 as distortion neasure #6. 2.4 Distortion
limting schemes 2.4.1 Overview of the distortion limting schenes In the
foll ow ng, a short overview of a plurality of di storti on limting schenes
will be ql veg As |s ussed agove t he renderl(g%&c fficient agj ust er 250
recei ves B FEOFeRHRR 23 &e?‘lnﬁ& IStoreqn: measwe Sves éfv‘?%?é&uungrf £ felafion s

t her eof , batwaedithe edbal poder tdigribainf éfcthevbjedR2mf A1d itsactliyl gower SoakibUgeoder
220.Di f f ren %?cepts for the provision of the nodified rendering

coeffi ci %‘l? @A) be disti ngui shed, wherein the concepts can al so be

conbi Aed in sone enbodi nents. According to the first concept, one or nore
rendering paraneter limt values ,akk obtained in a first step i n dependence
on one or nore parane ers ofathens é i%f ormation 214 (i.e., in dependence
on the object-del(m)e =ang=5’-t—rl—=C—+—¢1&e{—ncafe' ion 214). Subsequently, the actual
"(nodified or 611131 usté’dc)u ré.nderi(gvg efjd cients 222 are obtained in
dependence on the desired renderi’hg=parahet 8{) 242 and the one or nore
rendering paranmeter limt val ues, such t hat ‘Yhe actual renderi ng paraneters
obey the Iimts defined by the renderl ng paraneter limt val ues.

Accordin : e

par anet o is SHEichPiRE Shly ﬁﬁ{eﬁéﬁ?%ﬁfémfﬁpwa?@ﬁ% éggd%%@%‘&ﬂ?ﬁegge

par amet erendering coefifigieats thafjase nseddn ﬂ@dﬁ'@é?ﬂ ingspregesy. Yoifithpreswiting distartiomy

SOMBlOMESndHfit NBald| ol BxBecd! h GRith GEGhAMEhINSET, B impdted la0fundRRIAYS Ghé he
user's choice of.the desired. rﬁ%%{arlng paraneters 242 is left out of

consi der &PFEPORAingen EIQEI%WF 148 r ed rendering paraneters 242 exceed
the rendering paraneter limt values. Accordi ng to the second concept, the
par anmet er adj uster conpates a | i near conbi nati tyeen a square of a
desired rendering parf,anﬁér XAnd a square of aldmop fal Xr enderi ng paraneter,
to obtain the @R (M L_Leﬂueu_n%pa@a,ﬁm,e?r Tln thiskitase th g(6plganet er

adj uster is confl guread gkermne a contr |/Qn ?f h/? deS| red rendering
parameter and of the dp r‘ral ‘renderi ng parapeter-to t Tinear comnbi nation
i n dependence on a pr edet er i ned

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

72 [0 ] —C d12X2 dlzXN_

;12 0 ax, -c, - d;X,
x=|2|, b=| and A=| : .. :

’;'2 irz d]%le d}%sz vt —Cy

N L= l i |1 1 1 1]

N
with ¢, =%(Zdﬁ X, -T-d? -ij.

i=1

20
The first N rows of A are directly derived from equation (6.1.a). Additionally a constraint
is added so that the energy of the new (limited) rendering coefficients equals the energy of
the user specified coefficients. A solution for 7> (which may be considered as rendering
parameter limit values) is then obtained as: |

25

X = (ATA)“1 A"b



threshol d paranmeter and a distortion netric (as described above). In
addition, it can be distinguished whether the distortion neasure
(distortiwo220mimnsmy i S conputed using inter-object rel arcomebig/ops7operti es
and/ or individual object properties. 39n sonme enbodi nents, only
inter-object-relationship properties are evaluated while |eaving individual
obj ect properties (which are related to a single object only) out of
consideration. In some other enbodi nents, only individual object properties

are consigdered whil.e | eaving inter-object-rel.atignshi operties out of
consi der at T'oRe ‘%@%\&)@’ra%ﬁ %WES%%%E{%PQIL% & engaf‘{)hﬁ Sg B%?‘P'}?OWS'
i nt er - objlegtad ef wiing tiehiepdpingpmatrixemetivertn A4 sl thely a0bjpeotidgdr topthe SAGBC ar e
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above di scussion of different distortion asures, a- nunper of "schéenmes for
i mi t Png abiret dinsis sradifénst Aimitedyorcammpda by dle wndaringesgeffiviant aditister 244 orya
subsect i GR¢ frahl®38is befdeBsing Bded! foAMhk ISADE Becodindt fbédsgn may be applied by
the rendering coefficient adjuster 250 in order to obtain the nodified
rendering coefficients in dependence on the input rendering coefficients
242. 2.4.2 Di st,ormii animQFing schene # 1l n subsection 2.3.1 a sinple
distortion neasure was defined by conputing the relation between the ideal
power contribution of the object #mand its actual power contribution
Eﬁqualoi ;)rNclé& Ihm?lﬁem 'iAt\ln’g 1§I_rbi:ess eepeaid Gﬂithd hﬁi\ﬂdéuay ol ab]%%es inh@ich @Enﬁic?mder

e contr 0 ender er, .ar rendering coefficients at are
used 1 ciend ik Bgeltis SRR &S e R RISRP oGRS tTon motr i ¢
shall not exceed a certain threshold value, T, this inposes a condition on
the correspanidfol SAAAE! RE:iTBbbje: 16N b Pefcoptd] by gfigl ut ion for all
/| a set of linear equat%onsle 2 g can be 52?‘38 m%ere ’fﬁl - C d]XN X =
and A = J 2X1 dNX 2

15 e It only captures the effects of boosting a particular object, but does not capture the

effects by attenuating object gains. This could be addressed by also mandating a lower
bound on the dm value.

2.4.3 Limiting scheme #2

20

2.4.3.1 Limiting scheme overview

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

e the derivation of the limited rendering matrix is based on the limiting function and on

its distance to the initial rendering matrix.

30  This limiting function (or limiting scheme) may, for example, be performed by the

rendering coefficient adjuster 250 in combination with the distortion calculator 260.
The distortion measure is a function of the rendering matrix, so that

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

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

2.4.3.2 Limiting of distortion measure #1

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

defined as

Nab
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25  The optimal rendering matrix results when setting dm (m) to its optimal value, i.e.
dm,,, (m) =1
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This limting function (or limting schene) may, for exanple, be perforned
by the rendering coefficient adjuster 250 in conbination wth the

di storti omocalecbmttor 260. The distortion nmeasure is a fPomamrrew/osf711 he
rendering matrix, so that an initial4irendering matrix (described, for
exanple, by the input rendering coefficients 242) yields an initial
distortion neasure, the optinmal distortion neasure yields an opti mal

render i ng\co&UieXy, thRéIbptiiAl rdhErABGRatAk vhlks rOD! tdtPbe bRl bPGsiRL dy¥tel0 t he
initial rendering matrix,may not be optimal,” the distortion neasure is

i nvers | Phedatipns péersinhalis feplacekbliat ance of a rendering matrix to the
initial rendering matrix, for a certain threshold the limted rendering
matri x (described, for example, by t?e adj usted or, nodi fi ed rendering

coef f i ci itlstheppe-detinedehieshald hfsudm (m)tths Bemitad raWeprgmagicingiven by near
intergolation)betmeen the initial and optiml working point. Additionally,
t he power of the reggered signal in each working point can be assuned
approxi mat el y ,eons 1 $0_pha&r#2N_b Nob ;=1i=l /=1 The limting scheme
#2 can be used”i™n dapfmhati oR™wi tH"di fferent distortion measures, as will
be discussed in the following. 2.4.3.2 Limting of distortion neasure # 1
For each paraneter band the distortion nmeasure m[m for an object of

i nt er est 2if-3-3 Lamitingeod distortiam measuredi?a r endering nmatri x results when setting
nk [Tn) to its optimal value, i.e.Accordingly, the optimal rendering matrix
values r 2 pt mcan be obtained by using a system of equations, wherein r

i s reépl abistotsipnmemsute dm\(#h, whish by elsalsdmetimesttineds designared as dmA(ri)y, ishe
limted repdering matrix is given by Y - T-1 limmdn\{ni) \ mopt,mJ
+kopt , m < ?%i%ﬁB Limiting of distortion neasure #2a

