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E Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement
I Box No. Vl Certain documents cited
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! Box No. Vlll Certain observations on the international application
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Box No. I Basis of the report

1. W¡th regard to the language, this report is based on

tr the international application in the language in which it was filed

tr a translation of the international application into , which is the language
of a translation furnished for the purposes of:

! internationalsearch (under Rules 12.3(a) and 23.1(b))
! publication of the international application (under Rule 12.4(a))
! internationalpreliminary examination (under Rules 55.2(a) andbr 55.3(a) and (b))

2. With regard to the elements* of the international application, this report is based on (replacement sheets whích
have been furnished to the receiving Affice in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed to this report):

Description, Pages

1-65 as originally filed

Claims, Numbers

1-40 filed with the letter of 14-1 1-201 6

Drawings, Sheets

1/6-6/6 as origínally filed

! a sequence listing - see Supplemental Box Relating to Sequence Listing

3.tr The amendments have resulted in the cancellation of:

! the description, pages
tr tne chims, Nos.
tr tne drawings, sheetsfigs
tr tne sequence listing (specify):

4. E This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were
not accompanied by a letter indicating the basis for the amendments in the application as filed, as
indicated in the Supplemental Box (Rules 70.2(c) and (c-bc)):

U tfre description, pages
n tne chims, Nos.
tr tne drawings, sheetsfigs
tr tlre sequence listing (specr'fyl:

5. tr This report has been established:

! taXing into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1(d-b,s) and 70.2(e)).

E without taking into account the rectification of an obvious m¡stake authorized by or notified to this
Authority under Rule 91(Rules 66. bis and 70.2(e)).

Form PCT/PEA/409 (January 201 5)
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6. tr With regard to top-up searches (Rules 66.1ferand 70.2(1)):

tr A top-up search was carried out by this Authority on 05.09.2016 (all discovered documents are
listed in the Supplemental Box Relating to Top-up Search).
! Additional relevant documents have been discovered during the top-up search.

! No top-up search was carried out by this Authority because it would serve no useful purpose.

7.2 Supplementary international search report(s) from Authority(ies)
account in establishing this report (Rule 45bis.B(b) and (c)).

hasrhave been received and taken into

lf item 4 applies, some or all of those sf¡eefs may be marked "superseded"

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims

No: Claims

1-40

lnventive step (lS) Yes

No:

Claims

Claims

1-32

33-40

1-40lndustrial applicability (lA) Yes: Claims

No: Claims

2. Citations and explanations (Rule 70.7)

see separate sheet

Box No. Vll Certain defects ¡n the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Form PCT/IPEA/409 (January 2015)
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Re ltem V

Reference is made to the following documents:

D1 WO 201 4fi26689 A1 (DOLBY LAB LICENSING CORP tUSl) 21 August
2014 (2014-08-21)

D2 HERRE J PRG A[1/4]RGEN ET AL: "MPEG Surround-The ISO/MPEG
Standard for Efficient and Compatible Multichannel Audio Coding", JAES,
AES, 60 EAST 42ND STREET, ROOM 2520 NEW YORK 10165-2520,
USA, vol. 56, no. 1 1, 1 November 2008 (2008-1 1-01), pages 932-955,
xP040508729,

D3 US 2006/165184 A1 (PURNHAGEN HEIKO [SE] ET AL) 27 July 2006
(2006-07-27)

Presence of inventive step for claims 1-32

1 D2 is regarded as being the prior art closest to the subject-matter of claim 1,

and discloses

An audio decoding method comþrising: receiving a two-channel downmix
signal, which is associated with metadata, the metadata comprising upmix
parameters for parametric reconstruction of an M-channel audio signal based

on the downmix signal, where M>4; receiving at least a portion of said
metadata; (D2, Fig. 1. The downmix maybe a two channel downmix, first
paragraph of section 1, page 933, left column.)

generating a decorrelated signal based on at least one channel of the
downmix signal: (D2, sections 3.2.1 and 3.2.2)

determining a set of mixing coefficients based on the received metadata; and
forming a K-channel output signal as a linear combination of the downmix
signal and the decorrelated signal in accordance with the mixing coefficients,
wherein 2 <K < M, (D2, section 3.2.3 where different configurations are
possible as e.g. 7.1-5.1-71.)

1.1 The subject-matter of claim 1 therefore differs from this known D2 in that:

Form PCT/Separate Sheeí409 (Sheel 1) (EPO-April 2005)
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wherein the mixing coefficients are determined such that a sum of a mixing
coefficient controlling a contribution from the first channel of the downmix

signal to a channel of the output signal, and a mixing coefficient controlling a
contribution from the first channel of the downmix signal to another channel of

the output signal, has the value 1,

wherein, if the downmix signal represents the M-channel audio signal

according to a first coding format (F1) in which:

a first (L1) channel of the downmix signal corresponds to a certain linear

combination of a first group (401) of one or more channels of the M-channel
audio signal;

a second channel (L2) of the downmix signal corresponds to a certain linear

combination of a second group (402) of one or more channels of the M-

channel audio signal; and

the first and second groups constitute a certain partition of the M channels of

the M-channel audio signal,

then the K-channel output signal represents the M-channel audio signal

according to a second coding format (Fr, F¿) in which:

each of the K channels of the output signal approximates a linear combination
of a group of one or more channels of the M-channel audio signal;

the groups corresponding to the respective channels of the output signal

constitute a partition of the M channels of the M-channel audio signal lnto K
groups (501-502, 1301-1303) of one or more channels; and

at least two of the K groups comprise at least one channel from said first
group.

