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WO 2008/046531PCT/EP2007/0118683 ENHANCED CODING AND
PARAMETER REPRESENTATION OF MULTICHANNEL DOWNMIXED
OBJECT CODING 5 TECHNICAL FIELD The present invention relates to
Vedeifg o multiple objects from an encoded multi-object si§riaFbASEG8EH-
an available multichannel downmix and additional control data. 10
BACKGROUND OF THE INVENTION Recent development in audio
i froht ' i3 ehghoRlOMAR AHdBANNEL

neng) m@mpondmg control data

signal based ona
These parametric surround 15 coding methods usually comprise a
parameterisation. A parametric multi-channel audio decoder, (e.g. the
MPEG Surround decoder defined in ISOffEC 23003-1 [1], [2]),

TECHeIahstr i0IE Mchannels based on K transmitted channels, where M> K, by
use of the additional control data. The control data consists of a

parameterisation of the mylti-chann nal ased on hannel
The DiFREH Ry "é’ﬁﬁf%é“(%qﬁ%g'ﬁ‘éﬁgﬂne‘f o‘ﬂé%enﬁﬁﬁﬁﬁ hiect igaal
basedpararaeidssl aretiohrathdextabtendipdthiéort confiadetage and 20 describe
power ratios and correlation between channel pairs used in the up-mix

process. Using such a coding scheme allows for coding at a significant
lower data rate than transmitting the all Mchannels, making the coding

BACKEUHEHE TR BERYTEMRE time ensuring compatibility with both K

channel devices and Mchannel devices. 25A much related coding system

Receﬂt?‘d@%gi(?ﬁﬁe%ls&omw GRS CRAGTL ] nlAlWhEER! %@ﬁf@&ﬂlﬁﬂﬂ' or an audio

objects are downmixed at the encoder and later %{1 r_1‘,%<ed guided

S‘W&ﬁﬁ??&%%%ﬁf@?r(%r&%’ééw BRI P PBE RIS e%’%‘%%‘&?é‘hg‘ﬁ’%‘f‘“d

codinghectibjsctsutintanprimhegrimerichtinm ndipaBetresulinghapivixetosigealer, (..

the MBRE Qw&ag%?ﬁdajtfe@m &rxm@m&ﬁglﬁq@lme@nbﬁ%e M@&éﬁﬁ&é( ; E[g‘ﬂég on
prese 0 esize annels Ir wrunix. (rererre

K W&”ﬁ?‘gﬁﬁﬁ%@%&ﬁm& iy orma— R et E; e source EURLEE st

of a p@mmmmmeca@mm@&pwm (ﬁﬂfera@er@é\/@m%\nﬁfmwe) and

Icc (ﬁ@ﬂ@iﬁﬁ{@d@%ﬂé@%@@wg}aﬂ%@@m lf&ﬁﬂﬂgiﬁdﬁidééﬁﬁiﬂmﬁéu&ﬁ&é%ﬁﬁmﬁd
ects, a th | erroymeaq 1or eac vmmix.channel

descngec# idt uéﬁF m]gcf %@n)éwgﬁsevg]odcwagﬁﬁtpo%ceega n%étth””‘ &re the HE)1 qucha

codingsehspe ?Hm‘t'ﬁ/f% ralinge aowmhsseidhuaere resh e %ﬁﬂ%&ﬁé&é’—%‘é@“

makinphiey dedthevpre seidnveiiiion thet{pie sentathaisplatpmnitoljowitlyboth X channel

dema%%&&?&@%& goyamix with more than one channel. WO
008/046531PCT/EP20071008683 2 References: [l] L. Villernoes, J.

llene, J. Breebaart, G. Hotho, S. Disch, H. Purnhagen, and K. Kj6rling,
A mudiMBIEG Sudingupdient ehe ontinaponifiog 18 Sigadard4dB S tidlersselveral audio

objectCROING N2 dtetnational AES.CoRIRRNGRILBE aamw '%Hgﬂ?ocess of
Technologg Surround and n\§/ond Piteft, Sweden, ?&O -Jul 2006.

upmixing Ganheaifo.s6en 35 1 eprtationhie Bise b e R RE ng, s e ilting
upmixgheihaKop pe neiddnd ik Crramaisrg olEstnbishenip E@r&’fﬁmﬁm [@ﬁv}mmﬂfs a
methogﬁﬂ‘;ﬁiﬂ&gzc Hﬁ@@ﬂﬂdﬂi&ﬁ@i@@ﬁb%@x@@%@é@ e sheidignfoy, Maobilexpinthrma-

held Deyices, Se t2- 0 Faller,"Parametric.
tion abfo qﬁﬁoﬁm o]fﬁtjc?% g%ﬁ'r%gg onv%ln%(@fﬁJr allgjru% i rescented atthe

mm&?@ﬁﬁ%ﬁ@@%ﬁﬁ@éﬁﬁeﬁwlspﬁﬁé@fﬁﬁ?@@ %@S eOb{%f%a%ﬂéhePPM'
ing is pReyABE HcedeinbGadinghai-ALidiyHontees," Patent application

n the B HERAPIEI0R0RY, 1RARA% R M MARY @hnd fE NYER Hwnmix chan-

nels. .Object coding methods have prior to the present invention not presented a solution for jointly

decoding a downmix with more than one channel.
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20A first aspect of the invention relates to an audio object coder for

generating an encoded audio object signal using a plurality of audio

objects, comprising: a downmix information generator for generatin ,

VoA Hformation indicating a distribution of the pIuraIit%%TI‘/%m /008683

objects into at least two down-mix c)shannels; an object parameter

generator for generating object parameters for the audio objects; and an
refere@MiPUt interface for generating the encoded audio object signal using the
7 dov.minix information 25and the object parameters. A second aspect of

the invention relates to an audio object coding method for generating an__
[1] L. Gilicoted ‘abidic.dbjbettsigh 4l isitig. & pirekity %ﬁ%ﬂoﬁiégs‘;@eéﬁ%rié’iﬁgﬁ
SuronSESIAHH RS0 TaiguIa ioBpid Caling g b B fethsiplaf kY G

audia objects into at least two dow H0Lml- F0IhHC t _
fermcepgpﬁrﬁgf’é%’%%}l %ﬂe%gﬁ%@%je%ug% g%@%@’iﬁ%ﬁ%g encoded auggiﬁ’ 2006

object signal using the downmix information and the object parameters. A

(21 7. Bhischaspeat:ef, the/invesiiom reates KainaudBiogyithesizk Kiapgentrating
utput usin enco ‘a ghlgl signaly, GRIDRX :

Cm%%\%%}%ﬁ%%iﬁggre Slérﬁ%zlr%%ng the%e%%%%%ata usable szaﬁfmi:ﬁi%%&gme’

Audio fiuMahijeons Bipdbdr atmisrs grathrégbfitet?Rudio output configuration
representing the plurality of audio objects, the output data synthesizer

ing.gQperative.to 0 0%:1 iR Indicat isthbLlion.ofihe

R B rakongs. 2t

120th pBjderparttnetars fortre Manid 86iétts: wo
2008/046531PCT/EP2007/008683 3 A fourth aspect of the invention

[4]C. ﬁ%ﬁ%@%&%ﬁ% audig, SYDINESIZINQIEINREL foF SR Splina AUIDUIEIBLBAI0Y4,
an encoded audio object situ , comprising: generating the output data

2006. ysable for creating a plurality of output channels of a predefined audio
output configuration representing the plurality of audio 5.objects, the
output data synthesizer being operative to use downmix information
indicating a distribution of the plurality of audio objects into at least two

rﬁ&g%ﬁg 1:@’Igrgﬂﬂgudio object parameters for the audio objects. A

fifth aspect of the invention relates to an encoded audio object signal

A first Rgldcine @i sl bsiRfoma-aldtiobjitiodtiror zisttibg tio rrefdadsiudialthiect

s B e ot et o

e L G e e b o

mix chans oW RRIR EHEPIRISRE ASHANTRIBEREIRD TR RIBH FE G SRe Ry do oects:

and an GRIMPHRIHOgrarméaipe fermindedruhdin sbinetirigrehusinaoheplaternil é

and theo%g&t ipg method or the audio object decoding method 15 BRIEF
DESCRIPTION OF IRE DRAWINGS  The present invention will now be

O11

described by way of illustrative examples, not limiting. the scope or 20spirit
A secopd sReethOTHE R R Felseiae f&%@‘ﬁ&f&&ﬁﬂﬂwﬁ@gﬁ %ﬂ&.ﬁﬁ&@f‘?ﬁ W ?8}%‘5""5
audio dbigct kigiilistiatesitheligpaiationcbiessatiamisier 6M)EeiBs e BBHbMEIAED
indicat6RCQHINGARG desOdning:y i blluskatesdheleperasidomofspatiahelsidigerat-

' ing objggjga%&gt%irg 901': %Sai&%oa&}é/'c%'?ﬁd%‘éﬁ%‘?aliﬁg tﬁgéncoded audio object signal using the

downmix information and the object parameters.

A third aspect of the invention relates to an audio synthesizer for generating output data using anp en-
coded audio object signal, comprising: an output data synthesizer for generating the output data usable
for creating a plurality of output channels of 2 predefined audio output configuration representing the
plurality of audio objects, the output data synthesizer being operative to use downmix information
indicating a distribution of the plurality of audio objects into at least two downmix channels, and audic

object parameters for the audic objects.
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25coder; Fig. 2illustrates the operation of a spatial audio object encoder;
Fig. 3illustrates an audio object parameter extractor operating in energy
based mode; Fig. 4illustrates an audio object parameter extractor
VopieRing i prediction based mode;_ Fig. Sillustrates the stifct B2 74148683
SAOC to MPEG Surround transcodér 30Fig. 6illustrates different
operation modes of a downmix converter; Fig. 7illustrates the structure of
an MPEG Surround decoder for a stereo downmix; Fig. 8illustrates a
practical use case including an SAOC encoder; Fig. 9illustrates an
A foughpwier b BITHIOREEIGE Pomauia R R B el podrmaie gue
using dd ehosirdtasia thiste i@n@lmmmldﬁfmtmﬂmmumé@@dwﬁymﬁﬁés a plu-

ra.hty 5ROdes: ;!%Qmé@ Ek@%@ﬁ@ﬁf&&ﬁﬁﬁ%@tﬁ@ﬁ c%dalfgqﬂﬁﬁsﬁ i SPA LIRS audio
ameter alliustrates a metno |

o R S U HIEDT B R i

tion D%F@Wﬁéﬁﬁﬁ#é?é@‘s%@%ﬁ/@%@?%? OOt SERRigERg ameters

for thelAilfustsptes a general overview of an encoder/decoder system; Fig.
15illustrates a method of calculating prediction object parameters; and

[ strates.a method of ster re de PTI N OE
A SRS B BT B AP E M Pt L R iaie bt nforma-
tion ingigatistg Iigtiiine e elepitne ﬁl‘é’é"&bt?%g b?@saé I oeniRsrr sy channels and
object pAHAANGE BD GED INEHANDLBIARNY BETER RiEEPRESENT AT #ONd Giffects is pos-
sibie uM&é@ E%JE%MHMMWA&@Q two downmix channels. A sixth aspect of the inven-

tion relates to a computer program for performing, when running on a computer, the audio object cod-

L2 ST O

ing method or the audio object decoding method.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described by way of illustrative examples, not limiting the scope or

spirit of the invention, with reference to the accompanying drawings, in which:

Fig. la illustrates the operation of spatial audio object coding comprising encoding and decod-
ing;

Fig. 1b illustrates the operation of spatial audio object coding rensing an MPEG Surround de-
coder;

Fig.2 itlustrates the operation of a spatial audio object encoder;

Fig. 3 illustrates an audio object parameter extractor operating in energy based mode;

Fig. 4 illustrates an audio object parameter extractor operating in prediction based mode;

Fig. 5 illustrates the structure of an SACC to MPEG Swurround transcoder;

Fig. 6 . illustrates different operation modes of a downmix converter,

Fig. 7 illustrates the structure of an MPEG Surround decoder for a stereo downmix;

Fig. 8 illustrates a practical use case including an SAQC encoder;

Fig. 9 iltustrates an encoder embodiment;

Fig. 10 illustrates a decoder embodiment;

Fig. 11 ﬂlu.strates a table for showing different preferrcd decoder/synthesizer modes;

Fig. 12 ﬂlusnates a method for calculating certain spatial upmix parameters;

Fig. 3z illustrates a method for calculating additional spatial upmix parameters;

Fip. 13b illustrates a method for calculating using prediction parameters;
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100BJECT CODING. It is understood that modifications and variations of
the arrangements and the de- tails described herein will be apparent to
others skilled in the art. It is the intent, therefore, to be limited only by the
VER3pEBfHhe impending patent claims and not by the specifi& ‘detaig" 7/008683
presented by way of description and%xplanation of the embodiments
herein. 15Prefl ed embodiments provide a coding scheme that combines
F1g ithe fun@ﬁﬁﬁ&ﬁlﬁyﬁeﬁmﬂ)bﬁeﬁe@@f@Sﬁaﬂmﬁmmﬂﬁetmndering capabilities
g.19" 3 Mulfe %nnel gL e ippamitied sonkipldaals iglpted to the

|nd|V|du ects an allows there ore a manipulation in the reproduction
Fig Ifh termé@ﬁ%ﬁﬁt%@ﬁ@@ﬁr%ﬁ% FEVF%Bus the control data is directly
related to the so called scene description, giving information on the
positioning of the objects The scene description can be either controlled
DESCANPPIRR I5EBReERIAR &7 phinhynehe listener or also on the encoder
side by the producer A transcoder stage as taught by the invention is
used to convert the object related control data and downmix signal into
The boontdohattital ambcditorrarixosighyallthattiverorted s dntey e plsduetioninvention
for ENEYERD @éﬂ% ARE MMEGrDH AupRkdaendes R iihanrasrnieh6osingken
scheme the o cts c be agg rarll dlSél‘IbUtEd in ;.rfg available QOWQ{Q o
CRIEGHERREE gttl mo ranscocf‘ﬁl &f Make T exphcit Liee of tha ™™
tails dentriich el ‘d@\hﬁ mm@#bﬁr@ﬂmrﬁ%iﬁm ifig 2t tFeis é%@éf@td’éwﬁﬁﬁbéo be lim-
ited 0@@%@%@@%& W@Bﬁfﬂtmaﬂﬁm Wﬁ@%§eﬁiﬂc%ﬁi§ Resalithey way
of desS ec%(}j}%rl qt d?Q&J {,%all c % § @dlwdually as proposed in [3], but all
dRNAMIX ChARRGIS afe treated at the same time in one single upmixing
process. In the new scheme the multichannel 30downmix information has
Prefe&&i%ﬁﬁﬁh&ﬁi@ﬁm@émg@ﬁdﬂs@m%ﬁeﬁ@yﬁ«hﬁmﬁjﬁﬁhm%}&he}dmg

schern@ SHHRMEON, QL e Ol%»bei’ %é atmglt RIS EDARNAIS FALDEJPNGIR Al is

automatlc way can e a design choice on the encoder side. In the

reiawqaﬁér%@mﬁéoémae&gﬁ%&%&&ﬂﬁﬁwwé@mﬁa [BETRAY LB Es of
spatialgisiting antlé-ah@nneheeprodudiion scheineiecd tp Stese caliep sochuctetription,

givin %Xﬁ!ﬁﬁ%?mﬁ%fﬁ%&%ﬁ&&&%%@&%ﬁ%@ﬁﬁe%&ﬁ@ A he AR cadingA0 rotied on

muItr channel decoding stage. This is a further advantage over prior art

the degasfiiye CHEREE RGN ﬁ&%ﬂf&fﬁﬁa@&mﬂ?ﬁ%ﬁ%ﬁr <Sreithitiole
A tranghoden stigechampbidy drtainingps ibsetofdnet durds abjdate! coyiopl data and
downrSQQRRA0R3 LRG/ERZ0Q 4/0ABR83 S MNilg: ebiesl-a06/ingrashemes, Qi dtHilas

th%}ﬂ? Léeg descyi | e t(pe decoding process using a single downruix channel,

=& ;? SHET er?f%n does not suffer from this limitation as it supplies a

method to jointly decode downmixes containing more than one channel
In the flYHIREcding @b&w@lal&fadalﬁahineﬂa&eﬁﬂﬁrﬂs@ma afiehjeatsbik ceasts
chanmkié’a?&é“e%r% ‘i'h” Ymber Al 91 es ex ERANG 5re EREADEARYE IR, information,

success- y brid ges the 2 een an object codlng scheme with a

providigs g |eeasers iRk Seph ﬁﬁﬁ%ﬂ%ﬁﬁ%ﬁ%&ﬁ bimensinuraxing
at the &xa6leohjeatdentr &nsinifiechiks ansiirdieac haupnelkl IbHa]phopdsdovsohienhennels

are u&@ﬂ%ﬂ“@%ﬁn@ exiblg §§@L59§19£#%§M¥ 59&&@59 Q%%Q&%Qm@ﬁﬁuchame{

accordin o requirements of "'&Ehcatlon and the g t%’ les, of th
downrps URRREISR BysteR QUL 4 BT drih SRt SRy f&HGresT
using more than one downmix channel is advantageous since it allows to

The dxé?%@ﬂ%ﬂﬁm@%ﬁlﬁ%ﬁ'@ﬂ@ m&%&aﬂmmﬁe&eﬁ&mm idkl abohierteGteadcan
of restrictin e description to. Infensity differences as,in prior ar ect
e 0 e e Al S BRI TR B T B

for plah‘?eckide@mrmng m&iﬂmmﬂmﬁéé?%wﬁ@%c%we@ﬁ% SYSHE:
featuritig é&%d@@@&@&éﬁ!ﬁﬁpw alikeldiebadaueldathebSetodinthealeftnds a

annel ofas naI Inco oratln corre I %h,gr%ei or multiple

%H@Eéﬁ%!
further gSCI’I ?O%V?rcgncil‘gfid:o gdS aufjshf%yt e IhVae?’ll%;l makes it more’

downmip shstewdsaaeldning fabittartshaqenms ik the capability to separate the
objects. Preferred embodiments comprise at least one of the following

features:
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20 A system for transmitting and creating a plurality of individual audio
objects using a multi-channel downmix and additional control data
describing the objects comprising: a spatial audio object encoder for
VER O ’é”plurality of audio objects [nto a multichannel doﬁﬁw&?mmm%m
information about the mul- tichannel dowomix, and object parameters; or a
spatial audio object decoder for decoding a mul- 25tichannel downmix,
information about the multichannel dovviamix, object parameters, and an
writORigs! rendering magrx-nte-asesond. nulichranelaudiosignal suitelgownmix
for'audio reproduction. Fig. la illustrates the operation of sé)atlal géjlo_ -
chanily e B & SO BB G G HHSAB LR S B A A SRS Aoy
decoddeioptenxkd dorHiggpatialibudiocchbiectieheoder. It dndodds Nabhjécthentpara-
tion oR B 3RIRCLA QYRR GUASISHRG: OF Kowrnfk SiR-CEANTRIS 1RGELAIRE H:cess-
encoder parameters. Information about the applied downmix werl%ht mﬁtrl(i(
Eing’

fully 5idess (5 GRbRF IR e S NGB B RS g O GREEI A P8I BTRR LAYETES
multi enpolvediap e canrolatiorash theedowivminitEHdnm atpD chasfeeh Thepregpsed
scherBRESIHHY @W@XMQ{FM&gx%;im@sm&mm@a%mﬁ@w&m@m

represents a relatively low amount of information. Finally, the SAOC .
o the R AP b PBBELE o A P TOP LA BOTH: B RGN § B
35time and frequency at a resolution defmed by perceptual
meégﬁg@gﬁ% %&?oﬁ@%ﬁ%@@f&a@' ; 65104 dakamHIe0Rig6bnally
. downmix channels, the downnftx info, and t ect parameters (as . .
cons A A e et O B B O S e BB Carth s
sity digfezamaed sforpieserbitoredithechypos? gy e 653 rRCTIEmbo 7oDeERs Hat
all objé58Mard RAdeneaking afud0keststata audig.channplsMakesdiseafi objects
rendering matrix provided as user input.to.the SAQC decoder, Fig. |lb___.
s o B B e T e e SR Bk

correlgigniin heldeersion RIS arlapakiby B iRrmHeB T tkes dUReReomplete and

thus FRVRAEOAIGAtNRE lealizediny ansSAGEHe MBIG Surround transcoder 102
and an stereo dowmnix based MPEG Surround decoder 103. A user

controlled rendering matrix A of size M x N defines the target rendering of
Preferthé dvhBitjiocts stooivpeeriblaharmeals tiehidinvang {cebimeglepend on both time

and frequency and it is the final output of a more user friendly interface for
A sys@hdie ehjecinaniadation dniehicat alsamalkadiseoploanaxteraally.-channel

grovi ed scene 10d iption)..In the cas 2. sheakersetip the d
do nuﬁ%%?gﬁtﬁﬁ%gﬁ%ngﬁ%%{% %Sﬁrr%% sgigsp?\ﬁ}%}%% %Igpta%ligb? %e S_A%OC ?itge}cot ero
for engodingieRbeplitiaf A reis et i arptidnenstineorfe BRgIIEP AR the mul-
tichanaklj écka T rBAR inuitice; Stisraund irdhsdgde d&O2ctakesiasdinput ek
ichanfRPISANG MARR A DS, QRIBEL AN dRe-RV UL Side B aAioNcbject

Including the downmix weight matrix D , and the gbject side information,
renderpe EHe FARA SR RN A P RTB SRS o A S R RS ation.

