
NOVEL INDOLE, INDAZOLE AND BENZIMIDAZOLE ARYLAMIDES This invention pertains
to compounds useful for treatment of diseases associated with P2X
purinergic receptors, and more particularly to P2X3 and/or P2X2/3
antagonists usable for treatment of genitourinary, pain, inflammatory,
gastrointestinal and respiratory diseases, conditions and disorders. The
urinary bladder is responsible for two important physiological functions:
urine storage and urine emptying. This process involves two main steps: (1)
the bladder fills progressively until the tension in its walls rises above
a threshold level; and (2) a nervous reflex, called the micturition reflex,
occurs that empties the bladder or, if this fails, at least causes a
conscious desire to urinate. Although the micturition reflex is an
autonomic spinal cord reflex, it can also be inhibited or mediated by
centers in the cerebral cortex or brain. Purines, acting via extracellular
purinoreceptors, have been implicated as having a variety of physiological
and pathological roles (See, Burnstock (1993) Drug Dev. Res. 28:195-206).
ATP, and to a lesser extent, adenosine, can stimulate sensory nerve endings
resulting in intense pain and a pronounced increase in sensory nerve
discharge. ATP receptors have been classified into two major families, the
P2Y- and P2X-purinoreceptors, on the basis of molecular structure,
transduction mechanisms, and pharmacological characterization. The
P2Y-purinoreceptors are G-protein coupled receptors, while the
P2X-purinoreceptors are a family of ATP-gated cation channels. Purinergic
receptors, in particular, P2X receptors, are known to form homomultimers or
heteromultimers. To date, cDNAs for several P2X receptors subtypes have
been cloned, including: six homomeric receptors, P2Xi; P2X2; P2X3; P2X ;
P2Xs; and P2X7; and several heteromeric receptors P2X2/3 ; P2X4/6 ; and
P2Xi/5 (See, e.g., Chen, et al. (1995) Nature 377:428- 431; Lewis, et al.
(1995) Nature 377:432-435; and Burnstock (1997) Neurophamacol. 36:1 127-
1139). The structure and chromosomal mapping of mouse genomic P2X3 receptor
subunit has also been described (Souslova, et al. (1997) Gene 195:101-1
11). In vitro, co-expression of P2X2 and P2X3 receptor subunits is
necessary to produce ATP-gated currents with the properties seen in some
sensory neurons (Lewis, et al. (1995) Nature 377:432-435).P2X receptor
subunits are found on afferents in rodent and human bladder urothelium.
Data exists suggesting that ATP may be released from epithelial/endothelial
cells of the urinary bladder or other hollow organs as a result of
distention (Burnstock (1999) J. Anatomy 194:335- 342; and Ferguson et al.
(1997) J . Physiol. 505:503-51 1). ATP released in this manner may 



serve a role in conveying information to sensory neurons located in
subepithelial components, e.g., suburothelial lamina propria (Namasivayam,
et al. (1999) BJU Intl. 84:854-860). The P2X receptors have been studied in
a number of neurons, including sensory, sympathetic, parasympathetic,
mesenteric, and central neurons (Zhong, et al. (1998) Br. J . Pharmacol.
125:771-781). These studies indicate that purinergic receptors play a role
in afferent neurotransmission from the bladder, and that modulators of P2X
receptors are potentially useful in the treatment of bladder disorders and
other genitourinary diseases or conditions. Recent evidence also suggests a
role of endogenous ATP and purinergic receptors in nociceptive responses in
mice (Tsuda, et al. (1999) Br. J. Pharmacol. 128:1497-1504). ATP-induced
activation of P2X receptors on dorsal root ganglion nerve terminals in the
spinal cord has been shown to stimulate release of glutamate, a key
neurotransmitter involved in nociceptive signaling (Gu and MacDermott,
Nature 389:749-753 (1997)). P2X3 receptors have been identified on
nociceptive neurons in the tooth pulp (Cook et al., Nature 387:505-508
(1997)). ATP released from damaged cells may thus lead to pain by
activating P2X3 and/or P2X2/3 containing receptors on nociceptive sensory
nerve endings. This is consistent with the induction of pain by
intradermally applied ATP in the human blister-base model (Bleehen, Br J
Pharmacol 62:573- 577 (1978)). P2X antagonists have been shown to be
analgesic in animal models (Driessen and Starke, Naunyn Schmiedebergs Arch
Pharmacol 350:618-625 (1994)). This evidence suggests that P2X and P2X are
involved in nociception, and that modulators of P2X receptors are
potentially useful as analgesics. Other researchers have shown that P2X3
receptors are expressed in human colon, and are expressed at higher levels
in inflamed colon than in normal colon (Yiangou et al, Neurogastroenterol
Mot (2001) 13:365-69). Other researchers have implicated the P2X3 receptor
in detection of distension or intraluminal pressure in the intestine, and
initiation of reflex contractions (Bian et al., J Physiol (2003)
551.1:309-22), and have linked this to colitis (Wynn et al., Am J Physiol
Gastrointest Liver Physiol (2004) 287:G647-57). Brouns et al. (Am J Respir
Cell MoI Biol (2000) 23:52-61) found that P2X3 receptors are expressed in
pulmonary neuroepithelial bodies (NEBs), implicating the receptor in
paintransmission in the lung. More recently, others have implicated P2X2
and P2X3 receptors in pq 2 detection in pulmonary NEBs (Rong et al, J
Neurosci (2003) 23(36): 11315-21) and cough. There is accordingly a need
for compounds that act as modulators of P2X receptors, including 



antagonists of P2X3 and P2X2/3 receptors, as well as a need for methods of
treating diseases, conditions and disorders mediated by P2X3 and/or P2X2/3
receptors. The present invention satisfies these needs as well as others.
The invention provides compounds of the formula I : or pharmaceutically
acceptable salts thereof, wherein: R1 is: Ci_6alkyl; or halo; R2 is:
C3-6cycloalkyl; Ci_6alkoxy-Ci_ 6alkyl; hydroxy-Ci_ 6alkyl; or
heteroaryl-Ci_ 6alkyl; R3 is: Ci_6alkyl; hydroxy-Ci_ 6alkyl; Ci_6alkoxy-Ci_
6alkyl; halo-Ci_ 6alkyl; C3-6cycloalkyl; C3-6cycloalkyl- Ci_6alkyl; phenyl
optionally substituted with halo, d - alkyl, Ci_ alkoxy or halo- Ci_6alkyl;
or phenyl-Ci_ 6alkyl wherein the phenyl portion thereof is optionally
substituted with halo, d - alkyl, Ci_6alkoxy or halo- d - alkyl; R4 and R5
each independently is: hydrogen; or fluoro; X is: N ; or CRa wherein Ra is
Ci_6alkyl or halo; Y is: N; or CRb wherein Rb is hydrogen or d - alkyl; and
Z is: N; or CRC; wherein Rc is hydrogen or C alky!. The invention also
provides and pharmaceutical compositions comprising the compounds, methods
of using the compounds, and methods of preparing the compounds. Unless
otherwise stated, the following terms used in this Application, including
the specification and claims, have the definitions given below. It must be
noted that, as used in the specification and the appended claims, the
singular forms "a", "an," and "the" include plural referents unless the
context clearly dictates otherwise."Agonist" refers to a compound that
enhances the activity of another compound or receptor site. "Alkyl" means
the monovalent linear or branched saturated hydrocarbon moiety, consisting
solely of carbon and hydrogen atoms, having from one to twelve carbon
atoms. "Lower alkyl" refers to an alkyl group of one to six carbon atoms,
i.e. Ci-C alkyl. Examples of alkyl groups or lower alkyl groups include,
but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl,
sec-butyl, tert-butyl, pentyl, n-hexyl, octyl, dodecyl, and the like.
"Alkenyl" means a linear monovalent hydrocarbon radical of two to six
carbon atoms or a branched monovalent hydrocarbon radical of three to six
carbon atoms, containing at least one double bond, e.g., ethenyl, propenyl,
and the like. 



"Alkynyl" means a linear monovalent hydrocarbon radical of two to six
carbon atoms or a branched monovalent hydrocarbon radical of three to six
carbon atoms, containing at least one triple bond, e.g., ethynyl, propynyl,
and the like. "Alkylene" means a linear saturated divalent hydrocarbon
radical of one to six carbon atoms or a branched saturated divalent
hydrocarbon radical of three to six carbon atoms, e.g., methylene,
ethylene, 2,2-dimethylethylene, propylene, 2-methylpropylene, butylene,
pentylene, and the like. "Alkoxy" and "alkyloxy", which may be used
interchangeably, mean a moiety of the formula - OR, wherein R is an alkyl
moiety as defined herein. Examples of alkoxy moieties include, but are not
limited to, methoxy, ethoxy, isopropoxy, and the like. "Alkoxyalkyl" means
a moiety of the formula Ra -O-R b - , where Ra is alkyl and Rb is alkylene
as defined herein. Exemplary alkoxyalkyl groups include, by way of example,
2-methoxyethyl, 3-methoxypropyl, l-methyl-2-methoxyethyl,
l-(2-methoxyethyl)-3-methoxypropyl, and l-(2- methoxyethyl)-3
-methoxypropyl. "Alkylcarbonyl" means a moiety of the formula -R'-R",
wherein R' is oxo and R" is alkyl as defined herein. "Alkylsulfonyl" means
a moiety of the formula -R'-R", wherein R' is -SO - and R" is alkyl as
defined herein. "Alkylsulfonylalkyl" means a moiety of the formula
-R'-R"-R'" wherein R' is alkylene, R" is - SO - and R'" is alkyl as defined
herein."Amino" means a moiety of the formula -NRR' wherein R and R' each
independently is hyrdogen or alkyl as defined herein. "Amino" thus includes
"alkylamino" (where one of R and R' is alkyl and the other is hydrogen) and
"dialkylamino" (where R and R' are both alkyl). "Alkoxyamino" means a
moiety of the formula -NR-OR' wherein R is hydrogen or alkyl and R' is
alkyl as defined herein. "Alkylsulfanyl" means a moiety of the formula -SR
wherein R is alkyl as defined herein. "Aminoalkyl" means a group -R-R'
wherein R' is amino and R is alkylene as defined herein. "Aminoalkyl"
includes aminomethyl, aminoethyl, 1-aminopropyl, 2-aminopropyl, and the
like. The amino moiety of "aminoalkyl" may be substituted once or twice
with alkyl to provide "alkylamino alkyl" and "dialkylamino alkyl"
respectively. "Alkylamino alkyl" includes methylaminomethyl, methylamino
ethyl, methylaminopropyl, ethylamino ethyl and the like.
"Dialkylaminoalkyl" includes dimethylaminomethyl, dimethylamino ethyl,
dimethylaminopropyl, 



N-methyl-N-ethylaminoethyl, and the like. "Aminoalkoxy" means a group
-OR-R' wherein R' is amino and R is alkylene as defined herein.
"Alkylsulfonylamido" means a moiety of the formula -NR SO -R wherein R is
alkyl and R' is hydrogen or alkyl. "AminocarbonyIo xyalkyl" or
"carbamylalkyl" means a group of the formula -R-O-C(O)-NR R" wherein R is
alkylene and R', R" each independently is hydrogen or alkyl as defined
herein. "Alkynylalkoxy" means a group of the formula -0-R-R' wherein R is
alkylene and R' is alkynyl as defined herein. "Antagonist" refers to a
compound that diminishes or prevents the action of another compound or
receptor site. "Aryl" means a monovalent cyclic aromatic hydrocarbon moiety
consisting of a mono-, bi- or tricyclic aromatic ring. The aryl group can
be optionally substituted as defined herein. Examples of aryl moieties
include, but are not limited to, phenyl, naphthyl, phenanthryl, fluorenyl,
indenyl, pentalenyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl,
aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl,
benzodioxanyl, benzofuranyl, benzodioxylyl, benzopyranyl, benzoxazinyl,
benzoxazinonyl, benzopiperadinyl,benzopiperazinyl, benzopyrrolidinyl,
benzomorpholinyl, methylenedioxyphenyl, ethylenedioxyphenyl, and the like,
including partially hydrogenated derivatives thereof, each being optionally
substituted. In certain embodiments "aryl" means phenyl or naphthyl, each
optionally substituted. In many embodiments "aryl" is optionally
substituted phenyl. "Arylalkyl" and "Aralkyl", which may be used
interchangeably, mean a radical-Ra Rb where Ra is an alkylene group and Rb
is an aryl group as defined herein; e.g., phenylalkyls such as benzyl,
phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl, and the like are examples
of arylalkyl. "Arylsulfonyl" means a group of the formula -SO -R wherein R
is aryl as defined herein. "Aryloxy" means a group of the formula -O-R
wherein R is aryl as defined herein. "Aralkyloxy" means a group of the
formula -0-R-R' wherein R is alkylene and R' is aryl as defined herein.
"Cyanoalkyl" means a moiety of the formula -R'-R", where R' is alkylene as
defined herein and R" is cyano or nitrile. "Cycloalkyl" means a monovalent
saturated carbocyclic moiety consisting of mono- or bicyclic rings.
Cycloalkyl can optionally be substituted with one or more substituents,
wherein each 



substituent is independently hydroxy, alkyl, alkoxy, halo, haloalkyl,
amino, monoalkylamino, or dialkylamino, unless otherwise specifically
indicated. Examples of cycloalkyl moieties include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and the
like, including partially unsaturated derivatives thereof.
"Cycloalkylalkyl" means a moiety of the formula -R'-R", where R' is
alkylene and R" is cycloalkyl as defined herein. "Heteroaryl" means a
monocyclic or bicyclic radical of 5 to 12 ring atoms having at least one
aromatic ring containing one, two, or three ring heteroatoms selected from
N, O, or S, the remaining ring atoms being C, with the understanding that
the attachment point of the heteroaryl radical will be on an aromatic ring.
The heteroaryl ring may be optionally substituted as defined herein.
Examples of heteroaryl moieties include, but are not limited to, optionally
substituted imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
oxadiazolyl, thiadiazolyl, pyrazinyl, thienyl, benzothienyl, thiophenyl,
furanyl, pyranyl, pyridyl, pyrrolyl, pyrazolyl, pyrimidyl, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl, benzothiopyranyl,
benzimidazolyl,benzooxazolyl, benzooxadiazolyl, benzothiazolyl,
benzothiadiazolyl, benzopyranyl, indolyl, isoindolyl, triazolyl, triazinyl,
quinoxalinyl, purinyl, quinazolinyl, quinolizinyl, naphthyridinyl,
pteridinyl, carbazolyl, azepinyl, diazepinyl, acridinyl and the like,
including partially hydrogenated derivatives thereof, each optionally
substituted. "Heteroarylalkyl" or "heteroaralkyl" means a group of the
formula -R-R' wherein R is alkylene and R' is heteroaryl as defined herein.
"Heteroarylsulfonyl" means a group of the formula -SO -R wherein R is
heteroaryl as defined herein. "Heteroaryloxy" means a group of the formula
-O-R wherein R is heteroaryl as defined herein. "Heteroaralkyloxy" means a
group of the formula -0-R-R' wherein R is alkylene and R' is heteroaryl as
defined herein. The terms "halo", "halogen" and "halide", which may be used
interchangeably, refer to a substituent fluoro, chloro, bromo, or iodo.
"Haloalkyl" means alkyl as defined herein in which one or more hydrogen has
been replaced with same or different halogen. Exemplary haloalkyls include
-CH Cl, -CH 2CF3, -CH 2CCl3, perfiuoroalkyl (e.g., -CF 3), and the like.
"Haloalkoxy" means a moiety of the formula -OR, wherein R is a haloalkyl
moiety as defined 



herein. An exemplary haloalkoxy is difluoromethoxy. "Heterocycloamino"
means a saturated ring wherein at least one ring atom is N, NH or N-alkyl
and the remaining ring atoms form an alkylene group. "Heterocyclyl" means a
monovalent saturated moiety, consisting of one to three rings,
incorporating one, two, or three or four heteroatoms (chosen from nitrogen,
oxygen or sulfur). The heterocyclyl ring may be optionally substituted as
defined herein. Examples of heterocyclyl moieties include, but are not
limited to, optionally substituted piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, pyridinyl, pyridazinyl, pyrimidinyl, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl,
quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl,
thiadiazolylidinyl, benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl,
tetrahydrofuryl, dihydropyranyl,tetrahydropyranyl, thiamorpholinyl,
thiamorpholinylsulfoxide, thiamorpholinylsulfone, dihydroquinolinyl,
dihydrisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the
like. "Heterocyclylalkyl" means a moiety of the formula -R-R' wherein R is
alkylene and R' is heterocyclyl as defined herein. "Heterocyclyloxy" means
a moiety of the formula -OR wherein R is heterocyclyl as defined herein.
"Heterocyclylalkoxy" means a moiety of the formula -OR-R' wherein R is
alkylene and R' is heterocyclyl as defined herein. "Hydroxyalkoxy" means a
moiety of the formula -OR wherein R is hydroxyalkyl as defined herein.
"Hydroxyalkylamino" means a moiety of the formula -NR-R' wherein R is
hydrogen or alkyl and R' is hydroxyalkyl as defined herein.
"Hydroxyalkylaminoalkyl" means a moiety of the formula -R-NR'-R" wherein R
is alkylene, R' is hydrogen or alkyl, and R" is hydroxyalkyl as defined
herein. "Hydroxycarbonylalkyl" or "carboxyalkyl" means a group of the
formula -R-(CO)-OH where R is alkylene as defined herein.
"Hydroxyalkyloxycarbonylalkyl" or "hydroxyalkoxycarbonylalkyl" means a
group of the formula -R-C(O)-O-R-OH wherein each R is alkylene and may be
the same or different. "Hydroxyalkyl" means an alkyl moiety as defined
herein, substituted with one or more, preferably one, two or three hydroxy
groups, provided that the same carbon atom does not carry 



more than one hydroxy group. Representative examples include, but are not
limited to, hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl,
3-hydroxypropyl, 1-(hydroxymethyl)-2- methylpropyl, 2-hydroxybutyl,
3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 2- hydroxy-1
-hydroxymethylethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl and
2-(hydroxymethyl)-3 -hydroxypropyl. "Hydroxycycloalkyl" means a cycloalkyl
moiety as defined herein wherein one, two or three hydrogen atoms in the
cycloalkyl radical have been replaced with a hydroxy
substituent.Representative examples include, but are not limited to, 2-,
3-, or 4-hydroxycyclohexyl, and the like. "Urea'Or "ureido" means a group
of the formula -NR'-C(0)-NR"R'" wherein R', R" and R'" each independently
is hydrogen or alkyl. "Carbamate" means a group of the formula
-0-C(0)-NR'R" wherein R' and R" each independently is hydrogen or alkyl.
"Carboxy" means a group of the formula -0-C(O)-OH. "Sulfonamido" means a
group of the formula -SO -NR R" wherein R', and R" each independently is
hydrogen or alkyl. "Optionally substituted", when used in association with
"aryl", "phenyl", "heteroaryl", "cycloalkyl" or "heterocyclyl", means an
aryl, phenyl, heteroaryl, cycloalkyl or heterocyclyl which is optionally
substituted independently with one to four substituents, preferably one or
two substituents selected from alkyl, cycloalkyl, cycloalkylalkyl,
heteroalkyl, hydroxyalkyl, halo, nitro, cyano, hydroxy, alkoxy, amino,
acylamino, mono-alkylamino, di-alkylamino, haloalkyl, haloalkoxy,
heteroalkyl, -COR, -SO R (where R is hydrogen, alkyl, phenyl or
phenylalkyl), - (CR'R") n -C00R (where n is an integer from Oto 5, R' and
R" are independently hydrogen or alkyl, and R is hydrogen, alkyl,
cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl), or - (CR'R") n -C0NR a
'Rb ' (where n is an integer from Oto 5, R' and R" are independently
hydrogen or alkyl, and Ra and R are, independently of each other, hydrogen,
alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl). In certain
embodiments optional substituents for "aryl", "phenyl", "heteroaryl",
"cycloalkyl" or "heterocyclyl" include alkyl, halo, haloalkyl, alkoxy,
cyano, amino and alkylsulfonyl. In many embodiments the substituents are
methyl, fluoro, chloro, trifluoromethyl, methoxy, amino and
methanesulfonyl. "Leaving group" means the group with the meaning
conventionally associated with it in 