The subject-matter of claim 1 is therefore new (Article 33(2) PCT)

The technical effect of the difference is to enhance the quality of the playback

on a loud-speaker set-up which is different to the one foreseen on the
encoder side. The solution to this problem proposed in claim 1 of the present

application is considered as involving an inventive step (Article 33(3) PCT) as
the application allows, when using the transmitted up-mix parameters and
some computation, to avoid reconstructing the whole audio scene as encoded
on the encoder side and then convert to the loudspeaker set-up. Rather by

1.2

Form POT/Separale SheeV409 (Sheet 2) (EPO-April 2005)
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using the downmix channels and the up-mix parameters together with some
computations, channels adapted for the loudspeaker set-up are
reconstructed.

The same reasoning applies, mutatis mutandis, to the subject-matter of the
corresponding independent claim 30 which therefore are also considered not
inventive.

Claims 2-29 and claims 31-32 are respectively dependent on claim 1 and 30
and as such also meet the requirements of the PCT with respect to novelty
and inventive step.

Lack of inventive step for claims 33-40

4 The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 33 is not inventive in the sense of Article
33(3) PCr.

4.1 D2 discloses:

An audio encoding method comprising: receiving an M-channel audio signal,
where M > 4; computing a two-channel downmix signal based on the M-
channel audio signal, a first channel of the downmix signal being formed as a
linear combination of a first group of one or more channels of the M-channel
audio signal, and a second channel of the downmix signal being formed as a
linear combination of a second group of one or more channels of the M-

channel audio signal, wherein the first and second groups constitute a
partition of the M channels of the M-channel audio signal; (D2, Fig. 1 and 4. ln
the case of e.g. K=3, M= 4 channels which are Fl, Fr, Bl, Br (Front left & right,
Back left & right). The skilled person would, without involving an inventive
step, downmix the M=4 channels in two signals forming partitions of the M=4
channels with e.g. the following basic formula: F=0.5x(Fl+Fr) and B=0.Sx(Bl
+Br))

determining upmix parameters for parametric reconstruction of the M-channel
audio signal from the downmix signal, determining m+xrng parameters for
obtaining, based on the downmix signal, a K-channel output signal, where 2 <
K < M, wherein each of the K channels of the output signal approximates a
linear combination of a group of one or more channels of the M-channel audio
signal, wherein these K groups constitute a partition of the M channels of the
M-channel audio signal into K groups of one or more channels, and wherein

2

3

Form PcT/Separate Sheev409 (Sheet 3) (EPO-April 2005)
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5

6

4.2

Re ltem Vll

at least two of the K groups comprise at least one channel from said first
group; and (D2, section 1, where it is disclosed that upmix parameters allow
to reconstructthe e.9.4 channels, Fl, Fr, Bl, Br, but also Fl, Fr and B. There
would then be 3 groups of channels K1=Fl, K2--Fr and K3=B where two of the
K groups of channels comprise at least one channel from the first group.)

outputting the downmix signal and metadata for joint storage or transmission,
wherein the metadata comprises the upmix parameters and the mixing
parameters. (D2, Fig. 1 where parameters are transmitted on the decoder
side)

D2 is silent about determining and transmitting mixing parameters.

Nevertheless, transmitting extra parameters which are not needed as the
effect of claim 33 can be achieved by using the upmix parameters would
increase the bitrate without having any additional surprising effect. Such an

addition of parameters corresponds to a degradation of the prior-art and does
not comprise an inventive step.

The same reasoning applies, mutatis mutandis, to the subject-matter of the
corresponding independent claims 37-39 which therefore are also considered
not inventive. !

The following dependent claims do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the PCT in respect of inventive step, the
reasons being as follows:

Claim 34, 35: D2, Fig. 4 and 10 where the use of decorrelated for creating
multichannel signal is well known. Further in D2, different parameters are
transmitted for reconstructing the spatial using ICC parameters is disclosed in
section 3.3.

Claim 36: D2 discloses different downmixing methods, see e.g. 4.3,

transmitting the parameters adapted for each downmix and indicating which
method is used does not involve an inventive step.

Claim 40: see objections related to claim 33, where mixing parameters are
not needed for the decoding of the upmix parameters.

Form PCT/Separale Sheeil409 (Sheet 4) (EPO-April 2005)
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The independent claims are not in the two-part form in accordance with Rule

6.3(b) PCT, which in the present case would be appropriate, with those
features known in combination from the prior art D2 being placed in the
preamble (Rule 6.3(bxi) PCT) and the remaining features being included in
the characterising part (Rule 6.3(bxii) PCT).

Contrary to the requirements of Rule 5.1(aXii) PCT, the relevant background
art disclosed in D1-D3 is not mentioned in the description, nor are these
documents identified therein.

When entering the regional phase, the applicant is reminded that for some
specific region that claim 39 could be objected to as it leaves doubt about the
claim's category, since it does not specify whether the program runs or is
actually loaded on a computer. Therefore, it should be formulated in such a
way so that its category is unambiguously determined.

I
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Intemational Application Number
PCTÆP2Ots/075022

Dear S.irs,

This is in response to the Written Opinion of the IPEA dated 30 Septemb er 2016

1. Amendments

In response to point 8.1 in the Written Opinion, claim 33 has been amended by replacing

"wherein the groups corresponding to the respective channels of the output sþal constitute a

partition..." by "wherein these ff groups constitute a partition...". Basis for this amendment

rnay for exarnple be found on page 15, line 1-6, and ôn page 37, lines Ze-lq.

