
Compound (R) -N* b*-ethyl-6, 7-dihydro-5H-indeno (5,
6- d ) thiazole-2 , b-diamine and the use a s
antipsychotics CROSS-REFERENCE TO RELATED PATENT
APPLICATION [1] This patent claims priority to U.S.
Provisional Patent Application No. 61/030,332 (filed
February 21, 2008). The entire text of that patent
application is incorporated by reference into this
patent. FIELD OF THE INVENTION [2] This invention
relates to a novel compound and its use as an
antipsychotic. In particular, the invention relates to
a compound (and salts thereof) having dopamine D2
receptor partial agonistic activity, methods of
preparing the compound and its salts, and uses of the
compound and its salts for therapeutic and drug
screening purposes. BACKGROUND OF THE INVENTION [3]
Clinicians regularly use antipsychotics that block
dopamine D2 receptors. Antipsychotics are often
classified as "typical" and "atypical" antipsychotics.
Atypical antipsychotics generally have a lower
incidence of side effects compared to typical
antipsychotics. Only a few dopamine-depleting agents,
other than those that provide D2 receptor blockade,
achieve antipsychotic activity. Such agents include,
for example, reserpine and a-methyl-para-tyrosine.
Moderate to severe side effects (e.g. , poor
tolerability) remain problematic with clinically
prescribed antipsychotics. For example, extrapyramidal
side effects ("EPS") and/or elevation of prolactin
limit the number of patients who can take some current
medications and decrease patient compliance. For some
D2 antagonist drugs (e.g., amisulpride and
risperidone), hyperprolactinemia can lead to secondary
problems, such as galactorrhoea, gynaecomastia, breast
pain, and amenorroea. [4] There is, therefore, a need
for new effective antipsychotic drugs with reduced
side effects and improved tolerability. SUMMARY OF THE
INVENTION [5] Briefly, this invention is directed, in
part, to the compound of Formula I and salts
thereof:(I)
(R)-N*6*-ethyl-6,7-dihydro-5H-indeno[5,6-d]thiazole-2,
6-diamine The compound of Formula I has been
identified as a ligand of the dopamine D2 receptor,
with a binding Ki of approximately 150 nM for the
dopamine D2 receptor. It has been 



observed to have antipsychotic activities in animal
D-amphetamine induced locomotor activity and
conditioned avoidance response assays. It is believed
that the compound of Formula I and salts thereof
(particularly pharmaceutically acceptable addition
salts) have valuable pharmacological properties,
particularly with respect to the effect on the
dopaminergic system of the central nervous system. [6]
This invention also relates, in part, to
pharmaceutical compositions comprising the compound of
Formula I or a pharmaceutically acceptable salt
thereof and, optionally, one or more pharmaceutically
acceptable carriers and/or diluents. [7] This
invention also relates, in part, to the use of the
compound of Formula I or a pharmaceutically acceptable
salt thereof to prepare a pharmaceutical composition
comprising the compound of Formula I or salt thereof
and, optionally, one or more pharmaceutically
acceptable carriers and/or diluents. [8] This
invention also relates, in part, to the use of a
compound of Formula I or a pharmaceutically acceptable
acid salt thereof for preparing a drug having an
effect on the dopaminergic system of the central
nervous system, such as for treating dopaminereceptor-
related central nervous neuro-psychiatric conditions.
[9] This invention also relates, in part, to a process
for making a pharmaceutical composition characterized
in that a compound of Formula I or a pharmaceutically
acceptable salt thereof is incorporated with one or
more inert carriers and/or diluents by a non-chemical
method. [10] Further benefits of Applicants' invention
will be apparent to one skilled in the art from
reading this specification. BRIEF DESCRIPTION OF THE
DRAWINGS [11] Figure 1 is a graph depicting the
agonist effect of compounds on D2-CHO cells using
CDS.[12] Figure 2a is a graph depicting the effect of
a compound of Formula I on Damphetamine
hyperlocomotion in habituated rats. [13] Figure 2b is
a graph depicting the effect of comparative compound
C3 on D-amphetamine hyperlocomotion in habituated
rats. [14] Figure 3a is a graph depicting the results
of a Conditioned Avoidance Responding (CAR) Assay
employing aripiprazole. [15] Figure 3b is a graph
depicting the results of a CAR Assay employing a
compound of Formula I . 



[16] Figure 3c is a graph depicting the results of a
CAR Assay employing haloperidol. [17] Figure 3d is a
graph depicting the results of a CAR Assay employing
comparative compound C3. [18] Figure 4a is a graph
depicting the results of a Catalepsy Mice Model
employing a compound of Formula I . [19] Figure 4b is
a graph depicting the results of a Catalepsy Mice
Model employing comparative compound C3. [20] Figure 5
shows the molecular structure of compound of Formula I
as the R isomer. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS [21] This detailed description of
preferred embodiments is intended only to acquaint
others skilled in the art with Applicants' invention,
its principles, and its practical application so that
others skilled in the art may adapt and apply the
invention in its numerous forms, as they may be best
suited to the requirements of a particular use. This
detailed description and its specific examples, while
indicating preferred embodiments of this invention,
are intended for purposes of illustration only. This
invention, therefore, is not limited to the preferred
embodiments described in this specification, and may
be variously modified. [22] This invention is directed
to the compound of Formula I and salts thereof
(particularly pharmaceutically acceptable salts):
(I)-The compound of Formula I has been observed to
have properties not shared by other structurally
similar compounds, such as the (S)-enantiomer and
compounds wherein the ethylamine moiety of Formula I
is replaced with other mono- or di-alkyl amino
moieties. [23] During the course of research on D2
ligands, the compound of Formula I was identified and
discovered to possess unexpected D2-mediated
properties over its enantiomer and other analogs. The
compound of Formula I has been observed to possess
relatively potent antagonism of D2 receptors in
combination with a measurable level of D2 partial
agonism. The D2 partial agonism is believed to
mitigate D2-mediated side effects, such as
hyperprolactinemia and EPS. An exemplary D2 partial
agonist is aripiprazole, marketed under the name
Ability (r). Aripiprazole has shown less propensity to
cause hyperprolactinemia than antipsychotics (e.g.,
risperidone and haloperidol) having D2 



antagonist properties without partial agonism. [24]
The compound of Formula I (or a pharmaceutically
acceptable salt thereof) generally may be used in a
method for treating mammals, especially humans,
suffering from dopamine related central nervous system
disorders (e.g., schizophrenia; Parkinson's disease;
Tourette's Syndrome; hyperprolactinemia; and drug
abuse, such as abuse of alcohol or cocaine) by
administering a therapeutically effective amount of a
compound of Formula I or a salt thereof. Other
contemplated central nervous system disorders that may
be treated include, for example, major depressive
disorder ("MDD") and bipolar disorder. [25]
Pharmaceutically acceptable salts include salts that
are useful for administering the compound of Formula I
to a patient. Pharmaceutically acceptable salts also
include useful salts that the compound of Formula I
may form in vitro or in vivo. Pharmaceutically
acceptable salts include various acid addition salts,
such as, for example, hydrochloric, hydrobromic,
sulfuric, phosphoric, lactic, citric, tartaric,
succinic, maleic, and fumaric acid salts. Alkyl
sulfonic acids (e.g., CH3SO3 H) also are generally
suitable for making pharmaceutically acceptable salts.
In general, a pharmaceutically acceptable salt has one
or more benefits that outweigh any deleterious effect
that the salt may have. [26] A pharmaceutical
composition may be prepared by admixing a compound of
Formula I or a pharmaceutically acceptable salt
thereof with a pharmaceutically acceptable carrier to
achieve a pharmaceutical preparation comprising a
therapeutically effective amount of the compound of
Formula I per unit dose. [27] Compositions comprising
a compound of Formula I or a pharmaceutically
acceptable salt thereof can be prepared for
administration to humans and other vertebrates in unit
dosage forms, such as, for example, tablets, capsules,
pills, powders, granules,sterile parenteral solutions
or suspensions, oral solutions or suspensions,
oil-in-water and water-in-oil emulsions, and
suppositories. For oral administration, either solid
or fluid unit dosage forms can be prepared. For
preparing solid compositions (e.g., tablets), the
compound or a pharmaceutically acceptable salt thereof
can be mixed with conventional ingredients such as,
for example, talc, magnesium stearate, dicalcium
phosphate, magnesium aluminum silicate, calcium
sulfate, starch, lactose, acacia, methylcellulose, and
functionally similar materials that act as
pharmaceutical diluents or carriers. Capsules may be
prepared by mixing the compound or a pharmaceutically
acceptable salt thereof with an inert pharmaceutical
diluent, and filling the mixture into a hard gelatin
capsule of appropriate size. Soft gelatin capsules may
be prepared by machine encapsulation of a 



slurry of the compound (or a pharmaceutically
acceptable salt thereof) with an acceptable vegetable
oil, light liquid petrolatum, or other inert oil. [28]
Fluid unit dosage forms for oral administration, such
as syrups, elixirs, and suspensions, can be prepared
by, for example, dissolving the compound or salt in an
aqueous vehicle together with sugar, aromatic
flavoring agents, and preservatives to form a syrup.
Suspensions can be prepared with an aqueous vehicle
with the aid of a suspending agent such as acacia,
tragacanth, methylcellulose, and the like. [29] For
parenteral administration, fluid unit dosage forms can
be prepared utilizing the compound or a
pharmaceutically acceptable salt thereof and a sterile
vehicle. In preparing solutions, the compound or a
pharmaceutically acceptable salt thereof can be
dissolved in water for injection and filter-sterilized
before filling into a suitable vial or ampoule, and
sealing. Adjuvants, such as a local anesthetic,
preservative, or buffering agent, can be dissolved in
the vehicle as well. The composition can be frozen
after filling into a vial and the water removed under
vacuum. The resulting lyophilized powder can then be
scaled in the vial and reconstituted before use. [30]
The compound and pharmaceutically acceptable acid
salts thereof generally have valuable pharmacological
properties, particularly an effect on the central
nervous system, including a stimulating effect on the
dopamine receptors (either of, or both of, the
autoreceptors and the postsynaptic receptors) or an
inhibiting effect of the dopamine receptors, thus
providing partial agonistic activity. The compound and
salts thereof having a high intrinsic efficacy for the
dopamine receptors in the CNS of mammals are
contemplated to be suitable for treating Parkinson's
disease, either in mono-therapy or in combination
therapy with, for example, L-DOPA and carbidopa. The
compound and salts also are contemplated to be
anti-hyperprolactinergic drugs. The compound and
saltshaving a low intrinsic efficacy (partial
agonists, inverse agonists, and/or antagonists) for
the dopamine receptors in the CNS of mammals are
contemplated to be suitable for treating psychotic
disorders, such as schizophrenia. [31] The compound of
Formula I or a pharmaceutically acceptable salt
thereof can be administered to treat conditions
mentioned herein. The exact dosage and frequency of
administration will depend on the particular condition
being treated; the severity of the condition being
treated; the age, weight, and general physical
condition of the particular patient; other medication
the patient may be taking; and various other factors
known to those skilled in the art. Thus, the compound
or a pharmaceutically acceptable salt thereof, 