Xy duX,
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Nob Nop
msr
msr Y r’X, > d’X,
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dm,, (m) =

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

Nog Ngp
msr ( pb) ={242XiMk} = [er)(i:l [Mk]k=max(pb)'
k=max(pb) i=1 k=max( pb)

i=1

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

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

rendering matrix yields

Nob 2
n X,
2 1

_ 72
rapt,m - dm

i
a2 X,
i=1
25
With dm,, (m)=T the limited rendering matrix, which may be described by the modified

rendering coefficients 222, becomes



Di stortion neasure dnRa {ni) , which is also sonetines briefly designated
as " dn2 (m ", is defined as for object mand each paraneter band. For a
certai n psoammyesioband p b the nmask to signal ration nspcp/BEP2018/0857iLNCti on
of the power of the rendered signal T2 optimal value for the distortion
nmeasure is zero, i.e. dnRa opl {ni) =0 . This corresponds to a prefect
transcodi ng process that does not introduce any error. Hence, the optinal
rendering matrix yidlds Wih 2d'r:r&a {mM =T the limted rendering matrix,

whi ch may be &EQCTWX\;%E@M, Ql-kired rendering coefficients 222,
becomeshm m - ro 2 pt‘'m’JU copt, m2.4.3A Linmiting of distortion neasure #2b
The distortion neasure dnkb (n), which is also sonetines briefly designated
as dng, ( aM.3.4aymiingefldeterses nlkysurb €2imppar at us 240 for obtaining the limted
rendering matrix, which may be described by the nodified rendering
coefficients 222, in dependence on the input rendering coefficients 242.
2.4.3:5 kipigtd i [ ' ty ; i) S
et mod o e O s SR A R AR L T i
opl (m ha@aisebeiestdd yy theeappmiatusel40afiod obtaminge therlemidiet fendeneg matres whagdul t i n

Accordin ot Al R, 4B OV | . i £ j .
coeffici g‘#]%sb?z‘geg‘”?‘%ggﬁ pelr‘%a%(%cggeon dﬁ%ﬁ? ‘lf]%g l&rQIZ[rS]gZ?T %g&ggléﬁg ?%Hé %smﬁ% and
al so in dnderidepedtionntsB42di storti on neasure 252, which may be equal to the
fourth distortion neasure 4 (m. 2.4.4 Limting schene #3 Corresponding to
for a ! ] [FT! ndeL kipg coefficient for object mcan be

cal gE?at gg"%g?ﬁ%&‘%@gfﬁ%&ﬁﬁﬁ%g&% #3 as follows. Wth the abbreviationsc dt
emNNand 5 = .

Distortion measure dm, (m) is defined as

Nob
rmz Z dIZX i
dm, (m) =l -—T——
dpy r'X,
i=1
15
for object m and each parameter band and its optimal value is dm, (m)=0.
Consequently the optimal and limited rendering matrices result in
Nob
X,
= d2 e and
diZXi
i=t
T-1
20 e o= (r=r2, )47l .
limm dm4 (m) ( m apt,m) opt,m
Accordingly, the apparatus 240 may provide the modified rendering coefficients 222 in
dependence on the input rendering coefficients 242 and also in dependence on the
distortion measure 252, which may be equal to the fourth distortion measure dm, (m).
25

2.4.4 Limiting scheme #3

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



i=l, mj=\ a quadratic equation is set up + ¢ = 0 whose (positive) solution
is Accordingly, the apparatus 240 nay conprise rendering paraneter |imt
val ues rmyvoanth/rsp4l i Mt the adjusted (or nodified) renderiprgoioomsi7iici ents
222 in accordance with said renderingparaneter limt values. 2.4.5 Further
optional inprovenents The above described concept for limting the
rendering cogfficients 222,y which are perfgrnmed indivigually or in

conbi nat ioa EE tdpa’.aglp,pa{ at 240, gan gﬂnf%t,h,eg, i @pg?@de For exanple, a
general i zat i'@n=t o M channei7render i ng-fandye, pérformeds EJf this purpose,

t he sum of squares/power of rendering coefficients can be used instead of a
single rendering,coefficient. Also, a generalization to a stereo downm X
can be pgpiornoe .. Ahis purpose, a sum of squares/power of downmi x
coefficients’c _l,mpgdséd’ i nstead of a single downm x coefficient. In sone
enbodi nents distortion netrics can be conbi ned across frequency into a
single one that is used for degradation control. Alternatively, it may be
bettef (angadiatipkquatiohhs sotp cases to do distortion control independently
for each frequency band. Different concepts can be applied for actually
doing the distortion control. For exanple, the one or nore rendering
coeffici e:ﬁ{(s_qz}hcllagmiéjr)m;’?@.. (,{\L"g\r/gr.@@tl&gsl )4.,(1_0T)2I,E}c.a.dcdl Ll g2 43, pRpALT X
coefficient (for exanmple of an EG Sur'rdund decddi ng) can”be I m ted.
Alternatively, or in addition, a relative object gain can be limted. 3.
Enbodi nent, accor di 0.Fi.g. 3 In the follow ng, another enbodi nent of an
SACC dec o9 OF’IIVEESO éoélrl?bed taking reference to Fig. 3. In order to
facil0tate the understanding, a brief discussion of the underlying

consi derat i ons, Wy T 4he given first. The output of a "spatial audi o object
codi ng" (@&_@u i ke that (6@lgy standardization as |SQO | EC 23003-2)
can exhibit artifécts that depend on the properties of the audi o object and
the rel ati on between the rendering

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

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

2.4.5 Further optional improvements

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

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

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

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

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



matrix and the downm x matrix. To discuss this problem the case where
downm x and rendering matrices have the sanme dinension is considered here
wi t hout Iwe=onfi2geaeral ity. Correspondi ng consi der ati ongcampbkyroiobsihe
nunber of channels in the downm x andit he rendered scene are different. It
has been found that, in general, the risk of artifacts increases when the
rendering matri x becones significantly different fromthe downm x matri X.
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achi eved attenuatl on or gain of an object is different fromwhat is
specifieg nderin .mattr'x This is typically the effect from
overl ap of obj Mﬁ%@ﬁ%@%ﬁet er bands. 2. Undesired and possibly
even bine-variant changes of the ti nbre of an object. This artifact is
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3.Fig. 3 dragramo arrangement
300. The r@m@@nﬂeuwd@ts 1309 theespmg| d;metmme'ESI qonbléemééﬂﬁgyn‘attb@ltéessaf gaetplitysi gnal
decoder . CU}R«:SME& SoBNRtatilfe %931& iBQRe HORBE épéhaaaﬂel%mhei%%ﬁﬁx GRH §h310,
which is configured to, receive a " downm x signal representation 312 and an
SACC bi t§?¢d§§iﬁ9§@? #AdifEeHr ovi de, on the basis thereof, a description 316
of ajlgendered scene, for exanple, in the formof a represent ation of a

pluralit f .upm.x U|ochannl
Conpr 1 sedt s SRR ISRt BhC it S FeE, B o B Atach ol SRENEF L BinEriite 1
t he for mbetoraes a’gmiﬁcattlysdlfferenpfrom e mig wourex onatmorlRiffeding $yped of artifacts can

be distinguished:

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

objects in certain parameter bands.