Correspondíng amendments have been made in claims 37 and 39.

The applicant reserves the right to file one or more divisional patent applications including

any of the subject matter disclosed in the patent application as originally filed. The

arnendment to and/or deletion of the claims or the description should not be inteqpreted as

abandonment of those claims or any subject matter, and is without prejudice to reinstatement

of those claims and subject matter or to the frling of a divisional patent application for those

claims and subjebt-matter.

-1-
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2.Chrity

Point 8.1 of the Written Opinion has been addressed by amendments.

With regard to points 8.2 and 8.3 of the Written Opinion, it is respectfully submitted that

claims 33-37 are at least sufficiently clear for a proper assessment of novelty and inventive

step to be included i1n the International Preliminary Report on Patentability. 
¡

The feature "determining uprnix parameters for parametric reconstructions of the M-channel

audio signal from the downmix.signal" is not unclear. At the encoder side, both thq M-

channel audio signal and the two-channel downmix signal are available. The skilled person

knows how to determine upmix parameters suitable for parametric reconstruction of an M-

channel audio signal from a two-channel downmix signal if both the downrnix signal and the

M-channel audio signal are available. Forcing the applicant to select a particular way of

determining such upmix parameters would cause an undue limitation of the claim scope.

Claim 35 is referred to in the Written Opinion as an alleged indication that special constraints

are applied to the upmix parameters. The applicant respectfully disagrees. The upmix

parameters may for example be the actual rnatrix elements to be employed when

reconstructing the M-channel audio signal at the decoder side (such as the matrix elements 6i,

1< ¿(3, and p;i, 11 ¿< 3, 7< j {2 on page2S,line 33 to page 29, line 5), orthe

upmix parameters may be a more compact form of representing such matrix elements (see

page 38, lines l-6). Claim 35 corresponds to such a compact representation. In claim 33, the

metadata includes both the upmix parameters and the mixing parameters. There is no need for

the upmix parameters to be in a certain format for the mixing parameters to be employed at

the decoder side for ol¡taining the K-channel output signal.

Ctaim 34 specifies that "at least some ofthe mixing parameters are determined by rninimizing

a contribution from the decorrelated signal among such mixing parameters that cause a

covariance matrix of the If channels of the output signal to coincide with a covariance matrix

of the linear combinations of the one or more channels of the respective If groups of one or

more chaqnels", i.e. claim 34 specifies how mixing parameters are determined. A deíailed

example of how the mixing parameters may be computed is described on page 32,line 17,to

page 33, Iine22.

V/ith regard to point 8.4 of the tü/ritten Opinion, it is respectfully submitted that the data

represented by the computer-readable medium of claim 39 allows for parametric

ffi
-2-
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reconstruction of an M-channel audio signal, as well as for provision of a ff-channel output

signal, where 2 < I{ < ftf . This technical effect is achieved by the claimed computer-readable

medium, even if the aotual decoding or reconstruction may be performed by a decoder.

3. Patentabilit$ of amended claims 33r37 and 39 
I

lnDZ, a downmix signal is obtained at the encoder side by downmixing a multichannel audio

signal, and spatial parameters. in the form of ICC and CLD parameters are determined at the

enc¡der side for reconstruction of the multichannel audio signal at the decoder side (see for

example sections 3.2.1 and 3.2.2 in D2). No additional parameters are deterrni4ed (and

outputted for transmission to the decoder side) for obtaining a K-channel audio signal based

on the downmix signal. In particular, no additional parameters are determined for obtaining a

K-channel audio signal corresponding to a different partition of the channels of the

multichan¡el signal. Neither section 3.2.1 nor section 4.I n D2 (referred to in the Written

Opinion) discloses determination of such parameters in addition to the ICC and CLD

pararneters already employed for reconstructing the multichannel audio signal.

D2 discloses use of a stèreo downmix (Fig. 6, 9). The stereo downmix in D2 does not

correspond to a partition of the set of original audio channels since the channels C and LFE

contribute to both of the two downmix channels. Thus, claim 33 is novel over the stereo

configuration disclosed inD2, because the downmix charurels do not correspond to a partition

of the set of original audio channels.

D2 also discloses use of a mono downmix (Fig. 4, 8). In the Written Opinion, two

intermediate channels, formed in'Fig. 4 :urrD? after the two first layers of downmixing are

read onto the two-channel downmix signal of claim 33. These two intermediate channels in

D2 are combinations/mixes of the channels R, L, C, LFE and the channels Ls, Rs

respectively, and are intended for further downmixing to obtain a mono downmix Mo

provided as output. Thus, the two intermediate channels are not output in the Fíg. 4

configuration, but are rather downmixed into a mono signal, which is subsequently output

along with the spatial parameters. However, claim 33 requires that the downmix signal (e.g.,

the two-channel downmix signal) be ouþut with the upmix pararneters and the mixing

parameters. Thus, claim 33 is novel over the mono configuration disclosed in D2 because the

mono confîguration fails to ouþut a two-channel downmix signal as required by claim 33.

ã
pÆJ
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V/hile the novelty objeotion raised in the Written Opinion for claim 33 is based on the mono

downmix embodiment from Fig. 4 tnD2, and not on the stereo downmix embodiment from

Fig. 6 inD2, in view of the above it is clear that claim 33 is novel over both the Fig. 4 and

Fig. 6 embodirnents of D2. 
:

Section 4.1| in D2 (refered to in the Written Opinion) describls that a matrix-surround

compatible stereo downmix signal may be employed, which may be obtained at the encoder

side by post-processing the stereo downmix signal. It is clear from the context that the stereo

downmix referred to in Sêction 4.1 in D2 is the stereo downmix l,o Ro obtained'in Fig. 6 in

D2, and not the two intermediate signals from Fig. 4 ínD2 referred to in the novelty objection

raised for claim 33 in the Written Opinion. In other words, the novelty objection in the

Written Opinion is based on two different embodiments in D2 which are not compatible.