along with a pharmaceutically acceptable carrier,
diluent, or buffer, can be administered in a
therapeutic or pharmacological amount effective to
alleviate the central nervous system disorder with
respect to the physiological condition diagnosed. The
compound or a pharmaceutically acceptable salt thereof
can, for example, be administered intravenously,
intramuscularly, topically, transdermally (e.g., by
skin patches), buccally, or orally to man or other
vertebrates as will be apparent to those of skill in
the art. [32] The compound and pharmaceutically
acceptable salts described herein are contemplated to
be useful for treating neuropsychiatric disorders,
including, for example, conditions associated with or
leading to psychosis, emotional and behavioral
disturbances, schizophrenia and schizophrenia spectrum
disorders, psychotic disorders in the context of
affective disorders, depression, psychosis disorders
induced by drugs/medication (such as Parkinson's
psychosis), drug induced movement disorders
(dyskinesias in Parkinson's disease), psychosis and
behavioral disorders in the context of dementias and
psychotic disorders due to a general medical
conditions, or combinations thereof. [33] The compound
and pharmaceutically acceptable salts thereof are also
contemplated to be useful for treating anxiety
disorder(s), including, for example, panic disorder(s)
without agoraphobia, panic disorder(s) with
agoraphobia, agoraphobia without history of panic
disorder(s), specific phobia, social phobia,
obsessive-compulsive disorder(s), stress related
disorder(s), posttraumatic stress disorder(s), acute
stress disorder(s), generalized anxiety disorder(s),
and generalized anxiety disorder(s) due to a general
medical condition. [34] The compound and
pharmaceutically acceptable salts thereof are also
contemplated to be useful for treating mood
disorder(s) including but not limited to a) depressive
disorder(s), including but not limited to major
depressive disorder(s) and dysthymic disorder(s); b)
bipolar depression and/or bipolar mania including but
notlimited to bipolar i, including but not limited to
those with manic, depressive or mixed episodes, and
bipolar ii; c) cyclothymiac's disorder(s); and d) mood
disorder(s) due to a general medical condition. [35]
Treatment is contemplated to be achieved by
administering to a patient or subject (e.g., a human
or an animal such as a dog) in need thereof a
therapeutically effective amount of a compound of
Formula I or a pharmaceutically acceptable salt
thereof. Pharmaceutical compositions comprising a
compound of Formula I or a pharmaceutically acceptable
salt thereof, together with one or more
pharmaceutically 



acceptable carriers and/or diluents, can generally be
used for therapeutic purposes. [36] The compound of
Formula I or a pharmaceutically acceptable salt
thereof or a pharmaceutical composition comprising a
compound of Formula I or a pharmaceutically acceptable
salt thereof may be administered concurrently,
simultaneously, sequentially, or separately with
another pharmaceutically active compound or compounds
selected from the following: (i) antidepressants
including, for example, amitriptyline, amoxapine,
bupropion, citalopram, clomipramine, desipramine,
doxepin duloxetine, elzasonan, escitalopram,
fluvoxamine, fluoxetine, gepirone, imipramine,
ipsapirone, maprotiline, nortriptyline, nefazodone,
paroxetine, phenelzine, protriptyline, reboxetine,
robalzotan, sertraline, sibutramine, thionisoxetine,
tranylcypromaine, trazodone, trimipramine,
venlafaxine, and equivalents and pharmaceutically
active isomer(s) and metabolite(s) thereof; (ii)
atypical antipsychotics including, for example,
quetiapine and pharmaceutically active isomer(s) and
metabolite(s) thereof; (iii) antipsychotics including,
for example, amisulpride, aripiprazole, asenapine,
benzisoxidil, bifeprunox, carbamazepine, clozapine,
chlorpromazine, debenzapine, divalproex, duloxetine,
eszopiclone, haloperidol, iloperidone, lamotrigine,
loxapine, mesoridazine, olanzapine, paliperidone,
perlapine, perphenazine, phenothiazine,
phenylbutylpiperidine, pimozide, prochlorperazine,
risperidone, sertindole, sulpiride, suproclone,
suriclone, thioridazine, trifluoperazine, trimetozine,
valproate, valproic acid, zopiclone, zotepine,
ziprasidone, and equivalents and pharmaceutically
active isomer(s) and metabolite(s) thereof; (iv)
anxiolytics including, for example, alnespirone,
azapirones,benzodiazepines, barbiturates such as
adinazolam, alprazolam, balezepam, bentazepam,
bromazepam, brotizolam, buspirone, clonazepam,
clorazepate, chlordiazepoxide, cyprazepam, diazepam,
diphenhydramine, estazolam, fenobam, flunitrazepam,
flurazepam, fosazepam, lorazepam,lormetazepam,
meprobamate, midazolam, nitrazepam, oxazepam,
prazepam, quazepam, reclazepam, tracazolate, trepipam,
temazepam, triazolam, uldazepam, zolazepam and
equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof; (v) anticonvulsants including,
for example, carbamazepine, valproate, lamotrogine,
gabapentin and equivalents and pharmaceutically active
isomer(s) and metabolite(s) thereof; (vi) Alzheimer's
therapies including, for example ,donepezil,
memantine, tacrine 



and equivalents and pharmaceutically active isomer(s)
and metabolite(s) thereof; (vii) Parkinson's therapies
including, for example, deprenyl, L-dopa, Requip,
Mirapex, MAOB inhibitors such as selegine and
rasagiline, COMT inhibitors such as Tasmar(tolcapone),
A-2 inhibitors, dopamine reuptake inhibitors, NMDA
antagonists, Nicotine agonists, Dopamine agonists and
inhibitors of neuronal nitric oxide synthase and
equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof; (viii) migraine therapies
including, for example, almotriptan, amantadine,
bromocriptine, butalbital, cabergoline,
dichloralphenazone, eletriptan, frovatriptan,
lisuride, naratriptan, pergolide, pramipexole,
rizatriptan, ropinirole, sumatriptan, zolmitriptan,
zomitriptan, and equivalents and pharmaceutically
active isomer(s) and metabolite(s) thereof; (ix)
stroke therapies including, for example, abciximab,
activase, citicoline, crobenetine,
desmoteplase,repinotan, traxoprodil and equivalents
and pharmaceutically active isomer(s) and
metabolite(s) thereof; (x) urinary incontinence
therapies including, for example, darafenacin,
falvoxate, oxybutynin, propiverine, robalzotan,
solifenacin, tolterodine, and equivalents and
pharmaceutically active isomer(s) and metabolite(s)
thereof; (xi) neuropathic pain therapies including,
for example, gabapentin, lidoderm, pregablin and
equivalents and pharmaceutically active isomer(s) and
metabolite(s) thereof; (xii) nociceptive pain
therapies such as celecoxib, etoricoxib, lumiracoxib,
rofecoxib, valdecoxib, diclofenac, loxoprofen,
naproxen, paracetamol, and equivalents and
pharmaceutically active isomer(s) and metabolite(s)
thereof; (xiii) insomnia therapies including, for
example, allobarbital, alonimid, amobarbital,
benzoctamine, butabarbital, capuride, chloral,
cloperidone, clorethate, dexclamol, ethchlorvynol,
etomidate, glutethimide, halazepam, hydroxyzine,
mecloqualone, melatonin, mephobarbital, methaqualone,
midaflur, nisobamate, pentobarbital, phenobarbital,
propofol, roletamide, triclofos, secobarbital,
zaleplon,Zolpidem, and equivalents and
pharmaceutically active isomer(s) and metabolite(s)
thereof; and (xiv) mood stabilizers including, for
example, carbamazepine, divalproex, gabapentin,
lamotrigine, lithium, olanzapine, quetiapine,
valproate, valproic acid, verapamil, and equivalents
and pharmaceutically active isomer(s) and
metabolite(s) thereof. 



In general, the administered amounts of the compound
of Formula I (or a salt thereof) and the other active
compound(s) are sufficient so that, when combined,
they provide one or more desired therapeutic effects.
Such amounts may typically b e determined by one
skilled in the art. For example, the amounts may, in
some instances, b e identified by starting with the
dosages described above for the compound of Formula I
(or salt thereof) and an approved or published dosage
range for the other pharmaceutically active
compound(s). [37] The compound of Formula I or a
pharmaceutically acceptable salt thereof can b e
prepared as described herein. Various alternate
reagents and changes to reaction conditions will b e
apparent to those skilled in the art. [38] It will b e
understood that the compound of Formula I or a salt
thereof may exist in solvated (e.g., hydrated), as
well as unsolvated forms. It is t o b e understood
that the present invention encompasses all such
solvated forms that possess the abovementioned
activity. List o f Abbreviations [39] AcOH acetic acid
[40] DIEA diisopropylethyl amine [[4411]] EEttOOAAcc
ethyl acetate [42] Et2O diethyl ether [43] NMR nuclear
magnetic resonance [44] HPLC high performance liquid
chromatography [45] LCMS liquid chromatography mass
spectrometry [[44661] NNaaOOAAcc sodium acetate [47]
NBS N-bromosuccinimide [48] Sat'd aq saturated aqueous
[49] TLC thin-layer chromatography [50] NOEL n o
observed effect level[51] ELISA enzyme-linked
immunosorbent assay [52] MED minimum effective dose
[53] s.c. subcutaneously [54] p.o. orally [55] i.p.
intraperitoneally [56] CDS cellular dielectric
spectroscopy 



EXAMPLES [57] The following examples are merely
illustrative of embodiments of the invention, and not
limiting to the remainder of this disclosure in any
way. [58] Example 1. Synthesis of
(R)-N*6*-ethyl-6,7-dihydro-5H-indeno[5,6-
d]thiazole-2,6-diamine. [59] The following Scheme A
illustrates a method used to synthesize (R)-N*6*-
ethyl-6,7-dihydro-5H-indeno[5,6-d]thiazole-2,6-diamine
. Scheme AThis synthesis was carried out as follows.
[60] Step A. Synthesis of
((S)-5-bromo-indan-2-yl)-carbamic acid benzyl ester.
To a suspension of (S)-5-bromo-indan-2-ylamine
(lR)-(-)-10-camphorsulfonate salt (109.6 g, 246.8
mmol, as prepared by the method given in Adv. Synth.
Catal. 2001, 343, pp 461-472) in CH2Cl2 (IL) chilled
in an ice bath was added DIEA (10 niL, 617 mmol)
followed by benzyl chloroformate (36.5 mL, 259 mmol)
dropwise over 5-10 min. This mixture was stirred for 2
h, at which time H2O (100 mL) was added. The phases
were separated and the organic phase washed with IM
HCl (~100 mL), H2O (~100 mL) and sat'd aq NaHCO3 (-100
mL), H2O (-100 mL) and sat'd aqNaCl (-100 mL), then
concentrated. The resultant yellow solid was
triturated with Et2O (~50 mL), collected by vacuum
filtration, and rinsed with Et2O (~ 10-20 mL). The
resultant solid was air-dried to afford
((S)-5-bromo-indan-2-yl)-carbamic acid benzyl ester
(82.6 g, 239 mmol, 97%). 1H NMR (DMSO-J6), d: 2.84 -
2.70 (m, 2H), 3.20 - 3.04 (m, 2H), 4.32 - 4.23 (m,
IH), 5.02 (s, 2H), 7.15 (d, J = 7.7 Hz, IH), 7.40 -
7.28 (m, 7H), 7.61 - 7.57 (m, IH). [61] Step B.
Synthesis of ((S)-5-bromo-indan-2-yl)-ethyl-carbamic
acid benzyl ester. A solution of
((S)-5-bromo-indan-2-yl)-carbamic acid benzyl ester
(86.1 g, 249 mmol) in dry DMF (300 mL) under N2 was
cooled in an ice bath. NaH (14.8 g, 370 mmol of a 60%
dispersion in mineral oil) was added in 5 g portions,
and the mixture was allowed to stir for 30 min after
the last of the NaH had been added. Ethyl iodide (40.3
g, 20.4 mL, 258 mmol) was added in a fast stream over
~ 1 min. The ice bath was removed and the reaction was
stirred for 4 h, at which point it was again cooled in
an ice bath before it was carefully quenched with H2O,
which caused gas evolution. The reaction mixture was
diluted to ~1L with H2O, and extracted with hexanes (3
times, with a total volume of~1L). The combined
organic phases were washed twice with H2O (~200 niL
each), and 