synthetic organic chemistry, i.e., an atom or group displaceable under
substitution reaction conditions. Examples of leaving groups include, but
are not limited to, halogen, alkane- or arylenesulfonyloxy, such as
methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzenesulfonyloxy,
tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituted
benzyloxy, isopropyloxy, acyloxy, and the like."Modulator" means a molecule
that interacts with a target. The interactions include, but are not limited
to, agonist, antagonist, and the like, as defined herein. "Optional" or
"optionally" means that the subsequently described event or circumstance
may but need not occur, and that the description includes instances where
the event or circumstance occurs and instances in which it does not.
"Disease" and "Disease state" means any disease, condition, symptom,
disorder or indication. "Inert organic solvent" or "inert solvent" means
the solvent is inert under the conditions of the reaction being described
in conjunction therewith, including for example, benzene, toluene,
acetonitrile, tetrahydrofuran, N,N-dimethylformamide, chloroform, methylene
chloride or dichloromethane, dichloroethane, diethyl ether, ethyl acetate,
acetone, methyl ethyl ketone, methanol, ethanol, propanol, isopropanol, t
rt-butanol, dioxane, pyridine, and the like. Unless specified to the
contrary, the solvents used in the reactions of the present invention are
inert solvents. "Pharmaceutically acceptable" means that which is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic,
and neither biologically nor otherwise undesirable and includes that which
is acceptable for veterinary as well as human pharmaceutical use.
"Pharmaceutically acceptable salts" of a compound means salts that are
pharmaceutically acceptable, as defined herein, and that possess the
desired pharmacological activity of the parent compound. Such salts
include: acid addition salts formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, and the like; or formed with organic acids such as acetic acid,
benzenesulfonic acid, benzoic, camphorsulfonic acid, citric acid,
ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid,
glutamic acid, glycolic acid, hydroxynaphtoic acid, 2-hydroxyethanesulfonic
acid, lactic acid, maleic acid, malic acid, malonic acid, mandelic acid,
methanesulfonic acid, muconic acid, 2- naphthalenesulfonic acid, propionic
acid, salicylic acid, succinic acid, tartaric acid, ptoluenesulfonic acid,
trimethylacetic acid, and the like; or salts formed when an acidic proton 



present in the parent compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates
with an organic or inorganic base. Acceptable organic bases include
diethanolamine, ethanolamine, N-methylglucamine, triethanolamine,
tromethamine, and the like. Acceptable inorganic bases include
aluminumhydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate
and sodium hydroxide. The preferred pharmaceutically acceptable salts are
the salts formed from acetic acid, hydrochloric acid, sulphuric acid,
methanesulfonic acid, maleic acid, phosphoric acid, tartaric acid, citric
acid, sodium, potassium, calcium, zinc, and magnesium. It should be
understood that all references to pharmaceutically acceptable salts include
solvent addition forms (solvates) or crystal forms (polymorphs) as defined
herein, of the same acid addition salt. "Protective group" or "protecting
group" means the group which selectively blocks one reactive site in a
multifunctional compound such that a chemical reaction can be carried out
selectively at another unprotected reactive site in the meaning
conventionally associated with it in synthetic chemistry. Certain processes
of this invention rely upon the protective groups to block reactive
nitrogen and/or oxygen atoms present in the reactants. For example, the
terms "amino-protecting group" and "nitrogen protecting group" are used
interchangeably herein and refer to those organic groups intended to
protect the nitrogen atom against undesirable reactions during synthetic
procedures. Exemplary nitrogen protecting groups include, but are not
limited to, trifluoro acetyl, acetamido, benzyl (Bn), benzyloxycarbonyl
(carbobenzyloxy, CBZ), pmethoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
te/t-butoxycarbonyl (BOC), and the like. The artisan in the art will know
how to chose a group for the ease of removal and for the ability to
withstand the following reactions. "Solvates" means solvent additions forms
that contain either stoichiometric or non stoichiometric amounts of
solvent. Some compounds have a tendency to trap a fixed molar ratio of
solvent molecules in the crystalline solid state, thus forming a solvate.
If the solvent is water the solvate formed is a hydrate, when the solvent
is alcohol, the solvate formed is an alcoholate. Hydrates are formed by the
combination of one or more molecules of water with one of the substances in
which the water retains its molecular state as H O, such combination being
able to form one or more hydrate. "Subject" means mammals and non-mammals.
Mammals means any member of the mammalia class including, but not limited
to, humans; non-human primates such as chimpanzees and other 



apes and monkey species; farm animals such as cattle, horses, sheep, goats,
and swine; domestic animals such as rabbits, dogs, and cats; laboratory
animals including rodents, such as rats, mice, and guinea pigs; and the
like. Examples of non-mammals include, but are not limited to, birds, and
the like. The term "subject" does not denote a particular age or
sex."Disorders of the urinary tract" or "uropathy" used interchangeably
with "symptoms of the urinary tract" means the pathologic changes in the
urinary tract. Examples of urinary tract disorders include, but are not
limited to, incontinence, benign prostatic hypertrophy (BPH), prostatitis,
detrusor hyperreflexia, outlet obstruction, urinary frequency, nocturia,
urinary urgency, overactive bladder, pelvic hypersensitivity, urge
incontinence, urethritis, prostatodynia, cystitis, idiophatic bladder
hypersensitivity, and the like. "Disease states associated with the urinary
tract" or "urinary tract disease states" or "uropathy" used interchangeably
with "symptoms of the urinary tract" mean the pathologic changes in the
urinary tract, or dysfunction of urinary bladder smooth muscle or its
innervation causing disordered urinary storage or voiding. Symptoms of the
urinary tract include, but are not limited to, overactive bladder (also
known as detrusor hyperactivity), outlet obstruction, outlet insufficiency,
and pelvic hypersensitivity. "Overactive bladder" or "detrusor
hyperactivity" includes, but is not limited to, the changes symptomatically
manifested as urgency, frequency, altered bladder capacity, incontinence,
micturition threshold, unstable bladder contractions, sphincteric
spasticity, detrusor hyperreflexia (neurogenic bladder), detrusor
instability, and the like. "Outlet obstruction" includes, but is not
limited to, benign prostatic hypertrophy (BPH), urethral stricture disease,
tumors, low flow rates, difficulty in initiating urination, urgency,
suprapubic pain, and the like. "Outlet insufficiency" includes, but is not
limited to, urethral hypermobility, intrinsic sphincteric deficiency, mixed
incontinence, stress incontinence, and the like. "Pelvic Hypersensitivity"
includes, but is not limited to, pelvic pain, interstitial (cell) cystitis,
prostatodynia, prostatitis, vulvadynia, urethritis, orchidalgia, overactive
bladder, and the like. "Respiratory disorder" refers to, without
limitation, chronic obstructive pulmonary disease (COPD), asthma,
bronchospasm, and the like. "Gastrointestinal disorder" ("GI disorder")
refers to, without limitation, Irritable Bowel Syndrome (IBS), Inflammatory
Bowel Disease (IBD), biliary colic and other biliary disorders, 



renal colic, diarrhea-dominant IBS, pain associated with GI distension, and
the like."Pain" includes, without limitation, inflammatory pain; surgical
pain; visceral pain; dental pain; premenstrual pain; central pain; pain due
to burns; migraine or cluster headaches; nerve injury; neuritis;
neuralgias; poisoning; ischemic injury; interstitial cystitis; cancer pain;
viral, parasitic or bacterial infection; post-traumatic injury; or pain
associated with irritable bowel syndrome. "Therapeutically effective
amount" means an amount of a compound that, when administered to a subject
for treating a disease state, is sufficient to effect such treatment for
the disease state. The "therapeutically effective amount" will vary
depending on the compound, disease state being treated, the severity or the
disease treated, the age and relative health of the subject, the route and
form of administration, the judgment of the attending medical or veterinary
practitioner, and other factors. The terms "those defined above" and "those
defined herein" when referring to a variable incorporates by reference the
broad definition of the variable as well as preferred, more preferred and
most preferred definitions, if any. "Treating" or "treatment" of a disease
state includes: (i) preventing the disease state, i.e. causing the clinical
symptoms of the disease state not to develop in a subject that may be
exposed to or predisposed to the disease state, but does not yet experience
or display symptoms of the disease state, (ii) inhibiting the disease
state, i.e., arresting the development of the disease state or its clinical
symptoms, or (iii) relieving the disease state , i.e., causing temporary or
permanent regression of the disease state or its clinical symptoms. The
terms "treating", "contacting" and "reacting" when referring to a chemical
reaction means adding or mixing two or more reagents under appropriate
conditions to produce the indicated and/or the desired product. It should
be appreciated that the reaction which produces the indicated and/or the
desired product may not necessarily result directly from the combination of
two reagents which were initially added, i.e., there may be one or more
intermediates which are produced in the mixture which ultimately leads to
the formation of the indicated and/or the desired product. In general, the
nomenclature used in this Application is based on AUTONOM(tm) v.4.0, a
Beilstein Institute computerized system for the generation of IUPAC
systematic nomenclature. Chemical structures shown herein were prepared
using ISIS(r) version 2.2. Any open valency appearing on a carbon, oxygen
sulfur or nitrogen atom in the structures herein indicates thepresence of a
hydrogen atom unless indicated otherwise. Where a nitrogen-containing
heteroaryl 



ring is shown with an open valency on a nitrogen atom, and variables such
as Ra, Rb or Rc are shown on the heteroaryl ring, such variables may be
bound or joined to the open valency nitrogen. Where a chiral center exists
in a structure but no specific stereochemistry is shown for the chiral
center, both enantiomers associated with the chiral center are encompassed
by the structure. Where a structure shown herein may exist in multiple
tautomeric forms, all such tautomers are encompassed by the structure. All
patents and publications identified herein are incorporated herein by
reference in their entirety. Further it is to be understood that every
embodiment relating to a specific residue R1 to R5, X, Y and Z as disclosed
herein may be combined with any other embodiment relating to another
residue R1 to R5, X, Y and Z as disclosed herein. The invention provides
compounds of the formula I : or pharmaceutically acceptable salts thereof,
wherein: R1 is: Ci_6alkyl; or halo; R2 is: C3-6cycloalkyl; Ci_6alkoxy-Ci_
6alkyl; hydroxy-Ci_ 6alkyl; or heteroaryl-Ci_ 6alkyl; R3 is: Ci_6alkyl;
hydroxy-Ci_ 6alkyl; Ci_6alkoxy-Ci_ 6alkyl; halo-Ci_6alkyl; C3-6cycloalkyl;
Cs- cycloalkyl- Ci_6alkyl; phenyl optionally substituted with halo,
Ci_6alkyl, Ci_ alkoxy or halo- Ci_6alkyl; or phenyl-Ci_ 6alkyl wherein the
phenyl portion thereof is optionally substituted with halo, Ci_6alkyl,
Ci_6alkoxy or halo- Ci_6alkyl; R4 and R5 each independently is: hydrogen;
or fluoro; X is: N; or CRa wherein Ra is Ci_6alkyl or halo; Y is: N; or CRb
wherein Rb is hydrogen or Ci_6alkyl; and Z is: N; or CRC; wherein Rc is
hydrogen or Ci_6alkyl. In certain embodiments of formula I, R4 and R5 are
hydrogen.In certain embodiments of formula I, one of R4 and R5 is fluoro
and the other is hydrogen. In embodiments of the invention, the subject
compounds may be represented by formula II: wherein X, Y, Z,R, 1, rR>2, and
R are as defined herein. In many embodiments of formula I or formula II, R1
is methyl or halo. In certain embodiments of formula I or formula II, R1 is
methyl. In certain embodiments of formula I or formula II, R1 is chloro. 



In certain embodiments of formula I or formula II, R2 is C3_6Cycloalkyl. In
certain embodiments of formula I or formula II, R2 is cyclopropyl. In
certain embodiments of formula I or formula II, R2 is Ci_6alkoxy-Ci_6alkyl.
In certain embodiments of formula I or formula II, R2 is 2-methoxy-l
-methyl-ethyl. In certain embodiments of formula I or formula II, R2 is
hydroxy-Ci_6alkyl. In certain embodiments of formula I or formula II, R2 is
2-hydroxy-l -methyl-ethyl. In certain embodiments of formula I or formula
II, R2 is heteroaryl-Ci_6alkyl. In embodiments of formula I or formula II
wherein R>2 is heteroaryl-Ci_6alkyl, the heteroaryl portion thereof may be
selected from: pyrimidinyl, pyrazinyl, each optionally substituted once or
twice with Ci_6alkyl. In embodiments of formula I or formula II wherein R2
is heteroaryl-Ci_6alkyl, the heteroaryl portion thereof may be selected
from: pyrimidinyl, pyrazinyl, and pyridazinyl, each optionally substituted
once or twice with Ci_6alkyl.In embodiments of formula I wherein R2 is
heteroaryl-Ci_6alkyl, the heteroaryl portion thereof may be selected from:
pyrimidinyl, pyrazinyl, each optionally substituted once with methyl. In
embodiments of formula I wherein R2 is heteroaryl-Ci_6alkyl, the heteroaryl
portion thereof may be selected from: pyrimidinyl, pyrazinyl and
pyridazinyl, each optionally substituted once with methyl. In embodiments
of formula I or formula II wherein R2 is heteroaryl-Ci_6alkyl, the
Ci_6alkyl portion thereof may be selected from methylene and
1-methyl-ethylene. In embodiments of formula I or formula II wherein R2 is
heteroaryl-Ci_6alkyl, the Ci_6alkyl portion thereof may be selected from
-CH - and -CH(CHs)-CH - . In certain embodiments of formula I or formula
II, R2 is heteroaryl-Ci_6alkyl selected from: pyrazinyl-methyl;
pyridazinyl-methyl; pyrimidinyl-methyl; 1-pyrazinyl-ethyl;
1-pyridazinylethyl; and 1-pyrimidinyl- ethyl; wherein the pyrazinyl,
pyridazinyl and pyrimidinyl portions thereof may be optionally substituted
once with methyl. In certain embodiments of formula I or formula II, R2 is
heteroaryl-Ci_6alkyl selected from: 5- methylpyrazin-2-yl-methyl;
l-pyrazin-2-yl-ethyl; pyrimidin-5-yl-methyl; 6-methyl-pyridazin-3-
yl-methyl; pyridazin-3-yl-methyl; 5-methyl-pyrimidin-yl-methyl; and
2-methyl-pyrimidin-5-ylmethyl. In certain embodiments of formula I or
formula II, R2 is: cyclopropyl; 2-methoxy-l -methylethyl; 2-hydroxy-l
-methyl-ethyl; 5-methylpyrazin-2-yl-methyl; l-pyrazin-2-yl-ethyl;
pyrimidin- 



5-yl-methyl; 6-methyl-pyridazin-3-yl-methyl; pyridazin-3-yl-methyl;
5-methyl-pyrimidin-ylmethyl; or 2-methyl-pyrimidin-5-yl-methyl. In certain
embodiments of formula I or formula II, R2 is: 2-hydroxy-l -methyl-ethyl;
5- methylpyrazin-2-yl-methyl; l-pyrazin-2-yl-ethyl; pyrimidin-5-yl-methyl;
6-methyl-pyridazin-3- yl-methyl; pyridazin-3-yl-methyl;
5-methyl-pyrimidin-yl-methyl; or 2-methyl-pyrimidin-5-ylmethyl. In certain
embodiments of formula I or formula II, R2 is: 2-hydroxy-l -methyl-ethyl;
5- methylpyrazin-2-yl-methyl; or l-pyrazin-2-yl-ethyl.In certain
embodiments of formula I, R2 is: 2-hydroxy-l -methyl-ethyl;
5-methylpyrazin-2-ylmethyl; or l-pyrazin-2-yl-ethyl and R4 and R5 are
hydrogen. In certain embodiments of formula I or formula II, R2 is
5-methylpyrazin-2-yl-methyl. In certain embodiments of formula I or formula
II, R2 is l-pyrazin-2-yl-ethyl. In certain embodiments of formula I or
formula II, R2 is pyrimidin-5-yl-methyl. In certain embodiments of formula
I or formula II, R2 is 6-methyl-pyridazin-3-yl-methyl. In certain
embodiments of formula I or formula II, R2 is pyridazin-3-yl-methyl. In
certain embodiments of formula I or formula II, R2 is
5-methyl-pyrimidin-yl-methyl. In certain embodiments of formula I or
formula II, R2 is 2-methyl-pyrimidin-5-yl-methyl. In certain embodiments of
formula I or formula II, R. 3 is : Ci_6alkyl; hydroxy-Ci_6alkyl; Ci_
6alkoxy-Ci_6alkyl; halo-Ci_6alkyl; phenyl optionally substituted with halo,
Ci_6alkyl, Ci_6alkoxy or halo- Ci_6alkyl; or phenyl-Ci_6alkyl wherein the
phenyl portion thereof is optionally substituted with halo, Ci_6alkyl,
Ci_6alkoxy or halo- Ci_6alkyl. In certain embodiments of formula I or
formula II, R3 is: Ci_6alkyl; hydroxy-Ci_6alkyl; Ci_ alkoxy-Ci- alkyl;
halo-Ci_6alkyl; phenyl optionally substituted with Ci_6alkyl; or phenyl-Ci_
alkyl wherein the phenyl portion thereof is optionally substituted with
Ci_6alkyl. In certain embodiments of formula I or formula II, R is:
Ci_6alkyl; halo-Ci_6alkyl; phenyl optionally substituted with Ci_6alkyl; or
phenyl-Ci_6alkyl wherein the phenyl portion thereof is optionally
substituted with Ci_6alkyl. In certain embodiments of formula I or formula
II, R is: Ci_6alkyl; halo-Ci_6alkyl; phenyl optionally substituted with
Ci_6alkyl; or phenyl-Ci_6alkyl wherein the phenyl portion thereof is
optionally substituted with Ci_6alkyl. In certain embodiments of formula I
or formula II, R3 is Ci_6alkyl. In certain embodiments of formula I or
formula II, R3 is isopropyl, isobutyl, n-propyl, 3-methylbutyl, 