25
2. Undesired and possibly even time-variant changes of the timbre of an object. This
artifact is especially severe when the “leakage” mentioned in 1. only occurs locally
for a single parameter band.
30 3. Artifacts, like modulated object signals, musical tones, or modulated noise, caused

by the time- and frequency-variant signal processing in the SAOC decoder.
It has been found that it is desirable to minimize all types of artifacts.
35 A generalized approach to address this problem and to minimize the artifacts is to employ

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



paraneters in dependence on one or nore input paranmeters. The artifact
reduction 320 is configured to receive information 322 about a desired
render i ngwoabro/nesiodhe i nformati on 322 may, for exanpl e, ptalgp2iio@ss7or m of a
plurality of desired rendering parametsers, which nmay forminput paraneters
of the artifact reduction. The artifact reduction 320 is further configured
to receive the downm x signal representation 312 and the SAOC bitstream
314, wherddgs sheevssAdmkrchemateading@am ofep D€ Weemleo hjragienreat 31109 dhpSAD®L ri c
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pot ent i allihg qudif sigaalsdgsadest 309nalse gemprisasi ansartifact medusAG@C329,swhithfroay, dogi ven
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artifacts listed above. It should be noted that the weights for these

different types of artifacts can be dependent on the application in which
t he SA0CCopseqntls thee BSAOC decoder core 310 may be configured to provide the

representation 316 of the rendered scene in dependence on the downmix signal
representation 312, the SAOC bitstream 314 and the modified rendering matrix 324.

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

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

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

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



In other words, the artifact reduction 320 may be configured to obtain
distortion neasures for a plurality of types of artifacts. For exanple, the
artifact weduntizen4320 nmay apply sonme of the distortionpoeapesessShinl to
dnt di scussed above. Alternatively, ot in addition, the artifact reduction
320 may use further distortion neasures describing other types of
artifacts, as discussed within this section. Also, the artifacts reduction
may be cdefeirgite aduitable adéoft béteveefodiefdiﬁ“ekeﬁeuygeycbﬂwuﬁmsrlisted?a%év@ 1t §Hemldoasi s
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4. Audio signal transcoders according to Figs. 5a and 5b 4.1 Audi o signal
transcoder accordi ng@ o Fig. 5a It should be noted that the concepts
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whi ch mayclkgnaan SAOCC-t o- MPEG Surround transcoder, is configured to receive
an SACC bitstream 520 and to provide, on the basi s thereof, an MPEG
Surround bitstream 522 without affecting (or nodifying) a dowm x signal
repr éSentdat i oA udddsigidl ¢ransediders acqpnding tto Bips cirdend 00 conpri ses an SACC

parsi ng 530, which is configured to receive the SACC bitstream 520 and to
extract desired SAOC paraneters fromthe SACC bitstream 530. The audio

si gnal t rdahscdxsiio sigal slanscodenaseording tg Figdae rendering engi ne 540, which is

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

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

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

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

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



configured to receive SACC paraneters provided by the SAOCC parsing 530 and
arendering matri x information 542, which may be considered as an actual
render i ngwbrmtori2xjo4i nf or mat i on, and whi ch may be represeatra®omoss7exanpl e,
in the formof a plurality of adjusted (or nodified) rendering paraneters.
The scene rendering engine 540 is configured to provide the MPEG Surround
bitstream 522 in dependence on said SACC paraneters and the rendering
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20  bitstream 520). The rendering matrix generation 550 is also configured to provide the
actual (adjusted or modified) rendering matrix 542 on the basis of the received
information. Insofar, the rendering matrix generation 550 may take over the functionality

of the apparatus 100 or of the apparatus 240.

25 The MPEG Surround decoder 510 is typically configured to obtain a plurality of upmix
channel signals on the basis of the downmix signal information 524 and the MPEG
Surround stream 522 provided by the scene rendering engine 540.

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

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

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

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

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

4.2 Audio Signal Transcoder According to Fig. 5b




wherein the upm x signal representation is actually provided by the MPEG
Surround decoder 510. The rendering matrix generation 550 adjusts the
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di st or t i GRYIIHX frRrsCafe 3¢ O gnayrkringraloneancinerspsed dlesitilityded by t he MPEG

Surround decoder 510 are kept sufficiently small. 5. Audio Signal Encoder

accon i nal . encoder 600 will be
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repr esentBllon 614 and an object-rel ated parametric information 616. The
audi o signal encoder 600 conprises a downm xer 620 configured to provide

one 36 m%r € d%vl\ﬂl% §igna1 Encoder according to Fig. 6

In the following, an audio signal encoder 600 will be described taking reference to Fig. 6,
which shows a block schematic diagram of such an audio signal encoder. The audio signal
encoder 600 is configured to receive a plurality of object signals 612a, 612N (also
25  designated with x; to xn) and to provide, on the basis thereof, a downmix signal
representation 614 and an object-related parametric information 616. The audio signal
encoder 600 comprises a downmixer 620 configured to provide one or more downmix
signals (which constitute the downmix signal representation 614) in dependence on
downmix coefficients d; to dy associated with the object signals, such that the one or more
30  downmix signals comprise a superposition of a plurality of object signals. The audio signal
encoder 600 also comprises a side information provider 630, which is configured to
provide an inter-object-relationship side information describing level differences and
correlation characteristics of two or more object signals 612a to 612N. The side
information provider 630 is also configured to provide an individual-object side
35 information describing one or more individual properties of the individual object signals.
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It should also be noted that the audio signal encoder 600 can be supplemented by any of
the features and functionalities discussed herein with respect to audio signal encoders, and
that the downmix signal representation 614 and the object-related parametric information

25 616 may be provided by the audio signal encoder 600 such that they comprise the
characteristics discussed with respect to the inventive audio signal decoder.

6. Audio Bitstream According to Fig. 7

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

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



616 may be provided by the audi o signal encoder 600 such that they conprise
the characteristics discussed with respect to the inventive audi o signal
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di st ost i QkcR§sebheri£xpl ai ned above, which originates fromthe fact that the
single, original object signals cannot be reconstructed perfectly fromthe
few transmtted downm x signals. There are nore sinple solutions to this
probl em thus be applied: A sinplistic approach would be to limt the range

of relat i7\_/e Otao%%ﬁs%ﬁi nto, e.g.

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

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

relative object levels by the same factor yields an unimpaired system output.

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

In view of this situation, embodiments according to the present invention provide means
for addressing this problem and thus preventing an unsatisfactory user experience. Some
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execut ed such an appar at us. I nventive enco
bitstr eahmpoeﬁﬁr Hemsf{ré?aéﬁrec?ﬁ aeQOHFWOPQWgSE‘PBWa@]é Some or all of the method steps may

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

20  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.

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

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

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

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

programmable computer system, such that one of the methods described herein is
performed.
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connecti ong far . GXATRA: ¥ e ientiv¥ BEMBY is, therefore, a data stream or a sequence of
signals representing the computer program for performing one of the methods described
20  herein. The data stream or the sequence of signals may for example be configured to be

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

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

A further embodiment comprises a computer having installed thereon the computer

program for performing one of the methods described herein.