Further, it is explicitly described in section 4.1 . in D2 that 'the matrix-surround compatibility

comes without any additional spatial information". In the Written Opinion, spatial parameters

inD2 (i.e. the ICC and CLD parameters) seem to be read onto both the upmix parameters and

the mixing parameters of clairn 33. Even in the event that the IPEA may maintain sorne of its

clarity objections, it is respectfully submitted that such a reading of D2 onto claim 33 is stitl

not correct, as claim 33 requires the mixing parameters and the upmix parameters to be

different sets of parameters, both included in the metadata provided as ouþut.

Moreover, D2 does not disclose that the rnatrix-surround compatible downmix signal in

section 4.1 in D2 may correspond to a partition ofthe multichannel audio signal.

Note also that there is no indication in D2 that the artistic downmix described in Section 4.3

n D2 may corespond to a g!!!ion of the multichannel audio signal. Further, the artistic

downmix in Section 4.3 is employed in connection with another stereo downmix, i.e. the

stereo downmix l¿ Ro obtained in Fig. 6 inD2, and not the two intermediate sþals from Fig.

4 inD2 referred to in the novelty objection raised for claim 33 in the V/ritten Opinion.

Hence, D2 at least fails to disclose the following features of claim 33:

"determining (340) mixing parameters for obtaining, based on the downmix signal, a trf-

channel output signal (Tu...,Ç), where 2 < K < M, wherein each of the ff channels of

the output signal approximates a linear combination of a group of one or moro channels

of the M-channel audio signal, wherein these K gfoups constitute a partition of the ILI

channels of the þf-channel audio signal into ff groups 1.501-502. 1301-1303) of one or

æ
-4-
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m_ore channels. and wherein aj least two of the !l groups comnrise at least one channel

from said first grouu; and

outputting (350) the downmix signal (which has two channels conesponding to a

partition of the M channels of the M-channel audio sþal) and metadata for joint storage

or transmission, wherein the rnetadata comprises the upmix parameters and the mixing

pa[arneter.s." I

As described in the application as filed (see for example page 15, lines 8-33) a technical effect

of the above described distinguishing features is that the perceived playback quality at

different speaker systems may be improved in a computationally efficient way. The skilled

person seeking to improve the perceived playback quality at different speaker systems in a

computationally efficient way would not find any teaching in D1-D3 leading to a solution

within the terms of claim 33. The subject-matter of claim 33 is therefore both novel and

inventive.

Claim 37 includes corresponding distinguishing features. The subject-matter of claim 37 is

therefóre also novel and inventive.

Clairn 39 also includes coresponding distinguishing features. As described above in relation

to clarity, such distinguishing features have a technical effect also for claim 39. The subject-

matter of claim 39 is therefore also novel and inventive.

4. Additional distinguishing feature in dependent claim 34

Section 3.3 and Figures 4 and l0 in D2, referred to in the Written Opinion, disclose use of

decorrelation and ICC parameters for obtaining a multichannel signal from a two-channel

signal. However, this teaching in D2 does not in any way provide any hints towards the

following feature of claim 34:

"wherein at least sorne of the mixine narameters are deterrnined by minimizing a

contribution from the decorrelated sigp3l among such mixing parameters that cause a

covariance matrix of the K channels of the output signal to coincide with a covariance

matrix of the linear combinations of the one or more channels of the respective K groups

of one or more channels."

E6J
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The skilled person would find no teaching or hints in D1-D3 towards such a solution: As

.described above in relation to clarity, a detailed example of how the mixing parameters may

:ribed on pase 32" lit rc 22 inthe application as fîled.be cognputed is described on page32,line 17, to page 33, line 22inthe applicatì

5. A¡dditional clistinguishing feature in dependent claim Q6

Section 4.3 in D2 discloses use of a different type of downmix, referred to as artistic

downmix. However, as described above, the artistic downmix.is employed in connection with

a spatial downrnix which does.not correspond tb a.oartition of the original multichannel audio

signal (see foi example Fig. 6 ih D2). Furthei,, D2 fails to disclose that the artistic downmix

may 'correspond to a different partition of the original multichannel audio signal than the

spatial downmix. In particular, D2 neither discloses nor provides any hints towards the

following feature of claim 36:

"selecting one of at least two coding formats (F1rSrF3), the codine._fqr_mats

corresponcling to lespective dif'ferent partitions of the channels of the &f-channel audio

signal into respective fïrst and second groups associated with the channels of the

downmix signal"

The skilled person would find no teaching or hints in D1-D3 towards such a solution.

6. Requests

It is believed that a favourable IPRP may be issued on the basis of the application documents

presented herewith in ùght of the foregoing comments.

Nevertheless, we kindly request that any remaining objections be set out in a further Written

Opinion, or, failing that, we request a consultation by telephone.