filtered through filter paper. The filtrate was
concentrated to a brown oil, which was purified by
silica gel chromatography (0 - 20% EtOAc/hexanes) to
afford ((S)-5-bromoindan- 2-yl)-ethyl-carbamic acid
benzyl ester (86.9 g, 232 mmol, 93%). 1H NMR
(DMSO-J6), d: 1.05 (t, J = 6.9 Hz, 3H), 3.14 - 2.94
(m, 4H), 3.24 (q, J = 7.0 Hz, 2H), 4.71 - 4.64 (m,
IH), 5.09 (s, 2H), 7.15 (d, J = 8.4 Hz, IH), 7.41 -
7.28 (m, 7H). [62] Step C. Synthesis of
[(S)-5-(benzhydrylidene-amino)-indan-2-yl]-ethylcarbam
ic acid benzylester. In an oven-dried 1 L three-necked
flask equipped with a condenser and a thermometer was
added tris(dibenzylideneacetone)dipalladium(0) (1.957
g, 2.14 mmol), 2-
dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
(2.038 g, 4.27 mmol) and toluene (150 mL) to give a
brown mixture. The resulting mixture was purged with
N2 for 20 min and refluxed under N2 for 20 min. The
brown solution was allowed to cool to 6O0C. Sodium
tert-butoxide (16.43 g, 171.00 mmol) was added,
followed by a N2-purged (20 min) solution of
((S)-5-bromo-indan-2-yl)-ethyl-carbamic acid benzyl
ester (32 g, 85.50 mmol) and redistilled benzophenone
imine (17.04 g, 94.05 mmol) in toluene (80 mL) through
a double-tipped needle. The temperature increased by
150C, and the mixture became thick. The empty flask
that contained the solution was rinsed with toluene
(20 mL), and the rinse was added to the reaction
through the double-tipped needle. The reaction mixture
was stirred at 60-65 0C for 4 h. It was then allowed
to cool to room temperature and filtered through a
layer of diatomaceous earth. The filter-cake was
rinsed with toluene (~100 mL). The dark brownish
filtrate was evaporated. The product, [(S)-5-
(benzhydrylidene-amino)-indan-2-yl]-ethyl-carbamic
acid benzylester, was used in the next step without
further purification.[63] Step D. Synthesis of
((S)-5-amino-indan-2-yl)-ethyl-carbamic acid benzyl
ester.
[(S)-5-(benzhydrylidene-amino)-indan-2-yl]-ethyl-carba
mic acid benzylester (crude from the last step) was
dissolved in methanol (350 mL) in a 1 L round-bottomed
flask. Hydroxylamine hydrochloride (8.91 g, 128.25
mmol) and NaOAc (14.03 g, 171.00 mmol) were added. The
resulting suspension was stirred at room temperature
overnight. The suspension was filtered, and the
filtrate was evaporated. The residue was stirred in
CH2CI2 (300 mL) for 5 min and filtered. The filter
cake was rinsed with CH2CI2 (50 mL) and the filtrate
evaporated. The residue was purified by silica gel
column chromatography (0-30% EtOAc/hexanes) to afford
((S)-5-amino-indan-2-yl)-ethyl-carbamic acid benzyl
ester 



(24.95 g, 80.38 mmol, 94%) as a golden-colored oil. 1H
NMR (DMSO-J6), d: 1.04 (t, J = 7 Hz, 3H), 2.79 - 2.93
(m, 4H), 3.21 (q, J = 7 Hz, 2H), 4.66 (p, J = 8 Hz,
IH), 4.79 (s, br, 2H), 5.09 (s, 2H), 6.36 (dd, J = 2,
8 Hz, IH), 6.42 (s, IH), 6.83 (d, J = 8 Hz, IH), 7.29
- 7.38 (m, 5H). [64] Steps E and F. Synthesis of
((R)-2-benzoylamino-6,7-dihydro-5Hindeno[
5,6-d]thiazol-6-yl)-ethyl-carbamic acid benzyl
ester.HBr. In a 2 L three-necked flask was charged a
solution of ((S)-5-amino-indan-2-yl)-ethylcarbamic
acid benzyl ester (36.26 g, 116.82 mmol) in CH2CI2
(300 mL). A solution of benzoyl isothiocyanate (19.64
g, 120.33 mmol) in CH2CI2 (100 mL) was added and the
internal temperature increased from 170C to 320C. The
resulting light-brownish solution was stirred for 1.5
h. The completion of the reaction was confirmed by TLC
(silica geleluted with 25% EtOAc/hexanes). A solution
of NBS (21.42 g, 120.33 mmol) in CH2Cl2 (700 niL) was
added over 10 min. The temperature increased from 19
0C to 25 0C. The stirring was continued for an
additional 30 min. CH3CN (500 mL) was added, and the
solution was evaporated to about 400 mL. CH3CN (400
mL) was added. The solid was filtered, washed with
CH3CN (200 mL), and vacuum dried until no solvent
dripped. The wet solid was dissolved in CH2Cl2 (600
mL). CH3CN (500 mL) was added, and the resulting
solution was evaporated to about 400 mL. CH3CN (200
mL) was again added and the solid was filtered, washed
with CH3CN (200 mL), and dried under vacuum to give
((R)-2-benzoylamino-6,7-dihydro-5H-indeno[5,6-d]thiazo
l-6-yl)-ethyl-carbamic acid benzyl ester.HBr (35 g,
63.35 mmol, 54%) as a light yellow solid. 1H NMR
(DMSO-J6), d: 1.08 (t, J = 7 Hz, 3H), 3.11 - 3.23 (m,
4H), 3.28 (q, J = 7 Hz, 2H), 4.78 (p, J = 8 Hz, IH),
5.1 1 (s, 2H), 7.27 - 7.40 (m, 5H), 7.56 (t, J = 7.75
Hz, 2H), 7.61 (s, IH), 7.66 (t, J = 7.25 Hz, IH), 7.81
(s, IH), 8.13 (d, J = 8 Hz), 12.76 (s, br, IH, HBr)
[65] Step G. Synthesis of
N-((R)-6-ethylamino-6,7-dihydro-5H-indeno [5,6-
d]thiazol-2-yl)-benzamide.2HBr. A l L round-bottomed
flask was charged hydrobromic acid (33% in AcOH, 500
mL) and triisopropylsilane (34.5 mL, 168.41 mmol). The
mixture was stirred and ((R)-2-
benzoylamino-6,7-dihydro-5H-indeno[5,6-d]thiazol-6-yl)
-ethyl-carbamic acid benzyl ester.HBr (34.5 g, 62.45
mmol) was added. The resulting suspension was stirred
at room temperature for 2 h. The reaction mixture was
evaporated to about 100 mL. Et2O (500 mL) was added,
and the solid was filtered, washed with fresh Et2O
(250 mL), and dried. 31.07 



g (62.23 mmol, 99.6%) of
N-((R)-6-ethylamino-6,7-dihydro-5H-indeno[5,6-d]thiazo
l-2- yl)-benzamide.2HBr was obtained as an off-white
solid. 1H NMR (DMSO-J6), d: 1.24 (t, J = 7.25 Hz, 3H),
3.05 - 3.10 (m, 2H), 3.14 - 3.20 (m, 2H), 3.39 - 3.45
(m, 2H), 4.10 (p, J = 6.75 Hz, IH), 7.57 (t, J = 7.75
Hz, 2H), 7.66 (d, J = 7.5 Hz, IH), 7.68 (s, IH), 7.91
(s, IH), 8.13 (d, J = 7.75 Hz, 2H), 8.69 (s, br, 2H),
12.79 (s, br, IH, HBr)[66] Step H. Synthesis of
(R)-N*6*-ethyl-6,7-dihydro-5H-indeno[5,6-
d]thiazole-2,6-diamine.2HBr. A 2 L round-bottomed
flask was charged with
N-((R)-6-ethylamino-6,7-dihydro-5Hindeno[
5,6-d]thiazol-2-yl)-benzamide.2HBr (31.0 g, 62.09
mmol) and 48% hydrobromic acid (500 niL) to give a
suspension. The reaction mixture was heated to reflux
and became a clear solution after 1.5 h. The
completion of the reaction was confirmed by
disappearance of starting material as monitored by
LCMS after 6 hr of reflux. The volatiles were removed
under reduced pressure. The residue was stirred in
CH3CN ( 1 L) for 10 min, filtered, and washed with
fresh CH CN (250 mL). The product was dried under
vacuum to give 24.9 g (63.01 mmol, 101%) of
(R)-N*6*-ethyl-6,7-dihydro-5Hindeno[
5,6-d]thiazole-2,6-diamine.2HBr as an off-white solid.
1H NMR (DMSO-J6), d: 1.23 (t, J = 7.25 Hz, 3H), 3.00 -
3.06 (m, 2H), 3.08 - 3.14 (m, 2H), 3.31 - 3.38 (m,
2H), 4.06 (p, J = 7 Hz, IH), 7.35 (s, IH), 7.71 (s,
IH), 8.74 (s, br, 3H), 8.92 (s, br, 2H) [67] Step I.
Synthesis of (R)-N*6*-ethyl-6,7-dihydro-5H-indeno[5,6-
d]thiazole-2,6-diamine. In a 2 L round-bottomed flask
was dissolved ( )-N6-ethyl-6,7-dihydro-5H-indeno[5,6-
d]thiazole-2,6-diamine.2HBr (54.2 g, 137.12 mmol) in
H2O (800 mL) to give a light yellow solution. The
solution was filtered through a 1.0 mm GMF- 150
syringe filter. 2.5 N aq NaOH (121 mL, 301.66 mmol)
was added over 10 min. The precipitated solid was
filtered and washed with H O (~600 mL) until the pH of
the washing reached 6.5. The solid was dried under
vacuum to give 30.5 g (130.71 mmol, 95%) of
(R)-N*6*-ethyl-6,7-
dihydro-5H-indeno[5,6-d]thiazole-2,6-diamine as an
off-white solid. 1H NMR (DMSO-J6), d: 1.02 (t, J = 7
Hz, 3H), 2.58 - 2.67 (m, 4H), 3.05 (dt, J = 6.5, 15.5
Hz, 2H), 3.51 (p, J = 7 Hz, IH), 7.14 (s, IH), 7.21
(s, 2H), 7.40 (s, IH).[68] Example 2. Scale-up of
(R)-N*6*-ethyl-6,7-dihydro-5H-indeno[5,6-
d]thiazole-2,6-diamine synthesis. [69] Reaction Scheme
A was scaled up approximately ten-fold. The scaled-up 