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

35
The above described embodiments are merely illustrative for the principles of the present
invention. It is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent,
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XN) in ofRAOCliror e JaHelrg S Hasche JsHidpatrQ.Héalldnytht HeomBAK & $AQIC - Recent

L:P;ﬁ:'?g l)’l(-éursnt(igﬁé In tpdcr)ar?]r)letwc Silting 55503 gl gne%?%r%%%%ct uaI[ eﬂrneqnleerl ng
par arreter ?‘Jlrf‘ﬁce {??mﬁnﬁg nplg%‘pdﬂgmaence on the one or nore desired
rendep| ”gre%l terJ Eﬁ deéard ﬁ Rdiey a@pﬁﬁl%% ﬁ%ﬁf?ﬁlﬂf r}g}ﬁg»eﬁ' Al gitozizer""ﬂere' n

t he para gur éd errnyg

tain
par anet er eFfi“ﬁ‘FYs Qppagbe‘% pigery angd (Y. 98{“@’&1 '[Tg@frt%ﬁlé‘al PRisst ri ¢
i nf or mat |(2§1d1r(g1(§)§0214ra"[m1upcmmg BIPEG 3gndaridom Peoanmatiix Qbgéad erbd dnd{@14b;
dj), desqddRighgl Ble ARSI @ dvehGoh, Amdt&i8am g, P}@mﬁmsv gnals (X1 to XN) to
the downmi x signal representation, such that distortion netric
(dmi(m, dn2(m, dnb(rn),dn6(m, DML, Dwv2, DM, Dl\/n DVb, DMB) , is within a
predet erm ned range for rendering paraneter val ues obeying limts defined
by the



rendering paraneter limt values, andwherein the paraneter adjuster is
configured to obtain the actual rendering paraneters (rm , riimin) in
dependencwoanioinsiodesi red rendering paraneters () and trhe/EPp@0OFSTIDSr €
rendering paraneter limt values, sucis that the actual rendering paraneters
obey the Ilimts defined by the rendering paraneter limt values. 4. The
apparatus according to one of clains 2 to 3, wherein the paraneter adjuster
is configured to obtain the one or n@ngnisendering paraneter limt values (
) such that a relative contribution of an object signal (X1 to XN) in a
rendered superposition of a plurality of object signals, rendered using one
or nore nendemmpmrmoeasoum 550Y fdr proviflingbenei stgmbiecadpuistedoparameters
rendering parg tQ%z'szI‘}’r\ﬁ, z?oragﬁr%tf%foﬁéffaﬂ lﬁ%l@anégre%&naﬁdrpww of

t he object si ownni X Sign by 'np nore
than 2 predet eivii Héd deHRar eRde’4)s. onTHe B%Pﬁtaug"%@l%r SeRy ’ieBreé?r&i’tfﬁM

wherein the pgﬂ@‘@z@m;’;l%&'%e&bgéé r@l@ﬁﬁ' R qnﬁ%%éﬂ ea *3@409@01)0&hefmre

renderi ng par f'er “values rm such that the equation m (m
fulfilled foraRifEatBY COPTESIRGIdi o obj ects desi gnat ed by an Obj ect index m
wherein rmdesignates a rendering parameter describing a contribution of an

obj ect signal of an aag 02 CLWE i H}ect index mto a ven channel
V10 ) N ot adreh i R4 e e ety R 2P oF g Tl RS RmEl R or |
descldbi ng a ¢ondt 24pyBRHNS 5,534y &;)ohidewt poivglealon (tHe Hasis Xhjreof, dnkeoroiposct
havi ng i ndex %Jusagggr%ﬁ@ é%<(1%b@a§J324%Qg)c\/\,hen Xj designates an energy

measure of thé aving obj i ndex m which energy neasure is
determ ned by the obj ect-rel ated paranetric information. 6. The apparatus

according to Ghaldh the O%M%%m ust%%rc@nﬁéﬁﬂéﬁ tOPrAABS e AHY diShbre ad?usted

configured to obtain the one or nore renderin arameter limt values r
such that a dPIEBIEISTHIR FERAGEREE PRVEC 0Dk OF AOQTE dRPYLRAAREtEiS e hE &0 bEﬁecttween a
downms xsi gnal relgsér paashetiic tibforeaten ¢136; mahznammtmomn sactd thatr ender ed

signal, renderge sl ng .. nore, renderj par he

one or more rShHEEPRE p}ﬁ M@F‘WHTPIVSP{?@ ¢ a?S%quleEﬁe e{?)f ﬂgﬁﬁéb&&af

pr edet er mi ned paangeers is reduced at least for input parameters that deviate from optimal
parameters by more than a predetermined deviation.

20 2. The apparatus according to claim 1, wherein the apparatus is configured to receive,
as the input parameters (110; 242; 322; 552,554; 1;), desired rendering parameters

(r;) describing a desired intensity scaling of a plurality of audio object signals (x; to
xn) in one or more audio channels described by the upmix signal representation ( J |

to yw; 316; 522,524, 522,574); and

25
wherein the parameter adjuster is configured to provide one or more actual
rendering parameters (rm’, Timm) in dependence on the one or more desired
rendering parameters (r;).

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

. . o e ADN e
obtain one or more rendering parameter limit values (7,) in dependence on the

object-related parametric information (130; 214a,214b,214¢;314;520) and a
downmix information (214b; d;), describing a contribution of the audio object
signals (X; to xy) to the downmix signal representation, such that a distortion metric
35 (dm;(m),dm,(m),dms(m),dme(m), DM;, DM,, DM;, DM,, DMs, DMg) , is within a
predetermined range for rendering parameter values obeying limits defined by the

rendering parameter limit values, and



7. The apparatus according to claim®6, wherein the paranmeter adjuster is
configured to obtain the one or nore rendering paraneter limt values tor
such t hatwoheiodi2stoar ti on neasure takes a predeterm ned valrmP2omhssein Cis
defined as wherein is a matrix conprising a first row of rendering
paranmeters r\ to rn and a second row of downm x paraneters d to dn
describing a contribution of the audio object signals to the downm x signal
repr esent at i of¥heigiete rparamefery adivsieacis eanfigprednée abiain i thewpdted fenderingi ned

usi ng par anet gaametdedir,,!, A P ddpendhice oh thetahed raﬁfeﬁagtﬁafeﬁnétaé QFy&id on,
and wherein * designates a conpl ex-con ate operator. The ratus
according to BeaSHR S Mk eI BaBEe et VaRFnReR et the Argh Bderng
conpute a |i npatmetnbobegttholimite defesd kyy the tadering paamtieter Hmdt vabueder i ng

par angt er (rm and a square of an optimal rendering paraneter (ropt,m, to
obtain the actual rendering paranmeter (rijnpm,wherein the paraneter

adj ust er 4i s cdh¢ apearatts aerogding torpreobelainm 2 fbst Wasreinfthe parathetdr adiistee ider i ng
par anet er (r mporefipghraf td bistaidpthe ok or aneterienderdgr pir@heer [imdptalids (79) tstich

| i near conbi nati on in dependence on a predeterm ned threshold paraneter T
and a di st ort theha seletiyeccongrihution of an @higet signal (Xidasin) Bhd yendepsd sepaiPesiéon

di stortion mebfhGplG8ESET dPESed stindlsOidndertd WMairphoost ghoRerehasis@dptmefkg t he
one g{; nore desjred rehr}:derl 1[l)ararretersdr‘?&.rr‘r), rat hﬁ{ At ha}n tpe%foﬁl mal
rendeYing par Smetlérs) Q E‘ng,tﬁﬁg% G YrmBSHERITIRG PRIFEICHE KL ¥alyesy fitiers from a
represent at i okelativet kentbidaiien aff thee objrenrsighabi @pato kgpriesenda@tmmix. sBnallhe
appar at us acc . NG. | aim 8, .wherejn.t . r adjuster is
configured to?iel\(/iaﬂ%aizg) gﬁgoér(ﬁoﬁ%#}agr?Igecli]ertlergﬁ%e@?c{lﬁ%%%%f ain the actual
rendering paraneter rijmin describing a contribution of an object signal

of an objsect HRaYLAgh-ABk SordiRE &Xciint 8, Rh&bMGRe FAAMBRE aBlistb '8 cHRfdted to

15 determine the one or more rendering parameter values ry, such that the equation
N
rrr? ' Z d12 X i
dm,(m) =—=, <T
dp-y X,
i=1
20

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

wherein r,, designates a rendering parameter describing a contribution of an object
signal of an audio object having object index m to a given channel (y; to yn) of

25 the upmix signal,

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

signal (x1 to xy) of the object having index m in a downmix signal, and

30 when X; designates an energy measure of the audio object having object index m,
which energy measure is determined by the object-related parametric information.