When the 15transcoder is built according to the current invention, a
Fig. 15HRSEAUERE %@%ﬁﬁ E@HQ@%&Q@%& J:Q@ﬁ‘g @W@@)ﬁ@&ﬁﬁiﬁd@’ﬂh@&@@%{:@da
101 an M.ch nnelé;\udl%o}giltgut Wlfh t{@}e0 egé{egcgggﬁ%gle% Anxé)ctgem gdegb_

mﬁﬁ‘éﬁf&g%t?%o it IR EREh ESR YL oPSh L 'Stirfound

ject deramsscdenisiog Erid alrwierdoaslsrrtis des e mPEG Surrirm didasstan about
the aprikd: WSk GRKONRD kED esnidRiBY tRAHRA Bt size:ddodN-dafinasiths data

tar e&‘ rendering of tkle.N oP{chs to M 0 chanpels, hisbmatrix can._ .
concerping the power a{;n ITE auoa ? £ gOWnmix, Jhem r? 1? O Ein, il Pot neCessarily

apendon both time an requency and it'is the final output of'a more

alwayy sepfeelfly tiveepnd frequency, and therefore represents 2 relatively low amount of infor-
mation. Finally, the SACGC encoder exfracts object parameters for each object as a funchion of both
fime and frequency at a resolution defined by perceptual considerations. The spatial audic object de-
coder 104 takes the object downmix channels, the downmix info, and the object parameters (as gener-

ated by the encoder) as input and generates an output with M audio channels for presentation to the
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face for audio object manipulation. In the case of a 5.1 speaker setup the
number of output audio channels is M = 6 The task of the SAOC decoder
is to perceptually recreate the target rendering of the original audio
bR HE SAOC to MPEG Surround transcoder 102 takds &St tkess
rendering 25matrix A ;the object dov&-nrnix, the downmix side information
including the downmix weight matrix D, and the object side information,
user. BRIGBHSIAIESoBl@Nea:downtin anddMPkGbuss oo e:aletninfiommagionided as
~When the transcoder is built according to the current invention, a
user %?e‘&ﬁgéﬁéﬁﬁ SBurround decoder 103 fed with this data will produce
an M channel audio output with the desired properties. 30 Fig. 2 illustrates
Fig. aéh&@@ﬁ@mm_?ﬁaﬁ@aa%@@d%@%ﬁﬂ@@ AevitDd tanghidyecoder.
current invention. The N audio abjects are fe in
An s e L e

round thansbfisci§ 7! an BhRecoIORIAREOMERE fyrorRd decatiditf i nifsieontrolied
renderdRCRRRAAOthe- encodasMataneifis ARGAIS DUEDNSLGIOWIIX audio channels.

. informatipn. This information 35 includes. ripti i .
his e AP R e 45 2 e IR Al P AP iy
interfape fommedir dierhereBien s rthlatoR A S0 (R e TaTels RIsdrbinee
descrilBSPONRRARGCOH elatinniet thebjacitdaysTmbphsitivithhe diseuased. ihe

su uent paragraph, the.role of such W . . L
s o AR R U R of b srgiaat gdiochjcts
The S 406tIMBRERSunaryl mnwetsh U (o suns s Tardeigsrad adgithe object
dowmBhRaBRAISI-bestaseMbaemheahigchparameiors gienexiassest driybject
side iq&%%%e toaﬁtleg d%rvgirégnaléte%ﬁﬂ%?ﬁ%ﬁ%%%%@&%@ﬁ&.%én the

ora ?f’spe ker setup. ject parameter extractor 202 extracts

transcpfbsiis it ArpRITANG 18 Che PTFRIHE tARS I Aot R MBS S R g aggar 103 fed

with (0o aiEOkdRtesmines b ehaanihaedanshequiendy dekyidgrisasigsvhich one of
two encoder modes is applied, the energy based or the prediction based
mode. In the energy based mode, the encoder parameters further

An SAQSn G5rRdshiRAEbD %W%“@?&Yﬁﬂ?ﬁ“o“ﬂﬁ@‘ﬁg%?&%é%{\ggiﬁigbslﬂ%‘?é%o

transcobjeriis anchiNst2 thonoahiectsMEECH S model Witdder fLidhansesonbeltbbyender-

ing mfa&%eéf?a&nﬁféﬁ&%&&@'&%@%@&gyﬂ&%&@m@mw@eﬁm@Jmm

202 operating in energy based mode. A group n% 30_1i1nto P ster%ge dly inter-

matrix g5 eeead oo B RTSRE %ﬁ‘éﬂ%yi%nﬁétﬂ%ﬁ%gﬁaja%c%%?nga warotping

face finforinabimtcomtpineiin ihbermsodts phsarakterger tie sppheeoheitbiagdio

channdl06 FROKERGY iRieIMaL HiedollRuing RRepaliens-aterdhendasiarmerndonsy of

Oobject powers and on rmall correlation ar ted for each of , .
e ori P ST T IR A s TS AP Bhering
matrixphrahselerisdermattediddeenniy igeiniraion Ronene BpRCIEHY téehharE™
D, anR HAOMRIATRMIAEIRRAN3 add@lokab setiokhipawiai patameie BuatchPside infor-
matiod) WHa AL EOI 1N LB S Nah SRR ARG DR
he grouping data {6 form the object parameters. The encoding can .
round depaddhl st raizaldRts e wRfre sp e nd MR j%ﬁ‘f‘%%?\ﬁ%ﬁ“&? Propet=
ties. With respect to the sum of extracted object powers. 20Fig. 4 illustrates an
audio object parameter extractor 202 operating in prediction based mode.
~_For each considered time frequency interval the fol ovgi operations are
Fig. 2 Jiforirilc PRFRAEH SN OB CREA KD CBRRETP LR SRR R e
tion. THeuiimiicchdmnets kdenivedowdichnmiatc A&k aivkay Ansip objedt P e Sttractor

202. TROYISSBRDSE: %@W@?g?&&t@%ﬂﬁa%mimﬂgmr& qaleddbjash-

Prediction Coeffi- cients (OPC) and they are computed by, the. QPC :
ocs, ESRERIP A EorE BRI TRV A7 e R CHRT i 303 FTgion
includthe dibjeiptipardthetepsied Heventouiright amtinc Bripws arsienplgutHs o eaien
audio W@%&ﬁ&? %a%?@ﬂaﬁﬂ:g '&%Ed&%ﬁﬁﬂ&&?@ denrigs-sAstavabypther and

present invention, this total number. can he red'%ced tot mazaa)ég{ﬁK ( e'r%@e’@s'fch
correlaion QbR AMESHATSRE AR YRS AR B R e e st o cture of

an SAOC to MPEG Surround transcoder 102 as taught by the current
30invention. For each time frequency interval, the downmix side

information and the object parameters are combined with the rendering

matrix by the parameter calculator 502 to form MPEG Surround
Nnarameaetare nf tvvne CI D CPC and 1ICC and a downmivy convvertaer matriv

RCOGEVH

o
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WO 2008/046531PCT/EP2007/008683 8 mode has the switch in position
B. An additional advantage of the transcoder is its usability as a stand
alone application where the MPEG Surround parameters are ignored and
WRE2BIHPEP OF the downmix conveiter js used directly as a stefed FEAMEMAE:SS
5Fig. 6 illustrates different operation fnodes of a downmix converter 501
as taught by the present in- vention. Given the transmitted object downmix
additidRANB.ormat Rfiaditsiteastonpuifgnma drehahnel audios ef coderdhislio
cann g e et decaded by the Ao seaden 0T IRto o N HAMAN ke prio-
atidi signals. These glgn%s are then all transformed to the frequency
cipal commirtiyedh NREEP G UNE Ryb IS HeT 5 REN P RS PAE BT et 2ctor
102 edRe bR ApS-fHegue Ry ayin g enatiido paiatianrd dhaecbiethentdd determines
converter matrix data is perfor i r F i
o B S AU LS o SCloOls 4 S ap oot SRR b
or the pAskiE @ NAR PR TERRERYBY BASh PRAGSRA RO BERMEHS (e Séragpios n-
fomaﬁ&@é@a%ﬂ_@@f&i? /g0l amaﬁm?a_@g&;ﬁ%mm$@ alp Ei?edq}:ﬁ)mh Each
omain is ed.in order t tain better frequency resolution
mode t%\}){lvg? S oevf/g’frjs r%%éz;j %leggrgﬁnmel%ﬁs of a subsequent filtering of the QMF
subbands. When, this subsequent filtering is defined by banks of Nyquist

Fig. 3 Lbfilters dhe.cpnitgsaipdien heyhnidtothe siandardiiddosdain grouping
g m%?; %Sslfscli‘%oogﬁé@? Jﬁégs WHW09500%§)&§EJM6%§HQ@Mﬂgﬁ@&@@ﬁ%ﬁmaﬁon

uijers, J. Breebart, and H. Purnhagen "Low complexity parametric

contaiged i She GEAERT P%@%ﬁ%@%@%%ﬁ%%ﬁﬁ%@@fﬁ%@&%@ﬁﬁ Apera-

tions O3} th&@@ﬂM%ﬁntmmmﬁmmﬂmUmhmm for each of
PERDREAMEIELES flefined by ie, Sela il Soiel 004 AOHAR A for cach

uch a (ejcl\ﬁF lomain signal can be fed directly intg the corresponding

of the iR el PR te FRE RO RATIRBE &SRS 3 B Pt/ R e

ters mmo&t@ﬂmf&ﬂgﬁmﬁpﬁaﬂmmm @?e:ﬁmﬁewﬁaé mﬁ@g Iagﬁtbmnﬁie?u%mging data

to foﬁ%'&jel%%ﬁ%&op@%ﬁp&%ﬁg biainseRY B@f&ﬁ%ﬂ&@@l\éﬁhﬂl@g@@@e ke targ-

synthesis 605 in order to obtain a stereo time domain signal. With the
est obicataapt ShtER BEPPIHLDSTISA B FHEEERORREPSTEBUts a digital audio

stereo signal that also can be fed into the time domain interface of a
Fig. 4§Hnl Qﬁ%b Qk:(%gEMB %%{‘1% ﬁ%ﬁ_&%@ﬁ&&%&;{ tz&! ﬁ_ftﬁmlﬁfh it gﬁlal Qi@ﬁ%ﬂ%@ﬁﬁ&@. For each

. playback device. ird, possibility wi e selector.switc [ .
cons g 137 E-ROBTANE PN TRETE B3PS Sl b St i gpct
a lineastenebimtidiooé frcokl ebBOBloThmis shsondlsvdariybd vehish vaninliss SoiErrctoisct in
azmétﬁﬁééﬁg.qu%%ggﬁﬁ%@mw &szﬁahﬂam&imewm' eeiepeacade TColefﬁ-
. ined in the MPEG de- coder. This thir e 0 ration s syita
Cmts?(@rgtﬁeaﬁa%hézﬁ%%?% uet%k%% t%%lﬁ ﬁ’E‘g"%ﬂ%&]n f':[ryz?i{rag%g8%?gisiésseparat%rg

encodilitHOMPRE: ducdifst pymesrBrtierrthiasirpseP Bt ActoE Srebipiatanm-
ber of @FE30iN10Q RSB Wharediieniseidesirasdn Bloke Arpaititutanalj@et total number

rendering for fugure pl ck. Fig 7 illustrates the strycture.of an MPEG

can e ST RO Yoo T BT, TF R e e
converted to three intermediate channels by the Two-To-Three (ITT) box.

. < khese intermediate ¢h reddhersplit

Fig. 5 8%%%60%@8 0'116) °§3‘§§§‘ %? %e%{)t[ﬁe SiX cha%ir%gﬁsg%%%ﬁai % tq%:%fn?ﬁyetlhe curent

mV“é%ﬁ@iﬁ%ﬁ?@%U%@%&B%ﬁWﬁé%@%% dg%"uﬁ{?%%%%%‘%m

are cofptagiioalth g& caserine dingpamhs pR@amco el idrFe ditpmmi}E8DRumround

paramgtlé;? Hf?yﬁe%ﬁﬁ%?@,%h %C?}Qﬁ B&Mﬁﬂi ically is.compesash % K. The
combining mixer input signals (here input channe;g) 1-6 aﬁ/d 0 tlonall% rix

downeal GRRSIFEFT IO EOMGHS B SRIerL APHEEh EH oL IETR ”é’ﬂ%la"r RN EEAISS

operatiuitgutsding tndhe divdactiannk { lsenelidled mde 5Y fhofratiseodanier AThisteis mgtnx is

the idRR I ANES G DOAR IR D Red kSl fHAGHROAKIBS:SUChASode

~"direct outputs” or "auxiliary send"” in aorder to gut %t an mdg@%ual C %ngglion

is ilhusaied i e ART T SRR el R AR MRS ST B E&) T The”
stereo signal (L and R) and the individual channel output (obj5) are input
to the SAOC encoder 801, which is nothing but a special case of the
SAOC encoder 101 in Fig. 1. However, it clearly illustrates a typical
application where the audio object obj5 (containing e.g. speech) should be
subject to user controlled level modifi-
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10cations at the decoder side while still being part of the stereo mix (L and

R). From the concept it is also obvious that two or more audio objects

could be connected to the "object input” panel in 801, and moreover the
ettt hife Hould be extended by an multichannel mix such &8 HES AU 3P8683

In the text which follows, the mathenfatical description of the present

invention will be outlined. For 15discrete complex signals x, y , the

mode gﬁ&f&%&i(ﬁﬁ% PIQSHCE @@@k@aw@@ﬁamg@aﬁf@m cabineets By as  stand
cll1l2 = (X, .v=Ww eﬁ denotes the complex conjugate Si 0 gk;
annempnggaH%ng%estih ered eg rgé‘) 3??&%%%%%%%%8%%%%%&%%%%& ﬁﬁt/er
conveignk wreddiideived FETearalsispof discrete time signals. It is under-
20stood that these subbands have to be transformed back to the discrete
. _time domain by correspondin hesis filter bank operati ' .
Fig. o Rey e e SRR AR ORI U R AN LRS-

ventiogH{Rireisthe parseitigeopiset dpvnaily mbaverad afiagistme aifegtefoghannel
audio Rlap@whishisapplicd fonihadasoniptodoai sigrabprapekiesmbnithisin audio

oS R AR )R 0 I g s Lo
% VRSIREEEI R the

h
QME G bR ) Bredizes ro igstpipiRiied by
mnveﬁgﬁﬂﬂﬁﬂxdﬂ‘ﬂﬁﬂ@%t@ﬁdbm%eeﬁﬁmﬁgﬂfyaﬁﬁm vibihalé spwmsthy dughathi@ing uai
s03 WA MwtRlical %@nﬁ%‘%&?@&&@'@é@éﬁéﬁ%ﬁ%&%&@ﬁ@ﬁﬁ & W8eris

user controlled object rendering matrix A of size M'x N determines the M,
the stgpmphaid SRJE SRR tigRrbIIN 8 AeTERGDB; deraai a0 i SYrmaNak domein is
defindllif@nissthy obigih Herentatrhemauitipiioaiionwards S{(@r frequencies by means of a subse-
quent filtering of the QMF subbands. When, this subsequent filtering is defined by banks of Nyquist
filters, the conversion from the hybrid to the standard QMFE domain consists of simply summing
groups of hybrid subband signals, see [E. Schuijers, J. Breebart, and H. Purnhagen “Low complexity
parametric sterco coding” Proc 116™ AES convention Berlin ,Germany 2004, Preprint 6073]. This

signal constitutes the first possible output format of the downmix converter as defined by the selector
switch 607 in position A. Such a QMF domain signal can be fed directly into the corresponding QMF
domain interface of an MPEG Surround decoder, and this is the most advantageous operation mode in
terms of delay, complexity and quality. The next possibility is obtained by performing a QMY filter
bank synthesis 605 in order to obtain a stereo time domain signal. With the selector switch 607 in
position B the converter outputs a digital audio stereo signal that also can be fed into the time domain
interface of a subsequent MPEG Surround decoder, or rendered directly in a stereo playback device.
The third possibility with the selector switch 667 in position C is obtained by encoding the time do-
main stereo signal with a stereo audio encoder 606. The output format of the downmix converter is
then a stereo audio bitstream which is compatible with a core decoder contained in the MPEG de-
coder. This third mode of operation is suitable for the case where the SACC to MPEG Surround
transcoder is separated by the MPEG decoder by a connection that imposes restrictions on bitrate, or

in the case where the user desires to store a particular object rendering for future playback.

Fig 7 illustrates the structure of an MPEG Surround decoder for a stereo downmix. The stereo down-
mix is converted to three intermediate channels by the Two-To-Three (TTT) box. These intermediate
channels are further split info two by the three One-To-Two (OTT) boxes to yield the six channels of
a 5.1 channel configuration.
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5 Disregarding for a moment the effects of core audio coding, the task of
the SAOC decoder is to generate an approximation in the perceptual

sense of the target rendering Y of the original audio objects given the _
W@r‘?ﬁ%{?‘féwaﬂix A ,the downinix X the downmix matrix D, a,ﬁ Té%f’é?ﬁw 008683

parameters. 10The object parameters in the energy mode taught by the
present invention carry information about the covariance of the original
Fig. salNegisesinpaadete nninisticnvbrdigreSAVEhienidor Merslibseguent outputs a stereo

signa e NAYE% AR @5&9&@%9}%&1&% YRIG 'ﬁ&ﬁpﬁﬁﬁ&%ﬁ%\%i IS channels

covariance is given in un-normalized form by the matrix product SS' where
1-6) s RYPRI O O TRLIEA TR BTGB TS Th &1l BBFE o Outputs en
indivitlehcdepeddhgy rhadelchjiot parainetcrbifurnishadpositiyd senaie efiritariinly

used kb RALRSEIBLE R HRak ARRASHIBIHB QA SCAIRSABION oSt B darbR) an individual

Prior art audio object coding frequently considers an object model where
channg)| PGHBB{PSF RIRET SIS0 DRSS R Y M GHEF P
and thedndbidsabriiynact eygpnogim@tionitouitie tbbFcDErergies 84, W& fas nothing but a

special ade orle- sSERRCQRIRGLPRIAIBIET EXTACSN RCRAIRAL LAY Sy RIS RGion

an impor- tant refinement of this ideg, g\;&iﬁ%larl relevant in case Whgre

wherei e BIHE QT A A e 7 SRR e L SRAMB RO I b odit-
cationabstndesofccontelelibnsiib benorhicitthAsgroupindgloffd Bp|Ertadbstereept it is

also GQ?B& %ﬁa@%?ﬁ%@r@ §§&%Q%Mcmiﬂg@ﬁl§§§§d{%‘%miﬂ%iﬁt B.Qﬁtt‘r}ﬁiﬁ@ in 80|1, and
stereo pairs 25the correlatign (sn ,s",) IS computed a omplex, real,
OO ats %ﬁg%g%ﬁgﬁ wa(“%%%zélﬁ%f iaﬁo%ff’é% as fs%’,?s“n}f’ﬁsnlllls.ll
(6) is extracted by the stereo parameter extractor 302. At the decoder,

In the 38 (GG 0RIR SR BRSNS IS BRIBIRSHBHONIEE douitiHa aF or
di {natrix E with ngoﬁ‘ ig%oﬂr&a{eg%gs.rgﬁ&iggf@nge f ra toﬁe%! egf E‘iszdgﬁn by
‘*“*‘*’"‘“'&oﬁ%‘%%’ CBERHICH the first tho consists a single Ba?ﬁ?t,%r,nt et smlttead

energy and correla- tion dat gﬁgz,;cv@w pl . In this case, the
combination into the matrix E yieldss WO

1
2008/046531PCT/EP2007/00d683:ix$-ST k&P, p;,29S,0 W
&

where J{k) denotes the complex conjugate signal of y(k). All signals considered here are subband
samples from a modulated filter bank or windowed FFT analysis of discrete time signals. it is under-
stood that these subbands have to be transformed back to the discrete time domain by corresponding
synthesis filter bank operations. A. signal block of L samples represents the signal in a time and fre-
quency interval which is a part of the perceptually motivated tiling of the time-frequency plane which
is applied for the description of signal properties. In this setting, the given aﬁdjo objects can be repre-
sented as N rows of length L in a matrix,

s @ 50 ... s5(@-1)

50 5,0 ... s{EL-1

§= (2)

sy (0) s, (D ... sy(L-1)

The downmix weight matrix D of size X x N where K >] determines the K channel downmix sig-

na! in the form of a matrix with K rows through the matrix multiplication

X=DS§. (3)
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005, The object parameters in the prediction mode taught by the
present invention aim at making an N xK 5object prediction coefficient
OPC%\imqtrix C available to the decoder such that S CX = CDS . 7), In
PaiéreR for each object there is a linear combination of Phe GBS
channels such that the 10object carl‘be recovered approximately by
s"(k)::,-(8) 15 In a preferred embodiment, the OPC extractor 401 solves
The udBS QYN Qpuatians 4B 200f sfey ihe Mndee-aiitacthieionbvadlipcet ren-
_ OPC case, jt.solves CRe{XIC} = RelSr}( Inb S Ui
dering ofAP¢ AfdEP n’?n%eﬁélgﬂ%?n}%%r CVBH{ 5#) 2 non- |nr}gh%I%aﬁrgt(ﬁxoxv&\;Insrgffg(ﬁ@jgOéi
covari- 25ance, it follows by multiplication from the left with D that
DC=1,(11)  where | is the identity,malix of size K. If D has full rank it ¢4
follows by elementary linear algebra that 30the set of solutions to (9) can
be parameterized by max {K (N-K),0} parameters. This is exploited in the

Disregiesitieeicodingin 40ZBrRalopTeiitrofne Hin Breidhon R Edhhe
erate afeqeatathrtthettepodenfbrrmthefibd taed rsedoioga¥ahidarsmd ko objects,
given SOWARBALH% AME: 200840465 HRGHIRR 2017 ] 88BEF:AD Frameters.

instance, consider for a stereo downmix (K = 2) the case of three objects

The olgj &Jt :a%a%%%‘ Qﬂﬁm&gg?@{&zg ﬁﬂéﬁ!ﬁ)y @1@'@1@%&}5@ Fandaceenisfopaniadbout the

Single instrument or voice track ..¢2, The.downtnix matrix. is o
covai‘ianccg of the original objects. Ina Jctexmm?stzc version convenient ?or #.& subsequent derivation

and also deseriptive of the typical encoder operations, this covariance is given in un-normalized form
by the matrix product SS° where the star denotes the complex conjugate transpose matrix operation.
Hence, energy mode object parameters furnish a positive semi-definite N x ¥ mairix ¥ such that,

possibly up to a scale factor,
85" ~E. (5)

Pricr art audio object coding frequently considers an object model where all objects are uncorrelated.