reaction was carried out similarly to the manner in
which Reaction Scheme A was carried out above except
for scale and the following differences: [70] In the
scaled up version of the method in Step A, the solvent
was changed from CH2CI2 to acetonitrile. Doing so
allowed product isolation by addition of water and
subsequent filtration of the product. The scaled up
method benefits from the lack of extractive workup and
the lack of halogenated solvents. [71] In the scaled
up method, it was determined that it was not necessary
to distill the benzophenone imine in Step C. Thus, the
distillation was omitted without compromising imine
formation. [72] In Steps E and F in the scaled up
method, the crude hydrolysis product was dissolved in
toluene rather than CH2Cl2. The by-product was
filtered off, and the toluene filtrate purified by
silica gel chromatography (first EtOAc (1-3%)/
toluene, and then EtOAc (5-25%)/hexane). [73] In the
scaled up method, purification of Step G was achieved
by suspending the solid ( 1168 g) in CH3CN (10
volumes, 12 L) and CH2Cl2 (2 volumes, 2 L). The
suspension was refluxed for 2 h and 3 L of solvent was
removed by distillation over 2 h. The distillate was
cooled overnight. The solid was collected by
filtration and dried. The process was repeated a
second time to complete the purification of the final
product. [74] In the neutralization step (Step I) of
the scaled up method, the di-HBr salt (756.6 g) was
dissolved in 10 L of distilled water and filtered
through diatomaceous earth. This solution was added
dropwise over 2 h to 5 L of IN KOH solution and
stirred an additional 2 h. Solid was collected by
filtration and washed 4 times with distilled water,
and then vacuum dried to afford the desired product at
a yield of about 82%. [75] Example 3. In vitro assay
procedures. [76] Affinity (Ki) to the D2 receptor was
measured with an [3H]-raclopride binding assay. D2
antagonism (IC50) was measured with a GTPgS assay. The
GTPgS assay, however, failed to detect agonism of
aripiprazole in our hands and others (Jordon S, et.
al, "Dopamine D2 receptor partial agonists display
differential or contrasting characteristics in
membrane and cell-based assays of dopamine D2 receptor
signaling," Prog NeuropsychopharmacolBiol Psychiatry,
31(2):348-56 (March 30, 2007); EpubOctober 27, 2006).
This highlights the limitations of using a GTPgS assay
to identify D2 partial agonists. Assays measuring a
more downstream level of cell signaling, such as cAMP
and extracellular impedance across a cell layer, tend
to be more sensitive to detect 



agonism to provide reliable agonism of D2 partial
agonists. Changes in extracellular impedance across a
cell layer can be measured by a cellular dielectric
spectroscopy (CDS) with a CellKey instrument. We
observed that data of D2 agonists from the CDS assay
correlated well with those from the cAMP assay, with
less variation. Thus, CDS was used to measure the
agonist activity of partial D2 agonists. The maximum
agonism effect (Emax) was relative to the maximum
effect of dopamine. The following discussion provides
a description of the assays and results. In vitro
assay procedures [77] CHO-Kl cells stably transfected
with the dopamine D2s receptor were used in the
experiments and maintained in Ham's F12 culture medium
supplemented with 2 mM L-glutamine, 10% FBS, and 500
mg/ml Hygromycin. D2 Receptor Binding Assay [78] The
ability of test compounds to displace 3H-raclopride at
the D2S receptor was determined on membranes from
D2s-transfected CHO cells (Bmax 13 pmol/mg protein).
An assay uses a standard 96-well glass fiber filter
plate to retain radioligand bound by the receptor.
Retained 3H is determined in a TopCount scintillation
plate counter following the addition of a liquid
scintillant to each well. Compounds are evaluated for
their potency using competition curve analysis,
resulting in calculated Ki values. D2 Receptor in
vitro Functional Assays [79] GTPgS assay was performed
substantially as described by Lazareno. (Lazareno, S.,
(1999) Measurement of agonist-stimulated [35S]-GTPyS
binding to cell membranes. Methods in Molecular
Biology 106: 231-245). Antagonist activity of
compounds was determined by the ability of test
compounds to block dopaminestimulated [ S]-GTPyS
binding to cell membranes from D2s stably-transfected
CHO cells. This assay, however, is not very sensitive
to agonist activity. Consequently, another, more
sensitive, technique was used.[80] Cellular dielectric
spectroscopy (CDS) was used to measure the agonist
activity of partial D2 agonists with a CellKey
instrument. A CellKey instrument measures changes in
extracellular impedance across a cell layer. In this
assay, an increase in impedance (positive dZiec value)
for this receptor indicates an agonist effect.
Compounds were evaluated for their potency and
efficacy/intrinsic activity using dose response curve
analysis, resulting in EC50 and Emax (curve top)
values. Specificity of the cellular 



response elicited by the compounds was determined by
testing them on cells which have been preincubated
with 1 mM raclopride, a silent D2-specific antagonist
that will block the downstream effects mediated by the
D2 receptor and is identical to buffer baseline when
tested alone in the assay. The protocol is generally
described in Peters, M.F. et al, "Evaluation of
Cellular Dielectric Spectroscopy, a Whole-Cell,
Label-Free Technology for Drug Discovery on Gi-Coupled
GPCRs," J Biomol Screen 2007, Apr; 12(3):3 12-9. Epub
2007 Feb 16. doi:10.1 177/1087057106298637. Results
[81] The results were unexpected in that the
properties of the compound of Formula I were
different, in terms of partial agonism, to its
enantiomer (Cl) as well as other structural analogs.
The results are shown in Figure 1 and Table 1 (mean
values + SD). Table 1 In Vitro Assay ResultsNA*: Not
active in the assay (below the assay variation 3xSD).
[82] In addition, work was done with the CDS assay to
demonstrate that the D2 partial agonism exhibited by
the compound of Formula I is specifically blocked by
D2 antagonist raclopride, demonstrating D2-mediated
response of the compound of Formula I . [83] Example
4. In vivo assay experimental test procedures. [84]
Additional studies in vivo supported the
above-discussed in vitro effects suggesting this
compound for use as an antipsychotic and
differentiating it from its (S)- enantiomer and other
structurally similar compounds. D-Amphetamine-induced
hyperlocomotor activity (LMA) in habituated rat model
[85] LMA was assessed in male Long Evans rats using a
paradigm that included a habituation phase followed by
administration of 1 mg/kg D-amphetamine. Animalswere
allowed to acclimatize to the testing room for 1 hour
before being weighed and placed into activity
chambers. Thirty minutes after LMA measurements began,
animals were briefly removed, subcutaneously dosed
with vehicle or test drug at different doses
(mmol/kg), and returned to the chambers. After 30
minutes, animals were again removed and dosed with
vehicle or D-amphetamine at 1 mg/kg (s.c). After
returning animals to the activity chambers, LMA was
assessed for 60 minutes. Haloperidol (0. 1 mg/kg
dissolved in H2O) was subcutaneously administered 15
minutes before D-amphetamine. Statistical analysis was
made of total distance traveled after D-amphetamine
administration using 



ANOVA and Tukey's post hoc analysis where appropriate.
All values are expressed as Mean and SD. [86]
Antipsychotics lead to reversal of LMA. The compound
of Formula I was found to be active (MED 3 mmol/kg) in
this assay, as was C3 (MED 10 mmol/kg), further
supporting the observed in vitro D2 antagonism and use
as an antipsychotic. Figures 2a and 2b show the effect
of the compound of Formula I and compound C3 on
Damphetamine hyperlocomotion in habituated rats.
Conditioned avoidance responding (CAR) assay. [87]
Male Long-Evans rats were trained to traverse to the
opposite side of a standard shuttle cage following
presentation of an auditory and visual stimulus in
order to avoid delivery of electric shock to the floor
of the cage. Daily sessions consisted of up to 80
trials. If shock was delivered, animals always had the
opportunity to escape the shock by traversing to the
opposite side of the cage. Drug was administered (via
s.c. or p.o. route) 60 min prior to testing and the
percentage of trials in which shock was avoided and
escaped was recorded. Figures 3a, 3b, 3c, and 3d show
data for the compound of Formula I, comparative
compound C3, and two known antipsychotics. [88] The
CAR assay is sensitive to antipsychotics (D2
antagonists). The compound of Formula I was effective
in this antipsychotic animal model (as measured by
shock avoidance) without motor impairment (as measured
by shock escapes) up to 100 mmol/kg. In contrast,
comparative compound C3 and the other antipsychotics,
such as haloperidol, and aripiprazole exhibited motor
impairment though effective in the animal model. When
comparing the D2 selective compounds of Formula I and
C3, the results suggest that the partial D2 agonism of
Formula I mitigated motor impairment. Aripiprazole
also exhibited motor impairment, most likely due to
its non-D2 pharmacological activities.Catalepsy assay
[89] CF-I male mice or Sprague Dawley rats are dosed
(via Lp., p.o. or s.c. route) with a test compound at
given concentrations or a vehicle. For the positive
control, one group of mice is always dosed with 2
mg/kg of haloperidol s.c. At 60 min. and 4 hr. after
dosing, the experimenter gently places both forepaws
of each animal on a metal bar (4 mm in diameter) that
is fixed horizontally 5 cm above the test floor. The
length of time (in seconds) during which each mouse
maintains the initial forepaw bar position is recorded
(cataleptic pose). Maximum cut-off observation time is
60 seconds. Results are 



expressed as means (in sec) for each dose group. [90]
EPS is a common side effect, believed to be
D2-mediated, for some marketed antipsychotics.
Catalepsy is a condition characterized by muscular
rigidity, as well as fixity of posture and is used as
an animal model to predict akinesia and rigidity
aspects of human EPS. Haloperidol, a typical
antipsychotic D2 antagonist with high risk of EPS
incidence in patients, induced catalepsy in rats and
mice. The compound of Formula I does not show
catalepsy in rats or mice up to 100 mmol/kg, much
higher than those that lead to efficacy in the LMA or
CAR assays. C3 exhibited catalepsy when it was
administered at 30 mmol/kg in mice. Thus, these
results suggest that partial D2 agonism of Formula I
mitigates catalepsy, which, in turn, suggests EPS as
well. Figs. 4a and 4b show results of the mouse
catalepsy assay. Prolactin assay [91] As discussed
above, hyperprolactinemia is a side effect that can be
observed following administration of D2 antagonists.
In contrast, administration of D2 agonists to human
subjects results in large reductions in prolactin
levels in blood (hypoprolactinemia). Potent D2
antagonists, such as risperidone, can lead to a large
elevation of prolactin in blood of rodent and man. In
humans, use of less potent antagonists such as
clozapine or quetiapine results in small, transient
increases in prolactin which generally do not have
significant clinical impact. Administration of the
partial agonist aripiprazole leads to a small increase
in blood prolactin in the rat but a small decrease in
man. Due to the apparent lack of correlation between
the rat and human, seen in our hands and in the
literature, the inventors are not convinced that the
rat prolactin assay is entirely predictive of the
effect in humans. Nevertheless, the assay was run to
assess the effect Formula I and reference compounds on
prolactin levels in rat.[92] Male Sprague Dawley rats
were subcutaneously administered with vehicle or test
compounds. Trunk blood was collected one-hour post
dose and plasma evaluated by an ELISA assay to
determine prolactin levels. [93] In our tests, all
compounds tested had significant effects on rat plasma
prolactin levels. Risperidone was the most potent,
with a no observable effect level (NOEL) of 0.07
mmol/kg. At a dose of 0.2 mmol/kg risperidone
administration produced reliable hyperprolactinemia
and this dose was therefore used as a positive control
across experiments. A NOEL of 2.2 mmol/kg was
determined for aripiprazole. Formula I had a NOEL of 3
mmol/kg. C3 had aNOEL of 10 mmol/kg under the
conditions of these 