6. The apparatus according to claim 2 or claim 3, wherein the parameter adjuster is
configured to obtain the one or more rendering parameter limit values (#7) such

35 that a distortion measure (DM3), which describes a coherence between a downmix



signal, wherein T designates a predeterm ned distortion threshold
paraneter, wherein dnx (m designates a distortion nmetric associated with
t he desi rwo 20mndsrokng paranmeter rm describing a desiredpcompretbwss7on of an
obj ect signal of an audi o object havi3lg object index mto a given channel
of the upm x signal; wherein ropt, mdesignates an optinmal rendering
paraneter describing an optinmal contribution of an object signal of the
audi o obj ect §8NdINGesORb&L by the edovwirhi® §iBSal HepRBertitaiNghd Qf rdndered Pikal,
signal. 10. The %pgaratus according tq claim8 or S|%%n191 wherein t he
paranet er adj [Fofered Usme,pg gt mese FhISHPPRTATHECTY (&Y A9V REIC ST t hat
the di st orti orendering parasetdehmitdehies 6f) aisrvethin a presetepnbedwengs. a rel ati ve
contribution of a given object signal in a rendered superposition of a
plurality of object signals, rendered in accordance with the desired
rendef i ng. par Ahetgprasstunaconlingtoatlaives, cultrein the pavamettr adjusteyi iv eonfodiredto
signal in a dgwmam theSbANdk HORPrndéri hhRnttet MmAbYLeds & Fhaduchlthat THee
apparatus according to claim@8, 9 or 10, wherein the paraneter adjuster is
confi gured todiswriagmmessareli stortion nmetric (Clml) such that the distortion
metric i sdependent on a ratio between a relative contribution of a given
object signal (X1 to XN) in rendered superposition of a plurality of

obj ect si gnal M’ _e__riq%gj_Lﬁchc dance with the desired rendering

par anet ers (rZ%,3and a %&at&vé ontribution of the given object signal (X1
to XN) in a downmi x signdl "cdhprising the given object signal (XL to XN)
12. The apparatus according to one of clains 8 to 11, wherein the paraneter
adjuster is configured to. ¢ ute the distortion nmetric dnx (n) according
to wherein rnfgﬁﬁgfﬁgggnﬁ%ggg38%5ired rendering paraneters associated with

audi o obj ects having object indices mand i, respectively; wherein dm and
d, designate %\gﬁrgjéip% t.ers describing a contribution of object signals
of audi o objects ving object indices mand i, respectively, to a downm X

signal of the downm x signal representation; wherein NOb designates a
nunber of audi j ect rgerc,cpnsi der ati on;
5 O EG° frrerasp

€ Cn

wherein
r r s r
M= 1 2 N
o

is a matrix comprising a first row of rendering parameters r; to r, and a second row

20

of downmix parameters d; to d, describing a contribution of the audio object

signals to the downmix signal representation;

25 wherein E is an object covariance matrix which is obtained using parameters (OLD,
I0C) of the object-related parametric information, and

. nkn . .
wherein  designates a complex-conjugate operator.

30 8. The apparatus according to claim 2, wherein the parameter adjuster is configured to
compute a linear combination between a square of a desired rendering parameter
(tm) and a square of an optimal rendering parameter (ropim), to obtain the actual
rendering parameter (Tjimm),



wherein X1 designates energy neasures associated wth the object signals of
t he audi o objects having object indices i. 13. The apparatus according to
clai m 8, Woaniol@siowherei n the paraneter adjuster is confcgmwreaonssobt ai n
the distortion netric (dnR) such thatssthe distortion netric is dependent on
a difference between a relative contribution of a given object signal (X1
to XN) in a rendered superposition of a plurality of object signals,

:glngtelr\e/g 'an??\?lgﬁe??gﬁgﬁo%‘a{n@tee} hgj d§§:§'1§ %Qnﬁgﬂé@rté ragteﬁﬁﬁ@rm@ﬁtﬁbﬁﬁ of(; \R% a
| X

si gnal conpri 9¢sigd trﬁ@egpema&%t m)si“@n%ft th ﬂtnal %@eﬂrﬂp ff’ﬁ‘éteéZﬁsm"M%s
acc;)_r di ngdt 0 eeelimdar @bmﬁﬁﬁg& tin dkﬁend\aﬁ@r éh ra lﬁrg@t@'aﬁﬁéd?ﬂ&ishaﬂi pateeter I
conti1 gure to c te .the tl n tl’l at Qrtion
o e e maRdang ol e’ (e i o VIR S bRy e aloRi
di stoftion nmemetrc dmbesjeahsam@g whighli waitld g causedaby elsmgl e amei enmord  t he
mask-t o- si gna i e | ai ns

hegn%% l%né\}ﬁﬁfrge?ﬁ F]eraﬁfép"%ﬁ%]t @t gﬁﬁﬁéldfeﬁgerﬁ% P Q{ersc

8 to 10 or raneter I's confi

conput e t he d(rs;ttm}ti)‘b?btﬁ*@t%i @ea@w gigag reprogentetippr qihjhebagisjof

Pt ot al wher ei Bighfil reprdsdntARel gnat e desired rendering paraneters a5500|ated
with audio objects aving object indices mand i, respectively; wherein dm
and di designate downm x paraneters describing a contribution of object
signabs of audheag@han§5ahmuh@g)dh@@&lwhmﬁﬁthpmnmaﬁrhﬁumesbennﬁgﬂhqu)to a
downm x signa m x signal representation; wherein N designates a
nunber of audfgﬁ%%ggl %ﬁ%ﬁl consi deration; wherein X; and Xn1designate
ener gy measures aSSOCIated mnth t he object signals of the audio objects
havi ng obj ect bndlcé%—l F@d regpectlvely, and wherein nsr defines a
mask-t o- S|gnalmmafl gg anatus according to one of clains 1 to 15,
wherein the paranetef juster is configured to provide the one or nore

adj usted parameters in dependence on a conputational neasure of perceptual
degr (ilgiat hon, i Srde}' ? Al binPRE %gtgglur%l‘l!i&mg parameter I;ymm describing a contribution of
an object signal of an object having object index m to a given channel of the upmix
signal,

wherein T designates a predetermined distortion threshold parameter,

20
wherein dm, (m) designates a distortion metric associated with the desired
rendering parameter r,, describing a desired contribution of an object signal of an

audio object having object index m to a given channel of the upmix signal;

25 wherein Topm designates an optimal rendering parameter describing an optimal
contribution of an object signal of the audio object having object index m to the
given channel of the upmix signal.