In this case the matrix B is diagonal and contains only an approximation to the object energies
S, =lls, "2 for n=1,2,..., ¥ . The object parameter extractor according to Fig 3, allows for an impor-

tant refinement of this idea, particularly relevant in cases where the objects are furnished as stereo

signals for which the assumptions on absence of correlation does not hold. A grouping of P selected

stereo pairs of objects is described by the index sels {(np,mp), p=L2,..., P} . For these stereo pairs
the correlation (SmSm) is computed and the complex, real, or absolute value of the normalized corre-

fation (ICC)

_ {5,:5,) 6

is extracted by the stereo parameter extractor 302. At the decoder, the ICC data can then be combined
with the energies in order to form a matrix E with 2P off diagonal entries. For instance for a total of

N =3 objects of which the first two consists a single pair (1,2, the transmidited energy and correla-

tion data is §),5,,5, and p,,. In this case, the combination into the matrix E yields
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That is, the downmix left channel is x, = s, + s2/...5 and the right channel
isX,=s2s, 1. The OPC's for the single track aim at approximating .5.2
c".x, + 32x2 and the equation (11) can in this case be solved to achieve
VEO 2058 2 =_c"c21 = ¢, and ¢" =1- ¢32/,ii 10 Hence theidribetigPsess
OPC's which suffice is given by K(N I-]'K)= 2.(3-2)=2.The OPC's a3
,c32 can be found from the normal equations (x" x2)- 1141 _ 15 SAOC to
MPEG Surround transcoder Refesring t? Fii/gu;e 7gthe M = 6 output
channels of the 5.1 configuration are-(y" V2,...,’y6)=|(If ,/,.rf .r,.c,Ife). The
transcoder has to output & Steh ﬁgwnrniéi(lo,) an parame- 20 ters for
the TTT and OTT boxes. As {the fécus is néw on stereo downmix it will be
assumed in the following that K=2. As both the object parameters and the
MPS TTT parameters exist in both an energy mode and a prediction
mode, all four combinations have to be considered. The energy mode is a
itab] : ) . . L . _

e o

object prsdispEGosiiinistid i Betets DerRRHECFSABRANGE DBtext have to be
properly quantized and coded prior to their transmission. To further clarify
the four combination mentioned §Q@§k se comprise 1. Object (7
parameters in energy mode and transcoder in prediction mode 2. Object
parameters in energy mode and transcoder in energy mode 3. Object

In othPOFBrAELeN Saith phadiclian inode QR andteatschcatiix phediekiancbelahe

. .304, Object parameters, i diction mode (OPC) and transcoder in

Obwaéh’rﬁlééjgayr%noggge{?fa ﬁ%oé%gv%tré&?ﬁudio coder is a waveform coder in the
considered frequency interval, the object parameters can be in both
energy or prediction mode, but the transcoder should preferably operate in
prediction mode. If the downmix audio coder is not a waveform coder the

in the considered frequency WO 2008/04653 IPCDEP2007/008683 13
s k)~ n,]'xz(k)‘i""-i-cn,fx!{(k)‘ (8)

In a preferred embodiment, the OPC extractor 401 solves the normal equations
CXX" =8X°, &)
or, for the more atiractive real valued OPC case, it solves
CRe{XX"} =Re{SX"}. (10)

In both cases, assuming a real valued downmix weight matrix D, and a non-singular downmix covari-

ance, it follows by multiplication from the left with D that
DC=I, (11)

where I is the identity matrix of size K . If D has fall rank it follows by elementary linear algebra that
the set of solutions to (9) can be parameterized by max{K (N —K),0} parameters. This is exploited
in the joint encoding in 402 of the OPC data. The full prediction matrix C can be recreated at the

decoder from the reduced set of parameters and the downmix matrix.
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interval, the object encoder and the and the transcoder should both
operate in energy mode. The fourth combination is of less relevance so

the subsequent description will address the first three combinations onlx.
WOB1E Bafameters given in energy mode In energy mode, Hth&dzH /#9683

available to the transcoder is descriBéd by the triplet of matrices D,E,A).
The MPEG Surround OTT parameters are obtained by performing energy

For iﬁﬁﬁg@%ﬁ%&fb@ pestisalaswamiOarvirahsendearitgdelied {igrmtheomprising a
transmitted parameters and the x N rendering matrix A . The Six,C |,
steroo et Etffatin il afoﬂ&hﬂ%’y@&%@% ‘é’*"i{t‘é%ﬁmﬁf,z’f&)e ifé‘fgssérgﬁ’a e
matrit13) yields the approximation YY F AEA',(14)  which is fully defined by
the available data. Let f, denote the elements of F . Then the CLD and
ICC 20parameters are read from 25 CLD, = 10 log," CH), = 10log, CLA -
C(f34) (15) (16) (17) (18) (1%): 166811332 (12)

o 1 12|

That is, the downmix lefi channel is x =5, + 5,/ 2 and the right channel is x, =s, +s,/ 2. The
QPC’s for the single track aim at approximating s, = ¢yx, +¢,,%, and the equation (11) can in this
case be solved to achieve ¢, =1-¢,, /2, ¢, =, IN2, €, =—¢, /N2, and ¢, SSERNCE
Hence the number of OPC’s which suffice is given by K(N - K)=2-(3-2)=2.

The OPC’s ¢,,,¢;, can be found from the normal equations

ewesl] Fh R o)

LN A ﬂ

SAQC to MPEG Surround transcoder

Referring to Figure 7, the M = 6 output channels of the 5.1 configuration are
U Yas-- ¥ = LT, ¢,lfe) . The transcoder has to output a stereo downmix (/,,7,) and parame-

o2 pales
ters for the TTT and OTT boxes. As the focus is now on stereo downmix it will be assumed in the
foliowing that K=2. As both the object parameters and the MPS TTT parameters exist in both an en-
ergy mode and a prediction mode, all four combinations have to be considered. The energy modeis a
suitable choice for instance in case the downmix audio coder is not of waveform coder in the consid-
ered frequency interval. It is understood that the MPEG Surround parameters derived in the following
text have to be properly quantized and coded prior to their transmission.
To further clarify the four combination mentioned above, these comprise

1. Object parameters in energy mode and transcoder in prediction mode

2. Object parameters in energy mode and transcoder in energy mode

3. Object parameters in prediction mode {OPC) and transcoder in prediction mode

4. Object parameters in prediction mode (OPC}) and transcoder in energy mode
Tf the downmix audio coder is a waveform coder in the considered frequency interval, the object pa-
rarneters can be in both energy or prediction mode, but the transcoder should preferably operate in

prediction mode. If the downmix audio coder is not a waveform coder the in the considered frequency



fadis (A, , ?ili/Ci4 _kfi) -4122 2I, where co is either the absolute
value co(z)= lzi or real value operator (z) = Re (z}. WO
2008/046531PCT/EP2007/008683 14 0 1 0- 010 101 100 001 001 The
“(Qr&é\?f‘éﬁ%a%nng thus consists of plaging object 1 between r@ﬁ’ﬁ%f%ﬁ%ﬂgg’
right surround, object 2 between left fgront and left surround, and object 3
in both right front, center, and lie. Assume also for 5simplicity that the
intervihnde «ipjeciscader ambthr etdtdd Endeafichsiverltheotanpreatmiergpprstictrhnail he

fourth combination is of less relevance so the subsequent description will address the first three com-

binations only.

Obiect parameters given in energy mode

In energy mode, the data available to the transcoder is described by the triplet of matrices (B.,EE,A) .

The MPEG Surround OTT parameiers are obtained by performing energy and correlation estimates on
16 2 virtual rendering derived from the transmitted parameters and the 6x N rendering matrix A . The
six channel target covariance is given by

YY° = AS(AS) =A(S8")A", (13)
15 Inserting {5) into (13) yields the approximation
YY* ~F=AEA’, (14)

which is fully defined by the available data. Let f), dencte the elements of ¥ . Then the CLD and ICC

20  parameters are read from

I
CLD, =10log,,| 2% 15)
0g,o f%) (
CLD, =10log [-133—\ (16}
1 10 fMJ’
I
CLD, =10log,,| 2|, 17
og ( fzzJ (17
@{fi)
25 ICC, = , (18)
S S
ICCZ - @(.ﬁz) (19)

where @ is either the absolute value ¢(z) =|z| or real value operator ¢(z)=Re{z}.

As an illustrative exampie, consider the case of three objects previously described i refation to equa-

30 tion (12). Let the rendering matrix be given by



100 010 001 In this case, the right hand side of formula (14) becomes 1
100001100000021

WO 2008/046531 PCT/EP2007/008683
14

i e TR e T i

O et e DD
oo I s S s i e B e

The target rendering thus consists of placing object 1 between right front and right surround, object 2z
between left front and left swrround, and object 3 in both right front, center, and Ife. Assume also for

5 simplicity that the three objects are uncorrelated and all have the same energy such that

5]

it
o R
@ - O
— O

In this case, the right hand side of formula (14) becomes

10
(1 1 0 0 ¢ 0]
110000
gl 021 11
160011 060
001011
1001 0 1 1]
Inserting the appropriate values into formulas (15)-(19) then yields
{f A 1
15 CLD, =10%og,, LP”— J =10log,, (YJ“ 0dB,
66

_ @(fst:) _fw;(l}w—w}_
Icclw—mm_mmﬁ,
o(f) _o()
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As a conseguence, the MPEG surround decoder will be instructed fo use some decorrelation between

vight front and right surround but no decorrelation between left front and left surround.

For the MPEG Surround TTT parameters in prediction mode, the first step is to form a reduced ren-
dering matrix A, of size 3x N for the combined channels {{,r,qgc) where g=1/ \/5 . |t holds that

A, =D, A wherethe 6 10 3 partial downmix matrix is defined by

w ow 0 0 0 0
D=0 0 w, w, 0 o . Pl
0 0 0 0 gw gw

The partial downmix weightsw,, p=1,2,3are adjusted snch that the energy of w,(y,,,+, ) is

egual to the sum of energies ” Vapi ”2 + ” ¥y pﬂz up to a limit factor. All the data required to derive the

partial downmix matrix D,, is available in F . Next, a prediction matrix C, of size 3x 2 is produced

such that

C,X=AS, 21)
Such a matrix is preferably derived by considering first the normal equations

C,(DED" )= A ED",
The solution to the normal equations yields the best possible waveform match for (21) given the ob-
ject covariance model E . Some post processing of the matrix C, is preferable, including row factors

for a total or individual channel based prediction loss compensation.

To illusirate and clarify the steps above, consider a continuation of the specific six channel rendering

example given above. In terms of the matrix elements of F , the downmix weights are solutions to the
equations

wfzs (~f2p—l,2p—-l + j:”.p,Ep + 2’-f2_n-—l,2p) = f;,pwl,ip—l + -pr,Zp’ b= 13 2’3 *

which in the specific example becomes,

wi (1+1+2-1)=1+1
W (2+142:1)=2+17,
w {(1+1+2:1)=1+1
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0 0 1 01 ij Inserting the appropriate values into formulas (15)-(19) then
yields CLD,=10 log," L-i=tO log10 -)=0dB, f66,1 cO0; 90) ICC ---,
J,f33.144 9(f2 ) w(1) icc - '2.1122v1.1 WO _
WG AEE 31 PCT/EP2007/008683 16 As a consequence, tHd BRI 008653
surround decoder will be instructed to use some decorrelation between
right front and right surround but no dec,orrelation between left front and
left surround. For the MPEG Surround "ITT parameters in prediction

Such BAYS, e first Slefiy3psTeryha reeucedisenderingematrix A3 of size 3x N
for the comi:)inéd channels (1,r ,qc) where g = 11 Nri . It holds that A3
=D3,A where the 6 to 3 partial dowamix matrix is defined by D36 IN1

0 J2 0
A, =BA=|2ft 0 )
0 0 1

By solving the system of equations C, {E@ED') = A ED one then finds, (switching now to finite pre-

cision},

-0.3536  1.0607
C, =) 1.4358 -0.1134).
0.3536 0.3536

The mafrix C, contains the best weights for obtaining an approximation fo the desired object render-
ing to the combined channels {/,r,g¢} from the object downmix. This general type of matrix opera-
tion cannot be implemented by the MPEG surround decoder, which is tied to a limited space of TTT

matrices through the use of only two parameters. The object of the inventive downimix converter is to
pre-process the object downmix such that the combined effect of the pre-processing and the MPEG
Surround TTT matrix is identical to the desired upmix described by C, .

In MPEG Surround, the TTT matrix for prediction of {{,r,g¢) from (/,,r,) is parameterized by three

parameters (a, 5, y) via

a+2 f-1
CT.W:% a1 B+2]. (22)
t-a 1-f

The downmix converter matrix G taught by the present invention is obtained by choosing ¥ =1 and

solving the system of equations
CrrG=G,. (23)

As it can easily be verified, it holds that Dy Ciy = where Lis the two by two identity matrix and
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0 O_WI O00W200W2000gw300gw3(20) 10The partial downrabc
weights lv, , p =1,2,3 are adjusted such that the energy of w"(Y2"-1Y2)) is

equal to the sum of energies IIY2P-1112 113,2pi2 up to a limit factor. All
Wﬁgez%{)gf%’?%ﬂuired to derive the partighdownmix matrix 035 id availabie i ee?

F. Next, a prediction matrix Cl of size 3 x 2 is produced such that 15C,X

AsS ,(21) Such a matrix is preferably derived by considering first the

normal equations C, (DEW) = Ayr)*, ZOﬂweITolution to the normal 24)
equations yields the best possibl&waveform imatch for (21) given the ob- ¢
ject covariance model E. Some post processing of the matrix C3 is
preferable, including row factors for a total or individual channel based

Hencd)FOAiGHOM 0SS COMPRABAONRG by D of both sides of (23) leads to
G=D,C,. : 25)
In the generic case, G will be invertible and (23) has a unique solution for Cy which obeys

D Cypr = 1. The TTT parameters {, ) are determined by this solution.

For the previcusly considered specific example, it can be easily verified that the solutions are given by

_ 0 1.4142
11,7863 0.2401

] and (o, 5)=(0.3506, 0.4072}.

Note that a principal part of the stereo downmix is swapped between left and right for this converter
matrix, which reflects the fact that the rendering example places objects that are in the left object
downmix channel in right part of the sound scene and vice versa. Such behaviour is impossible to get

from an MPEG Surround decoder in stereo mode.

¥f it is impossible to apply a downmix converter a suboptimal procedure can be developed as follows.
For the MPEG Surround TTT parameters in energy mode, what is required is the energy distribution
of the combined channels (/, 7,¢) . Therefore the relevant CLD parameters can be derived directly from

the elements of F through
0 Al [f +fn+123+f44)
CLDY: =10log,, = 10log,,| <X , 26
* [ “c” o Jos+ S @0
CLDy =10log, —”1”2 =101 m[-——w’rﬁfﬂ) 27
* [!HF S L “

In this case, it is suitable to use only a diagonal matrix G with positive entries for the downmix con-
verter. It is operational to achieve the correct energy distribution of the downmix channels prior to the

T'TT upmix. With the six to two channel downmix matrix D, = Dy D, and the definitions from

Z=DED’, (28)

W=D,ED, 293
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To illustrate and clarify the steps above, consider a continuation of the

specific six channel rendering 25example given above. In terms of the

matrix elements of F, the dour/mix weights are solutions to the equations
WRRIBEAE T3 Sp-1 f2p,2p + 2f2p-1 2p)1 Li2-1,2p-1 .12p,2p3= ETZ%’WPHEH%??S

the specific example becomes, WO 5008/046531

16PCUEP2007/008683 . insertion into (20) gives 01-2-0 Such idtat,(wl,

w2, w3) =/sh,3/5Thri) 5A3=D2.M10

one chooses simply

G:!V\/WH/ZH 0 } (30)
e Wy (25

A further observation is that such a diagonal form downmix converter can be omitted from the object
to MPEG Surround franscoder and implemented by means of activating the arbitrary downmix gain
{ADG) parameters of the MPEG Surround decoder. Those gains will be the be given in the Jogarith-

mic domain by ADG, =10log, {w,/z,) for i=12.

Obiect narameters piven in prediction (OPC) mede

In object prediction mode, the available data is represented by the matrix triplet {D,C, A} where C is

the N x2 matrix holding the & pairs of OPC’s. Due to the relative nature of prediction coefficients,
it will further be necessary for the estimation of energy based MPEG Swiround parameters to have

access to an approximation to the 2x 2 covariance matrix of the object downmix,
XX ~Z. (Bh

This information is preferably transmitted from the object encoder as part of the downmnix side infor-

mation, but it could also be estimated at the transcoder from measurements performed on the received
downmix, or indirectly derived from (D, C) by approximate object model considerations. Given Z,

the object covariance can be estimated by inserting the predictive model Y =CX , yielding
RE=CIC, {32)

and all the MPEG Surround OTT and energy mode TTT parameters can be estimated from E asin
the case of energy based object parameters. However, the great advantage of using OPC’s arises in
combination with MPEG Surround TTT parameters in prediction mode. In this case, the waveform

approximation D, ¥ ~ A,CX immediately gives the reduced prediction matrix
C,=AC, (32)

from which the remaining steps to achieve the TTT parameters (&, f) and the downmix converter are

similar to the case of object parameters given in energy mode. In fact, the steps of formulas (22) to
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0 O_ By solving the system of equations C, (DEB' )= A,ED. one then finds,
(switching now to finite precision), 0.3536 1.0607- ID C3=1.4358

-0.1134 1 0.3536 0.3536
WO 2008/046531 - PCT/ERZGHT/008683
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(25) are completely identical. The resulting matrix G is fed to the downmix converter and the TTT

parameters (e, 3} ate transmitted to the MPEG Surround decoder.

Stand alone application of the dowmmix converter for steren rendering

Tn all cases described above the object to stereo downmix converter 501 outputs an approximation to a
stereo downmix of the 5.1 channel rendering of the audio objects. This stereo rendering can be ex-
pressed by a 2x N matrix A, defined by A, =D, A . In many applications this downmix is interest-
ing in its own right and a direct manipulation of the stereo rendering A, is attractive. Consider as an
illustrative example again the case of a stereo track with a superimposed center panned mono veice

track encoded by following a special case of the method outlined in Figure 8 and discussed in the

section around formula (12). A user control of the voice volume can be realized by the rendering

1 [1 0 v/\/z‘}

A =
? g 1 v!\/f

J1+v?

where v is the voice to music quotient comtrol. The design of the downmix converter matrix is based

(33)

on
GDS~A,S. (34)

For the prediction based object parameters, one simply inserts the approximation 8~ CDS and obtain

the converter mairix G = A,C. For energy based object parameters, on¢ solves the normal equations

G(DED')=A,ED". (35)

Fig, 9 illustrates a preferred embodiment of an audio object coder in accordance with one aspect of the
present invention. The audio object encoder 101 has already been generally described in connection
with the preceding figures. The audio object coder for generating the encoded object signal uses the
plurality of audio objects 90 which have been indicated in Fig. 9 as entering a downmixer 92 and an
object parameter generator 94, Furthermore, the audio object encoder 101 includes the downanix in-
formation generator 96 for generating downmix information 97 indicating a distribution of the plural-

ity of audio objects into at least two downmix channels indicated at 93 as leaving the downmixer 92.