2,2,2-trifluoroethyl, 2-methoxyethyl, phenyl, benzyl, 2-methyl-phenyl;
4-methyl-phenyl; or 2-isopropyl-phenyl.In certain embodiments of formula I
or formula II, R is isopropyl, isobutyl, n-propyl, or 3- methyl-butyl. In
certain embodiments of formula I or formula II, R is phenyl,
2-methyl-phenyl; 4-methylphenyl; or 2-isopropyl-phenyl. In certain
embodiments of formula I or formula II, X is -N-. In certain embodiments of
formula I or formula II, X is -CRa- . In certain embodiments of formula I
or formula II, X is -CRa- and Ra is hydrogen or halo. In certain
embodiments of formula I or formula II, X is -CRa- and Ra is hydrogen. In
certain embodiments of formula I or formula II, Ra is hydrogen. In certain
embodiments of formula I, Ra is hydrogen and R4 and R5 are hydrogen. In
certain embodiments of formula I or formula II, Y is N or CRb. In certain
embodiments of formula I or formula II, Y is N. In certain embodiments of
formula I or formula II, Y is CR . In certain embodiments of formula I or
formula II, Y is CRb and Rb is hydrogen. In certain embodiments of formula
I or formula II, Z is N. In certain embodiments of formula I or formula II,
Z is CRC. In certain embodiments of formula I or formula II, Z is CRCand Rc
is hydrogen. In certain embodiments of formula I or formula II, Y and Z are
N. In certain embodiments of formula I or formula II, Y is CRb and Z is
CRC. In certain embodiments of formula I or formula II, Y is CRb and Z is
CRC, and Rb and Rc are hydrogen. In certain embodiments of formula I or
formula II, Y is N and Z is CRC.In certain embodiments of formula I or
formula II, Y is N , Z is CRC and Rc is hydrogen. In certain embodiments of
formula I or formula II, Z is N and Y is CRb. In certain embodiments of
formula I or formula II, Z is N , Y is CRb and Rb is hydrogen. In certain
embodiments the compounds of formulas I and II may be represented by
formula III: wherein X, R1, R2 and R3 are as defined herein for formula I
and formula II. In certain embodiments the compounds of formulas I and II
may be represented by formula IV: wherein X, R1, R2 and R3 are as defined
herein for formula I and ffoorrnmula II. In certain embodiments the
compounds of formulas I and II may be represented by formula V : 



wherein X, R1, R2 and R3 are as defined herein for formula I and formula
II. Where any o f R1, R2, R3, R4, R5, Ra, Rb and Rc is alkyl or contains an
alkyl moiety, such alkyl is preferably lower alkyl, i.e. Ci-C alkyl, and
more preferably Ci-C 4alkyl.In certain embodiments the compound is selected
from the group consisting of:
l-Isobutyl-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide;
l-Butyl-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide; 1-Butyl-4-(5-methyl-pyridin-2-yl)-
lH-indazole-6-carboxylic acid ((S)-2-hydroxy- 1-methylethyl)- amide;
l-Isopropyl-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide;
l-Isopropyl-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
((S)-2-hydroxy-l-methylethyl)- amide;
l-(2-Methoxy-ethyl)-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(5-methylpyrazin- 2-ylmethyl)-amide;
l-(3-Methyl-butyl)-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(5-methyl-pyrazin- 2-ylmethyl)-amide;
l-(3-Methyl-butyl)-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(6-methylpyridazin- 3-ylmethyl)-amide;
l-Benzyl-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide;
l-Benzyl-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
((S)-2-hydroxy-l-methylethyl)- amide;
l-Benzyl-4-(5-methyl-pyridin-2-yl)-lH-indazole-6-carboxylic acid
(6-methyl-pyridazin-3- ylmethyl)-amide;
4-(5-Methyl-pyridin-2-yl)-l-(2,2,2-trifluoro-ethyl)-lH-indazole-6-carboxyli
c acid (5-methylpyrazin- 2-ylmethyl)-amide;
4-(5-Methyl-pyridin-2-yl)-l-(2,2,2-trifluoro-ethyl)-lH-indazole-6-carboxyli
c acid (6-methylpyridazin- 3-ylmethyl)-amide; 4-(5-Methyl-pyridin-2-yl)-l
-phenyl- lH-indazole-6-carboxylic acid (5-methyl-pyrazin-2- 



ylmethyl)-amide;
4-(5-Methyl-pyridin-2-yl)-l-phenyl-lH-indazole-6-carboxylic acid
((S)-2-hydroxy-l-methylethyl)- amide;
4-(5-Methyl-pyridin-2-yl)-l-p-tolyl-lH-indazole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide;4-(5-Methyl-pyridin-2-yl)- 1-p-tolyl-
1H-indazole-6-carboxylic acid ((S)-2-hydroxy- 1-methylethyl)- amide;
4-(5-Methyl-pyridin-2-yl)-l-o-tolyl-lH-indazole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide;
4-(5-Methyl-pyridin-2-yl)-l-o-tolyl-lH-indazole-6-carboxylic acid
((S)-2-hydroxy-l-methylethyl)- amide;
l-(2-Isopropyl-phenyl)-4-(5-methyl-pyridin-2-yl)-l H-indazole-6-carboxylic
acid ((S)-2- hydroxy- 1-methyl-ethyl)-amide;
l-Isobutyl-4-(5-methyl-pyridin-2-yl)-lH-indole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide; 1-Isobutyl-4-(5-methyl-pyridin-2-yl)-
1H-indole-6-carboxylic acid ((S)-2-hydroxy- 1-methylethyl)- amide;
4-(5-Methyl-pyridin-2-yl)-l -phenyl- lH-indole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide;
4-(5-Methyl-pyridin-2-yl)-l-phenyl-lH-indole-6-carboxylic acid
((S)-2-hydroxy-l-methylethyl)- amide;
l-Isopropyl-4-(5-methyl-pyridin-2-yl)-lH-indole-6-carboxylic acid
(6-methyl-pyridazin-3- ylmethyl)-amide;
l-Isopropyl-4-(5-methyl-pyridin-2-yl)-lH-indole-6-carboxylic acid
(5-methyl-pyrazin-2- ylmethyl)-amide;
1-Isopropyl-4-(5-methyl-pyridin-2-yl)- 1H-indole-6-carboxylic acid
((S)-2-hydroxy- 1-methylethyl)- amide;
3-Isobutyl-7-(5-methyl-pyridin-2-yl)-3H-benzoimidazole-5-carboxylic acid
(5-methyl-pyrazin- 2-ylmethyl)-amide; and
3-Isobutyl-7-(5-methyl-pyridin-2-yl)-3H-benzoimidazole-5-carboxylic acid
((S)-2-hydroxy-lmethyl- ethyl)-amide; and pharmaceutically acceptable salts
therof. 



The invention also provides methods for treating a disease or condition
mediated by or otherwise associated with a P2X3 receptor antagonist, a
P2X2/3 receptor antagonist, or both, the method comprising administering to
a subject in need thereof an effective amount of a compound of the
invention. The disease may be genitourinary disease or urinary tract
disease. In other instances the disease may be a disease is associated with
pain. The urinary tract disease may be: reduced bladdercapacity; frequenct
micturition; urge incontinence; stress incontinence; bladder
hyperreactivity; benign prostatic hypertrophy; prostatitis; detrusor
hyperreflexia; urinary frequency; nocturia; urinary urgency; overactive
bladder; pelvic hypersensitivity; urethritis; pelvic pain syndrome;
prostatodynia; cystitis; or idiophatic bladder hypersensitivity. The
disease associated with pain may be: inflammatory pain; surgical pain;
visceral pain; dental pain; premenstrual pain; central pain; pain due to
burns; migraine or cluster headaches; nerve injury; neuritis; neuralgias;
poisoning; ischemic injury; interstitial cystitis; cancer pain; viral,
parasitic or bacterial infection; post-traumatic injury; or pain associated
with irritable bowel syndrome. The disease may be a respiratory disorder,
such as chronic obstructive pulmonary disorder (COPD), asthma, or
bronchospasm, or a gastrointestinal (GI) disorder such as Irritable Bowel
Syndrome (IBS), Inflammatory Bowel Disease (IBD), biliary colic and other
biliary disorders, renal colic, diarrhea-dominant IBS, pain associated with
GI distension. Representative compounds in accordance with the methods of
the invention are shown in Table 1, with pKi values for the P2X3 and P2X /3
receptors. TABLE 1Audio Signal Decoder, Method for Decoding an Audio Signal
and Computer Program using Cascaded Audio Object Processing Stages
Description Technical Field Embodiments according to the invention are
related to an audio signal decoder for providing an upmix signal
representation in dependence on a downmix signal representation and an
object-related parametric information. Further embodiments according to the
invention are related to a method for providing an upmix signal
representation in dependence on a downmix signal representation and an
object-related parametric information. 



Further embodiments according to the invention are related to a computer
program. Some embodiments according to the invention are related to an
enhanced Karaoke/Solo SAOC system. Background of the Invention In modern
audio systems, it is desired to transfer and store audio information in a
bitrateefficient way. In addition, it is often desired to reproduce an
audio content using a plurality of two or even more speakers, which are
spatially distributed in a room. In such cases, it is desired to exploit
the capabilities of such a multi-speaker arrangement to allow for a user to
spatially identify different audio contents or different items of a single
audio content. This may be achieved by individually distributing the
different audio contents to the different speakers. In other words, in the
art of audio processing, audio transmission and audio storage, there is an
increasing desire to handle multi-channel contents in order to improve the
hearing impression. Usage of multi-channel audio content brings along
significant improvements for the user. For example, a 3-dimensional hearing
impression can be obtained, which brings along an improved user
satisfaction in entertainment applications. However, multi channel audio
contents are also useful in professional environments, for example in
telephone conferencing applications, because the speaker intelligibility
can be improved by using a multi-channel audio playback.However, it is also
desirable to have a good tradeoff between audio quality and bitrate
requirements in order to avoid an excessive resource load caused by
multi-channel applications. Recently, parametric techniques for the
bitrate-efficient transmission and/or storage of audio scenes containing
multiple audio objects has been proposed, for example, Binaural Cue Coding
(Type I) (see, for example reference [BCC]), Joint Source Coding (see, for
example, reference [JSC]), and MPEG Spatial Audio Object Coding (SAOC)
(see, for example, references [SAOCl], [SAOC2]). These techniques aim at
perceptually reconstructing the desired output audio scene rather than by a
waveform match. Fig. 8 shows a system overview of such a system (here: MPEG
SAOC). The MPEG SAOC system 800 shown in Fig. 8 comprises an SAOC encoder
810 and an SAOC decoder 820. 



The SAOC encoder 810 receives a plurality of object signals X1 to XN, which
may be represented, for example, as time-domain signals or as
time-frequency-domain signals (for example, in the form of a set of
transform coefficients of a Fourier-type transform, or in the form of QMF
subband signals). The SAOC encoder 810 typically also receives downmix
coefficients di to d", which are associated with the object signals X1 to
XN- Separate sets of downmix coefficients may be available for each channel
of the downmix signal. The SAOC encoder 810 is typically configured to
obtain a channel of the downmix signal by combining the object signals x to
XN in accordance with the associated downmix coefficients di to d> .
Typically, there are less downmix channels than object signals X1 to XN In
order to allow (at least approximately) for a separation (or separate
treatment) of the object signals at the side of the SAOC decoder 820, the
SAOC encoder 810 provides both the one or more downmix signals (designated
as downmix channels) 812 and a side information 814. The side information
814 describes characteristics of the object signals X1 to XN, in order to
allow for a decoder-sided object-specific processing. The SAOC decoder 820
is configured to receive both the one or more downmix signals 812 and the
side information 814. Also, the SAOC decoder 820 is typically configured to
receive a user interaction information and/or a user control information
822, which describes a desired rendering setup. For example, the user
interaction information/user control information 822 may describe a speaker
setup and the desired spatial placement of the objects provided by the
object signals X1 to XN.The SAOC decoder 820 is configured to provide, for
example, a plurality of decoded upmix channel signals yi to fu- The upmix
channel signals may for example be associated with individual speakers of a
multi-speaker rendering arrangement. The SAOC decoder 820 may, for example,
comprise an object separator 820a, which is configured to reconstruct, at
least approximately, the object signals xi to XN on the basis of the one or
more downmix signals 812 and the side information 814, thereby obtaining
reconstructed object signals 820b. However, the reconstructed object
signals 820b may deviate somewhat from the original object signals x to XN,
for example, because the side information 814 is not quite sufficient for a
perfect reconstruction due to the bitrate constraints. The SAOC decoder 820
may further comprise a mixer 820c, which may be configured to receive the
reconstructed object signals 820b and the user interaction 



information/user control information 822, and to provide, on the basis
thereof, the upmix channel signals f \ to fu- The mixer 820c may be
configured to use the user interaction information /user control
information 822 to determine the contribution of the individual
reconstructed object signals 820b to the upmix channel signals yi to M- The
user interaction information/user control information 822 may, for example,
comprise rendering parameters (also designated as rendering coefficients),
which determine the contribution of the individual reconstructed object
signals 820b to the upmix channel signals 1 to fu- However, it should be
noted that in many embodiments, the object separation, which is indicated
by the object separator 820a in Fig. 8, and the mixing, which is indicated
by the mixer 820c in Fig. 8, are performed in one single step. For this
purpose, overall parameters may be computed which describe a direct mapping
of the one or more downmix signals 812 onto the upmix channel signals y \
to yM These parameters may be computed on the basis of the side information
814 and the user interaction information/user control information 822.
Taking reference now to Figs. 9a, 9b and 9c, different apparatus for
obtaining an upmix signal representation on the basis of a downmix signal
representation and object-related side information will be described. Fig.
9a shows a block schematic diagram of an MPEG SAOC system 900 comprising an
SAOC decoder 920. The SAOC decoder 920 comprises, as separate functional
blocks, an object decoder 922 and a mixer/renderer 926. The object decoder
922 provides a plurality of reconstructed object signals 924 in dependence
on the downmix signal representation (for example, in the form of one or
more downmix signals represented in the time domain or in the
time-frequency-domain) and object-related side information (for example, in
the form of object meta data). The mixer/renderer 926 receives the
reconstructed object signals 924 associated with a plurality of N objects
and provides, on the basis thereof, one or more upmix channel signals 928.
In the SAOCdecoder 920, the extraction of the object signals 924 is
performed separately from the mixing/rendering which allows for a
separation of the object decoding functionality from the mixing/rendering
functionality but brings along a relatively high computational complexity.
Taking reference now to Fig. 9b, another MPEG SAOC system 930 will be
briefly discussed, which comprises an SAOC decoder 950. The SAOC decoder
950 provides a 



plurality of upmix channel signals 958 in dependence on a downmix signal
representation (for example, in the form of one or more downmix signals)
and an object-related side information (for example, in the form of object
meta data). The SAOC decoder 950 comprises a combined object decoder and
mixer/renderer, which is configured to obtain the upmix channel signals 958
in a joint mixing process without a separation of the object decoding and
the mixing/rendering, wherein the parameters for said joint upmix process
are dependent on both, the object-related side information and the
rendering information. The joint upmix process also depends on the downmix
information, which is considered to be part of the object-related side
information. To summarize the above, the provision of the upmix channel
signals 928, 958 can be performed in a one step process or a two-step
process. Taking reference now to Fig. 9c, an MPEG SAOC system 960 will be
described. The SAOC system 960 comprises an SAOC to MPEG Surround
transcoder 980, rather than an SAOC decoder. The SAOC to MPEG Surround
transcoder comprises a side information transcoder 982, which is configured
to receive the object-related side information (for example, in the form of
object meta data) and, optionally, information on the one or more downmix
signals and the rendering information. The side information transcoder is
also configured to provide an MPEG Surround side information 984 (for
example, in the form of an MPEG Surround bitstream) on the basis of a
received data. Accordingly, the side information transcoder 982 is
configured to transform an object-related (parametric) side information,
which is relieved from the object encoder, into a channel-related
(parametric) side information 984, taking into consideration the rendering
information and, optionally, the information about the content of the one
or more downmix signals. Optionally, the SAOC to MPEG Surround transcoder
980 may be configured to manipulate the one or more downmix signals,
described, for example, by the downmix signal representation, to obtain a
manipulated downmix signal representation 988. However, thedownmix signal
manipulator 986 may be omitted, such that the output downmix signal
representation 988 of the SAOC to MPEG Surround transcoder 980 is identical
to the input downmix signal representation of the SAOC to MPEG Surround
transcoder. The downmix signal manipulator 986 may, for example, be used if
the channel-related MPEG Surround 



side information 984 would not allow to provide a desired hearing
impression on the basis of the input downmix signal representation of the
SAOC to MPEG Surround transcoder 980, which may be the case in some
rendering constellations. Accordingly, the SAOC to MPEG Surround transcoder
980 provides the downmix signal representation 988 and the MPEG Surround
bitstream 984 such that a plurality of upmix channel signals, which
represent the audio objects in accordance with the rendering information
input to the SAOC to MPEG Surround transcoder 980 can be generated using an
MPEG Surround decoder which receives the MPEG Surround bitstream 984 and
the downmix signal representation 988. To summarize the above, different
concepts for decoding SAOC-encoded audio signals can be used. In some
cases, an SAOC decoder is used, which provides upmix channel signals (for
example, upmix channel signals 928, 958) in dependence on the downmix
signal representation and the object-related parametric side information.
Examples for this concept can be seen in Figs. 9a and 9b. Alternatively,
the SAOC-encoded audio information may be transcoded to obtain a downmix
signal representation (for example, a downmix signal representation 988)
and a channel-related side information (for example, the channel-related
MPEG Surround bitstream 984), which can be used by an MPEG Surround decoder
to provide the desired upmix channel signals. In the MPEG SAOC system 800,
a system overview of which is given in Fig. 8, the general processing is
carried out in a frequency selective way and can be described as follows
within each frequency band:  N input audio object signals X1 to XN are
downmixed as part of the SAOC encoder processing. For a mono downmix, the
downmix coefficients are denoted by d to (IN. In addition, the SAOC encoder
810 extracts side information 814 describing the characteristics of the
input audio objects. For MPEG SAOC, the relations of the object powers with
respect to each other are the most basic form of such a side information.
Downmix signal (or signals) 812 and side information 814 are transmitted
and/or stored. To this end, the downmix audio signal may be compressed
using well-knownperceptual audio coders such as MPEG-I Layer II or III
(also known as ".mp3"), MPEG Advanced Audio Coding (AAC), or any other
audio coder.  On the receiving end, the SAOC decoder 820 conceptually tries
to restore the original 



object signal ("object separation") using the transmitted side information
814 (and, naturally, the one or more downmix signals 812). These
approximated object signals (also designated as reconstructed object
signals 820b) are then mixed into a target scene represented by M audio
output channels (which may, for example, be represented by the upmix
channel signals f \ to fu) using a rendering matrix. For a mono output, the
rendering matrix coefficients are given by r i to GN .  Effectively, the
separation of the object signals is rarely executed (or even never
executed), since both the separation step (indicated by the object
separator 820a) and the mixing step (indicated by the mixer 820c) are
combined into a single transcoding step, which often results in an enormous
reduction in computational complexity. It has been found that such a scheme
is tremendously efficient, both in terms of transmission bitrate (it is
only necessary to transmit a few downmix channels plus some side
information instead of N discrete object audio signals or a discrete
system) and computational complexity (the processing complexity relates
mainly to the number of output channels rather than the number of audio
objects). Further advantages for the user on the receiving end include the
freedom of choosing a rendering setup of his/her choice (mono, stereo,
surround, virtualized headphone playback, and so on) and the feature of
user interactivity: the rendering matrix, and thus the output scene, can be
set and changed interactively by the user according to will, personal
preference or other criteria. For example, it is possible to locate the
talkers from one group together in one spatial area to maximize
discrimination from other remaining talkers. This interactivity is achieved
by providing a decoder user interface. For each transmitted sound object,
its relative level and (for non-mono rendering) spatial position of
rendering can be adjusted. This may happen in real-time as the user changes
the position of the associated graphical user interface (GUI) sliders (for
example: object level = +5dB, object position = -30deg). However, it has
been found that it is difficult to handle audio objects of different audio
object types in such a system. In particular, it has been found that it is
difficult to process audio objects of different audio object types, for
example, audio objects to which differentside information is associated, if
the total number of audio objects to be processed is not predetermined. 