10.  The apparatus according to claim 8 or claim 9, wherein the parameter adjuster is
30 configured to obtain the distortion metric such that the distortion metric is
dependent on a relationship between a relative contribution of a given object signal
in a rendered superposition of a plurality of object signals, rendered in accordance
with the desired rendering parameters, and a relative contribution of the given
object signal in a downmix signal comprising the given object signal.
35
11.  The apparatus according to claim 8, 9 or 10, wherein the parameter adjuster is
configured to obtain the distortion metric (dm;) such that the distortion metric is



eval uated distortion of the upm x signal representati on caused by the use
of nonoptimal paraneters and represented by the conputational neasure of
per cept uavodegr@asimti on is limted. 17. The apparatus acecrdirp@otssione of
claims 1 to 16, wherein the paranetersvadjuster is configured to receive an
i ndi vi dual - obj ect property information describing the individual properties
of one or nore original object signals which formthe basis for a downm x

si gnal tdesc & i BQ?:nQé’r_lttdihea EE};@W ' %eﬁitag&@dﬁvefégﬁ@fo?ﬁ&@bfQrgiv_egr%f'a@hgi_rgﬁmtr(xﬁ e t
parameter adjuster is configured to copsider e individual-obje ptoperty
o or ot 1 on. | SNb T ot rboTede MREostfone Pock BLraie: o Soleth NERpsy MAdaredt ot £ on
of the upm x satamnddnce eyithethe rdesitédorenderidy parsmpetets (rg), and iadehtivy comtnitetiad
upm x signal r e k i S . 11p er.
dovi at i ng. 1 odt o5 Enap Sl sefaf BHGSGAh f AERhmbCghIPmBREA B oiden
18. The appar gbigst sgebfitagnto claim 17, wherein the paraneter adjuster is
configured to receive and consider, as an individual object property
i nformatign, an object signal tonali gnformation, .in order to provide the
one or mife a%ﬂ‘&é‘?%atﬁéﬁ tog io Ot %@Séptﬁﬁawﬁereab@srpa{wwr&d&%rrﬁ 18,
wherein the pasefigir&l toadiiphitethe ditaaaod hgticednt @n)estomdigeoa tonality (N) of
an ideally rendered upm x signal in dependence on the received object
signal tonality information apd the received object power information
(OLD5P); and wherein the paréz‘:&ey adjuster is configured to provide the
one or nore adjusted pa £ 'td reduce a difference between the
estifated ton ”fx{’ﬁ)ﬁﬁ‘g’l ’Zggt—oﬁa‘l‘rt_y of an upm x signal obtained using the
one or nore adjusted paramed@dsristien conpared to a difference between the
estimated tonality and a tonal#ty of an upm x signal obtained using the one
or nore input paranmeters, or to keep a difference between the estinmated
tonality and a tonality of an upm x signal qbtained using the one or_nore
adj ust ed par aMCENR Tyj 406; f dgsigpatg eleired Faerng garameters pRockRda it gudio
according to @BRc@Mhadingiobfectindfted fh andhicfegpddtivélg; par aneter adj uster is
configured to performa tine-and-frequency-variant adjustnment of the input
par anet er s.

15 wherein d,, and d; designate downmix parameters describing a contribution of

object signals of audio objects having object indices m and i, respectively, to a

downmix signal of the downmix signal representation;

wherein N, designates a number of audio objects under consideration;
20
wherein X; designates energy measures associated with the object signals of the

audio objects having object indices i.

13.  The apparatus according to claim 8, 9 or 10, wherein the parameter adjuster is

25 configured to obtain the distortion metric (dmy) such that the distortion metric is
dependent on a difference between a relative contribution of a given object signal

(x; to xn) in a rendered superposition of a plurality of object signals, rendered in

accordance with the desired rendering parameters (rm), and a relative contribution

of the given object signal (x; to xn) in a downmix signal comprising the given

30 object signal (x; to xn).

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

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



21. The apparatus according to one of clains 1 to 20, wherein the paraneter
adjuster is configured to also consider the downm x signal representation
for proviwongiowhsioene or nore adjusted paraneters.22. TireTaPP@nasire7
according to one of clains 1 to 21, weerein the paraneter adjuster is
configured to obtain an overall distortion neasure, that is a weighted
conbi nation of distortion neasures describing a plurality of types of
artifacts; wherein the paraneter adj uster is configured to obtain t he

overall distortion nmeasure such that er rtion sure is
A et TR TN TS T R BT P T

i nput renderi agiuplaf'armhﬁmedtcﬂtdmmutétharmanntmimietmemterdmmtopar aneters, for
obtaining the upm x signal representation on the basis of the downm x
signal representation. 23. The apparatus according to claim 22, wherein the
paraneter adjuster is configured to conbine at |east two of the fol |l ow ng
distortion neasures in order to obtain the overall distortion neasure: a
nmeasure describing a parasitic change of tinbre of an audio object; a
nmeasure describing a paraS|t|c nodul ati on of an object signal associated

w th an audi o object; nﬁ?@ung bin presence of a parasitic
nmusi cal tone; a measuré’md ri rng§ Tipr of a parasitic nodul ated
noi se. 24im Am)aubn,§m3i ;drfor providing, as an
upm x signal representatigp,. phukejgggébtygpnlx audi o channels (> i to J
>N; 316) on the basis of a d m X Si representation (212;312), an

obj ect-related paranetric information (214; 314) and a desired rendering

information (242;322), the audio signal decoder conprising: an upm xer.
(220; 310) config uredgm obEéyp,deg,hey”;mm|>§ed audio channels ( J >toy ;

316) on tde bakl, resentation (212;312) and in
dependence on the obj rel at g paremetric i nfornmation (214; 314) and an

actu b ndering i nfornati on (222; 324]) ndescri biumng ,an | | ocation of a
pl ur al’i tyrbf Y off Et+ 4} ghat’s Bf - Audjm - Eactste(sE ’bed) oyt he
obj ect-rel atied paranetrit i nformation it 6!

msr-(irf .Xi)'(idiz -X})
i=] i=1

wherein 1, and 1; designate desired rendering parameters associated with audio

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

downmix signal of the downmix signal representation;

wherein N designates a number of audio objects under consideration;

20
wherein X; and X, designate energy measures associated with the object signals of
the audio objects having object indices i and m, respectively; and
wherein msr defines a mask-to-signal ratio.

25

16.  The apparatus according to one of claims 1 to 15, wherein the parameter adjuster is
configured to provide the one or more adjusted parameters in dependence on a
computational measure of perceptual degradation, such that a perceptually
evaluated distortion of the upmix signal representation caused by the use of non-



t he upm xed audi o channel s; andan apparatus (100; 240; 320) for providing
one or nore adjusted paraneters, according to one of clainms 1 to 23,

wher ei n twe 2appasauus for providing one or nore adj ust e@Cparan®ioss’s7 i S
configured to receive the desired remdering information (242;322) as the
one or nore input paranmeters ( 110) and to provide the one or nore adjusted
paraneters (222;324) as the actual rendering information; and wherein the
appar atus for ,REavi gi i i hLgur ed
Lo provi de thgﬁ%ﬁgﬂsﬁé%%%egﬁé}“ﬁeﬁéaﬂ%iﬁ’fnﬂ%w e b PR e
upm xed audi odeHadtionds imygd.1 o y | 316) caused by the use of the actual
rendering paraneters (rmi rijmm, which deviate fromoptimal rendering

paraneters (rpt >are reduced at least for desired renderin araneters (
vt ac 1. { PHEPREE A RESE e 010 12 PERLERE sl R RL A &
pr edef er m nedcaeiguatd tm.re@dve An iadividuabpljret! propery dofhemaliG0GleSBDing dhe

provi di ng, as;:af. 1 I iy &k

parametric i n%@%ﬁ?ﬁ?@#@%_oﬁgf @%ﬁ&%@%ﬁ&#ﬁéﬁﬁgaéﬁa _?lepr eg%ﬁ%ag%?grn
(524), an obj edewpslixsigaalsigscaibed by the devorpixtsigngl repmagntaien andiesi r ed
rendering information (552,554), the audio signal transcoder conprising: a