The object parameter generator is for generating object parameters 95 for the audio objects, wherein
the abject parameters are calculated such that the reconstruction of the audio ébject is possible using
the object parameters and at least two downmix channels 3. Importantly, however, this reconstruction
does not take place on the encoder side, but takes place on the decoder side. Nevertheless, the encoder-
side object parameter generator calculates the object parameters for the objects 95 so that this full re-

construction can be performed on the decoder side.
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The matrix C, contains the best weights for obtaining an approximation to
the desired object render- ing to the combined channels (/,r qc) from the
object downmix. This general type of matrix operation cannot b
Wﬁﬁ?@%’éﬁ?@d by the MPEG surround decoder, which is tied ?gﬁﬁ#ﬁ?ﬁéﬁmﬁ%
space of ITT 15matrices through the use of only two parameters. The
object of the inventive downrnix converter is to pre-process the object
downmix such that the combined effect of the pre-processing and the

MPEG Surr n matrjx i tical to t e
mew&% a§urroEI s dfﬁ@ ma%n%qfor pr Fi’}gt]ir(%ﬁ% %Ag gcfé}gom ]Q;%%%&d@d

audio pmm%?@wm%%%@ﬁé@té o Wt éﬁc&paia@ §1732 o pngnlife on
the ap&aamn 1 Bevaawrdnixiebriderte imdteins@ tadghtddydthe presentidvediioriest

zl%@@&e@ké?y&ﬁ%élsasmia@d@aﬁ%wm WE&@EW%%@B@@

audm 523) é ga{s}g sl m r| ie éholds tqat r&C{E} where | isthe .
entl y ma fix and’ Isif-l’% ‘?/m(% 683

any df-l*-‘f@ﬁéé c@m@m beuRseIRse Asrestsr il ARl snt S bintedatrideoto gy the
dovni@R@SdBmation and the object parameters for the audio objects are transmitted separately from
the downmix channels. Such a situation is useful when the object downmix channels 93 can be pur-
chased separately from the object parameters and the downmix information for a smaller arpount of
money, and the object parameters and the downmix information can be purchased for an additional

amount of money in order to provide the user on the decoder side with an added value.

Without the object parameters and the downmix information, a user can render the downmix channels
as a sterco or multi-channel signal depending on the number of channels included in the downmix.
Naturally, the user could also render a mono signal by simply adding the at least two transmitted ob-
ject downmix channels. To increase the flexibility of rendering and listening quality and usefulness,
the object parameters and the downmix information enable the user to form a flexible rendering of the
audio objects at any intended audio reproduction setup, such as a stereo system, a multi-channel sys-
tem or even a wave field synthesis system. While wave field synthesis systems are not yet very popu-
lar, multi-channel systems such as 5.1 systems or 7.1 systems are becoming increasingly popular on

the consumer market.

Fig. 10 illustrates an andio synthesizer for generating output data. To this end, the audio synthesizer
includes an output data synthesizer 100. The output data synthesizer receives, as an input, the down-
mix information 97 and audio object parameters 95 and, probably, intended audio source data such as
a positioning of the audio sources or a user-specified volume of a specific source, which the source

should have been when rendered as indicated at 101.

The output data synthesizer 100 is for generating cutput data usable for creating a plurality of output
channels of a predefined audio output configuration representing a plurality of audio objects. Particu-
larly, the output data synthesizer 100 is operative to use the downmix information 97, and the audio
object parameters 95. As discussed in connection with Fig. 11 later on, the output data can be data of a
large variety of different useful applications, which include the specific rendering of output channels
or which include just a reconstruction of the source signals or which include a transcoding of parame-
ters into spatial rendering parameters for a spatial upmixer configuration without any specific render-

ing of output channels, but e.g. for storing or transmitting such spatial parameters.
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G amC3(25) 5In the generic case, G will be invertible and (23) has a
unique solution for Cm which obeys DTTTCTTT = 1. The TT!' parameters

“%,2%‘:}3 @%E‘gsgetermined by this solution. For the previously c%%%j -ﬁ:&%% 008683
SPEcIfic example, it can be easily vesified that the solutions are givéen 6y§5’

1.4142] Gand (a,= (0.3506, 0.4072) . 1.7893 0.2401 10 Note that a

principal part of the stereo downmix is swapped between left and right for
The gﬁﬁiﬁa@waﬁmm&tﬂﬁpwﬁm’pr@emeh@mmmﬁ@ﬁén@@ thé Ehenmniplen encoder
side i?%?&ﬁéh‘%%&ﬁ% thatars _%;%&&gﬂ@ﬁ%ﬂb Qéﬂh Mﬂ@@ﬁ%ﬁ?ﬁ@&ﬁ@ﬁg&m

e sound scene and vice versa. Such behavioyr is impoessible to get fro

T o B R S e  FE o Ao i iaon
and thy ehiwheRIBCEETYVEISh A3 BYGBATHRPIECEU e o Amme eiatgpis gy number of
downigHewsnBothe MRRGWSiline ekl Inpatim étersiar dnergeqadde fwehat is

required is the energy distribution of the combined channels (1, r,c) .

The sphitig spairpradoeweivde Si e ertrre diy sHEhadtrn et B 2R namtier o
operaRp@fationabtzachieveihecormeit nidegycdistiibutibatefthe Bowitninwvever,
N L
R R e
speakers. These speakers are positioned at predefined spatial locations and together represent the pre-
defined audio output configuration. An output channel of the predefined audio ontput configuration
may be seen as a digital or analog speaker signal to be sent from an output of the spatial upmixer 143
to the input of a loudspeaker at a predefined position among the plurality of predefined positions of the
predefined audio output configuration. Depending on the situation, the number of M output channels
can be equal to two when stereo rendering is performed. When, however, a multi-channel rendering is
performed, then the number of M output channels is larger than two. Typically, there will be a sttua-
tion in which the number of downmix channels is smaller than the number of output channels dueto a

requirement of a transmission link. In this case, M is larger than K and may even be much larger than

K, such as double the size or even more.

Fig. 14 furthermore includes several matrix notations in order to illustrate the functionality of the in-
ventive encoder side and the inventive decoder side. Generaﬁy, blocks of sampling values are proc-
essed. Therefore, as is indicated in equation {2), an andio object is represented as a line of L sampling
vatues. The matrix S has N lines comresponding to the number of objects and L columns corresponding
to the nwmber of samples. The matrix E is calculated as indicated in equation (5) and has N columns
and N lines. The matrix E includes the object parameters when the object parameters are given in the
energy mode. For uncorrelated objects, the matrix E has, as indicated before in connection with equa-
tion (6) only main diagonal elements, wherein a main diagonal element gives the energy of an audio
object. All off-diagonal elements represent, as indicated before, a correlation of two audio objects,
which is specifically usefu! when some objects are two channels of the stereo signal.

Depending on the specific embodiment, equation (2) is a time domain signal. Then a single energy
value for the whole band of audic objects is generated. Preferably, however, the audio objects are
processed by a time/frequency converter which includes, for example, a type of a transform or a filter
bank algorithm. In the latter case, equation (2} is valid for each subband so that one obtains a matrix E

for each subband and, of course, each time frame.
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G=04/471,5,70 (30) 5A further observation is that such a diagonal
form downmix converter can be omitted from the object to MPEG
Surround transcoder and implemented by means of activating the arbitrar

%Wﬂ%ﬁ‘qéhin (ADG) parameters of,the MPEG Surround dEEEdEP HHBEE™

gains will be the be given in the logarith- mic domain by ADG,(w, /z,) for i
=1,2 . 100bject parameters given in prediction (OPC) mode In object
prediction mode, the available data is represented by the matrix triplet

e afRGAMINEIE i e, 2l oKl the NARlS of QBGSDUE Rason
1€ relative nature of prediction coefficients, it will further be ne essabg/ or .
). Aipdslh IR Ay ECHE NSRS i St AR S sopivine
the sokBHotesdainamapprbrtiatidntiscihd errefivpva thartustinaibe of ehisdjeebe
regend QMNP X & d4ef 3k st dosmationdshpraiptapltians it et amithg can be

appﬁe%k%q% ?&8%05 r%r%tggé%?agttqsg th S%%\@éﬂgqlx side infer- 20mation, but it could
alS0 be estimated at the franscoder from measurements performed on the
received downmix, or indirectly derived from (D, C) by approximate object
Altermtodbl, denbiderationsbGiven! Zirthewjuidt Soveniam chaoarishatbetinmeselipy cal-
culatidNSRHIPGLthe: piedictive.snodelny erlaingielding BdrchidGhd@ahidbing of the indi-
vidual sources with respect to the predefined audio output configuration. If one had six objects and six
output channels, then one could place each object at each output channel and the rendering matvix
would reflect this scheme. If, however, one would like to place all objects between two output speaker

locations, then the rendering matrix A would look different and would reflect this different situation.

The rendering matrix or, more generally stated, the intended positioning of the objects and also an
intended relative volume of the audio sources can in general be calculated by an encoder and transmit-
ted to the decoder as a so-called scene description. In other embodiments, however, this scene descrip-
tion can be generated by the user herself/himself for generating the user-specific upmix for the user-
specific audio output configuration. A transmission of the scene description is, therefore, not necessar-
ily required, but the scene description can also be generated by the user in order to fulfill the wishes of
the user. The user might, for example, like to place certain audio objects at places which are different
from the places where these objects were when generating these objects. There are also cases in which
the audio objects are designed by themselves and do not have any “original” location with respect to
the other objects. In this situation, the relative location of the audio sources is generated by the user at
the first time.

Reverting to Fig. 9, a downmixer 92 is illustrated. The downinixer is for downmixing the plurality of
audio objects into the plurality of downmix channels, wherein the number of audic objects is larger
than the mumber of downmix channels, and wherein the downmixer is coupled to the downmix infor-
mation generator so that the distribution of the plurality of audio objects into the plurality of downmix
channels is conducted as indicated in the downmix information. The downmix information generated
by the downmix information generator 96 in Fig. 9 can be automatically created or manually adjusted.
It is preferred to provide the downmix information with a resolution smaller than the resolution of the
object parameters. Thus, side information bits can be saved without major quality losses, since fixed
downmix information for a certain audio piece or an only slowly changing downmix situation which
need not necessarily be frequency-selective has proved to be sufficient. In one embodiment, the

downmix information represents a downmix matrix having K lines and N columas.
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and all the MPEG Surround 011 and energy mode 1 11 parameters can
be estimated from E as in the case of energy based object parameters.
However, the great advantage of using OPC's arises in combination with
(giir%und 1 11 parameters in,prediction mode. In this gg/sﬁem{wwonsrss
waveform approximation DO' A,CX immediately gives the reduced
prediction matrix 30C3 A3C ,(32) WO 2008/046531PCT/EP2007/008683
The vél?e@%)iﬁé%mmigﬁm I bguiesuitiag RatHX fadis fegkdoctiiesponding to

his v %%Wn ﬁ‘]ﬁg converter and Ih&l é)grametergmgIl 6%%1% g%@%%reejg o %N&m

dvé(li%%éulﬂtg%ang alone appli catlon ownmix converter for
matrizs e #e Hebring st if BItEdE A ESEHFEY B G I SBRSRE o (LfdRlys of more
then cEOWRBHLEABvVELST HAT:Outp is-aniappioxination.t ia stéracddumiiimiguefed
vafues ez %&Qﬂ@%ﬁﬁ%@@@ﬁgz@&&% ayeiospigcts. 1 histaieteR e nERsing Samossi-

be expresse atrix Az d frned b 26A Ty] Yis with
bleas yallicadidiea owr)1ij X iS |n}i§ereg¥? g i Yo de tand a direct varying

t3 own r tan
levels ppshifrstdaotssrate sdisesdBrasinl & 3@ "%6 fediffprent from
one antGitlitst mative eXapiplé.again dhaioasdiobgastereo track with a
superimposed center panned mono voice track encoded by following a

When gg igral case of tr}g aerEth % ?(autlrrrﬂed in g agur glgo gﬂmg; the output

1on arou ormula USGI‘ contro O Ice V ume can be

interfacs ifz & BpeHed Adisetiirgt Pedl reDs & sreariearlmeﬁr@@rerﬁar@&éwem
formaObjleehphrayntitorsyodatsitipiyjissgs the: ap prpxigrativhi® GO dredeparation of
the ob%ﬁ%&e@@%&qomﬁoﬁg&on@raﬁ@ ﬁf@&o%&ﬁg &Qﬂlﬁ@!s IQ@@{E QtRb3er

solves the ormaI ons 2 .
side. ermf) the ou%ut in (P o% )s f e downmix
strates a preferre odrmen an audio o ject r in accor ance

M@W@ﬁ@%@%@@ﬁ%ﬁ@@é’ﬁﬁ%@ﬂmﬁ ohipgd %ﬁi‘%@ dgyBpirgpforma-
tion mapBealiffadytidbancdenendlly cesgrizachitrsomdeotiofewith !ﬂtmdmeeieﬁ plignnels can
be molIHF 88rh e AYVLigehiecte edRipforgenes ating thenencadad shisehsignglpera-

s th f d hject indi in.Fi
tions resr.&t i a %)?ﬂg”aéz% ey IO 2 Aﬁ? Gider %E&% h have heenindica k Be en-

ntering’'a downm ect parameter generator 94.
Wdedﬁ%ﬁl%%‘?ﬁféﬁég‘lﬂ@%udro obJect encoder 101 includes the downmix in-
formation generator 96 for generating downnaix information 97 indicating

I}cpenﬁlgé%ﬂ latl Qcﬁfctgﬁ;lﬁﬂkﬁ%,tﬂl@ﬁm&r@pﬁ%%ﬁ&@ﬁb koasdibaongoNsn bépresenta-
tion o@ls%nels éndlcateg) e a% lasstl %VIWWP%?&%X& Mgdgc&; the voice

fere v 1s the voice to music otrent C?@ésil ol. The desrgnﬁ(;;‘t

track ‘H@\ﬂ%ﬁﬂﬁ%ﬁ@é’ﬁ%ﬁ?ﬁ%ﬁé@rﬁ FHE SR D SRS L A T

of the tsfbgrgenieratings MMWW@M@%}MW@% éek-
groundRRubjeclipal am lass ks aalauatedisTeh ihatdhe seopnistructioey of thestereo
baokg%%%m% RS r@%%%%ll&h‘éé@&m@ %&%EP&E@W@&&M ﬁﬁ@@%é\fl&mon of the

wice R SR L SHE A S bt RS BCH Shr DEEa ey o s e

second\bavkaisié suisinehemsiden brdacbiednsardeasteryeiarst %%%m&%@aﬁifé’aﬂ
be incRBIACH pararRe tkenfoi thianb]cTis O bysdithiadt iisfia lveoorirs tuotioncoa nap dully

separa&etﬁ@&gi]&ng&@&nqﬁggmgﬁi music which is particularly suited for karacke applica-
tions. However, the stereo reproduction quality of the background music channels will suffer due to

the object parameterization which is, of course, a lossy compression method.

A downmixer 92 is adapted to perform a sample by sample addition in the time domain. This addition
uses sarnples from audio objects to be downmixed into a single downmix channel. When an audio
object is to be introduced into a downmix channel with a certain percentage, a pre-weighting is to take
place before the sample-wise summing process. Alternatively, the summing can also take place in the

frequency domain, or a subband domain, i.¢., in a domain subsequent to the time/frequency conver-
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WO 2008/046531PCT/EP2007/00 683 20 Furthermore, the audio object
encoder 101 includes an output interface 98 for generating the encoded
V@éigégg%lg!eg} signal 99 using the downmix information 97 angl the.object. ..
parameters 95. Depending on the agplication, the downmix channels 93
can also be used and encoded into the encoded audio object 5signal.
However, there can also be situations in which the output interface 98
gion. ».,.:; -GROaeR
mm%i%;im%@m@&mm%ﬁi@mm% aliseihen.aanday

to be used on the d coder side are already at the decoder side, so that
FFT, MG Jo%ﬁ?ﬁ&%ﬁxfo%a%on and the object parameters for the audio objects

are transmitted separately from the downmix channels. Such a situation is
In oncUSgitd sThenienohjeaticewardicechannets @dnean b puterdd chagegarameters

and, a§&Rm59'¥Jﬁ%mlﬁa%&9i?&érp%ai@&t% é?&@@h@&%&f&@&%{&@@%&é&é&% Rpre-

smaller amount of mone an&g %ﬁ%‘%{ aram %gnd i‘i’ei }\{iéncrgux .~
sent ﬁiﬁf&?ﬁ?a“f%iilééﬁeﬁ%%i’é L PsH ‘i’?ai’% bURTaPmoney i rder
rametqe pravidéctive weds isrrmrctelisd b ﬁemmaw%e@@arwiﬂﬁéﬁwmg
deviceolbjegl-RANaisEansdijecteunmix jafaimations ausemcanvender dheotion
with MIBHD PnGhRy mle&e@&ﬁtm&i&i@a&a L signalden

num rof annels mﬂt‘%o nm ura¥ ser o ¢ step of
the a“ﬁ‘%Sb?%‘ﬁﬁg’r FHERE q@"ﬁ §/°§ By eas ransmitted P
calculgsisjpthederypavistéhah @%@%@éﬁgtﬁé f@@iﬁ.w Bife ﬁﬁé’ﬁh@*séﬁdmbm but
are mAiStRRIngl Gualibandsusefidaets:dhecabjedidanameitetis: andtitve dowuutiix (1)

when iﬂé%'éﬂﬂéﬁiﬁi&ﬁ @Qﬁl@q&@xﬁ éd%ﬁﬁatﬁoip(m) & flexible seedeting ohtheiabidiOstep 150 can

0 Jects at an dio ep dUCtIO UcCl) as a,stereo
e
caiaﬂ@yéwnciluwmé ipsie i@id’evﬁ%www SYSTRISPEIVFARAT BRStR imfhe art so
that mwmhmeeiaysm&uah alsidh. Aasyslam ekl chisystembirinbd cmindly, the

weight D BRSIRYY &Wn%&%&ewm&mmmté@&@gﬁza&e&a&a@am of
syntheS|zer g)ﬁ%eneratin out}]%out data. To hIS end t‘he aUd'éic hesi%‘e{mn

all dovwgayx GHaREls e A R T RORSER MBI The ou% Ut'data synthesizer

matrixy gesalizds aé@“&hﬁfﬁﬁf&tﬂtﬁ@*&iﬁi}fvﬁdiﬁ abipfs AT eﬂiméﬁbog%‘i@%i Ghionels in-

creaseflarameters 95 and, probably, intended audio source data such as a
positioning of the audio sources or a user-specified volume of a specific