experiments. [94] Example 5. Determination of the
absolute configuration of compound of Formula I. [95]
To a sample of
(R)-N*6*-ethyl-6,7-dihydro-5H-indeno[5,6-d]thiazole-2,
6- diamine (ca 100 mgs) was added a small volume of
methanol. The volume was just enough to dissolve the
sample. An approximately equal volume of methyl
tert-butyl ether was added. This solution was lightly
covered and allowed to slowly evaporate. This afforded
crystals that were utilized in the single crystal
x-ray analysis. Colorless needle crystals were
obtained and used "as is". The diffraction data were
collected on the OXFORD Xcalibur3 diffractometer at
John Hopkins University, and the crystal structure was
solved and refined with the SHELXTL software package.
The data is shown in Tables 2 and 3 below. Table 2
Crystal data and structure refinement for compound of
Formula IMETHOD AND DEVICE OF BITRATE
DISTRIBUTION/TRUNCATION FOR SCALABLE AUDIO CODING
Field of Invention [0001] Embodiments of the invention
relate generally to scalable audio coding.
Specifically, embodiments of the invention relate to
bitrate distribution and/or bitrate truncation for
scalable audio coding. Background [0002] Due to the
various scenario of applications, a scalable audio
coding system is highly favorable, which is capable of
producing a hierarchical bitstream whose bitrates can
be dynamically changed during transmission. [0003] For
example, MPEG-4 scalable lossless (SLS) coding
provides a gradual refinement, from perceptually
weighted reconstruction levels provided by the
perceptual audio coding (e.g., advanced audio coding,
AAC) core bitstream up to the resolution of the
original signal. The original signal is transformed by
an integer modified discrete cosine transform
(IntMDCT), and the resultant IntMDCT spectral data is
coded with two complementary layers, including a core
MPEG-4 AAC layer which generates an AAC compliant
bit-stream at a pre-defined bitrate which constitutes
the minimum rate/quality of the lossless bitstream,
and a lossless enhanced layer that makes use of
bit-plane coding method to produce fine grain scalable
to lossless portion of the lossless bitstream.[0004]
In the MPEG-4 SLS encoder, the bitrate for different
channels of the audio 



signal is equally distributed for lossy coding. For
example, the bitrate assigned to each frame, Brlf , is
calculated as _ Br x-N tlf wherein Br is the total
bitrate (kbps), Nslf is the sample number/frame and S
is the sampling rate. If there are two channels, Brlf
is evenly distributed to the two channels as B1 =B2 -
1 2 2 [0005] For example, if the mid/side joint stereo
coding (M/S stereo coding) is utilized, the bitrates
assigned to the mid channel and the side channel are
identical according to the equation above. The mid
channel represents the Average of Left and Right
channel data, and the side channel represents the
Difference between Left and Right channel data hi
another example, the first and the second channels are
the left channel and the right channel, and the
bitrate is then assigned to the left and right channel
according to the above equation. [0006] The lossless
bitstream resulting from the SLS encoder can be
directly decoded or can be truncated by a truncator.
The lossless bitstream is truncated, e.g. for low
bitrate applications, wherein the lossless bitstream
may be truncated for each frame based on the target
bitrate. For a frame, the original lossless bitstream
lengths for the first and second channels are
represented as 1 and BS1 , respectively. The target
bitstream length is denoted as BS t . hi a standard
SLS truncator, the truncated bitrates are allocated as
BS BS i =BS 2 = min !m.in(BSi ,BS 2 ),[0007] M/S
stereo coding can be used in lossy audio coding as
well as lossless audio coding, for example, in MPEG-4
audio scalable lossless coding (SLS). In most cases,
there is comparatively little difference between the
audio data for the left and right channels; whereas in
some other cases, there is much difference between the
audio data for the left and right channels.
Accordingly, encoding the data into mid and side
channels usually results in a situation where the mid
channel is much different from the side channel. In
this case, evenly distributing bitrates between the
mid channel and the side channel in the audio
encoding, or evenly distributing truncated bitrates
between the mid channel and the side channel, becomes
inefficient. Summary of the Invention [0008] Various
embodiments of the invention provide an efficient
method and device 



for bitrate assignment in the scalable audio encoding
process. [0009] An embodiment of the invention
provides a method for assigning bitrates to a
plurality of channels in a scalable audio encoding
process. The method includes assigning different
bitrates to different channels in the scalable audio
encoding process. [0010] Another embodiment of the
invention provides a method for assigning truncated
bitrates to a plurality of channels in a scalable
audio truncation process. The method includes
assigning different truncated bitrates to different
channels in the scalable audio truncation process.
[0011] Other embodiments of the invention provide an
encoder for scalable audio encoding, a computer
readable medium for scalable audio encoding, a
computer programelement for scalable audio encoding, a
scalable audio encoder, a truncator for scalable audio
truncation, a computer readable medium for scalable
audio truncation, and a computer program element for
scalable audio truncation. Brief Description of the
Drawings [0012] In the drawings, like reference
characters generally refer to the same parts
throughout the different views. The drawings are not
necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the
invention. In the following description, various
embodiments of the invention are described with
reference to the following drawings, in which: FIG. 1
shows a flowchart of assigning bitrates to a plurality
of channels in a scalable audio encoding process
according to an embodiment of the invention; FIG. 2
shows a flowchart of assigning bitrates to a plurality
of channels in a scalable audio encoding process
according to another embodiment of the invention.
FIGS. 3A and 3B show the structure of a scalable
lossless audio encoder 300, 350 according to the
embodiments of the invention. FIG. 4 shows the maximum
bit-plane level values of each scale-factor bands
(sfb) for a frame in one channel. FIG. 5 shows a
flowchart of assigning different truncated bitrates to
different channels according to an embodiment of the
invention. FIGS. 6A-6C show different truncated
bitrates assigned for different channels according to
the embodiments of the invention.FIG. 7 shows the
structure of a SLS encoder and a truncator according
to an embodiment of the invention. FIG. 8 shows an SLS
decoder and a truncator according to an embodiment of
the 



invention. FIG. 9 shows a flowchart of a scalable
audio decoding process according to an embodiment of
the invention; FIGS. 1OA and 1OB show the structure of
a scalable lossless audio decoder according to the
embodiments of the invention. Description [0013]
Various embodiments of the invention are based on the
finding that the mid channel data amount is much
different from the side channel data amount in most
cases. Therefore, the smaller channel can be
accurately encoded using fewer bitrates, thereby
freeing up resources which can be employed more
efficiently on the larger channel. [0014] An
embodiment of the invention provides a method for
assigning bitrates to a plurality of channels in a
scalable audio encoding process. The method may
include assigning different bitrates to different
channels in the scalable audio encoding process.
[0015] hi one embodiment, the plurality of channels
may include a mid channel and a side channel of a
mid/side stereo encoding process. A first bitrate is
assigned to the mid channel, and a second bitrate,
which is different from the first bitrate, is assigned
to the side channel. In another embodiment, the
plurality of channels may include a left channel and a
right channel.[0016] According to an embodiment of the
invention, the different bitrates are determined based
on psychoacoustic information. For example, the
different bitrates may be determined based on the
ratio of psychoacoutic information in the different
channels. [0017] The different bitrates may be
assigned to different channels of each audio frame in
a bit-plane encoding process. In one embodiment, the
different bitrates are assigned to different channels
based on bit-plane values for different channels. In
another embodiment, the different bitrates are
assigned to different channels based on the ratio of
bit-plane values for different channels. [0018] In a
further embodiment, the different bitrates are
assigned to different channels based on the ratio of
maximum bit-plane values for the different channels.
In another embodiment, the different bitrates are
assigned to different channels based on the ratio of
average maximum bit-plane values for all the
scalefactor bands (sfb) for different channel. For
example, the different bitrates may be assigned to
different channels based on the ratio of a first
average maximum bit-plane value and a second average
maximum bit-plane value. The first average maximum
bit-plane value may include an average 



value of a plurality of maximum bit-plane values for a
first channel of the plurality of channels, and the
second average maximum bit-plane value comprises an
average value of a plurality of maximum bit-plane
values for a second channel of the plurality of
channels. [0019] Based on the different bitrates
assigned to different channels, the audio signal is
scalable encoded, e.g. to form a scalable lossless
bitstream. The scalable lossless bitstream may be used
in different applications, which may have different
available/targetbitrates. The scalable lossless
bitstream may be truncated to cater for different
applications according to the embodiment of the
invention. [0020] According to one embodiment, it is
further determined as to whether a target total
bitrate is smaller than or equal to the sum of a first
perceptual core bitrate for a first channel of the
plurality of channels and a second perceptual core
bitrate for a second channel of the plurality of
channels. [0021] If the target total bitrate is
smaller than or equal to the sum of a first perceptual
core bitrate for a first channel of the plurality of
channels and a second perceptual core bitrate for a
second channel of the plurality of channels, different
truncated bitrates may be assigned to different
channels in a scalable audio truncation process based
on the total bitrate, the first perceptual core
bitrate, and the second perceptual core bitrate, in
one embodiment. In another embodiment, if the target
total bitrate is smaller than or equal to the sum of
the first perceptual core bitrate and the second
perceptual core bitrate, the different truncated
bitrates may be assigned to different channels in the
scalable audio truncation process based on the total
bitrate, and a ratio between the first perceptual core
bitrate and the second perceptual core bitrate. [0022]
hi a further embodiment, if the target total bitrate
is smaller than or equal to the sum of the first
perceptual core bitrate and the second perceptual core
bitrate, a first truncated bitrate may be assigned to
the first channel of the plurality of channels in
accordance with the following equation:and a second
truncated bitrate is assigned to a second channel of
the plurality of channels in accordance with the
following equation: Wherein BST, denotes the first
truncated bitrate assigned to the first channel of the
plurality of channels; BST denotes the target total
bitrate; p 