In view of this situation, it is an objective of the present invention to
create a concept, which allows for a computationally-efficient and flexible
decoding of an audio signal comprising a downmix signal representation and
an object-related parametric information, wherein the object-related
parametric information describes audio objects of two or more different
audio object types. Summary of the Invention This objective is achieved by
an audio signal decoder for providing an upmix signal representation in
dependence on a downmix signal representation and an object-related
parametric information, a method for providing an upmix signal
representation in dependence on a downmix signal representation and an
object-related parametric information, and a computer program, as defined
by the independent claims. An embodiment according to the invention creates
an audio signal decoder for providing an upmix signal representation in
dependence on a downmix signal representation and an object-related
parametric information. The audio signal decoder comprises an object
separator configured to decompose the downmix signal representation, to
provide a first audio information describing a first set of one or more
audio objects of a first audio object type and a second audio information
describing a second set of one or more audio objects of a second audio
object type in dependence on the downmix signal representation and using at
least a part of the object-related parametric information. The audio signal
decoder also comprises an audio signal processor configured to receive the
second audio information and to process the second audio information in
dependence on the objectrelated parametric information, to obtain a
processed version of the second audio information. The audio signal decoder
also comprises an audio signal combiner configured to combine the first
audio information with the processed version of the second audio
information to obtain the upmix signal representation. It is a key idea of
the present invention that an efficient processing of different types of
audio objects can be obtained in a cascaded structure, which allows for a
separation of the different types of audio objects using at least a part of
the object-related parametric information in a first processing step
performed by the object separator, and which allows for an additional
spatial processing in a second processing step performed in dependence 



on at least a part of the object-related parametric information by the
audio signal processor.It has been found that extracting a second audio
information, which comprises audio objects of the second audio object type,
from a downmix signal representation can be performed with a moderate
complexity even if there is a larger number of audio objects of the second
audio object type. In addition, it has been found that a spatial processing
of the audio objects of the second audio type can be performed efficiently
once the second audio information is separated from the first audio
information describing the audio objects of the first audio object type.
Additionally, it has been found that the processing algorithm performed by
the object separator for separating the first audio information and the
second audio information can be performed with comparatively small
complexity if the object-individual processing of the audio objects of the
second audio object type is postponed to the audio signal processor and not
performed at the same time as the separation of the first audio information
and the second audio information. In a preferred embodiment, the audio
signal decoder is configured to provide the upmix signal representation in
dependence on the downmix signal representation, the objectrelated
parametric information and a residual information associated to a sub-set
of audio objects represented by the downmix signal representation. In this
case, the object separator is configured to decompose the downmix signal
representation to provide the first audio information describing the first
set of one or more audio objects (for example, foreground objects FGO) of
the first audio object type to which residual information is associated and
the second audio information describing the second set of one or more audio
objects (for example, background objects BGO) of the second audio object
type to which no residual information is associated in dependence on the
downmix signal representation and using at least part of the object-related
parametric information and the residual information. This embodiment is
based on the finding that a particularly accurate separation between the
first audio information describing the first set of audio objects of the
first audio object type and the second audio information describing the
second set of audio objects of the second audio object type can be obtained
by using a residual information in addition to the object-related
parametric information. It has been found that the mere use of the
objectrelated parametric information would result in distortions in many
cases, which can be 



reduced significantly or even entirely eliminated by the use of residual
information. The residual information describes, for example, a residual
distortion, which is expected to remain if an audio object of the first
audio object type is isolated merely using the objectrelated parametric
information. The residual information is typically estimated by an audio
signal encoder. By applying the residual information, the separation
between the audioobjects of the first audio object type and the audio
objects of the second audio object type can be improved. This allows to
obtain the first audio information and the second audio information with
particularly good separation between the audio objects of the first audio
object type and the audio objects of the second audio object type, which,
in turn, allows to achieve a highquality spatial processing of the audio
objects of the second audio object type when processing the second audio
information in the audio signal processor. In a preferred embodiment, the
object separator is therefore configured to provide the first audio
information such that audio objects of the first audio object type are
emphasized over audio objects of the second audio object type in the first
audio information. The object separator is also configured to provide the
second audio information such that audio objects of the second audio object
type are emphasized over audio objects of the first audio object type in
the second audio information. In a preferred embodiment, the audio signal
decoder is configured to perform a two-step processing, such that a
processing of the second audio information in the audio signal processor is
performed subsequently to a separation between the first audio information
describing the first set of one or more audio objects of the first audio
object type and the second audio information describing the second set of
one or more audio objects of the second audio object type. In a preferred
embodiment, the audio signal processor is configured to process the second
audio information in dependence on the object-related parametric
information associated with the audio objects of the second audio object
type and independent from the objectrelated parametric information
associated with the audio objects of the first audio object type.
Accordingly, a separate processing of the audio objects of the first audio
object type and the audio objects of the second audio object type can be
obtained. In a preferred embodiment, the object separator is configured to
obtain the first audio 



information and the second audio information using a linear combination of
one or more downmix channels and one or more residual channels. In this
case, the object separator is configured to obtain combination parameters
for performing the linear combination in dependence on downmix parameters
associated with the audio objects of the first audio object type and in
dependence on channel prediction coefficients of the audio objects of the
first audio object type. The computation of the channel prediction
coefficients of the audio objects of the first audio object type may, for
example, take into consideration the audioobjects of the second audio
object type as a single, common audio object. Accordingly, a separation
process can be performed with sufficiently small computational complexity,
which may, for example, be almost independent from the number of audio
objects of the second audio object type. In a preferred embodiment, the
object separator is configured to apply a rendering matrix to the first
audio information to map object signals of the first audio information onto
audio channels of the upmix audio signal representation. This can be done,
because the object separator may be capable of extracting separate audio
signals individually representing the audio objects of the first audio
object type. Accordingly, it is possible to map the object signals of the
first audio information directly onto the audio channels of the upmix audio
signal representation. In a preferred embodiment, the audio processor is
configured to perform a stereo processing of the second audio information
in dependence on a rendering information, an object-related covariance
information and a downmix information, to obtain audio channels of the
upmix audio signal representation. Accordingly, the stereo processing of
the audio objects of the second audio object type is separated from the
separation between the audio objects of the first audio object type and the
audio objects of the second audio object type. Thus, the efficient
separation between audio objects of the first audio object type and audio
objects of the second audio object type is not affected (or degraded) by
the stereo processing, which typically leads to a distribution of audio
objects over a plurality of audio channels without providing the high
degree of object separation, which can be obtained in the object separator,
for example, using the residual information. In another preferred
embodiment, the audio processor is configured to perform a post 



processing of the second audio information in dependence on a rendering
information, an object-related covariance information and a downmix
information. This form of post processing allows for a spatial placement of
the audio objects of the second audio object type within an audio scene.
Nevertheless, due to the cascaded concept, the computational complexity of
the audio processor can be kept sufficiently small, because the audio
processor does not need to consider the object-related parametric
information associated with the audio objects of the first audio object
type.In addition, different types of processing can be performed by the
audio processor, like, for example, a mono-to-binaural processing, a
mono-to-stereo processing, a stereo-to-binaural processing or a
stereo-to-stereo processing. In a preferred embodiment, the object
separator is configured to treat audio objects of the second audio object
type, to which no residual information is associated, as a single audio
object. In addition, the audio signal processor is configured to consider
object-specific rendering parameters to adjust contributions of the objects
of the second audio object type to the upmix signal representation. Thus,
the audio objects of the second audio object type are considered as a
single audio object by the object separator, which significantly reduces
the complexity of the object separator and also allows to have a unique
residual information, which is independent from the rendering parameters
associated with the audio objects of the second audio object type. In a
preferred embodiment, the object separator is configured to obtain a common
objectlevel difference value for a plurality of audio objects of the second
audio object type. The object separator is configured to use the common
object-level difference value for a computation of channel prediction
coefficients. In addition, the object separator is configured to use the
channel prediction coefficients to obtain one or two audio channels
representing the second audio information. For obtaining a common
object-level difference value, the audio objects of the second audio object
type can be handled efficiently as a single audio object by the object
separator. In a preferred embodiment, the object separator is configured to
obtain a common object level difference value for a plurality of audio
objects of the second audio object type and the object separator is
configured to use the common object-level difference value for a
computation of entries of an energy-mode mapping matrix. The object
separator is 



configured to use the energy-mode mapping matrix to obtain the one or more
audio channels representing the second audio information. Again, the common
object level difference value allows for a computationally efficient common
treating of the audio objects of the second audio object type by the object
separator. In a preferred embodiment, the object separator is configured to
selectively obtain a common inter-object correlation value associated to
the audio objects of the second audio object type in dependence on the
object-related parametric information if it is found that there are two
audio objects of the second audio object type and to set the inter-object
correlation value associated to the audio objects of the second audio
object type to zero if it is found that there are more or less than two
audio objects of the second audio object type.The object separator is
configured to use the common inter-object correlation value associated to
the audio objects of the second audio object type to obtain the one or more
audio channels representing the second audio information. Using this
approach, the interobject correlation value is exploited if it is
obtainable with high computational efficiency, i.e. if there are two audio
objects of the second audio object type. Otherwise, it would be
computationally demanding to obtain inter-object correlation values.
Accordingly, it has been found to be a good compromise in terms of hearing
impression and computational complexity to set the inter-object correlation
value associated to the audio objects of the second audio object type to
zero if there are more or less than two audio objects of the second obj ect
type. In a preferred embodiment, the audio signal processor is configured
to render the second audio information in dependence on (at least a part
of) the object-related parametric information, to obtain a rendered
representation of the audio objects of the second audio object type as a
processed version of the second audio information. In this case, the
rendering can be made independent from the audio objects of the first audio
object type. In a preferred embodiment, the object separator is configured
to provide the second audio information such that the second audio
information describes more than two audio objects of the second audio
object type. Embodiments according to the invention allow for a flexible
adjustment of the number of audio objects of the second audio object type,
which is significantly facilitated by the cascaded structure of the
processing. In a preferred embodiment, the object separator is configured
to obtain, as the second audio 



information, a one-channel audio signal representation or a two-channel
audio signal representation representing more than two audio objects of the
second audio object type. Extracting one or two audio signal channels can
be performed by the object separator with low computational complexity. In
particular, the complexity of the object separator can be kept
significantly smaller when compared to a case in which the object separator
would need to deal with more than two audio objects of the second audio
object type. Nevertheless, it has been found that it is a computationally
efficient representation of the audio objects of the second audio object
type to use one or two channels of an audio signal. In a preferred
embodiment, the audio signal processor is configured to receive the second
audio information and to process the second audio information in dependence
on (at least a part of) the object-related parametric information, taking
into consideration object-related parametric information associated with
more than two audio objects of the second audio object type. Accordingly,
an object-individual processing is performed by the audioprocessor, while
such an object-individual processing is not performed for audio objects of
the second audio object type by the object separator. In a preferred
embodiment, the audio decoder is configured to extract a total object
number information and a foreground object number information from a
configuration information related to the object-related parametric
information. The audio decoder is also configured to determine a number of
audio objects of the second audio object type by forming a difference
between the total object number information and the foreground object
number information. Accordingly, efficient signalling of the number of
audio objects of the second audio object type is achieved. In addition,
this concept provides for a high degree of flexibility regarding the number
of audio objects of the second audio object type. In a preferred
embodiment, the object separator is configured to use object-related
parametric information associated with Neao audio objects of the first
audio object type to obtain, as the first audio information, Neao, audio
signals representing (preferably, individually) the Neao audio objects of
the first audio object type, and to obtain, as the second audio
information, one or two audio signals representing the N-Neao audio objects
of the second audio object type, treating the N-Neao audio objects of the
second audio object type as a single one-channel or two-channel audio
object. The audio signal processor is configured to individually render the
N-Neao audio objects represented by the 



one or two audio signals of the second audio information using the
object-related parametric information associated with the N-Neao audio
objects of the second audio object type. Accordingly, the audio object
separation between the audio objects of the first audio object type and the
audio objects of the second audio object type is separated from the
subsequent processing of the audio objects of the second audio object type.
An embodiment according to the invention creates a method for providing an
upmix signal representation in dependence on a downmix signal
representation and an object-related parametric information. Another
embodiment according to the invention creates a computer program for
performing said method. Brief Description of the Figs. Embodiments
according to the invention will subsequently be described taking reference
to the enclosed Figs., in which:Fig. 1 shows a block schematic diagram of
an audio signal decoder, according to an embodiment of the invention; Fig.
2 shows a block schematic diagram of another audio signal decoder,
according to an embodiment of the invention; Figs. 3a and 3b show a block
schematic diagrams of a residual processor, which can be used as an object
separator in an embodiment of the invention; Figs. 4a to 4e show block
schematic diagrams of audio signal processors, which can be used in an
audio signal decoder according to an embodiment of the invention: Fig. 4f
shows a block diagram of an SAOC transcoder processing mode; Fig. 4g shows
a block diagram of an SAOC decoder processing mode; Fig. 5a shows a block
schematic diagram of an audio signal decoder, according to an embodiment of
the invention; Fig. 5b shows a block schematic diagram of another audio
signal decoder, according to an embodiment of the invention; Fig. 6a shows
a Table representing a listening test design description; Fig. 6b shows a
Table representing systems under test; Fig. 6c shows a Table representing
the listening test items and rendering matrices; 



Fig. 6d shows a graphical representation of average MUSHRA scores for a
Karaoke/Solo type rendering listening test; Fig. 6e shows a graphical
representation of average MUSHRA scores for a classic rendering listening
test; Fig. 7 shows a flow chart of a method for providing an upmix signal
representation, according to an embodiment of the invention;Fig. 8 shows a
block schematic diagram of a reference MPEG SAOC system; Fig. 9a shows a
block schematic diagram of a reference SAOC system using a separate decoder
and mixer; Fig. 9b shows a block schematic diagram of a reference SAOC
system using an integrated decoder and mixer; and Fig. 9c shows a block
schematic diagram of a reference SAOC system using an SAOC-to-MPEG
transcoder. Detailed Description of the Embodiments 1. Audio signal decoder
according; to Fig. 1 Fig. 1 shows a block schematic diagram of an audio
signal decoder 100 according to an embodiment of the invention. The audio
signal decoder 100 is configured to receive an object-related parametric
information 110 and a downmix signal representation 112. The audio signal
decoder 100 is configured to provide an upmix signal representation 120 in
dependence on the downmix signal representation and the object-related
parametric information 110. The audio signal decoder 100 comprises an
object separator 130, which is configured to decompose the downmix signal
representation 112 to provide a first audio information 132 describing a
first set of one or more audio objects of a first audio object type and a
second audio information 134 describing a second set of one or more audio
objects of a second audio object type in dependence on the downmix signal
representation 112 and using at least a part of the object-related
parametric information 110. The audio signal decoder 100 also comprises an
audio signal processor 140, which is configured to receive the second audio
information 134 and to process the second audio information in dependence
on at least a part of the object-related parametric information 112, to
obtain a processed version 142 of the second audio information 134. The
audio signal decoder 100 also comprises an audio 



signal combiner 150 configured to combine the first audio information 132
with the processed version 142 of the second audio information 134, to
obtain the upmix signal representation 120.The audio signal decoder 100
implements a cascaded processing of the downmix signal representation,
which represents audio objects of the first audio object type and audio
objects of the second audio object type in a combined manner. In a first
processing step, which is performed by the object separator 130, the second
audio information describing a second set of audio objects of the second
audio object type is separated from the first audio information 132
describing a first set of audio objects of a first audio object type using
the object-related parametric information 110. However, the second audio
information 134 is typically an audio information (for example, a
onechannel audio signal or a two-channel audio signal) describing the audio
objects of the second audio object type in a combined manner. In the second
processing step, the audio signal processor 140 processes the second audio
information 134 in dependence on the object-related parametric information.
Accordingly, the audio signal processor 140 is capable of performing an
object-individual processing or rendering of the audio objects of the
second audio object type, which are described by the second audio
information 134, and which is typically not performed by the object
separator 130. Thus, while the audio objects of the second audio object
type are preferably not processed in an object-individual manner by the
object separator 130, the audio objects of the second audio object type
are, indeed, processed in an object-individual manner (for example,
rendered in an object-individual manner) in the second processing step,
which is performed by the audio signal processor 140. Thus, the separation
between the audio objects of the first audio object type and the audio
objects of the second audio object type, which is performed by the object
separator 130, is separated from the object-individual processing of the
audio objects of the second audio object type, which is performed
afterwards by the audio signal processor 140. Accordingly, the processing
which is performed by the object separator 130 is substantially independent
from a number of audio objects of the second audio object type. In
addition, the format (for example, one-channel audio signal or the
two-channel audio signal) of the second audio information 134 is typically
independent 



from the number of audio objects of the second audio object type. Thus, the
number of audio objects of the second audio object type can be varied
without having the need to modify the structure of the object separator
130. In other words, the audio objects of the second audio object type are
treated as a single (for example, one-channel or two-channel) audio object
for which a common object-related parametric information (for example, a
common object-level-difference value associated with one or two audio
channels) is obtained by the object separator 140.Accordingly, the audio
signal decoder 100 according to Fig. 1 is capable to handle a variable
number of audio objects of the second audio object type without a
structural modification of the object separator 130. In addition, different
audio object processing algorithms can be applied by the object separator
130 and the audio signal processor 140. Accordingly, for example, it is
possible to perform an audio object separation using a residual information
by the object separator 130, which allows for a particularly good
separation of different audio objects, making use of the residual
information, which constitutes a side information for improving the quality
of an object separation. In contrast, the audio signal processor 140 may
perform an object-individual processing without using a residual
information. For example, the audio signal processor 140 may be configured
to perform a conventional spatial-audio-object-coding (SAOC) type audio
signal processing to render the different audio objects. 2. Audio Signal
Decoder according to Fig. 2 In the following, an audio signal decoder 200
according to an embodiment of the invention will be described. A
block-schematic diagram of this audio signal decoder 200 shown in Fig. 2.
The audio decoder 200 is configured to receive a downmix signal 210, a
so-called SAOC bitstream 212, rendering matrix information 214 and,
optionally, head-related-transferfunction (HRTF) parameters 216. The audio
signal decoder 200 is also configured to provide an output/MPS downmix
signal 220 and (optionally) a MPS bitstream 222. 2.1. Input signals and
output signals of the audio signal decoder 200 In the following, various
details regarding input signals and output signals of the audio decoder 200
will be described. The downmix signal 200 may, for example, be a
one-channel audio signal or a two-channel 



audio signal. The downmix signal 210 may, for example, be derived from an
encoded representation of the downmix signal. The
spatial-audio-object-coding bitstream (SAOC bitstream) 212 may, for
example, comprise object-related parametric information. For example, the
SAOC bitstream 212 may comprise object-level-difference information, for
example, in the form of object-leveldifference parameters OLD, an
inter-object-correlation information, for example, in the form of
inter-object-correlation parameters IOC. In addition, the SAOC bitstream
212 may comprise a downmix information describing how the downmix signals
have been provided on the basis of a plurality of audio object signals
using a downmix process. For example, the SAOC bitstream may comprise a
downmix gain parameter DMG and (optionally) downmix-channel-level
difference parameters DCLD. The rendering matrix information 214 may, for
example, describe how the different audio objects should be rendered by the
audio decoder. For example, the rendering matrix information 214 may
describe an allocation of an audio object to one or more channels of the
output/MPS downmix signal 220. The optional head-related-transfer- function
(HRTF) parameter information 216 may further describe a transfer function
for deriving a binaural headphone signal. The output/MPEG-Surround downmix
signal (also briefly designated with "output/MPS downmix signal") 220
represents one or more audio channels, for example, in the form of a time
domain audio signal representation or a frequency-domain audio signal
representation. Alone or in combination with the optional MPEG-Surround
bitstream (MPS bitstream) 222, which comprises MPEG-Surround parameters
describing a mapping of the output/MPS downmix signal 220 onto a plurality
of audio channels, an upmix signal representation is formed. 2.2. Structure
and functionality of the audio signal decoder 200 In the following, the
structure of the audio signal decoder 200, which may fulfill the
functionality of an SAOC transcoder or the functionality of a SAOC decoder,
will be described in more detail. The audio signal decoder 200 comprises a
downmix processor 230, which is configured to receive the downmix signal
210 and to provide, on the basis thereof, the output/MPS 