SOMIE hi‘fh pgfgg%%%eshogiodwhﬂi 63????% #g”&’ﬁﬁ?%& ndicated At

Subse‘l‘if e ou a esizer or génerating output data
outpuneavdréai%er foreaitipea Bi&iaiwsnamb‘ehaeﬁ%ﬁfam ‘?‘f iR SH R PG fevre-
tion. Lontplit tonfigeyativmiepieséifinbeapiutality ditbudivwidesniberdeu dppre
reconsmﬁ:@&‘mkﬂoq@@c%/ ﬂﬁ@ﬁiﬁ@ﬂé@%&@ﬂ%ﬂﬂ&@d@lﬂmhﬁﬂﬁimﬂﬂ for rendering
the rednr];s%u %dau o7 o%]cq:stpn ?&%&9&&%&%@1&&%@ MMM&%@ audio
connection W|t ater on, the output data can be data of a lar
object PAHEIESY- &Wéﬁ@ﬁ?ft?@éhﬁ|f8°6ﬁff6%%i%‘ifs°“6v%ic‘h°%%‘iﬁd%‘t%“§’spec E‘“’an LG
intended prsifotiohafthe 1B arerhtbEniFRitge s fh%ﬁ@?é‘c%‘ﬁ%lﬂ?&iﬁﬁ%ﬁﬂﬁ@%%%ﬂm
necessSigP Mg RwichiteiugoR thabseodingt parderdterBintd shatiafpre dele iyghe-

sizer IB@W@S&&E@&@OMM@%%Q@@ watien WM&lQﬂE‘Ma?«Q@&&'Q&S audio ob-

g O Ol P S8 0 SR OB o

pmgéﬁeramaﬁplwmwéemwm&émfh%ﬁﬂdﬁ%néﬁi‘ﬁlﬁ‘ia‘ii RYVETR*
mamlﬁd'ﬁ{ﬁ&ﬂgyaﬁnm(mﬂemm&&@ tvhichrinelpdés the audio object encoder
101 which receives, as an input, N audio objects. The output of the

eff % audio ObJeCt}feQICO %%;%%?B”Sfﬁ in addiition t@g@%%% e in

jec parameters which are not shown in Fig. 14, the
block 103 anifa éﬁ&?ﬁé@uiwé SHRRTBEPTF SHBRAAIRRISARCRS BgatmALy mixer
paramiiil, thedoresentisfention ifepditebjkapaonetuatodwim:t Thdigowivinsed the
channels are transmitted to a decoder side 142, which includes a spatial
upmixer 143. The spatial upmixer 143 may include the inventive audio
synthesizer, when the audio synthesizer is operated in a transcoder mode.
When the audio synthesizer 101 as illustrated in Fig. 10, however,
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10works in a spatial upmixer mode, then the spatial upmixer 143 and the
audio synthesizer are the same device in this embodiment. The spatial

mixer enerates M output channels to be played via M speakers. T
%@%l?é% Are positioned at predefined spatial locations and F&f@fﬁ% 97/098(’83
represent the predefined audio output configuration. An output channel of
the predefined audio output configuration may be seen as a digital or

intendBNBIRGiSREAkEMLS GRalRe Rt PmBROLIE Qlihesiatiadtpmisahdéinied

15t0 th f
e R A BB AR e i

for gopeARRRIABALD BER ARSI AR Lt Atdhotrsdinmee ﬁ&tﬁm‘fﬂwﬁw with Fig.
12. Dghadingls:canshenbgudlideptivd whenpsteregmenderng is e dumiedidignsizer
100 cdﬁ%é%\f%fu@d '%:'&i ﬁ@ﬁgﬂﬂ%ﬁ%ﬂdﬁﬁﬂ%@&@rﬁ@mﬁ%m@ bnﬁrm&ﬁmﬁtﬁeﬁMupM~
ut chann n ica re e ation in .
ing she% ea}ﬁ%nhl}l §efdjl‘ vmgflhnllx g}‘%ﬁs Xﬁ)tsng%;sna ffere%anmh u%]beg #do ,
Cm%bﬁt%ﬁmﬁéﬁ%e&&%%%@ﬁ%%%?%m%ﬁ RO ffigoussed in
equaticA$E]) Ninisntaikgessthelivied iy Main &ien b éemugiv dagery thizsizi(, 1§0ctrals, there-
fore, SRS NG SIZ6- QLEVERINE pf@a%ﬁfwéhsﬁ%@nlaﬁ&@@a@%y&mm@mm
i), ‘%u %’[IO s jn order tg |Ilu%trate the fgncﬂon ality of the inventive defr
( & B R Eventive decoder si aiiy, locks of sam INg values
MPE(%F@‘W dogdsEsed. Therefore, as is |nd|cated in equation (2), an audio
object is represented as a line of L sampling values. The matrix S has N

n modPESARLS ?%%&%tmbﬂm%@ﬁ %@Qﬁ%ﬁlﬁdﬁt@%&&@ WPRNEMS mixer parameters at a
correspanding to the number of sa e matri cu te

NV ?c‘él@e]axln e%ua ion" )*’fané fas co%ar%%sm :fr?&nﬁﬁnes t#ﬁlé m%tr%% T this

sﬁuat%resegwﬁbde%aﬂ&a%@&%m@ﬁmsmwaw@@%%% Rliie

convetkiengn engyem telebfecrdonwoonrelattedstivpe ctsythrexmatrix E has, as indicated
before in connection with equa- 30tion (6) only main diagonal elements,

Ad1ffe %reolgie 3] amra 1'(5:1 O&]I%Ltg et 9lvesbth anrQYIggnaﬂgalllgIﬁlggﬁgsttﬁ%ll)utput

off-dia gonal “Blements represgnt as indicated before, a_correlation, of two

data Sléﬁ’%ﬁﬁ%}@@tgf Fimidfr fa Gpefirtinn, tedmmser s S alicghe fyd 02 n Fig

1b andchrapuie i oirthyestercoisigpainDepend mgioenths apeutificconybted dasrmix. How-

ever, ICAYRLINRLLZ)IS Al A0SR §16BHvIhenRatiRgiareaeng, abvalefendhe

mge %%%999&9%@4%%%&%@@%&tﬁfﬂ&@w&&&@g%@mwmdl-

ct are processed by a time/frequency converter which includes, for
Cated@k ’rgtﬂl‘é a type of a transform or a filter bank algorithm. In the latter case,
equation (2) is valid for each subband so that one obtains a matrix E for
Mode 6a6B:sBhkandeanthind eoase!, tRackfimedr apatesidéO] 00 illustrated in Fig. 10. In this

smn@rQQx%{Q‘%éﬁs’sh%QT 5%%99”9%@%@?&9%&@%@%% $D3RDE! MAUPHBAS do
lines and Llco umns aQt i cag: ated S |nd|cat.ed in e Lé%atlond@gte%]% a-
mot m‘ﬁ’i‘&lcﬁ%ﬁp IS QAR T LM BtphiE e anné:'ls are ca|cull 83'0sin N
tion %bfer:%@gp&pﬁmﬂlgﬁh@@@éﬁﬁ@&%@%@%@#ﬁaﬂ&% V&E)j’é icated at
115. iDependininonilalg ﬁumemmbﬁcmmm&wge@m@dmwm are pot
rcqmréi@ @ing&r@g@ng siRg:the daymmbsang the.ekiast parRmetesianst theicated in Fig.
renda{lng can be applied to the reconstructed object signals directly.
%’tmrnatlvely, the downmix can be directly transformed to the output
channels without an explicit calculation of the source signals. Generally,
AnoththewpmdiringmhatiixrAniddicatdisie posiivrimgtef G lindl1EOvige dhe output data
synthcSRHI G665 Jihiesperidoihe Y&Qﬁlﬁnﬁﬂi aldig Rt enbgrationydhane similar
to clesfiBf] X RUECIS, ANCHRN QUL LN EEIS LR AR dALARIAGE. CARR O IR in-
at eac B and the

output channel dering matrix would reflect this
formatigahaih QIR GRS FEEHS BRI ﬁi&’é%ﬂﬁrﬁ%é“%ﬁ? BiBRE BRI B o be o
dered ouispotrspeaking wonbns sthdarie be nddinngdatitisaAcdvoealeioiRi Hofe e prcor-
and would reflect this different situation. 15The rendering matrix or, more
generally stated, the intended positioning of the objects and also an
intended relative volume of the audio sources can in general be calculated
by an encoder and transmitted to the decoder as a so-called scene
description. In other embodiments, however, this scene description can be
generated by the user herself/himself for generating the user-specific

upmix for the user-specific audio output configuration. A transmission of
the crene dacerintinn ie therefore not necaccAar-
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20 ily required, but the scene description can also be generated by the

user in order to fulfill the wishes of the user. The user might, for example,

lice to place certain audio objects at places which are different from the
%(Pazé'g@%é}e these objects were when generating these ongéWsE.P“F?lﬁeP?F JRoss
are also cases in which the audio objects are designed by themselves and

do not have any "original" location with respect to the other objects. In this
mac%!ﬁ&ﬁ&l% rg%{i}ﬁﬁ?fﬁi%tﬂ%{ﬁ &ﬁéﬂ@&g&@%@ggg%mw@a&w : : %by.vh?nguz, 2
user a e first time..Reverting to Fig. r . rated.
71 0"’%&%8%%5&? | égaég\%/%éﬁ%(?ﬁg t é%ﬁlﬁ% |t§/9%¥¥§u%%§c§%%%c%é%r¥% the
plurality of downmix channels, wherein the number of audio objects is
Subsclprgey thdndhe numbep bfxddiviomiliughting efs;, cindvHer eicthdidowRrambaarar
ters ﬁfg%%ﬂ%p{gg%ml%ﬁmmf rdm' rm@(gb. Lt@&lgt%?@tgmlﬁ‘ Bakdh@r. As indicated,
istribution urality. of audig objects_into the ;
B e e
70 havjapinf KormERn shemY dristASE T JETD RRIHIK ffGRRRRGA Y AT B>
channiiksig ieamdesayitisdatioally-Gleetddxor nidm Rty Beiiste dottioprtdindbly
severa%x%qg _Q&%Q%@%@W@éﬁé&ﬁ@&@%&hﬁﬂ&%ﬂ&@mm@! gndheriRBput chan-

. resolution of the gbject parameters, Thus, side informati its ca is
SR S S e T
input intednnigaiciRed B SmHN LG ERdiTheP T oVRIS I SR AARIER Box
74a olnpeldlet hesessariyibedreglioncyssébative laa@phme@@e'fé’@;ﬁm;a might
front ﬁ%@rﬂgﬂé Jmeht %&Hsﬁglmmef i igﬁmgugéec%mmmti %ﬁ?ﬁg&w@%ﬁ and a

avin ines and N co :

low"ﬁf%u?‘ﬁ% VAIS TR A e 6 }tllr%gno%n mf? I’?]J gt‘r’é %E%égjgé%%éﬁf nﬁ?\?alue when th e?ls 0
to the g SBEClsCOPREEFBRENTEES THLY AREA A SR HRT TR TR e 7
is not clespyzeriby Wmmtmm@mmmmmmwmm atriRverdhspiamhop-
eratio%?%‘%re thanjz}lg;ﬁ}kggﬁafi%Qid ani5é<ﬁ &mﬁ@ ve %&?gﬁd%a 81ﬁl)tm@ -
lated o%c%%?,ﬁ?@dgf%?gr‘re% atﬁ&‘fﬁ%%%@%;ga%iv Iuoersﬂ?/h\‘/%%tn%(?g%# t%gg}é%lr%?mom’
boxestéftan Tdfnisie se B OIRAES AT 107G the P 98 BIGRa et mipatucing & cer-
tain rgpdesilpe asowel huiddiionblly, audio objects can be input into one or more

dowarnix channels with varying levels, and these levels can be indicated

b ights i downmix matri ' ' h i (g
B MRS IR el o e
CPC QapafisR ERraetrs Gt T e HEB RS BBiEEE hal generate ALY
predicigtynatimieefa QIS ORE onedaet a0 Gl pRseBRipa (Hrdy b et BRampre &
quiredIMBHBLERIaXSibrikGos eitaitiauuat: Altemativatyiieenteded auitieever,
only aongJ?%?énﬁlg&%%Mﬁ 20y signal whishalensdbeseraatinnmgidhe akiastius-

meters 95, the downmjx informationy 97 and th iX 3
trate w*aca%&%&é%?&s{%ﬁ’r%ﬁ%%? %q%“&&ﬂp%%’f‘r?%é%%féé _ %ﬁ%ﬁﬁn%
ICC1&HABYSES Ioramebsisfes pararsite &5 hBIR SRRV HYRTRAIGR B thEle. 9 and
the indoNvARMiNRRannslsEnardersfor dhelobjene gasaintte i hadiihdraodanhig. 10.
These PIRIMATORMaYRe AilareptalsReorersARtios entaruengerars, and

encoders for the downmix channels can be mono or stereo audio

encoders such as MP3 encoders or AAC encoders. All these encod&g}ged
Naturgljye thitienveifie sellation niprriasiess (OB RIS IROFSPES 0 ke adepted to
other SapieABRtherdatantatereuirad for tieierocdags alidie disjeemsifnahggopy the
sequeiRERENGING: 90 thesperiic ARRlicalienssthe dasmapixeny2-isngnetpiive tan be

gl A0S, e stereo.Iepresentation gliaggrgund music into the atleast

changfd qoWnrane Charnels and furthermore introduces the voice track into the

at least two downmix channels in a predefined ratio. In this embodiment, a
In stefilSOchandelnftheibackgrovted ibsicidevinthinathie ifigiato wWhiribeawkept the
oluralRPEeRGsaseRRchanashahihsnhacks 5 gruEneBSic dsatftiinidhestep 121 illus-

second downmix channel. This results in an optimum replay of the stereo

background music on a stereo rendering device. The user can, however,

still modify the position of the voice track between the left stereo speaker

and the right stereo speaker. Alternatively, the first and the second

background music channels can be included in one downmix channel and

the voice track can be included in the other downmix channel. Thus, by
aliminatina nne downrniy channal one can fiillv 20 caenarate the vvnice
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24 sion. Thus, one could even perform the downmix in the filter bank
domain when the time/frequency conversion is a filter bank or in the
transform domain when the time/frequency conversion is a type of FF
e b ?frlly other transform. 5In ope aspect of the presenfy ?ﬂ?x@?ﬁ%ﬂ“?ﬁ@
object parameter generator 94 generates energy parameters and,
additionally, correlation parameters between two objects when two audio

trates 9@@8&%&9&?&%@ f Eﬁ%&%@ﬁﬂ& ﬁi%fﬁcqﬁggmék%&@;e GOMEeSICHER0) it Satrix re-
supsequent eguation ernatl e .onjec e.: e
flects H}%ﬂ (} gye (g& SIX § X?%F&S els {0 I!lr gﬁ%&%ﬁa@% size of 3.

parame trates a gOI’It m steps or means

When@man@mmm@@@m@érmm% i thadheab ot pratrtfsAn -chanoel
outpuPRFARGIES A3 hasheemaisciissedtial cobivecioh @it eGuatigns. (Rster 122,

a reda%)fﬁ@éﬁ? %ﬁ&lﬁg'ﬁa{s' Q@Q&Q@E 8y ﬁ&&%@ﬁgﬂ%@b&a%m&r RGN Nx as
and the au 00 JeCtSﬁlé ﬁpe matr[m"?“_l S t%ge caegl‘lﬁ}%e fg%@&yr) can be
deﬁmﬁlgbﬁef%%lﬁ’sﬁ%iéét SPEtEh Bt Carcliating the rea aro
retrietbbrenlipareestisd xudiheiectsianparbs sl metydt ﬁHWB@PI'@ Wi Hyig siena
AlteriRalEigas: apehtheseamatiobsharemdetesriinecifotie ambbdinermivimitigation
exm&gﬁgqgé&m%@ when the embodiment subsequent to equation
(12) is considered. Generally, the values of step 150 can 15be calculated
using available data in the audio object encoder 101. Then, the edlctlon
Furtherragrix @eiebissiomredrasili i stapi 26T abieth SRR TS e
by theSHi§terpdsselte daskNawrdn theanisethattell fratubs mﬂn@qﬁ«aﬁmmts or
reoon%[& G %ﬂﬁ?r&dlﬂ%cﬁ&gﬂﬁecqmm&%ﬁﬁﬁﬁm@m%@ eReKRlbh dheopy de-
Welghtlng actors c",, as given in equation (8) are calculated such that the
g\%f‘ghted linear addition of all downmix channels reconstructs a
corresponding audio object as well as possible. This prediction 20matrix
In stopEidrtadoedtepredionstmatio CofsaiatihedoBlectswwhef titsenritirsabppalculated
by so YO EhABREE H6iB8SeS &H&?&ﬁﬁ%ﬂ%ﬁ'@pé&ﬁdﬂﬂy@&@%ﬁﬁﬁ&tﬁam

more d tall art Iustrae severa a@lﬂg%ggoq ata
Cs can, e pHCHS e}éinr‘f% %\y“?grgf'g gﬁt%%tc annels of a predefined gudlo

output conflgura- 25tion. Line 111 illustrates a situation in which the output
In stepl@td, Ofid henosttut idaitix Sy ivttwdsikerd] D aveviegonstebitEchen i sgiFakgmd is
gmer&g?a%g@@ E%%HB@@Z@Y et datacsynthesizgl dothioirtendaxing is to
be pro Con%ﬁann aiUdgii%nrces 'WC'POQ%‘%%XM&X éEUéH m%ﬁﬁoﬁlﬁ@@ and the

OWI’]mIX e aualo 0 JeCt parameters For ren erln t
definifionsan e St S STrEdle HETRAALE PR 86%1"6&?&1[%“6%%1 |n e %) GO
tion (AWsitionivg, dEfnesaddicssobrcoadienmdRicSivpthd dpfinma i sanstisas ot calutat-
ing mGRRIOLIBHO B8R NALARIIR LS Saihniaguir ectoldaRisHrstimegetindicatedk 129,

the pa:%nnelgrg,%cgu I'THJYE %Hﬂ g@tbl]: %JP@ Ba%wsd@ﬁ@%@t ﬂé&%@oy\%%!do 1 so that

output re onstructed audjo sourcgJ Ln e case,of prediction parameters

the only TEmARHES PSTRRETAPE RS ?ﬁut t&R S tResizer 100 works as
defined by equation (7). When the object parameters are in the energy

The réRROEdheRthReQuipeidati ey tipsizdn Bgeg ar ivprseaétiepdonniipeks 74z,

741 aAOHIX ﬂ{édcm%i%%@é’zﬂ&%tﬁ%&%%%@%&@w%@ﬁ@@wﬁ@i&wlﬁéﬁn step 130,

Alternatively, the out esizer 100 ope
e e

audio|3b@¢mwwaﬁﬁ%ﬁdébqévf§@ﬁéfﬂfﬁ@“§ﬁé’ﬁ%ﬂl?n TS (s
inforrBAivRA i infosraationidh e mudiscobjectipasamdtéiemantyohegerdering matrix in-

clude§ﬁigflgf&ﬁgg&Qﬂglmﬁg\%guafb]s@m%%%y&ﬁﬁg@ﬂﬁ@&ﬁ&&é&ﬁa When, for

intended positionin the sources re [
Sxample HiS I ‘fém HhaThé m‘fendeqtﬁla sﬁﬁzf%aggéégég%/;ﬁd%%g\%g%ﬁ%%%%&ﬁzw-

placemegtipk pdiqeRieeranhs eRFhHIR AR A RbtT 8P genarating

ing a teR.apadiaionierpasainetarssay wilkbodispuwised Mmoaw}ﬂewﬁues are used
connection with Fig. 12. Depending on the situation, the spatial mixer
parameters generated by the output data synthesizer 5 100 can then be
used by a straight-forward spatial mixer such as an MPEG-surround mixer
for upmixing the downmix channels. This embodiment does not
necessarily need to modify the object downnux channels, but may provide
a simple conversion matrix only having diagonal elements as discussed in

equation (13). In mode 2 as indicated by 112 in Fig. 11, the output data

cvnthacizar 100 woiild therefore niitnirit enatial miver narametare and
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In mode number 3 as indicated by 113 of Fig. 11, the output data include
spatial mixer parameters at a conversion matrix such as the conversion
ix lllustrated in connection with equation (25). In this 15sityation .
vg%aépglﬁ%ﬁddgﬁf’a&synthesizer 100 does nggnecessarily have to pei}%ﬁnh%ﬁ(}e%&é%
actual downmix conversion to convert the object downmix into a stereo
downrnix. A different mode of operation indicated by mode number 4 in
whichlipeskibfanizigr dd dliusirates the outpyt:daia synthesizertbof tickigddSs dfithe
ce mﬁg%h%l%?&?&ﬂm @Eﬂéﬁ&‘&% Qe@perated as indicated py 102 in Fig. 20Ib
and outputs not only spatial mixer parameters but additionally outputs a
converted downmix. How- ever, it is not necessary anymore to output the
In onecorbpeision thatehdGria mefeititre toctiedcaribe e Ho WA LU tRIEPIAE™
from thOBNRHad OWRRKARG (her spptial mbrtipatgeetels:issubicientias without
indicated by Fig..1b. 2pMOAS NUmbsE: 2. indicales. a0 Ner UsAIeRE Bfsediment,

paymgout%ﬁt ata synthesizer 100 illustrated in Fig. 10. In this situation i dicateded

the relgiveige 2pioHif ergtian O tRRA BT B Ak B%ﬁé}gé‘@d’%g’ﬁne&“@ﬂfﬁ GEIC s

to the ymtive sizekidbof e simntudetanyhspatiaibrirerdsnrdm Srsisburaion Jniediss of

audio gﬁiﬂ&@%r@m RO BLE D RSNGG RIS M@H@fﬁ(ﬁ@ I‘Eﬁﬂﬂﬁi@:w@ arpacitiatyc

resut {GHAES GV AN SRR SIS IR REINES ARG Aot specific
~ In this embodiment, only a stereo rendering is of interest and any spatial

audio ppRE9ETENTEIRTS are not 30required. For generating the stereo output,

however, all available input information as indicated in Fig. 11 is required.
In step QLGS BRUL A suTESHE! nodedsybeisaiedhydnndenstitnbent aip 124
ofﬁg!'[‘fiﬁf@g%%r%%%%%ﬁ%@ﬁﬁﬁéﬁ& ﬂn@ﬁ&%ﬂ?z@i&%l@bﬁﬂw sEhanneln

t the output data synthesizer

output, ] r.100 would %% s%nl $r 3 éo  of tim
one crgi ﬁ?ﬂeﬂlﬁ?ﬁ*?@?cft?%l%%m%apﬂ%&%e&%%%&s“ Yth&iZ&r g™ ot fme
domaingyguiplss albavaiddiensipstimiormation and outputs a multi-channel output
signal having more than two output channels to be rendered by a