BS, denotes the first perceptual core bitrate for the
first channel of the plurality of channels; p BS
denotes the second perceptual core bitrate for the
second channel of the plurality of channels; BST2
denotes the second truncated bitrate assigned to the
second channel of the plurality of channels. [0023] It
is to be understood that the above equations for the
first channel and the second channel may be modified
accordingly if the plurality of channels include more
than two channels. [0024] According to another
embodiment, if it is determined that the target total
bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of
channels, different truncated bitrates may be assigned
to differentchannels in the scalable audio truncation
process based on the first perceptual core bitrate,
the second perceptual core bitrate, a first
enhancement bitrate for an enhancement layer of the
first channel, and a second enhancement bitrate for an
enhancement layer of the second channel. In another
embodiment, if the target total bitrate is greater
than the sum of the first perceptual core bitrate and
the second perceptual core bitrate, the different
truncated bitrates may be assigned to different
channels in the scalable audio truncation process
based on the first perceptual core bitrate, the second
perceptual core bitrate, and a ratio between the first
enhancement bitrate assigned to the enhancement layer
of the first channel and the second enhancement
bitrate assigned to the enhancement layer of the
second channel. [0025] In a further embodiment, if the
target total bitrate is greater than the sum of the
first perceptual core bitrate and the second
perceptual core bitrate, a first truncated bitrate may
be assigned to the first channel in accordance with
the following equation: a second truncated bitrate may
be assigned to the second channel in accordance with
the following equation: wherein BS1 denotes the first
truncated bitrate assigned to the first channel of the
plurality of channels;BS denotes the target total
bitrate; p 



BS denotes the first perceptual core bitrate for the
first channel of the plurality of channels; p BS
denotes the second perceptual core bitrate for the
second channel of the plurality of channels; BS
denotes a first partial bitrate provided for the first
channel of the plurality of channels; BS2 denotes a
second partial bitrate provided for the second channel
of the plurality of channels; BST denotes the second
truncated bitrate assigned to the second channel of
the plurality of channels. [0026] It is to be
understandood that the above equations for the first
channel and the second channel may be modified
accordingly if the plurality of channels include more
than two channels. [0027] Another embodiment of the
invention provides a method for assigning truncated
bitrates to a plurality of channels of a bitstream in
a scalable audio truncation process. The method
includes assigning different truncated bitrates to
different channels in the scalable audio truncation
process. [0028] In one embodiment, the plurality of
channels includes a mid channel and a side channel of
a mid/side stereo decoding process. A first truncated
bitrate may be assigned to the mid channel, and a
second truncated bitrate, which is different from the
first truncated bitrate, may be assigned to the side
channel. In another embodiment, theplurality of
channels may include a left channel and a right
channel. The bitsteam may be a scalable lossless
bitstream derived by scalabe encoding an audio signal,
for example. The bitsteam may also be a lossy bitsteam
derived by lossy encoding an audio signal, in another
example. [0029] According to one embodiment, it is
determined as to whether a target total bitrate is
smaller than or equal to the sum of a first perceptual
core bitrate for a first channel of the plurality of
channels and a second perceptual core bitrate for a
second channel of the plurality of channels. [0030] If
the target total bitrate is smaller than or equal to
the sum of a first perceptual core bitrate for a first
channel of the plurality of channels and a second
perceptual core bitrate for a second channel of the
plurality of channels, different 



truncated bitrates may be assigned to different
channels in the scalable audio truncation process
based on the total bitrate, the first perceptual core
bitrate, and the second perceptual core bitrate, in
one embodiment. In another embodiment, if the target
total bitrate is smaller than or equal to the sum of
the first perceptual core bitrate and the second
perceptual core bitrate, the different truncated
bitrates may be assigned to different channels in the
scalable audio truncation process based on the total
bitrate, and a ratio between the first perceptual core
bitrate and the second perceptual core bitrate. [0031]
In a further embodiment, if the target total bitrate
is smaller than or equal to the sum of the first
perceptual core bitrate and the second perceptual core
bitrate, a first truncated bitrate may be assigned to
the first channel of the plurality of channels in
accordance with the following equation:and a second
truncated bitrate is assigned to a second channel of
the plurality of channels in accordance with the
following equation: BS 2 BS p 2 p ' BS[ + BS Wherein
BST denotes the first truncated bitrate assigned to
the first channel of the plurality of channels; BST
denotes the target total bitrate; BS denotes the first
perceptual core bitrate for the first channel of the
plurality of channels; p BS~ denotes the second
perceptual core bitrate for the second channel of the
plurality of channels; BS2 denotes the second
truncated bitrate assigned to the second channel of
the plurality of channels. [0032] It is to be
understood that the above equations for the first
channel and the second channel may be modified
accordingly if the plurality of channels include more 



than two channels. [0033] According to another
embodiment, if it is determined that the target total
bitrate is greater than the sum of the first
perceptual core bitrate for the first channel ofthe
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of
channels, different truncated bitrates may be assigned
to different channels in the scalable audio truncation
process based on the first perceptual core bitrate,
the second perceptual core bitrate, a first
enhancement bitrate for an enhancement layer of the
first channel, and a second enhancement bitrate for an
enhancement layer of the second channel hi another
embodiment, if the target total bitrate is greater
than the sum of the first perceptual core bitrate and
the second perceptual core bitrate, the different
truncated bitrates may be assigned to different
channels in the scalable audio truncation process
based on the first perceptual core bitrate, the second
perceptual core bitrate, and a ratio between the first
enhancement bitrate assigned to the enhancement layer
of the first channel and the second enhancement
bitrate assigned to the enhancement layer of the
second channel. [0034] In a further embodiment, if the
target total bitrate is greater than the sum of the
first perceptual core bitrate and the second
perceptual core bitrate, a first truncated bitrate may
be assigned to the first channel in accordance with
the following equation: ; a second truncated bitrate
may be assigned to the second channel in accordance
with the following equation: whereinBS1 denotes the
first truncated bitrate assigned to the first channel
of the plurality of channels; BST denotes the target
total bitrate; p BS denotes the first perceptual core
bitrate for the first channel of the plurality of
channels; p BS denotes the second perceptual core
bitrate for the second channel of the plurality of
channels; BSi denotes a first partial bitrate provided
for the first channel of the plurality of channels;
BS2 denotes a second partial bitrate provided for the
second channel of the plurality of 



channels; BST2 denotes the second truncated bitrate
assigned to the second channel of the plurality of
channels. [0035] It is to be understandood that the
above equations for the first channel and the second
channel may be modified accordingly if the plurality
of channels include more than two channels. [0036]
According to an embodiment of the invention, the
bitstream may be truncated based on the assigned
truncated bitrates, such that a prioritized truncation
is performed on different channels. [0037] Another
embodiment of the invention relates to a method of
decoding a bitstream in a scalable audio decoding
process. In one embodiment, a bitrate
assignmentinformation may be received from another
device, e.g. a scalable audio encoder. The bitrate
assignment information may be embedded in an encoded
bitstream in another embodiment. The bitrate
assignment information indicates the different
bitrates assigned to the different channels of the
bitstream in the scalable audio encoding process.
Based on the received bitrate assignment information,
the bitstream is decoded in the scalable audio
decoding process. [0038] In another embodiment, the
bitrate assignment information indicates the different
truncated bitrates for different channels used to
truncate the encoded bitstream. Based on the bitrate
assignment information, the encoded bitstream which is
further truncated in a scalable audio truncation
process may be decoded in the scalable audio decoding
process. [0039] Other embodiments of the invention
provide an encoder for scalable audio encoding, a
computer readable medium for scalable audio encoding,
a computer program element for scalable audio
encoding, a scalable audio encoder, a truncator for
scalable audio truncation, a computer readable medium
for scalable audio truncation, a computer program
element for scalable audio truncation, which will be
described in more detail in the examples below. [0040]
FIG. 1 shows a flowchart of assigning bitrates to a
plurality of channels in a scalable audio encoding
process according to an embodiment of the invention.
[0041] At 101, different bitrates are assigned to
different channels of a signal. For example, different
bitrates may be assigned to mid and side channels of
an audio signal. At 103, the signal is scalable
encoded based on the different bitrates assigned to
differentchannels. In one example, the mid channel may
be assigned more bitrates such that the 



mid channel data is encoded with more accuracy. [0042]
FIG. 2 shows a flowchart of assigning bitrates to a
plurality of channels in a scalable audio encoding
process according to another embodiment of the
invention. [0043] At 201, bit-plane values for
different channels of a signal, e.g. for different
channels of each frame of an audio signal, is
determined. Different bitrates are assigned to
different channels based on the bit-plane values for
different channels at 203. For example, different
bitrates may be assigned to mid and side channels of
an audio signal. The bitrates may be assigned based on
the ratio of bit-plane values for the different
channels in one embodiment, and may be assigned based
on the ratio of maximum bitplane values for the
different channels in another embodiment. In a further
embodiment, the different bitrates may be assigned
based on the ratio of average maximum bit-plane values
assigned to the different channels. The sigal is
bit-plane encoded based on the different bitrates
assigned to different channels at 205. For example,
the mid channel may be assigned with more bitrates
such that the mid channel data is encoded with higher
accuracy. [0044] FIGS. 3A and 3B show the structure of
a scalable lossless audio encoder 300, 350 according
to various embodiments of the invention. [0045] It is
to be noticed that a circuit as described in this
description may be hard wired logic, a controller, a
microcontroller, or a microprocessor (including e.g. a
complex instruction set computer (CISC) processor or a
reduced instruction set computer (RISC)
processor).[0046] In FIG. 3A, the scalable lossless
(SLS) audio encoder 300 includes a domain transform
circuit 301 configured to transform an audio signal to
form a transformed signal. The domain transform
circuit 301 may be an integer modified discrete Cosine
transform (IntMDCT), for example. The encoder 300
includes an encoding circuit 303 configured to encode
the transformed signal to form a core-layer bitstream.
For example, the encoding circuit 303 may be a
perceptual (lossy) encoding circuit or a core-layer
encoding circuit, which may generate the core-layer
bitstream constituting the minimum rate/quality unit
of a lossless stream. In one example, the encoding
circuit 303 is a MPEG-4 AAC (advanced audio coding)
encoder. [0047] The SLS encoder 300 further includes a
mid/side encoding circuit 305 configured to encode the
transformed signal to form a mid/side encoded signal.
For example, if the transformed signal has left and
right channels, the mid/side encoded 



signal is encoded to have mid and side channels.
[0048] An error mapping circuit 307 is included to
perform an error mapping process based on the mid-side
encoded signal and the core-layer bitstream. The
information which has been encoded into the encoding
circuit 303 is then removed from the transformed
signal, resulting in an error signal. [0049] The SLS
encoder also includes a bit-plane encoding circuit 309
configured to bit-plane encode the error signal based
on different bitrates to form an enhancement-layer
bitstream. The bit-plane encoding circuit 309 may
include an assignment circuit configured to assign the
different bitrates to different channels of a
plurality of channels in the bit-plane coding process.
For example, the different bitrates may be
assignedbased on the bit-plane values for different
channels, as explained in the embodiments above.
[0050] A bitstream multiplexing circuit 311 is
configured to multiplex the core-layer bitstream and
the enhancement-layer bitstream, thereby generating
the scalable encoded bitstream, which is a lossless
bitstream. [0051] It is noticed that the above
encoding circuit 303 of the SLS encoder 300 is used to
generate the core-layer bitstream from the transformed
audio signal in accordance with the embodiment of the
invention. [0052] FIG. 3B shows a non-core scalable
lossless audio encoder 350 according to another
embodiment of the invention. [0053] The SLS encoder
350 includes a domain transform circuit 351 configured
to transform an audio signal to form a transformed
signal. The domain transform circuit 351 may be an
integer modified discrete Cosine transform (IntMDCT),
for example. [0054] The SLS encoder 350 further
includes a mid/side encoding circuit 353 configured to
encode the transformed signal to form a mid/side
encoded signal. For example, if the transformed signal
has left and right channels, the left and right
channel information is encoded to become mid and side
channel information. [0055] A bit-plane encoding
circuit 355 is included to bit-plane encode the
mid/side encoded signal based on different bitrates
for different channels. The bit-plane encoding circuit
355 may include an assignment circuit configured to
assign the different bitrates to different channels of
a plurality of channels in the bit-plane coding
process. For example, the different bitrates may be
assigned based on the bit-plane values assigned to
differentchannels, as explained in the embodiments
above. After the mid/side encoded signal is encoded
through the bit-plane encoding circuit 355, a lossless
bitstream is formed. 