Yours,sinoerely,

Siègfried'soellner

For and on behalf of
Dolby Intemational.AB Patent Group Europe
(Association No. 435)

ffi
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CLAIMS

1 . An audio d'ecoding method (1000) compr¡sing:

receivíng (1010) a two-channel downmix,signal (Lt, Lz),which is associated witt'r

metadata, the metadata comprising upmix parameters (ø¡ùlor parametric reconstruction..of

' an M-channel audio signal (¿, ¿S, LB,TFL, TBI,) based on the downmix signal, where M > 4;

receiving (1020) at lea,st a portion of said metadata; 
I

generating (1040) a decorrelate$ signal (D) based on at least one chanhel of the

downmix signal;

Oeiermining (1050) a set of mixing côeffícients based on the receiveä melaðata; aind

forming (1060) a .K-channel output signal (:i;., ..., ñ) as a linear combination of the

downmix signaland the decorrelated signal in accordance wiÍh.the mixing coefficients, 
:l

wherein 2<K <M,

wherein the mixing coefficients are determined such that a sum of a mixingrcoefficient

controlling a-contribution from the first channel of the downmix signal to a chanhel of the out-

put signal, and a mixing coefficieht controlling a contribution from the first channel of the

downniix signal to another channel of the output signal, has the value 1, :

wherein, if the downmix signal represents the M-channel audio signal acÒording t,o a

first coding format (rt)il which:

a first (1,1) channel of the downmix signal corresponds to a certain liilear cqmbination

of a first group (401) of one or more channels of the M-channel audio signal; '

a second channel (L) olthe downmix signal corresponds tó a certain linear combina-

tioñ of a second group (02) otone or more channels of the M-channel.audio signal; and

the first and second groups constitute a certain partition of the M channels of the M.

channel audio signal,

then the K-channel output signal represents the M-channel audio signal according to

á second coding format (Fr, F+) in which:

each of the Ì( channels of the output signal approximates a linear combination of a

group of one,or more channels of the M-channel audio signal;

the groups corresponding to.the respective channels of the output signal constitute a

partition of the M channels of the M-channel audio signalinto K group.s (501-502, 1301-

1303) of one or morê channels; and

at least two of the K groups comprise at least one channel from said f¡rst group.

2. The audio decoding mêthod of claim 1, wherein K = 2
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3 The;.audio decoding method of claim 1, wherein K = 3 ot K = 4

4. The audio decoding method of any of the precedlng claims, wherein the received

metadata includes the upmix þarameters and wherein the mixing coefficients are determined

by processing the uprhix parameters

rl5. The audio decoding method of any of claims 1'3, wherein the received metadata

includes mixing parameters (ø¿¡¿) distinct from the upmix parameters.

6. ine audío decoding method of claim 5, wherein the mixing coefficients are

dqtermined iìîdependently of any values of the upmix parameters.

7. The audio decoding method of any of.the preceding claims, whereín M : 5 or M : 6.

B. The audio decoding method of any of the preceding claims, whêrein:

in the first coding format, each of the channels of the M-channel audio signal is asso-

ciated with a non-zero gain controlling a contribution from this channel to one of the linear

combinations to which the channels of the downmix signal correspond;

in the second coding format, each of the channels of the M-channel audio signal is

associated with a non-zero gain controlling a contribution from this chanñel to one of the lin-

ear comþinations approximated by the channels of the output signal; and

for each of the channels of the M:channel audio signal, the non-zero gain associated

with the channel in the first coding format coincides with the non-zero gain associated with

the channel in the second coding format.

9. The audio decoding method of any of the preceding claims, further comprising an

initial step of receiving a bitstream (B) representing the downmix signal and the metadata,

wherein the downmix signal and said received metadata are extracted from the bit-

stream.

10. The audio decoding methöd of any of the preceding claims, wherein the decorrelated

signal is a single-channel signal and wherein said output signal is formed by including no

more than one decorrelated signal channel into said linear combination of the downmix sig-

nal and the decorrelated signal.
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11. The,audio decoding method of claim '10, wherein K = 2, and wherein forming the

output amounts to a projection frorn three ch two channels

12, The audio decoding method of afy of claimå 1-9; wherein the decorrelated. signal is a

two-ohannel signal, and wherein said ogtput si$nal is formed by including no more than two

decorrelated signal

decorrelated signal

channels into said linear com.bination of the downmix signal and the
t-l

13. The audio decoding method'of claim 12, wherein K -; 3, and wherein fórmíng the,out-

put signal amounts to a projection from four ihannels to three channels.

14. The audio decoding method of any of the preceding claims, whereih the mixing coef-

ficients aie determined such that a pair of channels of the output signal receive contributions

of equal magnitude from a channe.l of the decorrelated signá|, the contributions from the

channel of the decorrelated.signal to the respective channel.of the pair having oppqsite

signs.

The audio decoding method of any of the preceding claims, wherein said first group15.

consists of two or three channels

16. The audio decoding method of any of the preceding claims, wherein the M-channel

audio signalcomprises three channels (1, LS, LB) representing different horizontaldireòtions

in a playback environment for the M-channel audio signal, and two channels. (TFL,TBL) rep-

resenting directionS vertically separated from those of said three channels in sâ¡d playback

environment-

17. The audio decoding method of claim 16, wherein said first group consists of said

three channets, and wherein said second group consists of the two channets representing

nels in said playback environ-

ment.

18. The audio decoding method of claim 17, wherein K ;2, andiwherein:one of the K

groLlps comprises both of the two channels rqpreseriting directions vertically separated fröm

those of said three channels in said playback environment.
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1,9. The audio decoding method of claim 17, wherein the two channels representing Qirec-

tioñs vertically se of said three channels in said playback environment are

con'qp¡ised in different groups of the K groups.