side informatigon transcoder (54 confi ed o obtain the. channel -re| ated
parametric i nf"%F’fFérf it P@@??}eroﬁg{“ﬁ%r Efaﬁ‘igrléﬁ%?e‘i e CaBSATH es}réhvé ua?'ObJGCt

re }or ggent at i ?@rdpéaﬁ)infaﬂdaﬁdm, depenpentie the adjnsted ph@aictare bndhatlatndiatoetion C
information (5 and_an _act ual renderi i nf.Qr nat | i_bi an
al l ocation of Og%ﬂ?}l}ﬁisf%r/‘aolfepf)eﬁfré%tfons‘l’vﬁﬁgﬁsgecg]g 0 auclflie%ﬂ%%j?ngdg%ﬁ%eg Z&sl%rsl%lgg by
t he obj ect - r elrepresdniatiom rie tredused rdt oleasit foo ing 2parametersp Aeviatingd fonc leatimel s
descri bed by the &l hiokEhah § drRRfAMBchidgeviafifer Mati on; and an appar at us
(100; 550) for pr o%?ﬁg 0one or(ii)FrDre adj ust‘élél1 paranmeters (542), according
to one of clains 1 to 23, wherein the apparatus for providing one or nore

adj ugsed jgar ampe %Egariaﬁls Qedtriiay e dlain 17 GAkietn thaeabi@sdtéedljlisterde tomigured
i nformation (552, 554) %s t he, one or pre mgbut pararHst er.s g .1102marl1)d %o
provi de the Oﬁ(é refeive’ an consider, as an individual object property mformation, objec

signal tonality information, in order to provide the one or more adjusted parameters.

19.  The apparatus according to claim 18, wherein the parameter adjuster is configured
20 to estimate a tonality (N) of an ideally rendered upmix signal in dependence on the
received object signal tonality information and the received object power

information (OLD,P); and

wherein the parameter adjuster is configured to provide the one or more adjusted
25 parameters to reduce a difference between the estimated tonality and the tonality of
an upmix signal obtained using the one or more adjusted parameters when
compared to a difference between the estimated tonality and a tonality of an upmix
signal obtained using the one or more input parameters, or to keep a difference
between the estimated tonality and a tonality of an upmix signal obtained using the

30 one or more adjusted parameters within a predetermined range.

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

35

21.  The apparatus according to one of claims 1 to 20, wherein the parameter adjuster is

configured to also consider the downmix signal representation for providing the one

or more adjusted parameters.



nore adj usted paraneters (120) as the actual rendering information (542);
and wherein the apparatus for providing the one or nore adjusted paraneters
i s confi guoedivespaovi de the one or nore adjusted paranecemrP2qd@83715uch
that distortions of the upm xed audi ss2channel s caused by the use of the
actual rendering paraneters (542), which deviate fromoptimal rendering
paraneters, are reduced atleast for desired rendering paraneters (552,554)
deviating fromthe optinmal rendering parameters by nore than a

pr edet er ned eviation. 26, A nethaod f.or pr e or re .adj usted
par amet e Ig%am%}}l%???ﬂrqﬂ?g :‘Pno cialgllsg}rfﬁ%r ‘é’b?‘gg’e Qﬁam??%ﬁdi‘ﬁ THasi s
of a downm x sorghked wprbesianhatvierill dindrtion mejsany thatlia edightedomhbination

i nformation, rret hod comm r| SR e input paraneters
and provi di ng,Pgﬁ pﬁoél%%asur secrreg}gar@ﬁgah\éwﬂg atgihuﬂ?tred par anet er s,

wherebn the one or nore adj usted parameters are provided in dependence on
the one or nmoyge eﬂpl{ﬁe %ﬁ%&e%&uﬁ@fj it N@nAbIRE ror gbtﬁfne%eo%ﬁzéﬁﬁt fisfortion

i nformati on, such that "a tortion of the upm x signal reresentatl
caused by t hemsagresushohabibe r?é(Pfaderlﬁﬁﬁioér@eqsgrerlédJE‘E?duES‘t°I gglftloin%lwhl‘ﬁ"p

paraneters dewOaId B chuseMbYPisinbndaF a1vRs ef &&Mpﬁpfdﬁdéﬂﬂﬁg‘lp@am%&dﬁtrmxeﬂ ned

devi ati on. met hod f.or. ovi di ng an upm x_si naI entatlon a
plurality of E}HH]%E’EH’ Wﬁ“@% fr'f’rt(’???“?)‘ﬁgﬁ? L&ﬁmlﬁ %t

repr @gent ati othe lammlﬁﬂmxiowmﬂnatsgﬂahapasmwu@ i nformation and a desired
rendering information, the nmethod conprising: providing one or nore

adj ust ed paraneters, accordl ng to claim26, wherein the desired rendering

i nfor mat 28n i $he eppares ageording t@ﬁbumr22nwbérﬂm$@wamﬁwd@¥%efdﬁdom¥@ n the

one or nore agj H&hﬁiﬂe raare%&%%réf A€ SolRIvAME AREorAsn AltadédRl orl&N@esHtAlf the
information, and wherei.n the one or nore adjusted paraneters are provided

such that di seeell distoripn PKasYB xed audi o channel s caused by the use of

the astual rendering paranmeters, which deviate fromoptinal rendering
paraneters, are reduced at

f d i d
fromthe optinal®r g’ﬁ’dc&s‘i‘rﬁéiefféﬁ’é%? ga?r’rgmgésllc}#%g%rfﬁlglﬁ{e;&%fle?d@gﬁo ﬁn&:thd eviating

devi ation; and
e a measure describing a parasitic modulation of an object signal associated
with an audio object;
20

e ameasure describing the presence of a parasitic musical tone;
e ameasure describing the presence of a parasitic modulated noise.

25 24. An audio signal decoder (220,240; 300;) for providing, as an upmix signal
representation, a plurality of upmix audio channels (7| to $n; 316) on the basis of
a downmix signal representation (212;312), an object-related parametric
information (214; 314) and a desired rendering information (242;322), the audio

signal decoder comprising:

30
an upmixer (220; 310) configured to obtain the upmixed audio channels (§1to yn;
316) on the basis of the downmix signal representation (212;312) and in
dependence on the object-related parametric information (214; 314) and an actual
rendering information (222; 324) describing an allocation of a plurality of object
35 signals of audio objects described by the object-related parametric information to

the upmixed audio channels; and



obtai ning the upm xed audi o channels on the basis of the downm x signal
representation and in dependence on the object-related paranetric

i nf or mat iwo 2andi2ftee actual rendering informati on descri pcmgprasoabizorati on
of a plurality of object signals of ai3di o objects described by the
object-related paranetric information to the upm xed audi o channels. 28. A
met hod for providing, as an upm x signal representation, a channel-related

parametric i nh@rapphrafi goot heo; bam)Sf&f pl@v Gh& ot 1961?8 adjapee SRdnadteRN, an

obj ectrel at ed rici esire nder . informatio
Che et hod. coRGPrarBl oRs g ‘Bad: SR EE SopFaet i gl sP S BBt r of ng
to claim26, ufjested rpatdmeetde&srcexﬂﬁgmdeﬂol regeuvafthe rdesiragin rénslerieg enfoadation t he

one of 1or e | bty BELAELEL S AN HARI SinLhR @16) O L& AMYUSRED: more

paraneters are& prov &S an act erl |on ereln the
one o nore adfiustedpapmetentt?d2S24) as the é@lﬂ@lédﬂ%@@ﬁ lrtfhenatmnsmtu ons of the
upm xed audi o channel s caused by the use of the actual rendering

paranmeters, which deviate fro pt i renderin a ter are reduced at
| east for deswhselné%@ppﬁama%m & di 87 13 1P Wéteapmrﬂeﬁersehsder.ng