[0056] The non-core SLS encoder 350 may be used such
that perceptual information of the audio signal is not
used to determine the different bitrates for different
channels in the bit-plane coding process. [0057] The
non-core SLS encoder 350 may also have a structure of
the SLS encoder 300 of FIG. 3A, wherein the encoding
circuit 303 is disabled. [0058] The assignment of
different bitrates to different channels in the method
of FIGS. 1 and 2 and in the SLS audio encoder of FIG.
3 is explained in more detail with reference to FIG.
4. [0059] FIGS. 4 shows the maximum bit-plane values
of each scale-factor bands (sfb) for one frame in one
channel. For each scale-factor band (sfb), the maximum
bit-plane level is the bit-plane level of the maximum
amplitude spectrum coefficient. [0060] For an input of
n-dimensional data vector x ={xo,x ,...,x n_l } , each
element C1 . ,i -0,..., n-1 can be represented in a
binary format xf=(2 , -l). -2 _ =- that includes a
sign symbol 1 X1  0 s i = 0 X1 < 0 and the bit-plane
symbols bt j e {0, 1}. The bit-plane symbols usually
starts from a maximum bit-plane M1 that
satisfies[0061] In bit-plane coding, the input data
vector is first scanned into sign and bitplane
symbols, usually from MSB to LSB. The resultant binary
string is then entropy coded with a properly assigned
statistical model. In the decoder, the data flow is
reversed where the sign and amplitude symbols are
decoded to reconstruct the original data vectors. The
compressed bitstream resultant from the bit-plane
coding can be arbitrarily truncated to lower rates
which still can be decoded to a coarse reconstruction
that comprises partial bit-plane symbols. Thus,
bit-plane coding provides a convenient way to
implement an embedded code with sequentially refined
step size. [0062] In one embodiment, the bitrates for
different channels used in the bit-plane coding
process may be assigned/distributed based on the
average values of the maximum bit-planes (MBP) for
each channel. The average MBP value for each channel
is calculated based on the MBP for each scalefactor
bands as shown in FIG. 4. For each frame, the average
MBP values are calculated as follows 



1V Average,! ' Y M 1V1 Average,! j wherein MAvemge and
MAverage 2 are the average MBP values for the first
and the second channel of the frame, respectively. N
is the number of total scalefactor bands (sfbs) in the
frame. M, . and M . denote the MBP of the bit-planes
for the sfb i in the firstchannel and the second
channel, respectively. Then, the ratio of the average
values in the first and the second channel, r is
computed as M r = Average,! MAverage,! and the bitrate
assigned for each channel is then assigned according
to the following equations Br/ f x r B TTT' 2 r +l
wherein B1-/f is the total bitrate for each frame.
[0063] From the above equations, it is noticed that
more bitrates are assigned to the channel with higher
average maximum bit-plane values. [0064] In another
embodiment, the bitrates for different channels used
in the bit-plane coding process may be
assigned/distributed based on the average maximum
bit-plane values for each channel, wherein the average
maximum bit-plane values for each channel is
determined in consideration of the number of spectrum
coefficients in each scale factor band. [0065] For
each frame, the average MBP values are calculated as
follows MAverage,! ' M 2 . *WM 1 Average,! - 0 - '
-wherein MAveragei and MAvemge 2 are the average total
MBP values for the first and the second channel of the
frame, respectively. N is the number of total
scalefactor bands (sfbs) in the frame, with W denotes
the number of spectrum coefficients for the sfb i .
M-1 



, , . and M Z9, I , denote the MBP of the bit-planes
for the sfb i in the first channel and the second
channel, respectively Then, the ratio of the average
values in the first and the second channel, r is
computed as M r =-Average,I MAverage,! and the bitrate
assigned for each channel is then assigned according
to the following equations Br/f x r Bx - --, r+\ ZRJ,
-- B r ' 2 r + 1 wherein B1-/f is the total bitrate
for each frame. [0066] From the above equations, it is
noticed that more bitrates are assigned to the channel
with higher average maximum bit-plane values. [0067]
FIG. 5 shows a flowchart of assigning different
truncated bitrates to different channels in a scalable
truncation process according to an embodiment of the
invention. [0068] At 501, it is determined whether a
target total bitrate smaller than or equal to the sum
of a first perceptual core bitrate BS for a first
channel and a second perceptual core bitrate BS for a
second channel of a plurality of channels.[0069] If
yes, different truncated bitrates are assigned to
different channels at 503 based on the target total
bitate BS , the first perceptual core bitrate BSf and
the second perceptual core bitrate BS2 P. In one
example, the target total bitrate BSTmay be divided
into two different truncated bitrates based on the
ratio between the first perceptual core bitrate and
the second perceptual core bitrate. [0070] If it is
determined at 501 that the target total bitrate is
greater than the sum of the first perceptual core
bitrate BSf for the first channel and the second
perceptual core bitrate BS2 



Pfor the second channel, different truncated bitrates
may be assigned to different channels at 505 based on
the target total bitate BST, the first perceptual core
bitrate BSf, the second perceptual core bitrate - S ,
a first enhancement bitrate for an enhancement layer
of the first channel, and a second enhancement bitrate
for an enhancement layer of the second channel. In one
example, the target total bitrate BST may be divided
into two different truncated birates based on the
ratio between the first enhancement bitrate and the
second enhancement bitrate. [0071] After the different
truncated bitrate is determined for different channels
at 503 or 505, a bitstream may be scalable truncated
based on the different truncated bitrates. In one
example, an input audio signal has been encoded into a
lossless bitstream by the SLS encoder 300, 350
described above. The resultant lossless bitstream is
then truncated/compressed using the different
truncated bitrates as assigned in 503 or 505 above, so
that a truncated bitstream may be formed for
situations with only limited target total bitrate.
[0072] The embodiments of assigning different
truncated bitrates for different channels are
described in FIGS. 6A-6C in more detail.[0073] FIG. 6A
shows a lossless bitstream, wherein BS and BS2
represent the bitstream for the first channel and the
second channel, respectively. BSf and BSz denote the
perceptual core for the first and the second channels
in the lossless bitstream. p p The bitstreams BS - BSf
and BS2 - BS2 represent the enhancement bitstream for
the first channel and the second channel,
respectively. [0074] hi one embodiment, a target total
bitrate BST is smaller than or equal to the sum of the
first perceptual core bitrate BSf and the second
perceptual core bitrate BSz , i.e., BS T  BSf +BSz .
hi order to optimize the basic perceptual quality, the
truncated bitrates are allocated as shown in FIG. 6B
according to the following equations: [0075] As seen
from the resultant bitstream in FIG. 6B, the
enhancement bitstreams for the first channel and the
second channel have been removed, and the first
perceptual core bitstream and the second perceptual
core bitstream have been truncated based on the ratio
between the first perceptual core bitstream and the
second perceptual core bitstream. [0076] In another
embodiment, the target total bitrate BST is greater
than the sum of the first perceptual core bitrate BSf
and the second perceptual core bitrate BSz , i.e., BS
T >BSf +BSz . In this case, the perceptual core
bitstream may be remained, and the enhancement
bitstream may be truncated. The resultant truncated
bitstream for each 



channel as shown in FIG. 6C is determined according to
the following equations:BSf = BSf +(BST - BSf - BSf)
[0077] As seen from FIG. 6B, the first perceptual core
bitstream and the second perceptual core bitstream
have been retained, and the enhancement bitstreams for
the first channel and the second channel have been
truncated based on the ratio between the first
enhancement bitstream and the second enhancement
bitstream. [0078] It is to be noticed that the
lossless bitstream may be a non-core bitsteam without
the first perceptual core bitstream and the second
perceptual core bitstream. The different truncated
bitrate may be assigned based on the ratio between the
first bitstream for the first channel and the second
bitstream for the second channel. [0079] In other
embodiments, the truncated bitrates for different
channels may be assigned such that the bitrate for one
of some of the plurality of channels is truncated
more. For example, more truncated bitrate may be
assigned to the mid channel compared to that of the
side channel such that the side channel bitstream is
more truncated than the mid channel bitstream. This
illustratively means, the bitrates is truncated with
priorities on the mid channel. [0080] FIG. 7 shows the
structure of a SLS encoder and a truncator according
to an embodiment of the invention. [0081] The audio
signal is encoded through the SLS encoder 710,
resulting in a lossless bitstream 712. The lossless
bitstream 712 includes header information,
sideinformation, and the data for each channel of the
plurality of channels. In this example, the SLS
encoder 710 may be the SLS encoder 300, 350 of FIGS.
3A and 3B. [0082] A truncator 720 is included to
assign different truncated bitrates to different
channels, such that the lossless bitstream 712 is
truncated to form the truncated bitstream 722 based on
the assigned different truncated bitrate. A target
bitrate 724 is used by the truncator to determine the
different truncated bitrates for different channels.
And the different truncated bitrates may be assigned
according to the embodiments described with reference
to FIGS. 5 and 6 above. [0083] According to the above
embodiments of the invention for the assignment of
different bitrates and/or different truncated bitrates
for different channels, no additional side information
and complexity is involved as the bitrate per channel
is encoded in the bitstream in the original codec.
[0084] FIG. 8 shows a SLS decoder for decoding a
truncated bitstream from a truncator according to an
embodiment of the invention. 