I ster"PIECRANLING AHbEr Of SReaKETS 49 PR BRIBORSH.AlINeNdaH. RERK . annels.
Sin E:ﬁh%snlons in accor- WO 2008/046531PCT/EP2007/008683 2P6.daaﬁj(i§ %/%/éth )
C 1S ,Caid pzh

OBt ShiHEE e BB RS EB ARSI ARCAC SRR SRR Zin e P8 Gtbu a8
the rengiGigeaerpeitand th coempUrarisnipacIBBtrhEe REVNgHnatersdeSied, 141 and are
readilEOVHRbERRAKE BaDMASIBNT ISP AkapcSAbsgauentlf SyefBip LD, i hadk(18) are
applieg g 'c!ig:uigﬂé %%HMQI%?M&Q&%M%@}W]? @I@ﬁ[ﬁ{ﬂ% i&Shannel

from the Fig. 7 para rization concept blown, from the, M -surroun
coher g BRI K B a0 T S S g B e
EmportsafainifetentiatiorRatEamg TolfiHe s reB iR Mnes Ha sy afer the output
energyd@uenHx channel 10 and a right downmix channel r0. Conceptually, both

downmix channels are input into a so-called Two-To-Three box 71. The

Two-To-Three box is controlled by several input . :
st L ST e T D BN e
cally iHistitidts 5 ner 8 #ib!Box. This means that channel 73a is input into

box 74a, channel 73b is input into box 74b, and channel 73c is input into

In the PRYcAAG EBEMDOXOUITRderaipw haNels «Bafifatiiipuis Wiefl how-
1%@@9& gﬁ%& &lﬁﬁ@%@%ﬂﬂ&éﬁg 1 EU R UTREEp ¥ i Rratrix C as

ever %O(Eg'gc@agra%n l

13 p C

__outputs‘a rlg t front channe r% and?rlght sur(goue%i tc{tlnannel Mr. is fust a matrix

indicate i PR b7R% Bk At GreftlflareB Aldb e TEFCAITH"A TOW-freq Rt .

multiplirdin ce Hemtatdanhiskifd 2 favpdridnispetia conwieiop ik AB1Hi RS dbRTmRIrx

A; as hanglel 025k5stadbauipub-channelatispe tharened LsifFig. mPatrix
operation, and the tree structure as shown in Fig. 7 is not necessarily

implemented step by step but can be implemented via a sin !%En%r Sever
When O SRR RGRE A P S e e D e
decodetbearsdrT3ddirornbeainpidty argmtetiteeneategibe RFTERFEAer Eﬁﬁtba?"és
74a, 74l SHAtEd N BigichNBlpiord bdvatom PigHobesghiurtherhharerdintes Paaix C is

74b receive some residual signals res107, res2TT which can be used for

introducing a car- 20rain randomness into the output signals. As known

from the MPEG-surround decoder, box 71 is controlled either by

prediction parameters CPC or energy parameters CLD,,. For the uprnix

from two channels to three channels, at least two
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prediction parameters CPC1, CPC2 or at least two energy parameters
CLDITrf and CLD2Trf are re- 25quired. Furthermore, the correlation
measure ICCTTT can be put into the box 71 which is, howe |
\%%tzl%ﬂﬁgﬁ gature which is not used ilpgne embodiment of theéﬂ%@goﬁ%%’r? P
Figs. 12 and 13 illus- trate the necessary steps and/or means for
calculating all parameters CPC/CLD,11, CLDO, CLD1, ICC1, CLD2, ICC2
providé@ 8 H8oRies! PaRnEie g9 wolch g 19, sthe: dodisemied iieumatiten St block

Fig. 9,and the | osition audi - SN e ob-
o A U IR 50 e 50

_ OThese ara%eat!%s are for the ddi
oot dopFBRBIA A D ERTBLHB RN 41 AOF W S e YTt RO AT e 20
tiona! sive difioioatioul Ao offpardiveterddorrisics demieiigldhne fatordeadisenot
necesAHBRISE 16 RiRSRQHIPHIRIMASI QIcpaTarTe ek aliBrstdRwoalciiayed process-
ing an‘c:ﬁ%gr@agg%g f }Q Isss(,ju? CH)g}ieorillt m%%é&%{é?@&g ’\ﬂﬂ%ﬂ?ﬁ%&%ﬁ%@&%@é Q;fet!ik% decisive
arrangemer{)t of means In Figs. 12 and 13a,b is only exemplarily and capn
for « RASIRARE P FPINEL TG A GEEE: B o e AT Ea R B 2 of e
object\IH@1REO /0465 3t PETIEF2GDE/00S688EY srades thd dieviyaf ornorihgailable on
the deRAIGALAONIYRIX Matix D3Iasndiaatedinaouation{20) dthis Badiownmix is
ready, OSBRI AL QU SN AHELUHBYL L IBD B rediction
’C annels angyh_as a size of 3xN. When one intends to generate more.
matrix o A6 e AATEIS FRIATTMS S CORTUTSHBR, SHRFPAE A EXNETHR batue™
pletedcolhfigur dionsea. ) dhentirewith ifig. détseminedriprbhdckRueRas wWensld38el a3, to
generdd oM PAathi%:cl0 sotemdid2abarseducad rendering matrix A3 is generated by
multiplying matrix D36 and the MI rendering matrix as defined in step 120.

__Instep 123, the downmix matrix D, is introduced. This downmix matrix D
Fis, 1158 7 f6cT FOMARSBrECUE 2660 SBCE LGN GAH e TR

]

atrix s

deringfiil bpd notpded provideddiy maidedtorbrath estiiner é ol Ix PeesriRecutingt deta syn-

thesizRARBEIRSI 260k 8 niRFdie SPac/fipdevpaintoteradion Bxamplenanektdn a

speciﬁ%%\évnr%f%)forrp a}i%%‘ f%PoEMéQBQE%&;QE?dQ@SB& e Eﬂ)‘séﬂﬁ%ﬁ, 3¢ E&MQ @Qﬂﬂy

) step 124. Tﬁls object energy matrix is reflected by the object parameters

infhuenati and TRRE O RYAARSSE R KLY from the imported audio objects or
reconstructed using a certain reconstruction rule. This reconstruction rule

In step8Y INBIHOE 2N BRGAPYaetadingetcoaldkin siepidab hihi:'reduéed butput chan-

nels, o edistion.matietRis.defined dhheaiuesiobhis mattixcan-hecalawiated

y solving the system of linear equations as indicated in step 125.
dM%*fs@&ﬁ@gﬁﬁﬁ@{fﬁgﬁﬁn“fs%?’%a#%?%é’n%& Rl Fg%"éa“%’&%ﬁnalﬁﬁfﬁﬁﬁr?& for
examplisederirdtfornc he poripLieamBix ety Brsts SFRETET ipBifR Sdpnioppttdrr as
used ig@dyersionfipateix G is calculated. The conversion matrix G has a size of

}CAC and is generated as defined by equation (25). To solve the equation

in step 126, the specific matrix Dm is to be provided as.indi step_.
Furhefea $E00 GRERE eI X PELAIO.0E PUBHISE B3UK 6518 B 3180 e
dering sppirie’dfé iiRSHAIRGR R0 EOhdEp BTG EEIE O oA B URt AR oen dis-
cussedeiwatienti@yitk gleakioPO(@Digthérefore, defines what is to be done in step

128. Step 129 defines the equations for cakulat- 25ing matrix C1-IT. As

soon as matrx,Cln is determined i? % (o] Hé%'&@?iﬁ%&@&@n!{b'
Subse{i"%{,])fhlél Sptg E}ézééerg%ﬁ)f egé%ufll%w IC %ggﬂ%g CPC para eters, can %gﬁgwrg
o and MR TOTENSIgRg TS 1 18 e RO A TR Eipes, vt alows
varistipardheteiscinguniniotioskepledescated i somiseliparalnfape per Ak téfen, how-
ever, JREEQaSAMIRILOR SGhame ir: kigd, irrfarhsparamerals inputsinio tHoeksd as

74a, 3074b and 74c. The calculation of these parameters is discussed in

~ connection with Fig. 13a. In step 130, the rendering matrix A is provided.

The size of the rendering matrix A is N lines for the number of audio )
Then, atjebtstetid Mrbiantirs-tortonmeiisCds erepltedHBEcPRORéter MY
larly, tRatHNINGdesMRe dniasmatin hiem he sedpeveliatrivierbansdepiged to the

vector is used. Generally, the rendering matrix includes the information of

placing an audio source in a certain position in an output setup. When, for



35example, the rendering matrix A below equation (19) is considered, it
becomes clear how a certain placement of audio objects can be coded-
within the rendering matrix. Naturally, other ways of indicating a certain
position can be used, such as by values not equal to 1. Furthermore,
when values are used WO 20081048531PCT/EP2007/008683 28 which
are smaller than 1 on the one hand and are larger than 1 on the other

right-1ABYANG: IQUANRSS PHARSRINAUAIRLRIC G GaR bR A0 HHEREE ARG B in

one embodiment, the rendering matrix 1s generated on the decoder side

block | mﬂfh%ﬂtbﬁﬁyph%r%’ét oW%??B}ﬁ‘fh%] 8??‘8638#% B THiS AAGWech rsapy ~ can be
convetdde thidtaldie disiectsamimersenthediberlikesiwitho it payingattenbiopkidod.

Then, @1§Q@§@{ﬁ|@g%rﬁ“ﬁecﬂﬂgi%@@@géﬁciaé@ﬁsﬂmm&@&%@edﬂe%n@@&ﬁdim on the
eSO S Al BSOS e AL D SOUIEsR SO
ternatigebodhrecoR o HeHIXdR theba caBieredisn s tftr et oar é‘ﬁ%éﬁ%ﬁo‘ﬁ@%ﬁes 50
that thayaig&QuECRs whigRdssprederably indeperdentobaminiended audio

rendering setup is processed to 10result in a rendering matrix which

reflects the locations of the audio sources customized to the specific audio
Preferesdl b WBRfigirbicH P StRiEM SR thEndhiect BHBRGY ALK BahHigl REsets (using
a multatieadyt beemdisousséiitimdonnectidnawithistéry 1R4bkER) 242 isvbrovidbeobjects

to a oJJ?.'%H}Q&U&Jaﬁ%IQ&ﬁ 7R eLNXN %#gﬂ%’&i%s Ah@eﬂH@l% ORIeSL RARINBISKS vbject
embodlment such an Obﬁb nergﬁy% atrlx iS. iEl)rowded for each

elated 8] b SRR EYCRR OPOe? RS WL AR o 1
furthersgomotes siifabtie s8@inthetintiihaeerbeg yrmEii Foivwaleltatbe: Flismke
covariance matrix of the output channels. Since the output channels are

Depcxxg{i on Cg %t%;tnlulij nE(%)thgt Cg% e?;HIIJ%H;[en{g tQXematerlll)t(nlfze I%e%ﬁog]m%ee gn\lfleshl n tlods

e
renaering matrix an he energy matrlx hese matrices are pI’OV e
and sigpadi Sy beGﬂﬁﬁﬂ%H-‘f arirdre e aidin el d HHe e tswacais Pererned

using dhiexBpletiiceegudtionsH(po)idile)a disk) of 28)iand (i) erecapplieteidable control
si gnals%lw?%%%géﬁ chaoneld %M&!Q&@%ﬁ%ep%m%%fé c% therQ\lePén GEPga0d

he inter-channel coherence arameters IC 2 so'that the

‘“Ve‘“’ﬂﬁr‘ﬁﬁ%i‘é%%@d?%@”b%&f“ﬁﬂ%ﬂﬁﬁﬁ Pﬁf‘é“ér‘évﬁk’/%ﬂ’éiﬁe‘hﬂﬁﬁ“é?téﬁﬁy‘l’(ﬂér program
produgpatied paameteds gre:dalculatetiipyreahitning¢hehspecifioretedeentssoiontig-

ured f&hseQuﬁmgé%ﬁ{gyemﬁﬁmhw%sﬁ&%&t tonstaR 3ol PAtMEISrS dQ¥s runs
at|3 Ipmixer, 5 as the spa Lodsplnl er gs schematicall |IIustrPted

Ona 00ng£181‘ et’a\\»}\/é)illasblﬁle gaﬁj\]&]ﬁe preCEdﬁJie ell%i’ Odeh_é]]e(}r(i) nplfter bJL_eaIll laving a
progr apm@dﬁéqepsi rengitherinasndrergsipdranierels. WhBHIHDRESVER e a computer.
object parameters are given as prediction parameters, i.e. as an object

In otherli:‘\gc(?rlg tl%parg(l:atr X :C::e %Sﬂ 1nacrlllc% Ef%n erlltte() t¥'624ats!eri]1t|:c:|£%F12[l thf?lo 0 Ictycltact I% ?or gen-
er ed’uce pre ICtIOI’] maltrix IS Just a atrix mu fp Ication

eratingjpgstrerder it Bio eRia2 Skwhistis edwettr tavtie shisnvitrisatiooggzyix infor-
mation Id@cMal BrA3 RS okl ock 2D atish theisameatrikuAchas eptienedof au-

dio ebj&‘g l(??é( je%s?ft\ﬁé%o‘]&%hﬁ LWQ%] h&% %ﬁ%?bgﬁ%gé%l%n@%gpﬁ”o@ é%nuratmg object

generated by an audio o Ject encoder and transmitted to the decoder,

param gl Eohe HOTR Y AL RRIGRS B vt HeraRn Bratg dprboudio object sig-
nal usipatkmietersfoitiverboxe snddbg Fdbet pdonkhese additional steps are

indicated in Fig. 13b. Again, the object piediction matrix C is WO

2 08(046531PCT EP2007/008683

Optionally, the output mterface may operate to generate the encoded audio signal by additionally us-

ing the pluratity of downmix channels.

Further or alternatively, the parameter generator may be operative to generate the object parameters

with a first time and frequency resolution, and wherein the downmix information generator is opera



29 provided as indicated by 124a in Fig. 13b, which is the same as
discussed in connection with block 124a of Fig. 12. Then, as discussed in
connection with equation (31), the covariance matrix of the object
downmix Z is calculated using the transmitted downnaix or is generated
and transmitted as additional side infdrmation. When information on the
matrix Z is transmitted, then the decoder does not 5 necessarily have to

tive toRERIQER-ADYRNEHAY selctHationsivhich iherently Toduce.some delaved g

p E cessm and increase theg) essm load on thf decoder S|]de When,
e A VISP S S Lt B & RUE HEATK "e 16 4 Re A pvatisR Hien
transmission bandwidth can be saved and the covariance matrix Z of the
Furthe@ bjﬁ@tod@Wfb(ﬂi?fc@@ltﬁhS@eb@ ﬁaﬂﬁhk@t&doy&iﬁtgvmg QﬂW@@iK@Wﬂhﬂﬁ whighation
such 11%@1’1(95&9}%%5& ﬁ%ﬁa] beoﬁ 19@ tilﬂa? %?81 g T&% 'ﬁ‘gngycf) gangll Sﬁ ecpat:il'f 00 1s.
completed ané e covariance matrix 0 ject downmixis 10 r é& ,
the object energy matrix E can be calculated as indicated by step 135 by
Furtheysinglthepre dittiontimatixCiandihédowarmix cevaciaraieaiovdomn M mation
such th%@ﬁﬁ%’oxﬂ]ﬁ#%%oﬁ%ﬁ%%p?&%&% &%%IQ%REQ%H@H ét?&ﬁ)@@cussed in
connection with Fig. 13a can be performed, such as steps 132, 133, to
generate all parameters for blocks 74a, 74b, 74c of Fig. 7. 15Fig. 16
X =Dflustrates a further embodiment, in which only a stereo rendering is
required. The stereo ren- dering is the output as provided by mode
WhGICIE% 1S tgei glr@f{é ;[!cl.l%eéi::: ;’g{é%rll:ﬁsgg}% gﬁj(%_' (? E)%ieg?qe ag}il ﬁ%staq%'gabsy } h%g'ls %I;n]i% eoqucgﬁ to the
y spatla upmix parame &rs but'is ma ly
“Umb@iﬁt‘éﬁé%‘l‘eEibiﬁféﬁspecmc conversion matrix G for convening the object
downmix into a useful and, of course, readily influencable and readily
wher mgqﬂgqﬂgme\/ﬁ;ﬁe& an;\/valx 20 In step 160 of Fig. 16, an M-to-2 partial
downrnix matrix is calculated. In the case of six output chan- nels, the
partial downmix matrix would be a downmix matrix from six to two
whereigannelisjtbubotherrconntinhp matiice§ drenaniaithblechsawiEibsBheimber of lines
being &RIWIALION LRI PARIALHownmmatrix can be, for example, derived
from the partial downmix matrix D36 as generated in step 121 and matrix
Di'rr as 25used in step 127 of Fig. 12. Furthermore, a stereo rendering
Furtheriherinipmiige pe rateidi usimy tee fesiglt ofadkepine0 antithaetvlgh fendering
matrix A is illustrated in step 161. The rendering matrix A is the same
Furthmm[? as has bee discu Se in c%n%ctl n with block 20|

OWINEXEr Niay e Oﬁ_éi 0 1nc e STereo e esc,nta on OEbaC%éI‘OUH music
sequently, In Stﬁf € stereo rendering

into th%ﬁr&ﬁﬁé&@ﬂﬁ@&w @é&*ﬁénﬂ@é@dm%@em aﬁwrwhefep ﬂlqgfée‘tsﬁdw@aﬁwmm
channeK is setdéefnas mell, then the equation (33) is obtained, which allows a
variation of the voice volume in the example described in connection with
uation (33). When, however, other parameters such as pt and ic are
Furthery ﬂbeod%w it PR ARTR OrtHEPSE O HaR B bRl s SEYMIstAR input into
a downgginticatd dsimdiep:d 68 fithdcvorvisrsiommmatrix G is calculated by using
equation (33). Particularly, the matrix (DEO can be calculated, inverted
Further n}e 1€ {Q\I/ne:rt d (r:natrl can 1be mtult|pl d to the 30 nght—harf}]otl S|%e of the ‘
equation'ino ﬁ 183 NaRFaly: iR er%net%o&stf or & LGB Rl
mation @l&b%bqea%éhab’elaﬁﬁrm@mméwﬁﬁégc@ﬁ@e@ei@ﬁ @ﬁe}m&bec@meée, and the
object downmix X can be converted by multiplying the conversion matrix
Further' ap}g‘ éhl?raqgg' L%t&ql 10 og‘éété"%e'@/q'c dal Qtebrle%c e@fl reTrrégte’te[cE] % Ct('?wr(lwvaeur& o objects
mix X' can e stereo-rendered USINg two Stereo speakers.
having E‘)&%B“HBWPQ G TRYIemait sk Cé‘éi"t%f??waﬂj‘ééﬂf@ﬂﬂatv’%ﬁﬁ’P(faé%{rﬁﬁée@&" a
groupifpirdatculating dhet cgniversionuiatriye s Alteinatively;dhebgenversion
matrix G can be calculated using all these three parameters as variables
Furtl *81 §t the %)arameters can be set subsequent to step 163 as required by
urthen e QoS BREYE SRR ign §%%‘i%“fﬁé%red’ﬁfé"r‘nogfeﬁ‘a?{gﬂ%ﬁt‘fﬁd’%{am‘e‘S for
the audurhisels ohindivdidtiah agdivcobidets { usingaesdruith-dhatnel dgvatmikliding of the
additional control data describing the objects) and rendering the objects to
a given reproduction system (loudspeaker configuration). A technique on
how to modify the object related control data into control data that is
compatible to the reproduction system is introduced. It further proposes

suitable encoding methods based on the MPEG Surround coding scheme.
NDNenandina on cartain imbnlemaentation redriireamenite nf the invventivve



with a first time and frequency resolution, and wherein the downmix

information generator is opera 3! the to generate the downmix information

with a second time and frequency resolution, the second time and

frequency resolution being smaller than the first time and frequency

resolution. Further, the dovoimix information generator may be operative
downngx gemeratddahesdowarhjxcinfortmitidbystehthiat ihepdovwinrixcinfer seatiomigect
results%qH@b{a‘ﬂFJﬂ%é{%Qﬁﬁﬁ%ﬁz@% and of the audio objects. Further, the

downmi such that the down iii formation generator may be operative to

generate the downmix information ormation represents a downmix matrix
Furthe) élfiniig b ol lowsncdr=nRS wisereln<g isthemmatixbant représentshheudio ob-
jects cakdiopbigsisand basasaumber of lines being equal to the number of

audio objects, wherein D is the downmix matrix, and wherein X is a matrix

and represents the plurality of downmix channels and has a number of
Furtheri{bs ny@ihgy ebtriieobirsntn Be rerdBvbhifik eidinalsoniitheshanacts is equal to
K, anditifonmalien Orbagppréibamiay he adactossmal ley thasbjeand:greatepdhané: is
equal tggytgggiigpg]gpwnwixer may be op_ergtive to include the stereo _

representation of background music into the at least two downmix

channels, and to introduce a voice track into the at least two downmix
Furthechizrwiegtstipaseprédefinedivatioy Bertven]ithedovenmixgrmesybd peralive: predic-
tion pal@uReLferm a sample-wise addition of signals to be input into a dowmix

channel as indicated by the downmix information. Further, the output

interface may be operative to perform a data compression of the downmix
Furtheyntfes wiaeis maamticthecobjaseparametsisap eforexgeive rating théhe nboddy of down-
mix chaudie ehjectsignaket urlarthe: plupalityngf-audieebigats may include a

stereo object represented by two audio objects having a certain non-zero
. .correlation, and in which the downmix information generator generates a
in which 8t sRizRo At THUTELERNG SRBRITS RIS BB ces foripiry thul g restest ob-
ject praafdject. p32rcownraikl charnelsiorn lassourasolijectcecontsolied Hynthecconstructed by
the upRFEAIGHPRPLAA ROLHIG SQYICE CRIGFLISHIB AN AR, ARRXIPALR, AL pre-

.. _the source object. Further, the prediction parameters may be generated

diction barameliitncy band, and wherein the audio objects cover a plurality of

frequency bands. Further, the number of audio object may be equal to N,
FurthetNBeiWpbEs0f dawrmb: chanpelsis©aualiekifng dRe0Hnher ok RRISEL he
downnfl))';euq .'Ctlil?ﬂignarx% 1eetle r']ec al%l\'lll?'teogi b t;["Peisoct%JE:a cadr?'on‘ghee;[te rt eeantera;[t?r IS f il

equal'to or smalfer than Nk Eurther, the 6 jec parame?er gser?é)ra or r%‘af/e
downnyye hpeselti Ve to eRREHIate mETRBEP 1D0IRA! (PP BEEt A tion aPaphataps represent-
ing the Fasthelr, dhe sobjeci parameie pgentiades maydneiidetanstipmixendor

upmixn g the plurality of down-mix channels using different sets of test

object prediction parameters; and ) . _
Further, the audio synthesizer, may comprise a channel renderer for rendering audio output channels

for the predefined audio output configuration using the spatial parameters and the at least two down-

mix channels or the converted downmix channels.