downmix signal 220. The downmix processor 230 is also configured to receive
at least a part of the SAOC bitstream information 212 and at least a part
of the rendering matrix information 214. In addition, the downmix processor
230 may also receive a processed SAOC parameter information 240 from a
parameter processor 250.The parameter processor 250 is configured to
receive the SAOC bitstream information 212, the rendering matrix
information 214 and, optionally, the head-related-transferfunction
parameter information 260, and to provide, on the basis thereof, the MPEG
Surround bitstream 222 carrying the MPEG surround parameters (if the MPEG
surround parameters are required, which is, for example, true in the
transcoding mode of operation). In addition, the parameter processor 250
provides the processed SAOC information 240 (if this processed SAOC
information is required). In the following, the structure and functionality
of the downmix processor 230 will be described in more detail. The downmix
processor 230 comprises a residual processor 260, which is configured to
receive the downmix signal 210 and to provide, on the basis thereof, a
first audio object signal 262 describing so-called enhanced audio objects
(EAOs), which may be considered as audio objects of a first audio object
type. The first audio object signal may comprise one or more audio channels
and may be considered as a first audio information. The residual processor
260 is also configured to provide a second audio object signal 264, which
describes audio objects of a second audio object type and may be considered
as a second audio information. The second audio object signal 264 may
comprise one or more channels and may typically comprise one or two audio
channels describing a plurality of audio objects. Typically, the second
audio object signal may describe even more than two audio objects of the
second audio object type. The downmix processor 230 also comprises an SAOC
downmix pre-processor 270, which is configured to receive the second audio
object signal 264 and to provide, on the basis thereof, a processed version
272 of the second audio object signal 264, which may be considered as a
processed version of the second audio information. The downmix processor
230 also comprises an audio signal combiner 280, which is configured to
receive the first audio object signal 262 and the processed version 272 of
the second audio object signal 264, and to provide, on the basis thereof,
the output/MPS 



downmix signal 220, which may be considered, alone or together with the
(optional) corresponding MPEG-Surround bitstream 222, as an upmix signal
representation. In the following, the functionality of the individual units
of the downmix processor 230 will be discussed in more detail.The residual
processor 260 is configured to separately provide the first audio object
signal 262 and the second audio object signal 264. For this purpose, the
residual processor 260 may be configured to apply at least a part of the
SAOC bitstream information 212. For example, the residual processor 260 may
be configured to evaluate an object-related parametric information
associated with the audio objects of the first audio object type, i.e. the
so-called "enhanced audio objects" EAO. In addition, the residual processor
260 may be configured to obtain an overall information describing the audio
objects of the second audio object type, for example, the so-called
"non-enhanced audio objects", commonly. The residual processor 260 may also
be configured to evaluate a residual information, which is provided in the
SAOC bitstream information 212, for a separation between enhanced audio
objects (audio objects of the first audio object type) and non-enhanced
audio objects (audio objects of the second audio object type). The residual
information may, for example, encode a time domain residual signal, which
is applied to obtain a particularly clean separation between the enhanced
audio objects and the non-enhanced audio objects. In addition, the residual
processor 260 may, optionally, evaluate at least a part of the rendering
matrix information 214, for example, in order to determine a distribution
of the enhanced audio objects to the audio channels of the first audio
object signal 262. The SAOC downmix pre-processor 270 comprises a channel
re-distributor 274, which is configured to receive the one or more audio
channels of the second audio object signal 264 and to provide, on the basis
thereof, one or more (typically two) audio channels of the processed second
audio object signal 272. In addition, the SAOC downmix pre-processor 270
comprises a decorrelated-signal-provider 276, which is configured to
receive the one or more audio channels of the second audio object signal
264 and to provide, on the basis thereof, one or more decorrelated signals
278a, 278b, which are added to the signals provided by the channel
re-distributor 274 in order to obtain the processed version 272 of the
second audio object signal 264. 



Further details regarding the SAOC downmix processor will be discussed
below. The audio signal combiner 280 combines the first audio object signal
262 with the processed version 272 of the second audio object signal. For
this purpose, a channel-wise combination may be performed. Accordingly, the
output/MPS downmix signal 220 is obtained.The parameter processor 250 is
configured to obtain the (optional) MPEG- Surround parameters, which make
up the MPEG- Surround bitstream 222 of the upmix signal representation, on
the basis of the SAOC bitstream, taking onto consideration the rendering
matrix information 214 and, optionally, the HRTF parameter information 216.
In other words, the SAOC parameter processor 252 is configured to translate
the object-related parameter information, which is described by the SAOC
bitstream information 212, into a channel-related parametric information,
which is described by the MPEG Surround bit stream 222. In the following, a
short overview of the structure of the SAOC transcoder/decoder architecture
shown in Fig. 2 will be given. Spatial audio object coding (SAOC) is a
parametric multiple object coding technique. It is designed to transmit a
number of audio objects in an audio signal (for example the downmix audio
signal 210) that comprises M channels. Together with this backward
compatible downmix signal, object parameters are transmitted (for example,
using the SAOC bitstream information 212) that allow for recreation and
manipulation of the original object signals. An SAOC encoder (not shown
here) produces a downmix of the object signals at its input and extracts
these object parameters. The number of objects that can be handled is in
principle not limited. The object parameters are quantized and coded
efficiently into the SAOC bitstream 212. The downmix signal 210 can be
compressed and transmitted without the need to update existing coders and
infrastructures. The object parameters, or SAOC side information, are
transmitted in a low bit rate side channel, for example, the ancillary data
portion of the downmix bitstream. On the decoder side, the input objects
are reconstructed and rendered to a certain number of playback channels.
The rendering information containing reproduction level and panning
position for each object is user-supplied or can be extracted from the SAOC
bitstream (for example, as a preset information). The rendering information
can be timevariant. 



Output scenarios can range from mono to multi-channel (for example, 5.1)
and are independent from both, the number of input objects and the number
of downmix channels. Binaural rendering of objects is possible including
azimuth and elevation of virtual object positions. An optional effect
interface allows for advanced manipulation of object signals, besides level
and panning modification. The objects themselves can be mono signals,
stereophonic signals, as well as a multi channel signals (for example 5.1
channels). Typical downmix configurations are mono and stereo.In the
following, the basic structure of the SAOC transcoder/decoder, which is
shown in Fig. 2, will be explained. The SAOC transcoder/decoder module
described herein may act either as a stand-alone decoder or as a transcoder
from an SAOC to an MPEG-surround bitstream, depending on the intended
output channel configuration. In a first mode of operation, the output
signal configuration is mono, stereo or binaural, and two output channels
are used. In this first case, the SAOC module may operate in a decoder
mode, and the SAOC module output is a pulse-code-modulated output (PCM
output). In the first case, an MPEG surround decoder is not required.
Rather, the upmix signal representation may only comprise the output signal
220, while the provision of the MPEG surround bit stream 222 may be
omitted. In a second case, the output signal configuration is a
multi-channel configuration with more than two output channels. The SAOC
module may be operational in a transcoder mode. The SAOC module output may
comprise both a downmix signal 220 and an MPEG surround bit stream 222 in
this case, as shown in Fig. 2. Accordingly, an MPEG surround decoder is
required in order to obtain a final audio signal representation for output
by the speakers. Fig. 2 shows the basic structure of the SAOC
transcoder/decoder architecture. The residual processor 216 extracts the
enhanced audio object from the incoming downmix signal 210 using the
residual information contained in the SAOC bit stream 212. The downmix
preprocessor 270 processes the regular audio objects (which are, for
example, nonenhanced audio objects, i.e., audio objects for which no
residual information is transmitted in the SAOC bit stream 212). The
enhanced audio objects (represented by the first audio object signal 262)
and the processed regular audio objects (represented, for example, by the
processed version 272 of the second audio object signal 264) are combined
to the 



output signal 220 for the SAOC decoder mode or to the MPEG surround downmix
signal 220 for the SAOC transcoder mode. Detailed descriptions of the
processing blocks are given below. 3. Architecture and functionality of
Residual Processor and Energy Mode Processor In the following, details
regarding a residual processor will be described, which may, for example,
take over the functionality of the object separator 130 of the audio signal
decoder 100 or of the residual processor 260 of the audio signal decoder
200. For this purpose, Figs. 3a and 3b show block schematic diagrams of
such a residual processor 300, which may take the place of the object
separator 130 or of the residual processor 260. Fig. 3a shows less details
than Fig. 3b. However, the following description applies to the residual
processor 300 according to Fig. 3a and also to the residual processor 380
according to Fig. 3b.The residual processor 300 is configured to receive an
SAOC downmix signal 310, which may be equivalent to the downmix signal
representation 112 of Fig. 1 or the downmix signal representation 210 of
Fig. 2. The residual processor 300 is configured to provide, on the basis
thereof, a first audio information 320 describing one or more enhanced
audio objects, which may, for example, be equivalent to the first audio
information 132 or to the first audio object signal 262. Also, the residual
processor 300 may provide a second audio information 322 describing one or
more other audio objects (for example, non-enhanced audio objects, for
which no residual information is available), wherein the second audio
information 322 may be equivalent to the second audio information 134 or to
the second audio object signal 264. The residual processor 300 comprises a
l-to-N/2-to-N unit (OTN/TTN unit) 330, which receives the SAOC downmix
signal 310 and which also receives SAOC data and residuals 332. The
l-to-N/2-to-N unit 330 also provides an enhanced-audio-object signal 334,
which describes the enhanced audio objects (EAO) contained in the SAOC
downmix signal 310. Also, the l-to-N/2-to-N unit 330 provides the second
audio information 322. The residual processor 300 also comprises a
rendering unit 340, which receives the enhanced-audioobject signal 334 and
a rendering matrix information 342 and provides, on the basis thereof, the
first audio information 320. In the following, the enhanced audio object
processing (EAO processing), which is 



performed by the residual processor 300, will be described in more detail.
3.1. Introduction into the Operation of the Residual Processor 300
Regarding the functionality of the residual processor 300, it should be
noted that the SAOC technology allows for the individual manipulation of a
number of audio objects in terms of their level amplification/attenuation
without significant decrease in the resulting sound quality only in a very
limited way. A special "karaoke-type" application scenario requires a total
(or almost total) suppression of the specific objects, typically the lead
vocal, keeping the perceptional quality of the background sound scene
unharmed. A typical application case contains up to four enhanced audio
objects (EAO) signals, which can, for example, represent two independent
stereo objects (for example, two independent stereo objects which are
prepared to be removed at the side of the decoder).It should be noted that
the (one or more) quality enhanced audio objects (or, more precisely, the
audio signal contributions associated with the enhanced audio objects) are
included in the SAOC downmix signal 310. Typically, the audio signal
contributions associated with the (one or more) enhanced audio objects are
mixed, by the downmix processing performed by the audio signal encoder,
with audio signal contributions of other audio objects, which are not
enhanced audio objects. Also, it should be noted that audio signal
contributions of a plurality of enhanced audio objects are also typically
overlapped or mixed by the downmix processing performed by the audio signal
encoder. 3.2 SOAC Architecture Supporting Enhanced Audio Objects In the
following, details regarding the residual processor 300 will be described.
Enhanced audio object processing incorporates the 1-to-N or 2-to-N units,
depending on the SAOC downmix mode. The 1-to-N processing unit is dedicated
to a mono downmix signal and the 2-to-N processing unit is dedicated to a
stereo downmix signal 310. Both these units represent a generalized and
enhanced modification of the 2-to-2 box (TTT box) known from ISO/IEC
23003-1:2007. In the encoder, regular and EAO signals are combined into the
downmix. The OTN VTTN 1 processing units (which are inverse one-to-N
processing units or inverse 2-to-N processing units) are employed to
produce and encode the corresponding residual signals. The EAO and regular
signals are recovered from the downmix 310 by the OTN/TTN units 330 using
the SAOC side information and incorporated residual signals. The recovered 



EAOs (which are described by the enhanced audio object signal 334) are fed
into the rendering unit 340 which represents (or provides) the product of
the corresponding rendering matrix (described by the rendering matrix
information 342) and the resulting output of the OTN/TTN unit. The regular
audio objects (which are described by the second audio information 322) are
delivered to the SAOC downmix pre-processor, for example, the SAOC downmix
preprocessor 270, for further processing. Figs. 3a and 3b depict the
general structure of the residual processor, i.e., the architecture of the
residual processor. The residual processor output signals 320,322 are
computed aswhere Xoa/ represents the downmix signal of the regular audio
objects (i.e. non-EAOs) and X 40 is the rendered EAO output signal for the
SAOC decoding mode or the corresponding EAO downmix signal for the SAOC
transcoding mode. The residual processor can operate in prediction (using
residual information) mode or energy (without residual information) mode.
The extended input signal X is defined accordingly: Here, X may, for
example, represent the one or more channels of the downmix signal
representation 310, which may be transported in the bitstream representing
the multi channel audio content res may designate one or more residual
signals, which may be described by the bitstream representing the
multi-channel audio content. The OTN/TTN processing is represented by
matrix M and EAO processor by matrix AEAO  The OTN/TTN processing matrix M
is defined according to the EAO operation mode (i.e. prediction or energy)
as The OTN/TTN processing matrix M is represented as ' where the matrix
M0BJ relates to the regular audio objects (i.e. non-EAOs) and MEA0 to the
enhanced audio objects (EAOs).In some embodiments, one or more multichannel
background objects (MBO) may be treated the same way by the residual
processor 300. A Multi-channel Background Object (MBO) is an MPS mono or
stereo downmix that is part of the SAOC downmix. As opposed to using
individual SAOC objects for each channel in a multi-channel signal, an MBO
can be used enabling SAOC to more efficiently handle a multi-channel
object. In the MBO case, the SAOC overhead gets lower as the 



MBO' s SAOC parameters only are related to the downmix channels rather than
all the upmix channels. 3.3 Further Definitions 3.3.1 Dimensionality of
Signals and Parameters In the following, the dimensionality of the signals
and parameters will be briefly discussed in order to provide an
understanding how often the different calculations are performed. The audio
signals are defined for every time slot n and every hybrid subband (which
may be a frequency subband) k. The corresponding SAOC parameters are
defined for each parameter time slot 1 and processing band m. A Subsequent
mapping between the hybrid and parameter domain is specified by table A.31
ISO/IEC 23003-1:2007. Hence, all calculations are performed with respect to
the certain time/band indices and the corresponding dimensionalities are
implied for each introduced variable. However, in the following, the time
and frequency band indices will be omitted sometimes to keep the notation
concise. 3.3.2 Calculation of the matrix A EA0 The EAO pre-rendering matrix
A EA0 is defined according to the number of output channels (i.e. mono,
stereo or binaural) asThe matrices are defined as where the rendering
sub-matrix corresponds to the EAO rendering (and describes a desired
mapping of enhanced audio objects onto channels of the upmix signal
representation). The values are computed in dependence on rendering
information associated with the enhanced audio objects using the
corresponding EAO elements and using the equations of section 4.2.2.1. In
case of binaural rendering the matrix is defined by equations given in
section 4.1.2, for which the corresponding target binaural rendering matrix
contains only EAO related elements. 3.4 Calculation of the OTN/TTN Elements
in the Residual Mode In the following, it will be discussed how the SAOC
downmix signal 310, which typically comprises one or two audio channels, is
mapped onto the enhanced audio object signal 334, which typically comprises
one or more enhanced audio object channels, and the 



second audio information 322, which typically comprises one or two regular
audio object channels.The functionality of the 1-to-N unit or 2-to-N unit
330 may, for example, be implemented using a matrix vector multiplication,
such that a vector describing both the channels of the enhanced audio
object signal 334 and the channels of the second audio information 322 is
obtained by multiplying a vector describing the channels of the SAOC
downmix signal 310 and (optionally) one or more residual signals with a
matrix Mpre diction or MEnergy. Accordingly, the determination of the
matrix Mprediction or Mnnergy is an important step in the derivation of the
first audio information 320 and the second audio information 322 from the
SAOC downmix 310. To summarize, the OTN/TTN upmix process is presented by
either a matrix Mpred,ctlon for a prediction mode or MEnergy for an energy
mode. The energy based encoding/decoding procedure is designed for
non-waveform preserving coding of the downmix signal. Thus the OTN/TTN
upmix matrix for the corresponding energy mode does not rely on specific
waveforms, but only describe the relative energy distribution of the input
audio objects, as will be discussed in more detail below. 3.4.1 Prediction
mode For the prediction mode the matrix M Prajlctlon is defined exploiting
the downmix information contained in the matrix D 1 and the CPC data from
matrix C : With respect to the several SAOC modes, the extended downmix
matrix D and CPC matrix C exhibit the following dimensions and structures:
3.4.1.1 Stereo downmix modes (TTN): For stereo downmix modes (TTN) (for
example, for the case of a stereo downmix on the basis of two
regular-audio-object channels and N EAO enhanced-audio-object-channels),
the (extended) downmix matrix D and the CPC matrix C can be obtained as
follows:With a stereo downmix, each EAO j holds two CPCs C10 and C1
yielding matrix C . The residual processor output signals are computed as
Accordingly, two signals yL, yit (which are represented by XOBJ ) are
obtained, which represent one or two or even more than two regular audio
objects (also designated as nonextended audio objects). Also, N EAO signals
(represented by XEAO) representing NEAO enhanced audio objects are
obtained. These signals are obtained on the basis of two SAOC downmix
signals lo,ro and NEAO residual signals res0 to resNEAO-i, which will be
encoded in 



the SAOC side information, for example, as a part as the object-related
parametric information.It should be noted that the signals yL and yR may be
equivalent to the signal 322, and that the signals V0,EAO to VNEAO- EAO
(which are represented by X EAO ) m y equivalent to the signals 320. The
matrix AEAO is a rendering matrix. Entries of the matrix AEAO may describe,
for example, a mapping of enhanced audio objects to the channels of the
enhanced audio object signal 334 (XEAO)- Accordingly, an appropriate choice
of the matrix AELO may allow for an optional integration of the
functionality of the rendering unit 340, such that the multiplication of
the vector describing the channels (lo,ro) of the SAOC downmix signal 310
and one or more residual signals (reso,...,resNEAO-i) with the matrix may
directly result in a representation X EAO of the first audio information
320. 3.4.1.2 Mono downmix modes (OTN): In the following, the derivation of
the enhanced audio object signals 320 (or, alternatively, of the enhanced
audio object signals 334) and of the regular audio object signal 322 will
be described for the case in which the SAOC downmix signal 310 comprises a
signal channel only. For mono downmix modes (OTN) (e.g., a mono downmix on
the basis of one regularaudio- object channel and N EAO
enhanced-audio-object channels), the (extended) downmix matrix D and the
CPC matrix C can be obtained as follows:With a mono downmix, one EAO j is
predicted by only one coefficient yielding the matrix C. All matrix
elements C are obtained, for example, from the SAOC parameters (for
example, from the SAOC data 322) according to the relationships provided
below (section 3.4.1.4). The residual processor output signals are computed
as The output signal XOBJ comprises, for example, one channel describing
the regular audio objects (non-enhanced audio objects) . The output signal
XEAO comprises, for example, one, two, or even more channels describing the
enhanced audio objects (preferably NEAO channels describing the enhanced
audio objects). Again, said signals are equivalent to the signals 320, 322.
3.4.1.3 Calculation of the inverse extended downmix matrix 