paramet er s by corfigiréd@npravide ebteomy of motk sipwstal paanetarsckuob it dist@tibheof
channel -rel at Bﬂ%&taf Ifdﬁ) hﬁ&n@éﬁ‘m‘ Okp jy‘{iﬁ' ?fhl)dceaﬁgerd' Dfsthé hiSe WP é%@tu@#d' 0

channel S, ont aSI S O X Si gna epresen ation an
depehdence onrdrﬂdermg)pmmeteal @h e thinfpdy whe:hrdemataﬁmnrmlmh rqnddrlmgnparamtemﬂ

rendering inf Rakd froRiget
si gnal s of aug{’pdmdbj ect s&geag?ral fjla%S%Iehhe 0 18ggt-re gd lpi)éa‘;rl%{dg ﬁﬁgt
i nformati on t ePiiipal wedermgdiatradiers e, e) WAIOEH Prrpy@élateanmeé dgvigherel s are
descri bed by the channel related paranetric information. 29. An audio

si gnal oder, ( for I‘OVI di nal. representation. (614
and an o gect %Ia&gé’d n\ﬁ‘qsf’ n?s&gr%?]oﬁ’ %6’} ing llgis]ealba‘é‘?r’élxofmgg’afL :
gl urakity of @éyrmhtfaamgmalazs é%hahmlijﬁbl)ated Iialmnaudimfoemamdennaherﬂuamsmfgi a
ownmi xer nf i v e, 0r

dependence on éownm 3gfr rgseglﬁl 1bh @\22? ?b assé%?d\a&g}dén&lt%q%%hﬂ et

si gnal s (520) and a desired rendermg 1nformat10n (552,554), the audio 51gnal transcoder
comprising:
20 a side information transcoder (540) configured to obtain the channel-related

parametric information (522) on the basis of the downmix signal representation
(524) and in dependence on the object-related parametric information (520) and an
actual rendering information (542) describing an allocation of a plurality of object
signals of audio objects described by the object-related parametric information
25 (522) to upmix audio channels described by the channel-related parametric

information; and

an apparatus (100; 550) for providing one or more adjusted parameters (542),
according to one of claims 1 to 23, wherein the apparatus for providing one or more

30 adjusted parameters is configured to receive the desired rendering information
(552,554) as the one or more input parameters (110) and to provide the one or
more adjusted parameters (120) as the actual rendering information (542); and

wherein the apparatus for providing the one or more adjusted parameters is
35 configured to provide the one or more adjusted parameters (120) such that
distortions of the upmixed audio channels caused by the use of the actual rendering
parameters (542), which deviate from optimal rendering parameters, are reduced at



(X1 to XN), such that the one or nore downm x signals conprise a
superposition of a plurality of object signals; a side information provider
(630) comwogquroedstod provi de an inter-object-rel ationshi pcsimpeotonsammati on
(OLD, 10C) describing level differenocas and correlation characteristics of
object signals (X1 to XN) and an i ndividual -object side information

descri bing one or nore individual properties of the individual object

signals (X1 t@a¥fNfor d3€lredTéhdepparmiraibeta6C 5di539) tdevidiag Mréf, thepainal t he
si de i nformat |%@Flpr ovi der &6%&%1] I sthconfi ured. t d r.ovi de the

ndi vi dual - ob/SEAE BEsEE RepP el AR TR ARG Hual - obj ect i de

i nN)formati on describes tonalities of the individual object signals (X1 to
XN) . 31,-A ngt o} o NGhePo S PINRITL X S t.at| n
obj ect-r éQP'at g% g%&é)frcrle Og%%ﬂﬁlér&rrlaet ?Igﬁl on Hgﬂeg%%ﬁ%&?g?u@gﬁf&f%ﬁa%bj ect
si gnafs, the wemBosicedppressnigion pndhe basisgolondovemmioiignali sxpresetaioyard an i n
dependence on oHRWNB e LPRAhE S SoEmARIO Heah@&Hod\dhpridigy: 0bj ect signal s, such
that the one or nore downm x signals conprise a superposition of a
plurality of object signals; and providing an inter-object-relationship
sihde i nf or mat ir@:@iv?i@@rﬂd & grd iﬁpiﬁaﬂ patlarhéterseind gsoddicigcon tiel lakisahereof, one or
characteristics of .ohject signals; and providing an individual -object side
i nformati on d&¥&Y F‘?JP?%‘?B?%‘“ "for e i ndi vi dual properties of the ijndi vi dual
obj edf signals. 32. An audio bitstream (700) representing a plurality of

obj ect si gnal gueXh b &N of Pm?é; ﬁ;a&gg%qra&&&é& awﬁm%méhqnl%ie SdeR8¢Mon the

conprising: a downm X Signa resentatj on representing Qne or, nore
downmi x si gnaloB$ ORRITEIIRPUA Paraselers GRe et OiRE-TalRdnRarAetH A AMOTBART iSYels a
super posi ti on g 2dRtdHieH Iof Whéfupfipk @€dnab irépredesitatian Gaddtd by the use of non-

i nter-object-rel.atjonship side information.(720) de I, DI. I | .
di ff erences arﬁ’Hu@GL PRPRETCEHS dRdHeg f‘%izﬂ%%ttfgf:gl(p&% p%fﬁflg%csr éqvbﬂ%gﬁé’tﬁ@ghgﬁl
i ndi t6dual - objpaginesdrsiby nfrothanippede(eiBijeddiesatioli ng one or nore i ndi vi dual

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

20 comprising:

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

rendering parameters by more than a predetermined deviation; and

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

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



properties of the individual object signals. 33. The audio bitstream
according to claim 32, wherein the individual -object side information
descri beswbaonaliz2sioes of the individual object signals. ¥eT/ER2€I00PITIETr
program for perform ng one of the netdsods according to clainms 26, 27,

31.
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29.

30.

related parametric information and a desired rendering information, the method

comprising:

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

rendering parameters by more than a predetermined deviation; and

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

An audio signal encoder (600) for providing a downmix signal representation (614)
and an object-related parametric information (616) on the basis of a plurality of
object signals (X; to xy), the audio encoder comprising:

a downmixer (620) configured to provide one or more downmix signals in
dependence on downmix coefficients (d; to dn) associated with the object signals
(X1 to X), such that the one or more downmix signals comprise a superposition of a
plurality of object signals;

a side information provider (630) configured to provide an inter-object-relationship
side information (OLD, I0C) describing level differences and correlation
characteristics of object signals (x; to xy) and an individual-object side information
describing one or more individual properties of the individual object signals (x; to

XN) .

The apparatus according to claim 29, wherein the side information provider (630) is
configured to provide the individual-object side information such that the

28 or
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31.

32.

33.

34,

66

individual-object side information describes tonalities of the individual object

signals (x; to Xn)-

A method for providing a downmix signal representation and an object-related
parametric information on the basis of a plurality of object signals, the method
comprising:

providing one or more downmix signals in dependence on downmix coefficients
associated with the object signals, such that the one or more downmix signals
comprise a superposition of a plurality of object signals; and

providing an inter-object-relationship side information describing level differences
and correlation characteristics of object signals; and

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

An audio bitstream (700) representing a plurality of object signals (x; to xy) in an
encoded form, the audio bitstream comprising:

a downmix signal (710) representation representing one or more downmix signals,
wherein at least one of the downmix signals comprises a superposition of a plurality
of object signals; and

an inter-object-relationship side information (720) describing level differences and
correlation characteristics of object signals; and

an individual-object side information (730) describing one or more individual
properties of the individual object signals.

The audio bitstream according to claim 32, wherein the individual-object side
information describes tonalities of the individual object signals.

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