Further, the output data synthesizer may be operative te output the output channels of the predefined

audio output configuration additionally using the at least two downmix channels.
Further, the cutput data synthesizer may be operative to calculaie actual downmix weights for the
partial downmix mairix such that an energy of a weighted sum of two channels is equal to the ener-

gies of the channels within a limit factor.

Further, the downmix weights for the partial downmix matrix may be determined as follows:



in which the audio object coder furthermore comprises an iteration
controller for finding the test object prediction parameters resulting in the
smallest deviation between a source signal reconstructed by the upmixer
and the corresponding original source signal among the different sets of
test object prediction parameters. Further, the output data synthesizer
may be operative to determine the conversion matrix using the downmix
infofaration., whereinthg, convessjon matrixjs caleuated so that at least
portlons of the downmix channels are swapped when an audio object
included in a first downmix channel representing the first half of a stereo
whereiplap & isdovbe playeeghinptheus ecand thédk efutlablstérec plane.ckearthesf thenergy

matrixFHHQSYRINESIEe - MAN SRRIRIISe Ashannel repder Qﬁﬂﬁﬁ Iendering aﬂ&'@!@def‘ ned
output channels for the predefined audio output configuration using the

Oumm ‘“B” tia 1ﬁgﬁFameters and the at least two down-mix channels or the
converted downmix channels. Further, the output data synthesizer may be
Furthef W@tﬁ{ﬂﬂ@a@iﬂﬁﬂﬁéh@e@h%%%lﬁ%ﬁ@t@ﬁiﬁ&l@@%ﬁﬂ@c&ﬁﬂiﬁb@i@mhe predic-
tion mci(?&f so yi%n ad%gelpnaflliyngzﬁlg%x%%%n%t least two downmix channels.
urther, the { data synthesizer may be operative to calculate actual
downmix weights for the partial downmix matrix such that an energy of a
Furtheweightgaisiim ofitiveiehannels ipequal tosthe: energies: of theahamnels; based on:
within a limit factor. 3 3 2p,221,-1.2p) = ./2p-1,2p-122,2/ P=1,253,
wherein.wp is a downmix weight, p is an integer index variable, fj is a
nfatiy Blément'dr an energy matrix representing an approximation of a
covariance matrix of the output channels of the predefined output
whele;mfigtﬁrwéiqre ﬁ%ﬂ@éa%&ﬁ)y&m&d@@ SyRhesizeMAY Be ORIV I Aownmix
mforma aleu %ga?}e nalrat%ncoeﬁ %!1evn frc}cnghﬁepl;iedlcsté%p m tgé( SbXnﬁOlVIQ%] Se)és éﬂ d -
ot tiear a4 atIonS FUer the uiptf §ara Syt he 156 b e BpaTative down
mix maisoipe ﬂi@féys’ﬂé?ﬁ ”fqﬁhemsémjemgmew@ﬁ OBB(DE15) = ApED!,
wherein C3 is Two-To- Three prediction matrix, D is the downmix matrix
Furthexd %ﬂaveg diction tha?dgno tﬁ%f%f ajuorllhz%els A-ENGI9Y mﬁqlc)é Fll'glqllvaedafromtemzaw
udio source o ects "and A3 is the redliced down-mix matrix, anc
tion of, m&r&ﬁ%w& mtiﬁﬂ?&é&@éﬂﬁ@%@ﬁfmw%ﬁjLﬁgdﬁfé%@fé}ﬁaﬁ TR RNANGE only. and
prediction parameters for the Two-To-Three upmix may be derived from a

in wlucf??t{%r@ﬁﬁﬁléQ&REJn‘?zﬁéﬂ.@epfsegd&%%'@em%%l%ge@%éﬂﬁlQJ&%'&P&W@K'&%%Is 50

ined by using two. aram ters onl é]j hich the output data
tha “’%ﬁjﬁ%h%%f b B TV A e BTEEE H1d BRESRT L IR ORI e
upmix ggtivat the effect of the preprocessing and the parameterized prediction
matrix corresponds to a desired upmix matrix. Further, the

rameterization of g pre iction matrix may b follows a+213-1a-l
Fmthepﬂ? RalaTef Wh ‘é‘Fé’.ﬁt 9 ex TT1 T8 H@%fgﬁ@f fized prediction

matrix, and wherein a,13 and y are factors. Further, a downmix conversion
matrix G may-Be galdylated as follows: G = D1T1-C3, 34 wherein C3is a
Twvo- ToZ[h&eelppqugt on matrix, wherein Limy and CTTT is equal to 1,
whereinl S tW? b% o identity matrix, and wherein Cm is based on:
Cyyr 7 -

wherein the index TTT is the parameterized prediction matrix, and wherein o3 and v are factors,
Further, a downmix conversion matrix GG may be calculated as follows:

G = DGy,



3a+2fl-1a-1+2 1 -a 1-/I wherein aj3 and 7 are constant factors.
Further, the prediction parameters for the Two-To-Three upmix may be
determined as a and 13, wherein 7 is set to I. Further, the output data
synthesizer may he operative to calculate the energy parameters for the
ThreeTwo-Six upmix using an energ’ﬂ matrix F based on: YY*- F=AEA*,
wherein A is the rendering matrix, E is the energy matrix derived from the

whereidddiQ §@W&$(ijﬁ@é§);&lii&@ﬁl stpUtghannel mabkbcands'egiadisatesdnen | is a
wo. by_iw(} E)Ag)&golpljaqgateﬁgp {gg% TE}LJ{Strﬂer ‘}he output data synthesizer may be
operatlve o calcufate the energy parameters by combining elements of
the energy matrix. Further, output data synthesizer may be operative to
calculate tlwe‘ehefgydarameters based on the following equations: - /CC =
2{/2 2222 il334:- 3% (AICC,q") 2) fif2, where (f) is an absolute value
fp(z =[zo® 2 reaﬁ operator fp(z)=Re{z}, wherein CL,Do is a first
channel level Gif e energy parameter, wherein CLD, is a second
channel level difference energy parameter, wherein CUD, is a third
)em]g@a@gﬁljv el difference energy parameter, wherein ICC, is a first
Inter- channel coherence energy parameter, and ICC, is a second
inter-channel coherence energy parameter, and wherein |j are elements of
Furthearhe pexgyimattixfeat positiorisvif Tio-this:matrix Ruytheds the fiest groupdds,
whereiP@f@83elers may include energy parameters, and in which the output data
synthesizer is operative to derive the energy parameters by combining
elements of the energy matrix F. Further, the energy parameters may be
Furtherd 8rpvedbbiadgaelsopthesizer may be operative to calculate the energy parameters for the Three-

Two-Six upmix using an energy matrix F based on:
YY ~F=AEA",

wherein A is the rendering matrix, E is the energy matrix derived from the audio source objects, Y is

. Hoy v . . -
an output channel matrix and *~ indicates the complex conjugate operation.

Further, the output data synthesizer may be operafive to calculate the energy parameters by combining

elements of the energy matrix.

Further, output data synthesizer may be operative to calculate the energy parameters based on the

following equations:

CLD, = IOIng{‘;s ],
Job

CLD, = 101_og,0{:%~}

J a4

)

CLD, Mi()log,m[

;?’wl‘*,

I( Cr 90(}(%4)

N



fl 10 logi 0 A +122 \ 133 + .144 / CLD,I7 =10 logi O wherein CLD'ut is
a first energy parameter of the first group and wherein CLD't-rt is a second
energy parameter of the first group of parameters. Further, the output data
synthesizer may be operative to calculate weight factors for weighting the
downmix channels, the weight factor€ being used for controlling arbitrary
dowmnix gain factors of the spatial decoder. Further, the output data
sy@hgsizﬁé@bbe operative to calculate the weight factors based on: =
DED*, W++/1)26ED tto, 36 wherein D is the downmix matrix, E is an
energy matrix derived from the audio source objects, wherein W is an

where g)“%? un 99&@1%%’091%2@(\%@%{%% AT &QSPE’I%{HF‘JE&S’%@?S matrix for

ownmixing from 6 t0'2 channels of the predetermined output
configuration, and wherein G is the conversion matrix including the
wherearbitfary ddwsn hixugdile fectdfs of thespatiahdecodehsfurthied, the sutpdtchannel

level FRIRRNNGSIZEIMRYDE ARSTALY B 1R caIGIAIEINS RRSIAYNANDLRASe Harameter,

whereioéq. E_CZ [ V%IhF{‘rellil e isl trc])]e?rxl:%gg 1‘rp¥atrix’a§1:ei% tra]l%doilg iCt‘igneEa{?meteg annel
3 X and 218 B vARARE S At or the AAIEES S Qownmiik Shalhaf§ -channe

cohercpgtertier gt dutay byathesiret imaytbel epenativentg ealcelateitines 1 in this
matrixconversion matrix based on:

Further, the first group of parameters may include energy parameters, and in which the output data
synthesizer is operative to derive the energy parameters by combining elements of the energy matrix
F.

Further, the energy parameters may be derived based on:

1 1l . )
CLD],, =10log,, "”““"“"“”"J_"’i""l””“ = IOIOgaa(ﬁl - f%z - f“ + J,
‘fSS + ‘fﬁé

2
CLDyy, = mEOg]{MJ ~10log | LuFTn

") [ff)

wherein CLD %y is a first energy parameter of the first group and wherein CLD 1 is a second en-

ergy parameter of the first group of parameters.

Further, the output data synthesizer may be operative to calculate weight factors for weighting the
downmix channels, the weight factors being used for controlling arbitrary downmix gain factors of the

spatial decoder.

Further, the output data synthesizer may be operative to calculate the weight factors based on:

7Z=DED",

W = DzeED*%,

G = \/WH/ZH 0 .
0 \/“’22/222 J




wherein G is the conversion matrix, A2 is the partial rendering matrix, and
C is the prediction parameter matrix. Further, the output data synthesizer
may be operative to calculate the conversion matrix based on:
G(DED*)=AZ2Eff, wherein G is an energy matrix derived from the audio
source of tracks, D is a downmix matfix derived from the downmix
information. A, is a reduced rendering matrix, and "s" indicates the

wher eﬁm@ lptedeanjygataaperation cfufthaksthaRaImelsized Sleie@ce objects,
Wilelbiﬂ W}esrélig Egi%gggi‘iaté ma%yx wi g@?ét:ﬁeir |nle‘)qb}%$}?;f0!| C§WI]]§§TJI \]/HEL{CI%\X/ Wh(?(}r\%}nﬂtlkmo from
v, and x are real valued parameters to e'Setin‘accordance wﬁ)ﬁ pos&
6 10 2 glanEbl e gl orisarasutrea suai ehjadtshermEidits COMAﬁawi%mamx
includ abjeetcoiderfasganargtindg.anencadeg-audiocobject signal using a
plurality of audio objects, wherein the plurality of audio objects includes a
stereo object represented by two au- 5dio objects haying a certain
Furthep spg: 2@%‘&8?%?&%%“6?5&16%é’mapeéaﬂﬁ?/\}ﬁﬁﬁ&?‘i‘r‘?ﬁ&ﬁlﬁ‘a‘ﬂﬁr"éé’ﬁ‘é’r‘ét?ﬂﬁ?éir‘)“
generating downm X infoituation indicating a distribution of the plurality of
apdigsebjects into at least two downmix channels; 10an object parameter
generator for generating object parameters for the audio objects, wherein
the object parameters comprise approximations of object energies of the
whereip|tirality efwgidivabbjdets dxnaredivelativmuoater forterstexdd oljectadange matrix of
the at [BdsQuipUbiiefasadangenerating the encoded audio object signal using
the downmur informa 15tion and the object parameters. 2.The audio
ect coder of claim 1, further comprising: a downmixer for downmixing
Fﬂﬁ*}@th@%k@rﬁg}a& sitelles BBieRts MtoPae sy SRS AR Bheiax based on:
wherein the number of audio objects is larger than the number of downmix
channels, and wherein the downmixer is coupled to the downmix
information generator so that the distribution of the plurality of audio
objects into the plurality of downmix channels is conducted as indicated in
whereith@ gobermmixdnformation A2 53 khedadiodbijecteoderaof €lasnh@piedivictparame-
ter madide output interface operates to generate the en- coded audio signal by
additionally using the plurality of downmix channels. 4. The audio object
coder of claim 1, in which the object parameter generator is operative to
Furthey fisetaiiitdatohjebeparantetbe it sefirselimetaiy fagersimayress|biion on:
and wherein the down-

G(DED")=A,ED’,

wherein G is an energy matrix derived from the audio source of tracks, I t5 a downmix matrix de-
rived from the downmix information, A, is a reduced rendering matrix, and “™ indicates the complete

conjugate operation.

Further, the parameterized stereo rendering matrix A, may be determined as follows:

Cu l-p v
Llwi{ K v

wherein L, v, and x are real valued parameters to be set in accordance with position and volume of

one or more source audic objects.
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30mix information generator is operative to generate the downmix
information with a second time and frequency resolution, the second time
and frequency resolution being smaller than the first time and frequency
resolution. 5. The audio object coder of claim I, in which the downmix
information generator is operativedaidtgenerate the downmix information
such that the downmix information is equal for the whole frequency band

of the audio objects. 38 6.The audio object coder of claim I, in thch the

dimaaREIRR e GarCRsEr RRTOPRTANVE RERABRASHRE ABlHriNR ! 20
infgenatitarsuch:thiatdthe dhwhimiojinioimbtionrepresduts: dedwwmaidy two au-
matisdefined.as followsioX DS WherinSds e matrix and represents
the audio objects and has a number of lines being equal to the number of
audio objects, 10wherein D is the down x matrix, and wherein X is a
matrixaindirépresents:thepiuikalggoottondnbrehafmeleigndHigatie » distribu-
nimbenoblines Peingienabie the aumbernelsewnmixehasnels. 157.The
audio object coder of claim I. wherein the downm x information generator
is operative to calculate the downmix information so that the downmix i
inforiieation imdieaterswhidhr Aeritt 15 CBISKS FRTRPEI By MBIRRAPIRcnghersn
QhaMpe:OfHhe Rl alitypehdapwrmix chanopisantdfiwhéthanlautip dhjett ob-
'%!:”&%9?%9 I&a@(?r%atth%gr%@%%g mix.ghannel, an information on a

ortion of the audio object included in one downmix channel of the more
than one dovvnmix channels. The audio object coder of claim 7, in which
the dafarmationofapartiongitha dactdrsmad ebithasizh AnsligréatéetharxOnforma-
'm? %&@ﬁeggjg&%&%@qgclaim 2, in which the downmixer is operative to
include the stereo representation of background music into the at least
two dowrimix channels, and to introduce a voice track into the at least two
downmdix chiartnelsinipredefimddratioprirg:audio object coder of claim 2,
in which the dovvnmixer is operative to perform a sample-wise addition of
signals to be.input into a downmix.channel as.indicated hy th X
AT PSS BiSEPLBALT O I Dt dch i o AUt
inbenfzsde o tivene grerferdicises EonpreSaiofeT IRBCa SRR X channeis,
infarmation aaddihenhies parneters hefarggeherating gheencodddt the dis-
atll‘{gtii%(g)nb&?%}esg)%qggty of audio objects into the plurality of downmix channels is conducted

as indicated in the downmix information.

The audio object coder of claim 2, in which the output interface operates to generate the en-

coded audio signal by additionally using the plurafity of downmix channels.

The audio object coder of claim 1, in which the object parameter generator is operative to gen-
erate the object parameters with a first time and frequency resolution, and wherein the down-
mix information generator is operative to generate the downmix information with a second

time and frequency resolution, the second time and frequency resoiution being smaller than the

first time and frequency resolution.

The audio object coder of claim 1, in which the downmix information generator is operative to

generate the downmix information such that the downmix information s equal for the whole

frequency band of the audio objects.
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39 12. The audio object coder of claim 1, in which the downmix

information generator is operative to generate a power information and a

correlation information indicating a ﬁéwer characteristic and a correlation

characteristic of the at least two downmix channels. 13. The audio object

colerdfciimt Toinwhidhnhe idovkivnikedformmationlgeneratgrgenerateseative t©
aupingiptermation.ipdicatine.the e audia.Abiects-forpINg JRe-sereRwnmix

object. The audio object coder of claim 14, in which the prediction

A &R 4 PS '9dRBPated per frequency band, and wherein the audio

objects cover a plurality of frequency bands. The audio object coder of

clainpd4, in which the number of audio object is equal to N, the number of

downmix channels is equal‘to K, and the number of object prediction

parameters calculated by the object parameter generator is equal to or

sifiaiar thisahRmREITRedaeRiRso B Be BeHY BECHIRT 16 dnWitar thiasbjeiee equal

parametergenenalobiseperative to calculate at most K (N-K) object

prediction parameters. Audio object coding method for generating an

encoded audio object signal using a plurality of audio objects, wherein the

peasEy O fhEiHe tRjEs @ aRELEs a stereo object represented by two

audio objects having a certain non-zero correlation, comprising:

generating. downmix infarmation, indicating. 2 Aistrnytion ehithe Alualityfber o

audio objects into 30at least two downmix channels; generating object
PERPREERIFEt th SIS B HAE R & object parameters comprise

approximations of object energies of the plurality of audio objects and

Cﬁ{é%lﬁg& Bb?@@é@ér%ﬁé?aﬁﬁpl obigetiand gensratingtheRnceiagaudperative to

obl'e‘%[ s%naé using the downmix information and the object parameters.

AT AL B RS EF I8 yEnaTatiNg output data tising 'an encoded

audio object signal, the encoded audio object signal comprising object
PAHRMEIESfER P MIBILY plRUEueRja IS COMRKS tTghaphLipU fdRERN mix
S%Q;Ehgﬁi%%for generating the output data usable for rendering a plurality

of output channels of a predefined audio output configuration representing
the plurality of audio objects, wherein the plurality of audio objects
inbldesedstieteaobjach:iepie sentatabytwdaudio: oljects havifvgradariain por-
NRAZAIR SRIelRlien NeeN Pk IRIR SHRIRESIZEr HRIDgOREMHVEIGownmix
receive, as an input, the object parameters wherein the object parameters
C8MBTiSe approxi- 10 mations of object energies of the plurality of audio
objects and correlation data for a stereo object and to use downmix
infRrmation;ndicating adistributianpiibe Riality of ausiconbiacts ittendlic:
least twq downmix E{wannels, and the object parameters for the audio
(B?Bﬁ%ét%? %r.ealtﬁrreggﬂ Io synthesizer of claim 19, in which the output data
synthesizer is operative to 15transcode the object parameters into spatial
AALMELLE dor dheredafinedraudio outpolk sanef guration additionaliye stereo

using an intended positioning of tht% atgqlig %{J %@ in the iq out(p%t- trod
6 TN, AU U9 RIS I AR M mroduce «

dare syRkHas e 35 lepserandeBrssharrde & s aralif st #8Rnmix channels

into the stereo downmix for the predefined audio output con- figuration

%@%gmm@m matx.detvediiom thedntended,posiiening e51he sampie-

audio objects. . . . o o
wise addition of signals to be input into a downmix channel as indicated by the downmix in-

formation.