The matrix D 1 is the inverse of the extended downmix matrix D and C
implies the CPCs. The matrix D is the inverse of the extended downmix
matrix D and can be calculated asThe elements d: j (for example, of the
inverse D of the extended downmix matrix D of size 6x 6) are derived using
the following values:The coefficients and n of the extended downmix matrix
denote the downmix values for every EAO j for the right and left downmix
channel as The elements d of the downmix matrix D are obtained using the
downmix gain information DMG and the (optional) downmix channel level
different information DCLD, which is included in the SAOC information 332,
which is represented, for example, by the object-related parametric
information 110 or the SAOC bitstream information 212. For the stereo
downmix case the downmix matrix D of size 2cN with elements d J ( z = O,l;
O,...,N-l) is obtained from the DMG and DCLD parameters as For the mono
downmix case the downmix matrix D of size 1xN with elements d ( = 0; j
=0,...,N- 1) is obtained from the DMG parameters as Here, the dequantized
downmix parameters DMGj and DCLDj are obtained, for example, from the
parametric side information 110 or from the SAOC bitstream 212. The
function EAO(j) determines mapping between indices of input audio object
channels and EAO signals: EAO(J) =N-I-J , j 0,...,NeAO - l . 3.4.1.4
Calculation of the matrix C The matrix C implies the CPCs and is derived
from the transmitted SAOC parameters (i.e. the OLDs, IOCs, DMGs and DCLDs)
asIn other words, the constrained CPCs are obtained in accordance with the
above equations, which may be considered as a constraining algorithm.
However, the constrained CPCs may also be derived from the values C 0 ,
causing a different limitation approach (constraining algorithm), or can be
set to be equal to the values f 0 , T , . It should be noted, that matrix
entries c (and the intermediate quantities on the basis of which the matrix
entries c are computed) are typically only required if the downmix signal
is a stereo downmix signal. The CPCs are constrained by the subsequent
limiting functions: with the weighting factor l determined as 



For one specific EAO channel j = 0. . .NEA0 - 1 the unconstrained CPCs are
estimated by The energy quantities PLo , PRo , PLoRo PLoCo J and PRoCoj are
computed asThe covariance matrix e is defined in the following way: The
covariance matrix E of size N xN with elements e represents an
approximation of the original signal covariance matrix E SS* and is
obtained from the OLD and IOC parameters as Here, the dequantized object
parameters OLD1, IOCy are obtained, for example, from the parametric side
information 110 or from the SAOC bitstream 212. In addition, L,R may, for
example, be obtained as The parameters OLD1 , OLDR and IOC'L R correspond
to the regular (audio) objects and can be derived using the downmix
information: As can be seen, two common object-level-different values OLD L
and OLD R are computed for the regular audio objects in the case of a
stereo downmix signal (which preferablyimplies a two-channel regular audio
object signal). In contrast, only one common objectlevel- different value
OLD L is computed for the regular audio objects in the case of a onechannel
(mono) downmix signal (which preferably implies a one-channel regular audio
object signal). As can be seen, the first (in the case of a two-channel
downmix signal) or sole (in the case of a one-channel downmix signal)
common object-level-difference value OLD L is obtained by summing
contributions of the regular audio objects having audio object index (or
indices) i to the left channel (or sole channel) of the SAOC downmix signal
310. The second common object-level-difference value OLD R (which is used
in the case of a two-channel downmix signal) is obtained by summing the
contributions of the regular audio objects having the audio object index
(or indices) i to the right channel of the SAOC downmix signal 310. The
contribution OLD L of the regular audio objects (having audio objects
indices i=0 to i=N-N EAO-l) onto the left channel signal (or sole channel
signal) of the SAOC downmix signal 710 is computed, for example, taking
into consideration the downmix gain d o. , describing the downmix gain
applied to the regular audio object having audio object index i when
obtaining the left channel signal of the SAOC downmix signal 310, and also
the object level of the regular audio object having the audio object i,
which is represented by the value OLD 1. Similarly, the common object level
difference value OLDR is obtained using the downmix 



coefficients d1>ls describing the downmix gain which is applied to the
regular audio object having the audio object index i when forming the right
channel signal of the SAOC downmix signal 310, and the level information
OLD, associated with the regular audio object having the audio object index
i. As can be seen, the equations for the calculation of the quantities PL0,
P RO, P L0RO, P LOCOJ and P ROCOJ do not distinguish between the individual
regular audio objects, but merely make use of the common object level
difference values OLD L, OLD R, thereby considering the regular audio
objects (having audio object indices i) as a single audio object. Also, the
inter-object-correlation value IOC L,R, which is associated with the
regular audio objects, is set to 0 unless there are two regular audio
objects.The covariance matrix e (and R) is defined as follows: The
covariance matrix E of size N xN with elements e, j represents an
approximation of the original signal covariance matrix E SS* and is
obtained from the OLD and IOC parameters as For example, wherein OLD L d
OLD R and IOC L,R are computed as described above. Here, the dequantized
object parameters are obtained as OLD, =D0LD (U, m) , 1OC1 = DI0C (i, j ,
I,m) , wherein DOLD and Dioc are matrices comprising
objects-level-difference parameters and inter-object-correlation parameters
. 3.4.2. Energy Mode In the following, another concept will be described,
which can be used to separate the extended-audio-object signals 320 and the
regular-audio-object (non-extended audio object) signals 322, and which can
be used in combination with a non-waveformpreserving audio coding of the
SAOC downmix channels 310. In other words, the energy based
encoding/decoding procedure is designed for nonwaveform preserving coding
of the downmix signal. Thus the OTN/TTN upmix matrix for the corresponding
energy mode does not rely on specific waveforms, but only describe the
relative energy distribution of the input audio objects.Also, the concept
discussed here, which is designated as an "energy mode" concept, can be
used without transmitting a residual signal information. Again, the regular
audio objects (non-enhanced audio objects) are treated as a single
one-channel or two-channel audio 



object having one or two common object-level-difference values OLD L, OLD
R. For the energy mode the matrix MEnergy is defined exploiting the downmix
information and the OLDs, as will be described in the following. 3.4.2.1.
Energy Mode for Stereo Downmix Modes (TTN) In case of a stereo (for
example, a stereo downmix on the basis of two regular-audio-object channels
and NEAO enhanced-audio-object channels), the matrices are obtained from
the corresponding OLDs according to The residual processor output signals
are computed asThe signals yL, yR, which are represented by the signal X
OBJ, describe the regular audio objects (and may be equivalent to the
signal 322) , and the signals yo,EAO to NEAO -I EAO which are described by
the signal X EAO describe the enhanced audio objects (and may be equivalent
to the signal 334 or to the signal 320). If a mono upmix signal is desired
for the case of a stereo downmix signal, a 2-to-l processing may be
performed, for example, by the pre-processor 270 on the basis of the
two-channel signal X QBJ - 3.4.2.2. Energy Mode for Mono Downmix Modes
(OTN) For the mono case (for example, a mono downmix on the basis of one
regular-audio-object channel and N EAO enhanced-audio-object channels), the
matrices are obtained from the corresponding OLDs according to The residual
processor output signals are computed asA single regular-audio-object
channel 322 (represented by XOBJ) and NEAO enhancedaudio- object channels
320 (represented by XEAO) can be obtained by applying the matrices to a
representation of a single channel SAOC downmix signal 310 (represented
here by d0) . If a two-channel (stereo) upmix signal is desired for the
case of a one-channel (mono) downmix signal, a 1-to-2 processing may be
performed, for example, by the pre-processor 270 on the basis of the
one-channel signal XOBJ - 4. Architecture and operation of the SAOC Downmix
Pre-Processor In the following, the operation of the SAOC downmix
pre-processor 270 will be described both for some decoding modes of
operation and for some transcoding modes of operation. 4.1 Operation in the
Decoding Modes 4.1.1 Introduction 



In the following, a method for obtaining an output signal using SAOC
parameters and panning information (or rendering information) associated
with each audio object is described. The SAOC decoder 495 is depicted in
Fig. 4g and consists of the SAOC parameter processor 496 and the downmix
processor 497. It should be noted that the SAOC decoder 494 may be used to
process the regular audio objects, and may therefore receive, as the
downmix signal 497a, the second audio object signal 264 or the
regular-audio-object signal 322 or the second audio information 134.
Accordingly, the downmix processor 497 may provide, as its output signals
497b, the processed version 272 of the second audio object signal 264 or
the processed version 142 of the second audio information 134. Accordingly,
the downmix processor 497 may takethe role of the SAOC downmix
pre-processor 270, or the role of the audio signal processor 140. The SAOC
parameter processor 496 may take the role of the SAOC parameter processor
252 and consequently provides downmix information 496a. 4.1.2 Downmix
Processor In the following, the downmix processor, which is part of the
audio signal processor 140, and which is designated as a "SAOC downmix
pre-processor" 270 in the embodiment of Fig. 2, and which is designated
with 497 in the SAOC decoder 495, will be described in more detail. For the
decoder mode of the SAOC system, the output signal 142, 272, 497b of the
downmix processor (represented in the hybrid QMF domain) is fed into the
corresponding synthesis filterbank (not shown in Figs. 1 and 2) as
described in ISO/IEC 23003-1: 2007 yielding the final output PCM signal.
Nevertheless, the output signal 142, 272, 497b of the downmix processor is
typically combined with one or more audio signals 132, 262 representing the
enhanced audio objects. This combination may be performed before the
corresponding synthesis filterbank (such that a combined signal combining
the output of the downmix processor and the one or more signals
representing the enhanced audio objects is input to the synthesis
filterbank). Alternatively, the output signal of the downmix processor may
be combined with one or more audio signals representing the enhanced audio
objects only after the synthesis filterbank processing. Accordingly, the
upmix signal representation 120, 220 may be either a QMF domain
representation or a PCM domain 



representation (or any other appropriate representation). The downmix
processing incorporates, for example, the mono processing, the stereo
processing and, if required, the subsequent binaural processing. The output
signal X of the downmix processor 270, 497 (also designated with 142, 272,
497b) is computed from the mono downmix signal X (also designated with 134,
264, 497a) and the decorrelated mono downmix signal Xd as X=GX+P2Xd . The
decorrelated mono downmix signal Xd is computed asXd = decorrFunc (X) . The
decorrelated signals Xd are created from the decorrelator described in
ISO/IEC 23003-1:2007, subclause 6.6.2. Following this scheme, the
bsDecorrConfig == 0 configuration should be used with a decorrelator index,
X - 8 , according to Table A.26 to Table A.29 in ISO/IEC 23003-1:2007.
Hence, the decorrFunc{ ) denotes the decorrelation process: In case of
binaural output the upmix parameters G and P2 derived from the SAOC data,
rendering information and HRTF parameters are applied to the downmix signal
X (and Xd) yielding the binaural output X, see Fig. 2, reference numeral
270, where the basic structure of the downmix processor is shown. The
target binaural rendering matrix A/ of size 2 x N consists of the elements
. Each element is derived from HRTF parameters and rendering matrix with
elements , for example, by the SAOC parameter processor. The target
binaural rendering matrix A'-m represents the relation between all audio
input objects y and the desired binaural output. The HRTF parameters are
given by for each processing band m . The spatial positions for which HRTF
parameters are available are characterized by the index i . These
parameters are described in ISO/IEC 23003-1:2007. 4.1.2.1 Overview In the
following, an overview over the downmix processing will be given taking
reference to Figs. 4a and 4b, which show a block representation of the
downmix processing, which may be performed by the audio signal processor
140 or by the combination of the SAOCparameter processor 252 and the SAOC
downmix pre-processor 270, or by the combination of the SAOC parameter
processor 496 and the downmix processor 497. 



Taking reference now to Fig. 4a, the downmix processing receives a
rendering matrix M, an object level difference information OLD, an
inter-object-correlation information IOC, a downmix gain information DMG
and (optionally) a downmix channel level difference information DCLD. The
downmix processing 400 according to Fig. 4a obtains a rendering matrix A on
the basis of the rendering matrix M, for example, using a parameter
adjuster and a M-to-A mapping. Also, entries of a covariance matrix E are
obtained in dependence on the object level difference information OLD and
the inter-object correlation information IOC, for example, as discussed
above. Similarly, entries of a downmix matrix D are obtained in dependence
on the downmix gain information DMG and the downmix channel level
difference information DCLD. Entries f of a desired covariance matrix F are
obtained in dependence on the rendering matrix A and the covariance matrix
E. Also, a scalar value v is obtained in dependence on the covariance
matrix E and the downmix matrix D (or in dependence on the entries
thereof). Gain values PL, PR for two channels are obtained in dependence on
entries of the desired covariance matrix F and the scalar value v. Also, an
inter-channel phase difference value fc is obtained in dependence entries f
of the desired covariance matrix F. A rotation angle ais also obtained in
dependence on entries f of the desired covariance matrix F, taking into
consideration, for example, a constant c. In addition, a second rotation
angle b is obtained, for example, in dependence on the channel gains PL, PR
and the first rotation angle a. Entries of a matrix G are obtained, for
example, in dependence on the two channel gain values PL 5PR and also in
dependence on the inter-channel phase difference fc and, optionally, the
rotation angles a, b. Similarly, entries of a matrix P2 are determined in
dependence on some or all of said values PL, PR, fc, a, b. In the
following, it will be described how the matrix G and/or P2 (or the entries
thereof), which may be applied by the downmix processor as discussed above,
can be obtained for different processing modes. 4.1.2.2 Mono to Binaural
"x-l-b" Processing ModeIn the following, a processing mode will be
discussed in which the regular audio objects are represented by a single
channel downmix signal 134, 264, 322, 497a and in which a binaural
rendering is desired. 



The upmix parameters G and are computed as The gains for the left and right
output channels are The desired covariance matrix F / m of size 2 x 2 with
elements is given as The scalar v/ is computed as The inter channel phase
difference is given as The inter channel coherence is computed asThe
rotation angles a m and b ' m are given as 4.1.2.3 Mono-to-Stereo "x-1-2"
Processing Mode In the following, a processing mode will be described in
which the regular audio objects are represented by a single-channel signal
134, 264, 222, and in which a stereo rendering is desired. In case of
stereo output the "x-l-b" processing mode can be applied without using HRTF
information. This can be done by deriving all elements of the rendering
matrix A , yielding: 4.1.2.4 Mono-to-Mono "x-1-1" Processing Mode In the
following, a processing mode will be described in which the regular audio
objects are represented by a signal channel 134, 264, 322, 497a and in
which a two-channel rendering of the regular audio objects is desired. In
case of mono output the "x-1-2" processing mode can be applied with the
following entries: 4.1.2.5 Stereo-to-binaural "x-2-b" processing modeIn the
following, a processing mode will be described in which regular audio
objects are represented by a two-channel signal 134, 264, 322, 497a, and in
which a binaural rendering of the regular audio objects is desired. The
upmix parameters G' "1 and are computed as The corresponding gains , P1 for
the left and right output channels are The desired covariance matrix F m x
of size 2x 2 with elements is given as The covariance matrix C'' of size 2x
2 with elements of the "dry" binaural signal is estimated as * whereThe
corresponding scalars v'~m'x and v m are computed as 



The downmix matrix D' of size 1x N with elements can be found as The stereo
downmix matrix D' of size 2 x with elements can be found as The matrix E c
with elements are derived from the following relationship The inter channel
phase differences are given as The ICCs and are computed as The rotation
angles a m and m are given as 4.1.2.6 Stereo-to-stereo "x-2-2" processing
mode In the following, a processing mode will be described in which the
regular audio objects are described by a two-channel (stereo) signal 134,
264, 322, 497a and in which a 2- channel (stereo) rendering is desired. In
case of stereo output, the stereo preprocessing is directly applied, which
will be described below in Section 4.2.2.3. 4.1.2.7 Stereo-to-mono "x-2-1"
processing modeIn the following, a processing mode will be described in
which the regular audio objects are represented by a two-channel (stereo)
signal 134, 264, 322, 497a, and in which a onechannel (mono) rendering is
desired. In case of mono output, the stereo preprocessing is applied with a
single active rendering matrix entry, as described below in Section
4.2.2.3. 4.1.2.8 Conclusion Taking reference again to Figs. 4a and 4b, a
processing has been described which can be applied to a 1-channel or a
two-channel signal 134, 264, 322, 497a representing the regular audio
objects subsequent to a separation between the extended audio objects and
the regular audio objects. Figs. 4a and 4b illustrate the processing,
wherein the processing of Figs. 4a and 4b differs in that an optional
parameter adjustment is introduced in different stages of the processing.
4.2. Operation in the transcoding modes 4.2.1 Introduction In the
following, a method for combining SAOC parameters and panning information
(or rendering information) associated with each audio object (or,
preferably, with each regular audio object) in a standard compliant MPEG
surround bitstream (MPS bitstream) is explained. 