20. The ar]dio deqoding method of any of claims 1-16, wherein the M-channel audio sig-

nat comprises four channels (¿SCRN, L.W, LS,IB) representing different horizontal direct¡ons
tt

in a playback environment for the M-channel audio signä|, and two channels (TFL,TBL) rep-

resentirig directions vertically sêparated from those of said four channels in said playback

environment.

'21. The audio decoding method of any of claims 16-17 and 19-20, wherein one of the K

groups comprises both of the two channels representing directions vertically separated fl'om

those of said three channels in said playback environrnent.

22. The audio decoding method of any of the preceding ciaims, wherein the decorrelated

signal is obtained by processing a linear combination of the channels of the downmix signal.

23. The audio decoding method of any of claims 1-21, wherein the decorrelated sigrtal is

obtained based on no more than one channel of the downmix signal.

24. The audio decoding method of any of claims 1-21, wherein the decorrelated'signal

comprises two channels, a first channel of the decorrelated signal being obtained based on

the first channel of the downmix signal and a second channel of thê decorrelated signal be-

ing obtained based on the second channel of the downmix signat.

25. The audio decoding rnethod of any of claims 1-4 and 7-24, wherein said first gfoup

consists of N channels, where N > 3, wherein said first group is reconstructable as a linear

combination of said first channet of the downmix signal and an (N - l)-channel decorrelated

signal by applying dry upmix coefficíents to said first channet of the downmix signal and wet

upmix coefficients to channels of the (N - l)-channel decorrelatêd sigrtal, wherein the re-

ceived meiadata includes wet upmix parameters and dry upmix parameters, and wherein

determining tþe mixing coetficients comprises:

determining, based on the dry upmix parameters, the dry upmix coefficients;
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Þopulating an intermediate matrix having more elements than the number of received

'täi Uöm'Éæiämäfeis, Ëiäðed öñ trei ieCãîveð wèl upriìii pãiãrietêìsãñãïñowiñsifãt tñe

intermedjate matrix belongs to a predefined matrix clasg;
' obtaining the wet upmix coefficients by multiplying the intermediate matrix by a prede-

fined matrix, whêrein the wet upmix coeffiöients corresponds to the matrix resulting fiom the

:multiplication and includes more coefficients thân the number of elements in the intermediaterl
matrix; and

processing the wet and dry upmix coefficients.

26. The audio decoding method of any of the preceding claims, further comprisin$:

receiving signaling (1030) indicating one of at least two coding formats (F1,F2"F3) of

the M-channel audio signal, the coding formats corresponding to respective diffèrent parti-

tions of the channels of the M-channel audio signal into respective first and second groups

associated with the channels of the downmix signal,

wherein the K groups are predefined, and wherein thê mixing coeffiçients are deter-

mined such that a single partition of the M-channel audio signal into the K groups of chan-

nels, approximated by the channels of the output signal, is maintained for said at least two

coding formats.

27. The audio decoding metl'iod of claim 26, wherein K :2, the audio decoding method

further comprising:

pagsing (1070) the downmix signal through as said output signal, in response to said

signaling indicating a particular coding format (Ë2), the particular coding format correspondíng

to a partition of the channels of the M-channel audio signal coinciding with a partition which

the K groups define.

28. The audio decoding method of claim 26, wherein K = 2, the audio.decoding method

further comprising:

suppressing the contribution from the decorrelated signat to said output signal, in re-

sponse to said signaling indicating a particular coding fonúat, the particular codlng format

correspönding to a partition of the channels of the M-channel audio signal coinciding with a

partitíon which the K groups define, !

29. The âudio decôding method of any of claims 26-28, wherein:

' - "l(t -
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in a first coding format (Fr) of said at least two coding formats, said f¡rst group con-

sisið òî{ñreä-ò"tfãñ ñeb (Z ; LS, IB) representing d.ifferenl horizontal directions in a playþag

environment for the M-channel audio signql, and said second group consists of two chq¡¡glg

(TFL, TBL) representing directions vedically separated fr'om those of said three channels in

said playback environment; and

in a second coding format (fr) of said at least two coding formats, each of said first
ll

and second groups comprises one of said two channels representing directions vertically

separated from those of said three channels in said playback environment.

30. An audio decoding system (800) comprising a decoding section (700, 1200) co¡fig-

ured to:

receive a two-channeldownmíx signal (Lt, Lz),which is associated with metadata, the

metadata comprising upmix parameters (ø¡u)tor parametric reconstruction of an M-channel

audio signal (L, LS, LB,TFL,?'BL) based on the downmix signal, wheie M > 4;

receive at least a portion of said metadata; and

provide a K-channel output signal (ã.,...,ñ) baseC on the downmix sígnal and the

received metadata, wherein 2 < K < M,

the decoding section comprising:

a decorrelating sectíon (710,1210) configured to receive at least one channel of the

downmix signal and to output, based thereon, a decorrelated signal (D); anO

a mixing section (720,1220) configured to

determine a set of mixing coefficients based on the received metadata, and

form the output signal as a linear combination of the downmix signal and the decorre-

lated signal in accordance with the mixing coefficients,

. wherein the mixing section is configured to determine the mixiqg coefficients such

that a sum of a mixing coefficient controlling a contribution from the first channel of the

downmix signal to a channel of the output signal, and a mixing coefficient controlling a con-

tribution from the first channel of the downmix signal to another channel of the output signal,

has the value 1,

first coding format (Ft) in which:

. a first (fu) channel of the downmix signal corresponds to a certain linear combination

of a first group (401) of one or more channels of the M-channel audio signal; 
.