The audio object coder of claim 1, in which the output interface is operative to perform a data
compression of the downmix information and the object parameters before generating the en-

coded audio object signal.
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18.

22. The audio synthesizer of claim 21, in which the output data
synthesizer is operative to deter- 25mine the conversion matrix using the
downmix information, wherein the cohversion matrix is calculated so that
at least portions of the downmix channels are swapped when an audio
object included in a first downmix channel representing the first half of a

Sﬁﬁé%QdM%feé% doube,played: 'nntll%@ﬁﬂmwﬁlxﬁ&fiﬂhﬁﬁiﬁfﬁcg@%%r is operative to
3023.The audloﬁ%é/nthesaer of clai 20 f rther comprising a chanl('j}ha

EREETaP RTEAUSHRY'SLARS BETRGHENR REARSIZFOP e preélefa e B s acteristic
eutputeoifigurdtiorasitg f@lﬁéﬁ%p‘dﬁ&ii pepaioerars shRe at least two
downmix channels or the converted downmix channels 24.The audio

Synthesizer Oft%'o m 19, in which, hfﬁ%uta? Ale d%}f@%%%ﬁ%%%@ny&esa

to ou pu% the outp ut cHahnels of the prede audio output
@W@wm@ﬁ@a@ﬁtmﬁany%ﬁgw&%@&%@a%ﬁ%‘ﬁﬁ%ﬁ&ﬁ?&? 41 25,
The audio synthesizer of claim 19, in which the spatial parameters include

the, sk %%Qt% RIANGIES fgru%&"éﬂe @7 %@‘&@Q@r%@gﬁé}%ve 10 gen-

roupo y parameters for a ThreeTwo-Six upmix, and in whlchbt |
5%@&3&&%@@ Hﬂf@ﬁ%@ﬂ%‘%b%ﬁ\vé‘ﬁé‘%&‘?&‘iﬂﬁt@ﬁh@ B
farcthe:chwioy Toe Thigeqratlictiorn atdxwsing drerendorrmgursatehicascontrolled

@9%@9!@&%% 3&&%@&9%&9@&%%'8@&{ iheaudio, ahipstsnaibatiahe source ob-

downmix matrix describing the downmixing of the output channels to three
frinnels generated by a hypothetical Two-To-Three upmixing process,
and the downmix matrix. 10 26. The audio synthesizer of claim 25, in

Wﬂé%&t&eogj%%&&i@tﬁl" @Mﬁihﬁﬁié%}i&:ﬁW@Eﬁ&:ﬁ@rﬁ@dﬁ@iﬁt&ﬁ&ﬂ@rﬁmﬁﬂ%ﬂxfw
rtial down atrix such t n Wweighte
&‘Jlﬁg of wé %él?f%e SI€s Equai 1S eé:tse%%jl%lae %ye%ﬁ;%é elswith ?n a limit
factor. 1527.The audio synthesizer of claim 26, in which the dowmnix

weightsferthe pactial dawnmix-maitx asendeter otinetcashfaionesuai to N, the
&iﬂZPo% u%%énl NZITAREI NS 8u8r!u%l° 24 %% ﬁmﬂeze,%oggwg%max%?aﬂmm

OWI’]mIX weig t p IS an integer index variab e Ij IS a matrlx element of an
B HGYerBerRhiFE SR A RS FYEX P RO H LT 2 BOVEIAHTN imiatrix of the

output channels of the predefined output configuration. 28. The audio

syRthesizar of claim 2340, Which the ouou; data swBesizeiis: apasative: wo

to calculate S(-%‘a%arate coefficients of the Predlctlon matrix by solving a
SHSHAT 3F TRaLF eGUANdEc 8 FIfE RIS FtHiesizer of claim 25, in which

the output data synthesizer is operative to solve the system of linear

%%%'%&P@&ﬁﬁg%tﬁ%@&@eﬁé}a)m&ﬁ %odéi&l&@ﬁ%rb@&ﬂﬁéﬁwaﬁr@-a' Breslity of
dlc ion matrix, D is the down trix derived froggn th% ownmix d by

| ?8?18 E%%reérﬁtenélurgﬁacirlx erﬁljéegt?rglr% %163 %fj %Oso rce n%)jggtg Y

ayiel WQWW@MBWéWWrﬁ%W%‘Whé?%‘%‘ indicates the

complex conjugate operation.
generating downmix information indicating a distribution of the plurality of audio objects into

at least two downmix channels;

generating object parameters for the audio objects, wherein the object parameters comprise
approximations of object energies of the plurality of audio objects and correlation data for a

stereo object; and

generating the encoded audio object signal using the downmix information and the object pa-

rameters.
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19.

20,

21

24.

35 30. The audio synthesizer of claim 25, in which the prediction
parameters for the Two-To-Three upmix are derived from a
parameterization of the prediction nfdtrix so that the prediction matrix is
defined by using two parameters only, and 42 in which the output data
syndhesizerisoperativedmpreprackssuthe ab leastitwoudavabimixschahtiglsn-

so.ihat the 8@‘%&%@%&]%&@&958&%%%&%&%4@% @&f%ﬁ%%%ﬁaﬁﬁ?ﬁéﬂ%, com-

matrix con-e ponds to a desired upmix matrix. 31. The audio synthesizer
of'&fain 30, in which the parameterization of the prediction matrix is as
follows: ra+2 /3-1 a - | p + 2 3 wherein the index ITT is the parameterized

parl?gﬁ%iﬂr&ﬂ%&%ﬁle@&gr%@%’éﬁ!@@aﬁﬂ@t%@%@t@a@ﬁg@% %T&H@I’ﬁgqiﬁlwalﬁy of

synthesizer in"accordance with claim 19, in which a downmix.conve

. . 10 .
A GBI ChLTRHBET S oD o REog e SR i
TojesTovFhree fhrediction ehatri, wivercht BnsaricCoreldcstigarasited by two au-
VRessitR hisha IWarbi-hyedentiye makih abspuhenieir Ghfids hased @itive to
a+2 fi-1 C 777- a-hl fi+2 3 . e . .
receive, as an input, the object parameters , wherein the object parameters comprise approxi-
mations of object energies of the plurality of audio objects and correlation data for a stereo ob-
ject and to use downmix information indicating a distribution of the piurality of audio objects

into at least two downmix channels, and the object parameters for the audio objects.

The audio synthesizer of claim 19, in which the output data synthesizer is operative to
transcode the object parameters into spatial parameters for the predefined audio output con-
figuration additionally using an intended positioning of the audio objects in the audio output

configuration.

The audic synthesizer of claim 19, in which the output data synthesizer is operative to convert
a phurality of downmix channels into the stereo downmix for the predefined audic output con-

figuration using a conversion matrix derived from the intended positioning of the audio ob-

jects.

The audic synthesizer of claim 21, in which the cutput data synthesizer is operative to deter-
mine the conversion matrix using the downmix information, wherein the conversion matrix is
calculated so that at least portions of the downmix channels are swapped when an audio object
included in a first downmix channel representing the first half of a stereo plane is to be played

in the second half of the stereo plane.

The audio synthesizer of claim 20, further comprising a channel renderer for rendering audio
output channels for the predefined audio output configuration using the spatial parameters and

the at least two downmix channels or the converted downmix channels.

The audio synthesizer of claim 19, in which the output data synthesizer is operative to output
the output channels of the predefined audio output configuration additionally using the at least

two downmix channels.
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26.

28,

29,

30.

1-a 1-fl wherein a,f3 and y are constant factors. 25 33. The audio
synthesizer of claim 32, in which the Prediction parameters for the
Two-To-Three upmix are determined' as a and 13, wherein yis setto 1.

34. The audio synthesizer of claim 25, in which the output data
syimhedizeyitoperafivieio talouvigthdts theiehergyperpinmddesfofmperoup of

THEETNG TP X THRINIX HSIR0:AR e ARIAY P 5up AFREPR; PEISSESAEA Three-
wherein A is the rendering matrix, E is the energy matrix derived from the
AU SO oM S5jeers, Y is an output channel matrix and "*" indicates

the complex conjugate operation. 43 35. The audio synthesizer of claim

3¢ +Rivhich thaQuipuldatasyntbpsizear i opeiaky ;égpealctibatpath@eters for the
eneray. parameters by combining, elements of, e, SRy MALHX, 30 irllified po-
audio syn edizer of claim §§ ifT which the dutput gat‘a synthesizer is P
gpéraneetdcandinakionie ersrgyioaranietershasst YngHE fonewirge of the out-
aauationsis(ChiOcEddd0giondbil 66 b @hdirdi0lo@-To-Three upmixing process,

and the downmix matrix.

The audio synthesizer of claim 25, in which the output data synthesizer is operative to calcu-
late actual downmix weights for the partial downmix matrix such that an energy of a weighted

sum of two channels is equal to the energies of the channels within a limit factor.

The audio synthesizer of claim 26, in which the downmix weights for the partial downmix

matrix are determined as follows:
2 —
WP (~f2P~1,2pwl w’h ~f2p,2p + 2f2p—1,2p) = Jf2p»~l,2p-1 +j:?.p,2p’ P= 1?2335

wherein w, is 2 downmix weight, p is an integer index variable, fj;is a matrix element of an
energy matrix representing an approximation of a covariance matrix of the output channels of

the predefined cutput configuration.

The audio synthesizer of claim 25, in which the output data synthesizer is operative to calcu-

Jate separate coefficients of the prediction matrix by selving a system of linear equations.

The audio synthesizer of claim 25, in which the output data synthesizer is operative to solve

the system of linear equations based on:
C4(DED") = A.ED’,

wherein C; is Two-To-Three prediction matrix, D is the downmix matrix derived from the
downmix information, E is an energy matrix derived from the audio source objects, and A; is

the reduced downmix matrix, and wherein the “' indicates the complex conjugate operation.

The audio synthesizer of claim 25, in which the prediction parameters for the Two-To-Three
upmix are derived from a parameterization of the prediction matrix so that the prediction ma-

trix is defined by using two parameters only, and
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32,

34,

biIG A") f44 CLD2=1010 so(f) ICC - 1Al 13 3f44, ICCC9C112) \filf22'
where p is an absolute value p(z):lz; or a real valu.e operator

p(z)--Re{z}, 20wherein CLDO is a firdt channel level difference energy
parameter, wherein CLIJI is a second channel level difference energy
parameter, wherein CU), is a third channel level difference energy.

PRrameter. WhaieiaiGlntissadirstinerehanighcakerenag.anegydowanix chan-
e NSl Gy B RN Sl R RONBLANOE RS M auix corre
parameter, an Wherein fh are elements of an energy tatrix F at positions

i A& Mt 2B MHEudio synthesizer of claim 25, in which the first
group of parameters includes energy pa- rameters, and in which the

Oﬁ%Q%5%8‘%%@%@51@&55%%[ag%l%e?ﬁla%%ﬁ%g%%é&%%sw RRTAMEIELS M¥trix is as

combining‘elements of the energy matrix F. 3038.The audio synthesizer of

cfai$*37, in which the energy parameters are derived based on: 44

fa+2 p-1
Copp=Lla—1 f+2],
Li—a -7

wherein the index TTT is the parameterized prediction matrix, and wherein o, and y are fac-

tors.

The audio synthesizer in accordance with claim 19, in which a downmix conversion matrix G

is caiculated as follows:
G = DrrCa,

wherein Cs is a Two-To-Three prediction matrix, wherein Dyrr and Cryr 1s equal to L wherein

[ is a two-by-two identity matrix, and wherein Crrr is based on:

a+2 f-1

T
a-1 f+24,
lea 1-p

CTH' =

L ™

wherein o3 and vy are constant factors.

The audio synthesizer of claim 32, in which the prediction parameters for the Two-To-Three

upmix are determined as o and [3, wherein y 1s set to 1.

The audio synthesizer of claim 25, in which the output data synthesizer is operative to calcu-

late the energy parameters for the Three-Two-Six upmix using an energy matrix F based on:
YV ~F=AEA’,

wherein A is the rendering matrix, E is the energy matrix derived from the audio source ob-

. .. . citan . B . .
jects, Y is an output channel matrix and “ ™ indicates the complex conjugate operation.
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25

wherein CLDQ-mr is a first energy parameter of the first group and
wherein CLD ITT s a sec-ond energy parameter of the first group of
parameters. 5 39.The audio synthesizer of claims 37 or 38, in which the
output data synthesizer is operative to calculate weight factors for
weighting the downmix channels the weight factors being used for

CPh”trO'c'h el rar C%OYX Al fa}? Eh%a% A Apeeder, JA4Q - TGioy.

did synthesizer of claim 39, i w the utput data synthesizer is
da@rﬁﬁ@q@xm&nq@@ &héqwéi@lﬁgﬁd%%ﬁ%%%“éa FHFY BEED* 15W
=D26ED*26, wherein D is the downmix matrix, E is an energy matrix

derived;iro ﬁﬁhsz%u&*f% §%§%09ﬁ I%f?l&gt&f\y&%rﬁm\\ﬁméﬁer'@t&;%wéts calou-

matrix, wherein is the partial downmix matrix for downmixing from 6
the @ﬁ&ﬁﬁ‘@%%ﬁﬁ@ﬁé’aﬁg%ﬁ%ﬁ%ﬂfﬁﬁ @BHGUFation, and wherein G is
the conversion matrix including the arbitrary downmix gain factors of the
spatial decoderfﬁr 1.:The audio synthesizer of claim 25, in which the object
pafdimetébiae C?P‘%ct prediction pa- 25rameters, and wherein the output
data synthesizer-i& dperative to pre-calculate an energy ma- trix based on
the object prediction parameters, the downmix information, and the energy
[ ation cor g&ponding to the downmix channels. 42. The audio

syn esizer oF Iﬂm ‘41, in which the output data synthesizer is operative
to calcu- 30late the energy matrix based on: wherein E is the

energy matrix, € is the prediction parameter matrix, and Z is a covariance
35matrix;of dae aflle ast two downmix channels.
i o
ICC — {p(ﬂé ,
N st
]CC2 — gp(ﬁ?) ,
ot

where @ is an absolute value @(z)=z| or a real value operator p{z)=Re{z},

wherein CLDy is a first channel level difference energy parameter, wherern CLD; is a second
channel level difference energy parameter, wherein CLD; is a third channel level difference
energy parameter, wherein ICC, is a first inter-channel coherence energy parameter, and ICC,
isa secoﬁd inter-channel coherence energy parameter, and wherein f; are elements of an en-

ergy matrix F at positions i,j in this matrix.

The audio synthesizer of claim 25, in which the first group of parameters includes energy pa-
rameters, and in which the output data synthesizer is operative to derive the energy parameters

by combining elements of the energy matrix F.

The audio synthesizer of claim 37, in which the energy parameters are derived based on:

W=+ St it S|
CLD?W:IOIOgI{M‘V*; “C”ﬂ’”h le{)logm[ﬁ‘ ;4? f“‘”*J,
/53 66
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39,

40.

41.

45 43.The audio synthesizer of claim 19, in which the output data
synthesizer is operative to generate two stereo channels for a stereo

output configuration by calculating a‘;‘f)arameterized stereo rendering

matrix and a conversion matrix depending on the parameterized stereo
rendering matrix. ﬁﬁf he audio sxpth%gi%er of claim 43, in which the
oltpdt-dathidyBthesizeroEpi WZ}J- late the conversion matrix

based on G=A2. jVvl/zhferein G is'thié cofiversion matrix, A, is the partial
rendering matrix, and C is the prediction parameter matrix. 45. The audio
syhthesizentf clainmdssiawhighrtbe ot faataaynthesizetis Uferativen sec-
(9. calck: el e SonvRrSIon i Ased.on: GIDEDY=AZED"
wherein“G’is an energy matri derived from the audio source of tracks, D

is a downmix matrix 20derived from the downmix information, A2 is a
rétusetorendering mtatibinahticr3 dndishtds the wom pheteyodmjtigate operative o
ORRYALIQ %‘fﬁﬁlg@ﬁ Tﬁ%&%%hﬁﬂ‘&h&%@&o@f:ﬁﬁé%ﬁ%eﬁ whighidheractors being used for

parameterized stereo renderin matr%_ 2is d?tgrmc'lned as follows: ,al- -
PR HRIE I 6 oV 0. B A8 A N AT &R PAr e s to be set in
accordance with position and volume of one or more source audio objects
4t A4S SHRthesizing methoddergenssating QuipL:ARIAYSIngRRMAtive to calcu-
qntc(%ded aL (Elio g[)bljsetc};t ségnal, the encoded audio object signal comprising
OBt pHF AR RGBS hitlrality of audio objects, comprising: 35receiving
the object parameters , wherein the object parameters comprise
dppiéimations of object energies of the plurality of audio objects and

correlation, data for a stereo object, and 46
W= DhaED o,

JR— _
G:{\/Mﬁl/zli 0 J

0 \fwzzfzzz }

wherein D is the downmix matrix, E is an energy matrix derived from the audio source ob-
jects, wherein W is an intermediate matrix, wherein Dy is the partial downmix matrix for
downmixing from 6 to 2 channels of the predetermined output configuration, and wherein G i

the conversion matrix including the arbitrary downmix gain factors of the spatial decoder.

The audio synthesizer of claim 25, in which the object parameters are object prediction pa-
rameters, and wherein the output data synthesizer is operative to pre-calculate an energy ma-
trix based on the object prediction parameters, the downmix information, and the energy in-

formation corresponding to the downmix channeis.

The audio synthesizer of claim 41, in which the output data synthesizer is operative to calcu-

late the energy matrix based on:
E=CZC",

wherein E is the energy matrix, C is the prediction parameter matrix, and Z is a covariance

matrix of the at least two downmix channels.
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44,

46.

47,

generating the output data usable for creating a plurality of output

channels of a predefined audio output configuration representing the

plurality of audio objects, wherein the plurality of audio objects includes a

stereo object represented % two audio objects having a certain nonzero
F

covrarsiion BYPHEA G ABHMATHIRTBIH Atidt R CAfrg L Ittt frig senerate
plu adity of iaudit 6lje etedntarpt-ieastigwotidoin naik Giarretsrandkthed stereo

obiastRArametars far ibs audio.oRisg!s, A&ERGRApd AUMR QBISCLS IBNAring

comprising object parameters, wherein the object parameters comprise
ximations of object energies of a plurality of audio objects and
correlation data for a stereo object, wherein the plurality of audio objects

ingludes, a stereo.phiechrepiesanied Ry Hupaudio Qhiegishaving-a certaincy-

non-zero correlation, a}r;d \ﬁ/he.rein the object parameters are such that a
rREIRSHURTGRCBAIRE A0HS SBjects is possible using the object parameters

and the at least two downmix channels. Encoded audio object signal of
elaim.48, comprising downmix information indicating a dis bution of a
plurality of audio objects into at least two downmix channels. Encoded

audio object signal of claim 48 or 49 stored on a computer readable. o
stbeegeristlin AMNCSTOp ek Brogiahicror PRl TERIFHER WHER AR MRy P diction
campittermadmethod in accordance with any one of the methods of claims

18 or 47.

The audio synthesizer of claim 43, in which the output data synthesizer is operative to calcu-

late the conversion matrix based on;
G(DED =AED’,

wherein G is an energy matrix derived from the audio source of tracks, D is a downmix matrix
. . . . LI . .
derived from the downmix information, A, is a reduced rendering matrix, and * 7 indicates the

complete conjugate operation.

The audio synthesizer of claim 43, in which the parameterized stereo rendering matrix A; is

determined as follows:
g lepov
1-x XK v

wherein p, v, and k are real valued parameters to be set in accordance with position and voi-

ume of one or more source audio objects

Audio synthesizing method for generating output data using an encoded audio object signal.
the encoded audio object signal comprising object parameters for a plurality of audio objects,

comprising:

receiving the object parameters , wherein the object parameters comprise approximations of

object energies of the piurality of audio objects and correlation data for a stereo object, and
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48.

49.

46

generating the output data usable fbr creating a plurality of output channels of a predefined
audio output configuration representing the pivrality of audio objects, wherein the plurality of
audio objects includes a stereo object represented by two audio objects having a certain non-
zero correlation, by using downmix information indicating a distribution of the plurality of au-
dio objects into at least two downmix channels, and the object parameters for the audio ob-

jects.

Encoded audio object signal comprising object parameters , wherein the object parameters
comprise approximations of object energies of a plurality of audio objects and correlation data
for a stereo object, wherein the plurality of audio objects includes a stereo object represented
by two audio objects having a certain non-zero correlation, and wheren the object parameters
are such that a reconstruction of the audio objects is possible uéing the object parameters and

the at least two downmix channels.

Encoded audio object signal of claim 48, comprising downmix information indicating a distri-

bution of a plurality of andio objects into at least two downmix channels.
Encoded andio object signal of claim 48 or 49 stored on a computer readable storage medium.

Computer program for performing, when running on a computer, a method in accordance with

any one of the methods of claims 18 or 47.