The SAOC transcoder 490 is depicted in Fig. 4f and consists of an SAOC
parameter processor 491 and a downmix processor 492 applied for a stereo
downmix. The SAOC transcoder 490 may, for example, take over the
functionality of the audio signal processor 140. Alternatively, the SAOC
transcoder 490 may take over the functionality of the SAOC downmix
pre-processor 270 when taken in combination with the SAOC parameter
processor 252. For example, the SAOC parameter processor 491 may receive an
SAOC bitstream 491a, which is equivalent to the object-related parametric
information 110 or the SAOC bitstream 212. Also, the SAOC parameter
processor 491 may receive a rendering matrixinformation 491b, which may be
included in the object-related parametric information 110, or which may be
equivalent to the rendering matrix information 214. The SAOC parameter
processor 491 may also provide downmix processing information 491c to the
downmix processor 492, which may be equivalent to the information 240.
Moreover, the SAOC parameter processor 491 may provide an MPEG surround
bitstream (or MPEG surround parameter bitstream) 49Id, which comprises a
parametric surround information which is compatible with the MPEG surround
standard. The MPEG surround bitstream 49Id may, for example, be part of the
processed version 142 of the second audio information, or may, for example
be part of or take the place of the MPS bitstream 222. The downmix
processor 492 is configured to receive a downmix signal 492a, which is
preferably a one-channel downmix signal or a two-channel downmix signal,
and which is preferably equivalent to the second audio information 134, or
to the second audio object signal 264, 322. The downmix processor 492 may
also provide an MPEG surround downmix signal 492b, which is equivalent to
(or part of) the processed version 142 of the second audio information 134,
or equivalent to (or part of) the processed version 272 of the second audio
object signal 264. However, there are different ways of combining the MPEG
surround downmix signal 492b with the enhanced audio object signal 132,
262. The combination may be performed in the MPEG surround domain.
Alternatively, however, the MPEG surround representation, comprising the
MPEG surround parameter bitstream 49Id and the MPEG surround downmix signal
492b, of the regular audio objects may be converted back to a multi-channel
time domain representation 



or a multi-channel frequency domain representation (individually
representing different audio channels) by an MPEG surround decoder and may
be subsequently combined with the enhanced audio object signals. It should
be noted that the transcoding modes comprise both one or more mono downmix
processing modes and one or more stereo downmix processing modes. However,
in the following only the stereo downmix processing mode will be described,
because the processing of the regular audio object signals is more
elaborate in the stereo downmix processing mode. 4.2.2 Downmix processing
in the stereo downmix ("x-2-5") processing mode 4.2.2.1 IntroductionIn the
following section, a description of the SAOC transcoding mode for the
stereo downmix case will be given. The object parameters (object level
difference OLD, inter-object correlation IOC, downmix gain DMG and downmix
channel level difference DCMD) from the SAOC bitstream are transcoded into
spatial (preferably channel-related) parameters (channel level difference
CLD, inter-channel-correlation ICC, channel prediction coefficient CPC) for
the MPEG surround bitstream according to the rendering information. The
downmix is modified according to object parameters and a rendering matrix.
Taking reference now to Figs. 4c, 4d and 4e, an overview of the processing,
and in particular of the downmix modification, will be given. Fig. 4c shows
a block representation of a processing which is performed for modifying the
downmix signal, for example the downmix signal 134, 264, 322,492a
describing the one or, preferably, more regular audio objects. As can be
seen from Figs. 4c, 4d and 4e, the processing receives a rendering matrix
Mren, a downmix gain information DMG, a downmix channel level difference
information DCLD, an object level difference information OLD, and an
inter-object-correlation information IOC. The rendering matrix may
optionally be modified by a parameter adjustment, as it is shown in Fig.
4c. Entries of a downmix matrix D are obtained in dependence on the downmix
gain information DMG and the downmix channel level difference information
DCLD. Entries of a coherence matrix E are obtained in dependence on the
object level difference information OLD and the inter-object correlation
information IOC. In addition, a matrix J may be obtained in 



dependence on the downmix matrix D and the coherence matrix E, or in
dependence on the entries thereof. Subsequently, a matrix C3 may be
obtained in dependence on the rendering matrix Mren, the downmix matrix D,
the coherence matrix E and the matrix J . A matrix G may be obtained in
dependence on a matrix DTTT, which may be a matrix having predetermined
entries, and also in dependence on the matrix C3. The matrix G may,
optionally, be modified, to obtain a modified matrix GmOd- The matrix G or
the modified version Gmod thereof may be used to derive the processed
version 142, 272,492b of the second audio information 134, 264 from the
second audio information 134, 264,492a (wherein the second audio
information 134, 264 is designed with X, and wherein the processed version
142, 272 thereof is designated with X . In the following, the rendering of
the object energy, which is performed in order to obtain the MPEG surround
parameters, will be discussed. Also, the stereo preprocessing, which
isperformed in order to obtain the processed version 142, 272,492b of the
second audio information 134, 264,492a representing the regular audio
objects will be described. 4.2.2.2 Rendering of object energies The
transcoder determines the parameters for the MPS decoder according to the
target rendering as described by the rendering matrix re . The six channel
target covariance is denoted with and given by The transcoding process can
conceptually be divided into two parts. In one part a three channel
rendering is performed to a left, right and center channel. In this stage
the parameters for the downmix modification as well as the prediction
parameters for the TTT box for the MPS decoder are obtained. In the other
part the CLD and ICC parameters for the rendering between the front and
surround channels (OTT parameters, left front - left surround, right front
- right surround) are determined. 4.2.2.2.1 Rendering to left, right and
center channel In this stage the spatial parameters are determined that
control the rendering to a left and right channel, consisting of front and
surround signals. These parameters describe the prediction matrix of the
TTT box for the MPS decoding Cttt (CPC parameters for the MPS decoder) and
the downmix converter matrix G . Cttt is the prediction matrix to obtain
the target rendering from the modified downmix X= GX : 



A3 is a reduced rendering matrix of size 3xN , describing the rendering to
the left, right and center channel respectively. It is obtained as A3
=D36Mren with the 6 to 3 partial downmix matrix D36 defined byThe partial
downmix weights wp , p = 1,2,3 are adjusted such that the energy of p(y2
+y2p ) is equal to the sum of energies up to a limit factor. where denote
the elements of F . For the estimation of the desired prediction matrix
Cttt and the downmix preprocessing matrix G we define a prediction matrix
C3 of size 3x2 , that leads to the target rendering Such a matrix is
derived by considering the normal equations The solution to the normal
equations yields the best possible waveform match for the target output
given the object covariance model. G and Cttt are now obtained by solving
the system of equations CTTTG =C3 . To avoid numerical problems when
calculating the term J = (DED*) , J is modified. First the eigenvalues 2 of
J are calculated, solving det(J - 2I) = 0 . Eigenvalues are sorted in
descending ( 1> 2 ) order and the eigenvector corresponding to the larger
eigenvalue is calculated according to the equation above. It is assured to
lie in the positive x-plane (first element has to be positive). The second
eigenvector is obtained from the first by a - 90 degrees rotation: A
weighting matrix is computed from the downmix matrix D and the prediction
matrix C3 , . Since Cttt is a function of the MPS prediction parameters c,
and c2 (as defined in ISO/IEC 23003-1:2007), CTTTG = C3 is rewritten in the
following way, to find the stationary point or points of the function,If r
does not provide a unique solution (det(r) <10 3), the point is chosen that
lies closest to the point resulting in a TTT pass through. As a first step,
the row i of T is chosen where the elements contain most energy, thus j =1,
2 . Then a solution is determined such that If the obtained solution for c,
and c2 is outside the allowed range for prediction coefficients that is
defined as - 2 <c <3 (as defined in ISO/IEC 23003-1:2007), c shall be
calculated according to below. First define the set of points, Xp as: 



and the distance function, Then the prediction parameters are defined
according to: The prediction parameters are constrained according to:where
l , g and g2 are defined as For the MPS decoder, the CPCs and corresponding
ICC TTT are provided as follows 4.2.2.2.2 Rendering between front and
surround channels The parameters that determine the rendering between front
and surround channels can be estimated directly from the target covariance
matrix F with (a,b) = (1,2) and (3,4). The MPS parameters are provided in
the form for every OTT box h . 4.2.2.3 Stereo processing In the following,
a stereo processing of the regular audio object signal 134 to 64, 322 will
be described. The stereo processing is used to derive a process to general
representation 142, 272 on the basis of a two-channel representation of the
regular audio objects.The stereo downmix X , which is represented by the
regular audio object signals 134, 264, 492a is processed into the modified
downmix signal X , which is represented by the processed regular audio
object signals 142, 272: X = GX, where The final stereo output from the
SAOC transcoder X is produced by mixing X with a decorrelated signal
component according to: x = ModX + P2Xd , where the decorrelated signal Xd
is calculated as described above, and the mix matrices GMod and P2
according to below. First, define the render upmix error matrix as where A
diff D ttt A 3 - G D , and moreover define the covariance matrix of the
predicted signal R as The gain vector gvec can subsequently be calculated
as:and the mix matrix GMod is given as: 



Similarly, the mix matrix P2 is given as To derive vR and Wd , the
characteristic equation of R needs to be solved: det(R - 12I) = 0 , giving
the eigenvalues, X and X2 . The corresponding eigenvectors vR 1 and vR2 of
R can be calculated solving the equation system: (R- 2I)vR 1 R2 =0.
Eigenvalues are sorted in descending (X1X2) order and the eigenvector
corresponding to the larger eigenvalue is calculated according to the
equation above. It is assured to lie in the positive x-plane (first element
has to be positive). The second eigenvector is obtained from the first by a
- 90 degrees rotation: Incorporating P1= (l I)G , Rd can be calculated
according to: which givesand finally the mix matrix, 4.2.2.4 Dual mode The
SAOC transcoder can let the mix matrices P1, P2 and the prediction matrix
C3 be calculated according to an alternative scheme for the upper frequency
range. This alternative scheme is particularly useful for downmix signals
where the upper frequency range is coded by a non-waveform preserving
coding algorithm e.g. SBR in High Efficiency AAC. For the upper parameter
bands, defined by bsTttBandsLow  pb <numBands , P1, P2 and C3 should be
calculated according to the alternative scheme described below: Define the
energy downmix and energy target vectors, respectively: and the help matrix
e l Then calculate the gain vectorwhich finally gives the new prediction
matrix 5. Combined EKS SAOC decoding/transcoding mode, encoder according to
Fig. 10 and systems according to Figs. 5a, 5b In the following, a brief
description of the combined EKS SAOC processing scheme will be given. A
preferred "combined EKS SAOC" processing scheme is proposed, where the EKS
processing is integrated into the regular SAOC decoding/transcoding chain
by a cascaded scheme. 



5.1. Audio signal Encoder according to Fig. 5 In a first step, objects
dedicated to EKS processing (enhanced Karaoke/solo processing) are
identified as foreground objects (FGO) and their number NFGO (also
designated as NEAO) is determined by a bitstream variable "bsNumGroupsFGO".
Said bitstream variable may, for example, be included in an SAOC bitstream,
as described above. For the generation of the bitstream (in an audio signal
encoder), the parameters of all input objects NOb , are reordered such that
the foreground objects FGO comprise the last NFGO (or alternatively, NEAO)
parameters in each case, for example, OLD, for [NObj - NFGO  i  NObj - I].
From the remaining objects which are, for example, background objects BGO
or nonenhanced audio objects, a downmix signal in the "regular SAOC style"
is generated whichat the same time serves as a background object BGO. Next,
the background object and the foreground objects are downmixed in the "EKS
processing style" and residual information is extracted from each
foreground object. This way, no extra processing steps need to be
introduced. Thus, no change of the bitstream syntax is required. In other
words, at the encoder side, non-enhanced audio objects are distinguished
from enhanced audio objects. A one-channel or two-channels regular audio
objects downmix signal is provided which represents the regular audio
objects (non-enhanced audio objects), wherein there may be one, two or even
more regular audio objects (non-enhanced audio objects). The one-channel or
two-channel regular audio object downmix signal is then combined with one
or more enhanced audio object signals (which may, for example, be
one-channel signals or two-channel signals), to obtain a common downmix
signal (which may, for example, be a one-channel downmix signal or a
two-channel downmix signal) combining the audio signals of the enhanced
audio objects and the regular audio object downmix signal. In the
following, the basic structure of such a cascaded encoder will be briefly
described taking reference to Fig. 10, which shows a block schematic
representation of an SAOC encoder 1000, according to an embodiment of the
invention. The SAOC encoder 1000 comprises a first SAOC downmixer 1010,
which is typically an SAOC downmixer which does not provide a residual
information. The SAOC downmixer 1010 is configured to receive a plurality
of NBGO audio object signals 1012 from regular (non-enhanced) audio 



objects. Also, the SAOC downmixer 1010 is configured to provide a regular
audio object downmix signal 1014 on the basis of the regular audio objects
1012, such that the regular audio object downmix signal 1014 combines the
regular audio objects signals 1012 in accordance with downmix parameters.
The SAOC downmixer 1010 also provides a regular audio object SAOC
information 1016, which describes the regular audio object signals and the
downmix. For example, the regular audio object SAOC information 1016 may
comprise a downmix gain information DMG and a downmix channel level
difference information DCLD describing the downmix performed by the SAOC
downmixer 1010. In addition, the regular audio object SAOC information 1016
may comprise an object level difference information and an inter-object
correlation information describing a relationship between the regular audio
objects described by the regular audio object signal 1012. The encoder 1000
also comprises a second SAOC downmixer 1020, which is typically configured
to provide a residual information. The second SAOC downmixer 1020
ispreferably configured to receive one or more enhanced audio object
signals 1022 and also to receive the regular audio object downmix signal
1014. The second SAOC downmixer 1020 is also configured to provide a common
SAOC downmix signal 1024 on the basis of the enhanced audio object signals
1022 and the regular audio object downmix signal 1014. When providing the
common SAOC downmix signal, the second SAOC downmixer 1020 typically treats
the regular audio object downmix signal 1014 as a single one-channel or
two-channel object signal. The second SAOC downmixer 1020 is also
configured to provide an enhanced audio object SAOC information which
describes, for example, downmix channel level difference values DCLD
associated with the enhanced audio objects, object level difference values
OLD associated with the enhanced audio objects and inter-object correlation
values IOC associated with the enhanced audio objects. In addition, the
second SAOC 1020 is preferably configured to provide residual information
associated with each of the enhanced audio objects, such that the residual
information associated with the enhanced audio objects describes the
difference between an original individual enhanced audio object signal and
an expected individual enhanced audio object signal which can be extracted
from the downmix signal using the downmix information DMG, DCLD and the
object information OLD, IOC. 



The audio encoder 1000 is well-suited for cooperation with the audio
decoder described herein. 5.2. Audio signal decoder according to Fig. 5a In
the following, the basic structure of a combined EKS SAOC decoder 500, a
block schematic diagram of which is shown in Fig. 5a will be described. The
audio decoder 500 according to Fig. 5a is configured to receive a downmix
signal 510, an SAOC bitstream information 512 and a rendering matrix
information 514. The audio decoder 500 comprises an enhanced Karaoke/Solo
processing and a foreground object rendering 520, which is configured to
provide a first audio object signal 562, which describes rendered
foreground objects, and a second audio object signal 564, which describes
the background objects. The foreground objects may, for example, be
so-called "enhanced audio objects" and the background objects may, for
example, be so-called "regular audio objects" or "non-enhanced audio
objects". The audio decoder 500 also comprises regular SAOC decoding 570,
which is configured to receive the second audioobject signal 562 and to
provide, on the basis thereof, a processed version 572 of the second audio
object signal 564. The audio decoder 500 also comprises a combiner 580,
which is configured to combine the first audio object signal 562 and the
processed version 572 of the second audio object signal 564, to obtain an
output signal 520. In the following, the functionality of the audio decoder
500 will be discussed in some more detail. At the SAOC decoding/transcoding
side, the upmix process results in a cascaded scheme comprising firstly an
enhanced Karaoke-Solo processing (EKS processing) to decompose the downmix
signal into the background object (BGO) and foreground objects (FGOs). The
required object level differences (OLDs) and inter-object correlations
(IOCs) for the background object are derived from the object and downmix
information (which is both object-related parametric information, and which
is both typically included in the SAOC bitstream): In addition, this step
(which is typically executed by the EKS processing and foreground object
rendering 520) includes mapping the foreground objects to the final output
channels (such that, for example, the first audio object signal 562 is a
multi-channel signal in which the foreground objects are mapped to one or
more channels each). The background object (which typically comprises a
plurality of so-called "regular audio objects") is rendered to 



the corresponding output channels by a regular SAOC decoding process (or,
alternatively, in some cases by an SAOC transcoding process). This process
may, for example, be performed by the regular SAOC decoding 570. The final
mixing stage (for example, the combiner 580) provides a desired combination
of rendered foreground objects and background object signals at the
output.This combined EKS SAOC system represents a combination of all
beneficial properties of the regular SAOC system and its EKS mode. This
approach allows to achieve the corresponding performance using the proposed
system with the same bitstream for both classic (moderate rendering) and
Karaoke/Solo-similar (extreme rendering) playback scenarios. 5.3.
Generalized Structure according to Fig. 5b In the following, a generalized
structure of a combined EKS SAOC system 590 will be described taking
reference to Fig. 5b, which shows a block schematic diagram of such a
generalized combined EKS SAOC system. The combined EKS SAOC system 590 of
Fig. 5b may also be considered as an audio decoder. The combined EKS SAOC
system 590 is configured to receive a downmix signal 510a, an SAOC
bitstream information 512a and the rendering matrix information 514a. Also,
the combined EKS SAOC system 590 is configured to provide an output signal
520a on the basis thereof. The combined EKS SAOC system 590 comprises an
SAOC type processing stage I 520a, which receives the downmix signal 510a,
the SAOC bitstream information 512a (or at least a part thereof) and the
rendering matrix information 514a (or at least a part thereof). In
particular, the SAOC type processing stage I 520a receives first stage
object level difference values (OLD5) . The SAOC type processing stage I
520a provides one or more signals 562a describing a first set of objects
(for example, audio objects of a first audio object type). The SAOC type
processing stage I 520a also provides one or more signal 564a describing a
second set of objects. The combined EKS SAOC system also comprises an SAOC
type processing stage II 570a, which is configured to receive the one or
more signals 564a describing the second set of objects and to provide, on
the basis thereof, one or more signals 572a describing a third set of
objects using second stage object level differences, which are included in
the SAOC 



bitstream information 512a, and also at least a part of the rendering
matrix information 514. The combined EKS SAOC system also comprises a
combiner 580a, which may, for example, be a summer, to provide the output
signals 520a by combining the one or more signals 562a describing the first
set of objects and the one or more signals 570a describing the third set of
objects (wherein the third set of objects may be a processed version of the
second set of objects).To summarize the above, Fig. 5b shows a generalized
form of the basic structure described with reference to Fig. 5a above in a
further embodiment of the invention. 6. Perceptual Evaluation of the
Combined EKS SAOC Processing Scheme 6.1 Test Methodology , Design and Items
This subjective listening tests were conducted in an acoustically isolated
listening room that is designed to permit high-quality listening. The
playback was done using headphones (STAX SR Lambda Pro with Lake-People
D/A-Converter and STAX SRM-Monitor). The test method followed the standard
procedures used in the spatial audio verification tests, based on the
"multiple stimulus with hidden reference and anchors" (MUSHRA) method for
the subjective assessment of intermediate quality audio (see reference
[7]). A total of eight listeners participated in the performed test. All
subjects can be considered experienced listeners. In accordance with the
MUSHRA methodology, the listeners were instructed to compare all test
conditions against the reference. The test conditions were randomized
automatically for each test item and for each listener. The subjective
responses were recorded by a computer-based MUSHRA program on a scale
ranging from 0 to 100. An instantaneous switching between the items under
test was allowed. The MUSHRA test has been conducted in order to assess the
perceptual performance of the considered SAOC modes and the proposed system
described in the table of Fig. 6a, which provides a listening test design
description. The corresponding downmix signals were coded using an AAC
core-coder with a bitrate of 128 kbps. In order to assess the perceptual
quality of the proposed combined EKS SAOC system, it is compared against
the regular SAOC RM system (SAOC reference model system) and the current
EKS mode (enhanced- Karaoke-Solo mode) for two different rendering test
scenarios described in the table of Fig. 6b, which describes the systems
under test. 



Residual coding with a bit rate of 20 kbps was applied for the current EKS
mode and a proposed combined EKS SAOC system. It should be noted that for
the current EKS mode it is necessary to generate a stereo background object
(BGO) prior to the actual encoding/decoding procedure, since this mode has
limitations on the number and type of input objects.The listening test
material and the corresponding downmix and rendering parameters used in the
performed tests have been selected from the set of the call-for-proposals
(CfP) audio items described in the document [2]. The corresponding data for
"Karaoke" and "Classic" rendering application scenarios can be found in the
table of Fig. 6c, which describes listening test items and rendering
matrices. 6.2 Listening Test Results A short overview in terms of the
diagrams demonstrating the obtained listening test results can be found in
Figs. 6d and 6e, wherein Fig. 6d shows average MUSHRA scores for the
Karaoke/Solo type rendering listening test, and Fig. 6e shows average
MUSHRA scores for the classic rendering listening test. The plots show the
average MUSHRA grading per item over all listeners and the statistical mean
value over all evaluated items together with the associated 95% confidence
intervals. The following conclusions can be drawn based upon the results of
the conducted listening tests:  Fig. 6d represents the comparison for the
current EKS mode with the combined EKS SAOC system for Karaoke-type of
applications. For all tested items no significant difference (in the
statistical sense) in performance between these two systems can be
observed. From this observation it can be concluded that the combined EKS
SAOC system is able to efficiently exploit the residual information
reaching the performance of the EKS mode. One can also note that the
performance of the regular SAOC system (without residual) is below both
other systems.  Fig. 6e represents the comparison of the current regular
SAOC with the combined EKS SAOC system for classic rendering scenarios. For
all tested items the performance of these two systems is statistically the
same. This demonstrates the proper functionality of the combined EKS SAOC
system for a classic rendering scenario. 