a second channel (L) ofthe downmix signal corresponds to a certain linear combina-

tion of a second group (402)of one or more channels of the M-channel audio signal; and
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the first and second groups constitute a certain partition of the.M channels of the M-

ç annel ãirälô sEñà-f'

. then the K-channel output signal represents the M-channel audio signal according to

a second coding format (Fz, F+) in which: ,:

each tjf the.K channels of the output signal approximates a linear combination of a

group,of one or mor'e channels of the M-channel audio signal;
I

the groups corresponding to the respective channet, oltft" output signal constitute a

partition of the M channels of the M-channei audio signai into K groups (501-502, 1301-

1303) of one or more channels; and

at least two of the K groups cornþrise at least one channel from said first gfôup;

31 . The.audio decoding system of claim 30, .further comprising an additional decoding

section (805) configured to:

receive an additional two-channel downmix signal (Rr, Rz), which is associated with

additionál metadata, the additional metadata cornprising additional upmix parameters (ø"u)

for parametric reconstruction of an additional M-channel audio signal (R, RS, RB , TFR, TBR)

based on the additional downmix signal,

receive at least a portion of the additional metadata; and

provide an additionalK-channel output signal (q,...,, ñ) based on the additional

downmix signal and the additional received metadata,

the additional decoding section comprising:

an additional decorrelating section configured to receive at least one channel of the

additional downmix signal and to o,utput, based thereon, an additional decorrelated signal;

and

an additional mixing section configured to:

determine a set of additional mixing coefficients based on the received additional.

metadata, and

form the additíonal'output signal as a linear combination of the additional downmix

signal and the additipnaf decorrelated signal in aicordance with the additional mixing coeffi-

cients,

whereín the additional mixing section is configured io deterrnine the addiiionalmixing

coefficients such that a surir of a mixing:coeffieient controllíng a contribution from the first

channel of the additional downmix signal to a channel of the additional output signal, and a

mixing coefficient controlling a contribution from the first channel of the additional downmix

signal to another channel of the additional output signal, has the value 1 ,
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wheiein, if the additional downmix signaf rêpresents the additional M-channel audio

à-isñãi acðoidlñg tö á fh--irð Coriins Toimai in wñlCñl'

a first chahnel (R1) of the addítíonal.downmix signal cor,responds to a linear combina-

tion of a first group (403) of one br more channels oJ the additional M:channel audio:signal;

a second channel (Rr) of the additional downmix signal oorresponds to a linear'com-

bination of a second group ( Oa) of one or rnore channels of the addítíonal M-channel audio
ll

signal; and I

the first'and second groups of channels of the additional M-channel audio signaí con-

stitute a partition of the M'channels of the additionaliM-channel 'audio signal,

then the additional K-channel output signal represents the additional M-channel audio

signal according to a fourth coding format in which;

each of the K channels of the additional output signal approximates a linear combina-

tion of a group of one or more channels of the M-channel audio signal;

the groups corresponding to thè respective channels of the additional output signal

constitute a partition of the M channels of the additionalM-channel audio signal into K

groups (503-504, 1304-1306) of one or more channels; and

at least two of the K groups of one or more channels of the additional M-channel au-

dio signal comprise at least one channel from said first group of channels of the additional M-

channel audio signal.

32. The decoding system of any of claims 30-31, further comprising:

a demuftiplexer (801) configured to extract, from a bitstream (B), the downmix signal,

said received metadata, and a discretely coded audio channel (C); and

a single-channel decoding section operable to decode said discretely coded au.dio

channel.

33. An audio encoding method (300)comprising:

receiving (310) an M-channelaudio signal (L, LS, LB,.TFL,TBI), where M > 4l

computing (320) atwo-channel downmix signal (Lr, ir)based on the M-channel au:

dio signal, a first channel (tr) of the downmix signal being fgrned as a linear cornbination, of

¡ seconda first group (401) of one or more channêls of the M-channel audio signal, and z

channel (L) of the downmix sígnal being formed as a linear combination of a second group

(a02) of one or more channels of the M-chañnel qudio signal, wherein the first and second

groups constitute a partition of the M channels of the M-channel audio signal;

-.t3 _
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dêtermining (330) upmix parameters (a¡¡¡) for'parametric reconstruction of the M-

¿ñanñéiáuðió siitnãl-iom ïÌiê ðowîimii éi$ìali * l

. determining (3a0) mixing parameters for obtaining, based on the dowhmix signal, a

K-channel output'sign al (Ti, ..., fò,where 2 < K < M,wherein each of the K channels of the

outpù.t signal appr:oXimates a linear cömbinatio¡ of a group of one or more channels of the

M-channel aud¡o signal, wherein these K groups. constitute a partition of the M channels of .

' --- 'l^'-' 
-ãchannels,the M-channel audio signal into K groups (501-502, 1301-1303) of one or mon

and wherein at least two of the K groups comprise at least one channel from said first group; 
.

and "

outputting (350) the downmix signal and metadata fof joint storage or transnlisbion, l

wherein the metadata comprises the upmix parameters and the mix¡ng parameters.

34. The audio encoding method of claim 33, wherein the mixing parAmeters control

respective contributions from the downmix signal and from a decorrelated signal to the output

signai, wherein at least some of the mixing parameters are determined by minimizing a

contribution.from the decorrelated signal among such mixing parameters that cause a

covaraince matrix of the K channels of the output signal to coincide with a covariance matrix

of the linear combinations of the one or more channels of the respective K groups of onà or

rnore channels.