Therefore, it can be concluded that the proposed unified system combining
the EKS mode with the regular SAOC preserves the advantages in subjective
audio quality for the corresponding types of a rendering.Taking into
account the fact that the proposed combined EKS SAOC system has no longer
restrictions on the BGO object, but has entirely flexible rendering
capability of the regular SAOC mode and can use the same bitstream for all
types of rendering, it appears to be advantageous to incorporate it into
the MPEG SAOC standard. 7. Method According to Fig. 7 In the following, a
method for providing an upmix signal representation in dependence on a
downmix signal representation and an object-related parametric information
will be described with reference to Fig. 7, which shows a flowchart of such
a method. The method 700 comprises a step 710 of decomposing a downmix
signal representation, to provide a first audio information describing a
first set of one or more audio objects of a first audio object type and a
second audio information describing a second set of one or more audio
objects of a second audio object type in dependence on the downmix signal
representation and at least a part of the object-related parametric
information. The method 700 also comprises a step 720 of processing the
second audio information in dependence on the object-related parametric
information, to obtain a processed version of the second audio information.
The method 700 also comprises a step 730 of combining the first audio
information with the processed version of the second audio information, to
obtain the upmix signal representation. The method 700 according to Fig. 7
may be supplemented by any of the features and functionalities which are
discussed herein with respect to the inventive apparatus. Also, the method
700 brings along the advantages discussed with respect to the inventive
apparatus. 8. Implementation Alternatives Although some aspects have been
described in the context of an apparatus, it is clear that these aspects
also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step.
Analogously, aspects described in the context of a method step also
represent a description of a corresponding block or item or feature of a
corresponding apparatus. Some or all of the method steps may 



be executed by (or using) a hardware apparatus, like for example, a
microprocessor, aprogrammable computer or an electronic circuit. In some
embodiments, some one or more of the most important method steps may be
executed by such an apparatus. The inventive encoded audio signal can be
stored on a digital storage medium or can be transmitted on a transmission
medium such as a wireless transmission medium or a wired transmission
medium such as the Internet. Depending on certain implementation
requirements, embodiments of the invention can be implemented in hardware
or in software. The implementation can be performed using a digital storage
medium, for example a floppy disk, a DVD, a Blue-Ray, a CD, a ROM, a PROM,
an EPROM, an EEPROM or a FLASH memory, having electronically readable
control signals stored thereon, which cooperate (or are capable of
cooperating) with a programmable computer system such that the respective
method is performed. Therefore, the digital storage medium may be computer
readable. Some embodiments according to the invention comprise a data
carrier having electronically readable control signals, which are capable
of cooperating with a programmable computer system, such that one of the
methods described herein is performed. Generally, embodiments of the
present invention can be implemented as a computer program product with a
program code, the program code being operative for performing one of the
methods when the computer program product runs on a computer. The program
code may for example be stored on a machine readable carrier. Other
embodiments comprise the computer program for performing one of the methods
described herein, stored on a machine readable carrier. In other words, an
embodiment of the inventive method is, therefore, a computer program having
a program code for performing one of the methods described herein, when the
computer program runs on a computer. A further embodiment of the inventive
methods is, therefore, a data carrier (or a digital storage medium, or a
computer-readable medium) comprising, recorded thereon, the computer
program for performing one of the methods described herein. The data
carrier, the digital storage medium or the recorded medium are typically
tangible and/or nontransmitting.A further embodiment of the inventive
method is, therefore, a data stream or a sequence of signals representing
the computer program for performing one of the methods described 



herein. The data stream or the sequence of signals may for example be
configured to be transferred via a data communication connection, for
example via the Internet. A further embodiment comprises a processing
means, for example a computer, or a programmable logic device, configured
to or adapted to perform one of the methods described herein. A further
embodiment comprises a computer having installed thereon the computer
program for performing one of the methods described herein. In some
embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of
the methods described herein. In some embodiments, a field programmable
gate array may cooperate with a microprocessor in order to perform one of
the methods described herein. Generally, the methods are preferably
performed by any hardware apparatus. The above described embodiments are
merely illustrative for the principles of the present invention. It is
understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It
is the intent, therefore, to be limited only by the scope of the impending
patent claims and not by the specific details presented by way of
description and explanation of the embodiments herein. 9. Conclusions In
the following, some aspects and advantages of the combined EKS SAOC system
according to the present invention will be briefly summarized. For Karaoke
and Solo playback scenarios, the SAOC EKS processing mode supports both
reproduction of the background objects/foreground objects exclusively and
an arbitrary mixture (defined by the rendering matrix) of these object
groups. Also, the first mode is considered to be the main objective of EKS
processing, the latter provides additional flexibility.It has been found
that a generalization of the EKS functionality consequently involves the
effort of combining EKS with the regular SAOC processing mode to obtain one
unified system. The potentials of such a unified system are:  One single
clear SAOC decoding/transcoding structure;  One bitstream for both EKS and
regular SAOC mode; 



No limitation to the number of input objects comprising the background
object (BGO), such that there is no need to generate the background object
prior to the SAOC encoding stage ; and  Support of a residual coding for
foreground objects yielding enhanced perceptual quality in demanding
Karaoke/Solo playback situations. These advantages can be obtained by the
unified system described herein.References [1] ISO/IEC JTC1/SC29/WG1 1
(MPEG), Document N8853, "Call for Proposals on Spatial Audio Object
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Surround.Claims 1. An audio signal decoder (100; 200; 500; 590) for
providing an upmix signal representation in dependence on a downmix signal
and representation ( 112; 210; 510; 510a), an object-related parametric
information ( 1 10; 212; 512; 512a) the audio signal decoder comprising: an
object separator (130; 260; 520; 520a) configured to decompose the downmix 



signal representation, to provide a first audio information (132; 262; 562;
562a) describing a first set of one or more audio objects of a first audio
object type, and a second audio information (134; 264; 564; 564a)
describing a second set of one or more audio objects of a second audio
object type in dependence on the downmix signal representation; an audio
signal processor configured to receive the second audio information (134;
264; 564; 564a) and to process the second audio information in dependence
on the object-related parametric information, to obtain a processed version
(142; 272; 572; 572a) of the second audio information; and an audio signal
combiner (150; 280; 580; 580a) configured to combine the first audio
information with the processed version of the second audio information, to
obtain the upmix signal representation. 2. The audio signal decoder
according to claim 1, wherein the audio signal decoder is configured to
provide the upmix signal representation in dependence on a residual
information associated to a subset of audio objects represented by the
downmix signal representation, wherein the object separator is configured
to decompose the downmix signal representation to provide the first audio
information describing a first set of one or more audio objects of a first
audio object type to which residual information is associated, and the
second audio information describing a second set of one or more audio
objects of a second audio object type, to which no residual information is
associated, in dependence on the downmix signal representation and using
the residual information. 3. The audio signal decoder (100; 200; 500; 590)
according to claim 1 or 2, wherein the object separator is configured to
provide the first audio information such thatone or more audio objects of
the first audio object type are emphasized over audio objects of the second
audio object type in the first audio information, and wherein the object
separator is configured to provide the second audio information such that
audio objects of the second audio object type are emphasized over audio
objects of the first audio object type in the second audio information. 4.
The audio signal decoder (100; 200; 500; 590) according to one of claims 1
to 3, 



wherein the audio signal decoder is configured to perform a 2-step
processing, such that a processing of the second audio information in the
audio signal processor (140; 270; 570; 570a) is performed subsequent to a
separation between the first audio information, describing the first set of
one or more audio objects of the first audio object type, and the second
audio information describing the second set of one or more audio objects of
the second audio object type. 5. The audio signal decoder (100; 200; 500;
570) according to one of claims 1 to 4, wherein the audio signal processor
is configured to process the second audio information (134; 264; 564; 564a)
in dependence on the object-related parametric information ( 110; 212; 512;
512a) associated with the audio objects of the second audio object type and
independent from the object-related parametric information ( 1 10; 212;
512; 512a) associated with the audio objects of the first audio object
type. 6. The audio signal decoder (100; 200; 500; 590) according to one of
claims 1 to 5, wherein the object separator is configured to obtain the
first audio information (132; 262; 562; 562a, X EA0 ) and the second audio
information (134; 264; 564; 564a, X0BJ ) using a linear combination of one
or more downmix signal channels of the downmix signal representation and
one or more residual channels, wherein the object separator is configured
to obtain combination parameters for performing the linear combination in
dependence on downmix parameters associated with the audio objects of the
first audio object type (mo... INEAO-I; n0... n>jEAO-i) and in dependence
on channel prediction coefficients (CJ , c ) of the audio objects of the
first audio object type. 7. The audio signal decoder (100; 200; 500; 590)
according to one of claims 1 to 6, wherein the object separator is
configured to obtain the first audio information and the second audio
information according towherein wherein Xos/ represent channels of the
second audio information; wherein X EA0 represent object signals of the
first audio information; wherein D ' represents a matrix which is an
inverse of an extended downmix matrix; 



wherein C describes a matrix representing a plurality of channel prediction
coefficients, ; wherein I and r0 represent channels of the downmix signal
representation; wherein reso to res _, represent residual channels; and
wherein A is a EAO pre-rendering matrix. 8. The audio signal decoder
according to claim 7, wherein the object separator is configured to obtain
the inverse downmix matrix D~ as an inverse of an extended downmix matrix D
which is defined aswherein the object separator is configured to obtain the
matrix C as wherein mo to are downmix values associated with the audio
objects of the first audio object type; wherein n to are downmix values
associated with the audio objects of the first audio object type. Audio
signal decoder according to claim 8, wherein the object separator is
configured to compute the prediction coefficients as J 1 LoRo LoRo LoRo ,
wherein the object separator is configured to derive constrained prediction
coefficients from the prediction coefficients using a constraining
algorithm, or to use the prediction coefficients as the prediction
coefficients wherein energy quantities PLo, PR0, PL0RO, PLOCOJ and PROCOJ
are defined aswherein parameters OLD L, OLD R and IOC L,R correspond to
audio objects of the second audio object type and are defined according to
wherein dO i and dij are downmix values associated with the audio objects
of the second audio object type; wherein OLDj are object level difference
values associated with the audio objects of the second audio object type;
wherein N is a total number of audio objects; wherein NEAO is a number of
audio objects of the first audio object type; wherein IOC0 i is an
inter-object-correlation value associated with a pair of audio 



objects of the second audio object type;wherein e and e i ,R are covariance
values derived from object-level-difference parameters and
inter-object-correlation parameters; and wherein e are associated with a
pair of audio objects of the 1st audio object type and eL,R is associated
with a pair of audio objects of the second audio object type. 10. The audio
signal decoder (100; 200; 500; 590) according to one of claims 1 to 6,
wherein the object separator is configured to obtain the first audio
information and the second audio information according to wherein wherein
Xog/ represents a channel of the second audio information; wherein XCA0
represent object signals of the first audio information; wherein D 1
represents a matrix which is an inverse of an extended downmix matrix;
wherein C describes a matrix representing a plurality of channel prediction
coefficients, wherein d0 represents a channel of the downmix signal
representation; and wherein res 0 to represent residual channels; and
wherein A EA0 is a EAO pre-rendering matrix.11. The audio signal decoder
according to claim 10, wherein the object separator is configured to obtain
the inverse downmix matrix D 1 is an inverse of an extended downmix matrix
D which is defined as wherein the object separator is configured to obtain
the matrix C as wherein m0 to are downmix values associated with the audio
objects of the first audio object type. 12. The audio signal decoder (100;
200; 500; 590) according to one of claims 1 to 6, wherein the object
separator is configured to obtain the first audio information and the
second audio information according to wherein Xoa/ represent channels of
the second audio information; wherein X 0 represent object signals of the
first audio information; whereinwherein m0 to INEAO-I are downmix values
associated with the audio objects of the first audio object type; wherein
n0 to are downmix values associated with the audio objects of the 



first audio object type; wherein OLD, are object level difference values
associated with the audio objects of the first audio object type; wherein
OLD L and OLD R are common object level difference values associated with
the audio objects of the second audio object type; and wherein A EA0 is a
EAO pre-rendering matrix. 13. The audio signal decoder according to one of
claims 1 to 5, wherein the object separator is configured to obtain the
first audio information and the second audio information according to
wherein X0BJ represents a channel of the second audio information;wherein X
0 represent object signals of the first audio information; wherein d0
represents a channel of the downmix signal representation; wherein wherein
mo to mNEAO-i are downmix values associated with the audio objects of the
first audio object type; wherein OLD are object level difference values
associated with the audio objects of the first audio object type; wherein
OLD L is a common object level difference value associated with the audio
objects of the second audio object type; and wherein A is a EAO
pre-rendering matrix. 14. The audio signal decoder (100; 200; 500; 590)
according to one of claims 1 to 13, wherein the object separator is
configured to apply a rendering matrix to the first audio information (132;
262; 562; 562a) to map object signals of the first audio information onto
audio channels of the upmix audio signal representation (120; 220, 222;
562; 562a).15. The audio signal decoder (100; 200; 500; 590) according to
one of claims 1 to 14, wherein the audio signal processor (140; 270; 570;
570a) is configured to perform a stereo preprocessing of the second audio
information (134; 264; 564; 564a) in dependence on a rendering information
(Mren) n object-related covariance information (E), a downmix information
(D), to obtain audio channels of the processed version of the second audio
information; 16. The audio signal decoder (100; 200; 500; 590) according to
claim 15, wherein the 



audio signal processor (140; 270; 570; 570a) is configured to perform the
stereo processing to map an estimated audio object contribution (ED*JX) of
the second audio information (134; 264; 564; 564a) onto a plurality of
channels of the upmix audio signal representation in dependence on a
rendering information and a covariance information. 17. The audio signal
decoder according to claim 15 or claim 16, wherein the audio signal
processor is configured to add a decorrelated audio signal contribution
(P2Xd) to the second audio information, or an information derived from the
second audio information, in dependence on a render upmix error information
(R) and one or more decorrelated-signal-intensity scaling values (Wj1, W 2)
. 18. The audio signal decoder according to one of claims 1 to 14, wherein
the audio signal processor (140; 270; 570; 570a) is configured to perform a
postprocessing of the second audio information (134; 264; 564; 564a) in
dependence on a rendering information (A), an object-related covariance
information (E) and a downmix information (D). 19. The audio signal decoder
according to claim 18, wherein the audio signal processor is configured to
perform a mono-to-binaural processing of the second audio information, to
map a single channel of the second audio information onto two channels of
the upmix signal representation, taking into consideration a headrelated
transfer function. 20. The audio signal decoder according to claim 18,
wherein the audio signal processor is configured to perform a
mono-to-stereo processing of the second audio information, to map a single
channel of the second audio information onto two channels of the upmix
signal representation.21. The audio signal decoder according to claim 18,
wherein the audio signal processor is configured to perform a
stereo-to-binaural processing of the second audio information, to map two
channels of the second audio information onto two channels of the upmix
signal representation, taking into consideration a headrelated transfer
function. 22. The audio signal decoder according to claim 18, wherein the
audio signal processor is configured to perform a stereo-to-stereo
processing of the second audio 



information, to map two channels of the second audio information onto two
channels of the upmix signal representation. 23. The audio signal decoder
according to one of claims 1 to 22, wherein the object separator is
configured to treat audio objects of the second audio object type, to which
no residual information is associated, as a single audio object, and
wherein the audio signal processor (140; 270; 570; 570a) is configured to
consider object-specific rendering parameters associated to the audio
objects of the second audio object type to adjust contributions of the
audio objects of the second audio object type to the upmix signal
representation. 24. The audio signal decoder according to one of claims 1
to 23, wherein the object separator is configured to obtain one or two
common object level difference values (OLD L, OLD R) for a plurality of
audio objects of the second audio object type; and wherein the object
separator is configured to use the common object level difference value for
a computation of channel prediction coefficients (CPC); and wherein the
object separator is configured to use the channel prediction coefficients
to obtain one or two audio channels representing the second audio
information. 25. The audio signal decoder according to one of claims 1 to
24, wherein the object separator is configured to obtain one or two common
object level difference values (OLD L, OLD R) for a plurality of audio
objects of the second audio object type, and wherein the object separator
is configured to use the common object level difference value for a
computation of entries of an matrix (M); andwherein the object separator is
configured to use the matrix (M) to obtain one or more audio channels
representing the second audio information. 26. The audio signal decoder
according to one of claims 1 to 25, wherein the object separator is
configured to selectively obtain a common inter-object correlation value
(IOC L,R) associated to the audio object of the second audio object type in
dependence on the object-related parametric information if it is found that
there are two audio objects of the second audio object type, and to set the
inter-object correlation value associated to the audio objects of the
second audio object type to zero if it is found that there are more or less
than two audio objects of the second audio object type; and 



wherein the object separator is configured to use the common inter-object
correlation value for a computation of entries of an matrix (M); and
wherein the object separator is configured to use the common inter-object
correlation value associated to the audio objects of the second audio
object type to obtain the one or more audio channels representing the
second audio information. 27. The audio signal decoder according to one of
claims 1 to 26, wherein the audio signal processor is configured to render
the second audio information in dependence on the object-related parametric
information, to obtain a rendered representation of the audio objects of
the second audio object type as the processed version of the second audio
information. 28. The audio signal decoder according to one of claims 1 to
27, wherein the object separator is configured to provide the second audio
information such that the second audio information describes more than two
audio objects of the second audio object type. 29. The audio signal decoder
according to claim 28, wherein the object separator is configured to
obtain, as the second audio information, a one-channel audio signal
representation or a two-channel audio signal representation representing
more than two audio objects of the second audio object type. 30. The audio
signal decoder according to one of claims 1 to 29, wherein the audio signal
processor is configured to receive the second audio information and to
process the second audio information in dependence of the
object-relatedparametric information, taking into consideration
object-related parametric information associated with more than two audio
objects of the second audio object type. 31. The audio signal decoder
according to one of claims 1 to 30, wherein the audio signal decoder is
configured to extract a total object number information (bsNumObjects) and
a foreground object number information (bsNumGroupsFGO) from a
configuration information (SAOCSpecificConfig) of the object-related
parametric information, and to determine the number of audio objects of the
second audio object type by forming a difference between the total object
number information and the foreground object number information. 



32. The audio signal decoder according to one of claims 1 to 31, wherein
the object separator is configured to use object-related parametric
information associated with NEAO audio objects of the first audio object
type to obtain, as the first audio information, NEAO audio signals (X 40 )
representing the NEAO audio objects of the first audio object type and to
obtain, as the second audio information, one or two audio signals (X0 )
representing the N-N EAO audio objects of the second audio object type,
treating the N-N EAO audio objects of the second audio object type as a
single one-channel or a two-channel audio object; and wherein the audio
signal processor is configured to individually render the N-N EAO audio
objects represented by the one or two audio signals of the second audio
information using the object-related parametric information associated with
the NNEAO audio objects of the second audio object type. 33. A method for
providing an upmix signal representation in dependence on a downmix signal
representation and an object-related parametric information, the method
comprising: decomposing the downmix signal representation, to provide a
first audio information describing a first set of one or more audio objects
of a first audio object type, and a second audio information describing a
second set of one or more audio objects of a second audio object type in
dependence on the downmix signal representation and using at least a part
of the object-related parametric information; andprocessing the second
audio information in dependence on the object-related parametric
information, to obtain a processed version of the second audio information;
and combining the first audio information with the processed version of the
second audio information, to obtain the upmix signal representation. 34. A
computer program for performing the method according to claim 33 when the
computer program runs on a computer. 