35, The audio pncoding method of any of claims 33-34, wherein said first group consists

of N channels, where N > 3, wherein at least some of the upmix parameters are suitable for

parametric reconstruction of said first group from said first channel of the downmix signal and

an (N - l)-channel decorrelated signal determined based on said first channel of the

downmix signal, wherein determining the upmix parameters includes:

determining a set of dry upmix coefficients in'order to define a linear mapping of said

first channel of the downmix signal approximating said first çiroup; and

determining an intermediate matrix based on a difference between a covariance of

said first grorlp as received'and a covaiiance of said first group as approximaled by the linear

mapping of said first channel of the downmix signal, wherein the intermediate matrix when

multiplied by a predefined matrix corresponds to a sèt of wet upmix coefficients defining a

linear mapping of said decorrelated signal as part of parametric reconstruction of said first

group, wherein the.set of wet upmix coefficients includes more coefficients than thê number

of elements in the lntermediate matrix,
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, wherein said upmix:parameters include dry upmix parameters, from which the set af

dry uprnix coefficients ¡s derivable, and wet upmix parametg¡s; uniquely dtfiñing the¡ritermã-

diäte matrix provided that the intermediate màtrix belongs to a predefined matrix clasS,

wherein the intermediate matrix has morê elements than the numbgr of said wet upmix'pa-

rameters.

II36. The audio encoding method of any of claims 33-35, further comprising:

selecting one of at least two coding forma.ts (Ft, Fz,F, ), Íhe coding for,mats corre-

sponding to respective different partitions of the;'channels of the M-channel audio'signal into

respective first and second groups associated with the channels of the doWnririx signal,

wherein the first and second channels of the dównmix signal are formêd as linear

combinàtions of a first and a second group of one or more channels, respectivety, of lhe M-

channel audio signal, in accordance with the selected coding format, and wherein the upmix

parameters and the mixing parameters are determined bdsed on the selected coding format,

the method further comprising i

providing signaling indicating the selected coding format.

37 . An audio encoding system (200) comprising an encoding section (100) configured to

encode an M-channel audio signal (L, LS, LB,TFL,TBL) as a two-channel downmix signal

(Lr, Lr) and associated metadata, where M > 4,and to output the downmix signal and

metadata for joint storage or transmission, the encoding section comprising:

a downmix section (110) configured to compute the downmix signal based on the M-

channel audio signal, a first channel (tr) of the downmix signal being formed as a'linear

combination of a first group.(401) of one or more channels of the M-channel audio signal,

and a seöond channel (L2) ofthe downmix signal being forrned as a linear combination oi 
"

second group (402) of one or more channels of the M-channel audio signal, wherein the first

and second groups constitute a partition of the M channels of the M-channel audio signal;

and

an analysis section (120) configured to determine

upmix pqrameters (ø¿u) for parametric reconstruction of the M-channel audìo signal

from the downmix signal, and

mixing parameters (ø¡¡)lorobiaining, based on the downmix signal, a K-channel

output signal (ã., ...,fi¡, where in 2 < K < M,wherein each channel of the output signal ap-

proximates a Iinêar combinâtion of a group of one or more channels of the M-channel audio

signal, wherdin these K groups constitute a partition of the M channels of the M-channel au-
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dio.signal into K groups (501-502, 1301-1303) of one or more channels, and wheréin at '
I ê ãs iTúvõ oT mã ¡a g ¡o u pGîõ m p rïs ti ãt 

-iè-áãt 
õn e îh ã n riä l¡'o ni èáld fìtst group,

whereín the metadata comprises the upmix parameters and the miXing parametérs..

39. A iomputer program.product coniprising .a computer-readable medium with iñstrt¡c-

tions for performing the method oj any of claims 1-29 and 33-36.
I

39. A computer-readable medium (1100) representing:

a two.channel downmix signal \I¡, L);. - ' ' '"1 
-.

upmix parameters (øry) allowing parametric reconstrucfion ol an M-channel audio

signal (L, LS, LB,TFL,TBL) based on the downmix signal, w.frere M >-4,whereln a first

channel (fr) of the downmix signal corresponds to a linear combination of a first group (401)

of one or more channels of the'M-channel audío signal, whereiñ a second channel (fr) of thb

downmix signal corresponds to a linear combination of a second g¡oup.(402) of one or more

channets of the M-.channel audio signal, and wherein the first and secohd groups constitute a

pàrtition of the M channels of the M-channel audio signal; and

rnixing parameters (ø¿¡a) allowing provision of a K-channel'output signal (ã",...,6)

based on the downmix signäl, wherein 2 < K < M, wheièin each channel of the output signal

approximates a linear combination of a group of one or more channels.of the M-channel

audio signal, wherein these K groups constitute a partltion of the M channels of the M-

channelaudio signal into K groups (501-502, 1301-1303) of one or more ctianne.ls, and

wherein at ieast two of the K groups comprise at least one channel from said first group.

40. The.computer-readable medium of claim 39, wherein data represented by the com-

puter-readable medium are arranged in time frames and are laye.red such that, for a given

time frame, the downmix signal and associated mixing parameters for that time frame may

be extracted independently of the associated upmix parameters.
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Bitte beachten Sie, dass angeführte Nichtpatentliteratur (wie z. B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten für schriftliche
Werke unterliegen könnte. Die Vervielfältigung urheberrechtlich
geschützter Texte, ihre Venruendung in anderen elektronischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdrückliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent être protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi
protégés ne peuvent être reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans I'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.
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