[0085] A lossless bitstream 812 may be truncated by a
truncator 820 to form a truncated bitstream 822,
similar to FIG. 7 described above. The lossless
bitstream 812 is truncated based on different
truncated bitrates assigned to different channels by
the truncator 820. As seen from the truncated
bitstream 822, the data for each channel has been
truncated. [0086] An SLS decoder 810 decodes the
truncated bitstream 822 to form a reconstructed audio
signal. The reconstructed audio signal may be a lossy
signal as the truncated bitstream 822 is a lossy
bitstream.[0087] The method of scalable decoding a
bitstream and the corresponding SLS decoder according
to the embodiments of the invention are described in
the following. [0088] FIG. 9 shows a flowchart of
decoding a bitstream in a scalable audio decoding
process according to an ambodiment of the invention.
[0089] At 901, a bitrate assignment information of a
bitstream is determined. The bitrate assignment
information may be received from another device, e.g.
a scalable audio encoder, or may be be embedded in the
bitstream. [0090] hi one embodiment, the bitstream may
be a lossless bitstream encoded by the scalable
lossless encoder 300, 350 of FIG.3A and 3B, for
example. The bitrate assignment information may
indicate different bitrates assigned to the different
channels of the bitstream in the scalable audio
encoding process as described in the various
embodiments above. [0091] hi another embodiment, the
bitstream may be a truncated bitstream derived from a
truncator 720, 802 of FIGS. 7 and 8, for example. The
bitrate assignment information may indicate different
truncated bitrates for different channels used to
truncate the bitstream as described in the embodiments
above. [0092] Based on the determined bitrate
assignment information, the bitstream is decoded in a
scalable audio decoding process at 903. [0093] FIGS.
1OA and 1OB show the structure of a scalable lossless
audio decoder 1000, 1050 according to various
embodiments of the invention. [0094] hi FIG. 1OA, the
scalable lossless (SLS) audio decoder 1000 includes a
bitstream de-multiplexing circuit 1001 configured to
de-multiplex an encoded lossless bitstream into a
core-layer bitstream and an enhancement-layer
bitstream.[0095] The decoder 1000 further includes a
perceptual decoding circuit 1003 for decoding the
core-layer bitstream to form a core-layer signal,
which may constitute the minimum rate/quality unit of
the original audio signal. The perceptual decoding
circuit 



1003 may be called as the core-layer decoding circuit
as well. In one example, the decoding circuit 1003 is
an MPEG-4 AAC (advanced audio coding) decoder. [0096]
The SLS decoder 1000 includes a bit-plane decoding
circuit 1005 configured to bit-plane decode the
enhancement-layer bitstream to form a bit-plane
decoded enhancement-layer signal. The bit-plane
decoding circuit 1005 may be configured to decode the
enhancement-layer bitstream based on a bitrate
assignment information, which indicates different
bitrates assigned to different channels of the
enhancement-layer bitstream, for example. [0097] An
inverse error mapping circuit 1007 is included to
perform an inverse error mapping process based on the
core-layer signal and the bit-plane decoded
enhancementlayer signal, resulting in an error
corrected signal. [0098] The SLS decoder 1000 further
includes a mid/side decoding circuit 1009 configured
to decode the error corrected signal to form a
mid/side decoded signal. For example, if the error
corrected signal has mid and side channels, the
mid/side decoded signal is decoded to left and right
channels. [0099] The mid/side decoded signal is then
input to an inverse domain transform circuit 101 1 to
be inversely transformed to a decoded audio signal.
The inverse domain transform circuit 1011 may be an
inverse integer modified discrete Cosine transform
(inverse IntMDCT), for example. The decoded audio
signal may be a lossless recontruction of the original
encoded audio signal.[00100] It is noticed that the
above perceptual decoding circuit 1003 of the SLS
decoder 1000 is used to decode the core-layer
bitstream in accordance with the above embodiment.
[00101] FIG. 1OB shows an non-core scalable lossless
audio decoder 1050 according to another embodiment of
the invention. [00102] The SLS decoder 1050 includes a
bit-plane decoding circuit 1051 configured to
bit-plane decode a lossless bitstream to form a
bit-plane decoded signal. The bit-plane decoding
circuit 1005 may be configured to decode the lossless
bitstream based on a bitrate assignment information,
which indicates different bitrates assigned to
different channels of the lossless bitstream, for
example. [00103] The SLS decoder 1050 further includes
a mid/side decoding circuit 1053 configured to decode
the bit-plane decoded signal to form a mid/side
decoded signal. For example, if the bit-plane decoded
signal has mid and side channels, the mid/side decoded



signal is decoded to left and right channels. [00104]
The mid/side decoded signal is then input to an
inverse domain transform circuit 1055 to be inversely
transformed to a decoded audio signal. The inverse
domain transform circuit 1055 may be an inverse
integer modified discrete Cosine transform (inverse
IntMDCT), for example. The decoded audio signal may be
a lossless recontruction of the original encoded audio
signal. [00105] The non-core SLS decoder 1050 may be
used such that perceptual information of the encoded
lossless bitstream is not used to determine the
different bitrates for different channels in the
bit-plane decoding process.[00106] The non-core SLS
decoder 1050 may also have a structure of the SLS
decoder 1000 of FIG. 1OA, wherein the perceptual
decoding circuit 1003 is disabled. [00107] While the
invention has been particularly shown and described
with reference to specific embodiments, it should be
understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the spirit and scope of the invention
as defined by the appended claims. The scope of the
invention is thus indicated by the appended claims and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced.Claims What is claimed is: 1. A method for
assigning bitrates to a plurality of channels in a
scalable audio encoding process, the method
comprising: assigning different bitrates to different
channels in the scalable audio encoding process. 2.
The method of claim 1, wherein the plurality of
channels comprises a mid channel and a side channel of
a mid/side stereo encoding process; wherein a first
bitrate is assigned to the mid channel and a second
bitrate, which is different from the first bitrate, is
assigned to the side channel. 3. The method of claim
1, wherein the plurality of channels comprises a left
channel and a right channel; wherein a first bitrate
is assigned to the left channel and a second bitrate,
which is different from the first bitrate, is assigned
to the right channel. 4. The method of claim 1,
wherein the different bitrates are assigned to
different channels in a bit-plane 



encoding process. 5. The method of claim 4,wherein the
different bitrates are assigned to different channels
based on bit-plane values for the different channels.
6. The method of claim 5, wherein the different
bitrates are assigned to different channels based on
the ratio of bit-plane values for the different
channels. 7. The method of claim 6, wherein the
different bitrates are assigned to different channels
based on the ratio of maximum bit-plane values for the
different channels. 8. The method of claim 7, wherein
the different bitrates are assigned to different
channels based on the ratio of a first average maximum
bit-plane value which comprises an average value of a
plurality of maximum bit-plane values for a first
channel of the plurality of channels, and a second
average maximum bit-plane value which comprises an
average value of a plurality of maximum bit-plane
values for a second channel of the plurality of
channels. 9. The method of claim 1, further
comprising: assigning different truncated bitrates to
different channels in a scalable audio truncation
process.10. The method of claim 9, further comprising:
determining as to whether a target total bitrate is
smaller than or equal to the sum of a first perceptual
core bitrate for a first channel of the plurality of
channels and a second perceptual core bitrate for a
second channel of the plurality of channels; in case
the target total bitrate is smaller than or equal to
the sum of the first perceptual core bitrate for the
first channel of the plurality of channels and the
second perceptual core bitrate for the second channel
of the plurality of channels, assigning different
truncated bitrates to different channels in the
scalable audio truncation process based on the total
bitrate, the first perceptual core bitrate, and the
second perceptual core bitrate. 11. The method of
claim 10, wherein, in case the target total bitrate is
smaller than or equal to the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of 



channels, the different truncated bitrates are
assigned to different channels in the scalable audio
truncation process based on the total bitrate, and a
ratio between the first perceptual core bitrate and
the second perceptual core bitrate. 12. The method of
claim 11, wherein, in case the target total bitrate is
smaller than or equal to the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels andthe second perceptual core
bitrate for the second channel of the plurality of
channels, a first truncated bitrate is assigned to a
first channel of the plurality of channels in
accordance with the following equation: BSJ BS = BS BS
+ BS a second truncated bitrate is assigned to a
second channel of the plurality of channels in
accordance with the following equation: wherein BS
denotes the first truncated bitrate assigned to the
first channel of the plurality of channels; BST
denotes the target total bitrate; p BS denotes the
first perceptual core bitrate for the first channel of
the plurality of channels;BS,-, denotes the second
perceptual core bitrate for the second channel of the
plurality of channels; BST2 denotes the second
truncated bitrate assigned to the second channel of
the plurality of channels. 13 . The method of claim 9,
further comprising: determining as to whether a target
total bitrate is smaller than or equal to the sum of a
first perceptual core bitrate for a first channel of
the plurality of channels and a second perceptual core
bitrate for a second channel of the plurality of
channels; in case the target total bitrate is greater
than the sum of the first perceptual core bitrate for
the first channel of the plurality of channels and the
second perceptual core bitrate for the second channel
of the plurality of channels, assigning different
truncated bitrates to different channels in the
scalable audio truncation process 



based on the total bitrate, the first perceptual core
bitrate, the second perceptual core bitrate, a first
enhancement bitrate for an enhancement layer of the
first channel, and a second enhancement bitrate for an
enhancement layer of the second channel. 14. The
method of claim 13, wherein, in case the target total
bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of
channels, the different truncated bitrates are
assigned to different channels in the scalableaudio
truncation process based on the total bitrate, the
first perceptual core bitrate, the second perceptual
core bitrate, and a ratio between the first
enhancement bitrate for an enhancement layer of the
first channel and the second enhancement bitrate for
an enhancement layer of the second channel. 15. The
method of claim 14, wherein, in case the target total
bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of
channels, a first truncated bitrate is assigned to a
first channel of the plurality of channels in
accordance with the following equation: a second
truncated bitrate is assigned to a second channel of
the plurality of channels in accordance with the
following equation: whereinBS denotes the first
truncated bitrate assigned to the first channel of the
plurality of channels; BST denotes the target total
bitrate; BS denotes the first perceptual core bitrate
for the first channel of the plurality of channels; p
BS denotes the second perceptual core bitrate for the
second channel of the plurality of channels; BSi
denotes a first partial bitrate provided for the first
channel of the plurality of channels; BS2 denotes a
second partial bitrate provided for the second channel
of the plurality of channels; 



BSTi denotes the second truncated bitrate assigned to
the second channel of the plurality of channels. 16. A
method for assigning truncated bitrates to a plurality
of channels in a scalable audio truncation process,
the method comprising assigning different truncated
bitrates to different channels in the scalable audio
truncation process. 17. The method of claim 16,
wherein the plurality of channels comprises a mid
channel and a side channel;wherein a first truncated
bitrate is assigned to the mid channel and a second
truncated bitrate, which is different from the first
truncated bitrate, is assigned to the side channel.
18. The method of claim 16, wherein the plurality of
channels comprises a left channel and a right channel;
wherein a first truncated bitrate is assigned to the
left channel and a second truncated bitrate, which is
different from the first truncated bitrate, is
assigned to the right channel. 19. The method of claim
16, further comprising: determining as to whether a
target total bitrate is smaller than or equal to the
sum of a first perceptual core bitrate for a first
channel of the plurality of channels and a second
perceptual core bitrate for a second channel of the
plurality of channels; in case the target total
bitrate is smaller than or equal to the sum of the
first perceptual core bitrate for the first channel of
the plurality of channels and the second perceptual
core bitrate for the second channel of the plurality
of channels, assigning different truncated bitrates to
different channels in the scalable audio truncation
process based on the total bitrate, the first
perceptual core bitrate, and the second perceptual
core bitrate. 20. The method of claim 19,wherein, in
case the target total bitrate is smaller than or equal
to the sum of the first perceptual core bitrate for
the first channel of the plurality of channels and the
second perceptual core bitrate for the second channel
of the plurality of channels, the different truncated
bitrates are assigned to different channels in the
scalable audio truncation process based on the total
bitrate, and a ratio between the first perceptual core
bitrate and the second perceptual core bitrate. 21.
The method of claim 20, 



wherein, in case the target total bitrate is smaller
than or equal to the sum of the first perceptual core
bitrate for the first channel of the plurality of
channels and the second perceptual core bitrate for
the second channel of the plurality of channels, a
first truncated bitrate is assigned to a first channel
of the plurality of channels in accordance with the
following equation: BSi BS = BST BS[ +BS a second
truncated bitrate is assigned to a second channel of
the plurality of channels in accordance with the
following equation:wherein BS denotes the first
truncated bitrate assigned to the first channel of the
plurality of channels; BS denotes the target total
bitrate; BSf denotes the first perceptual core bitrate
for the first channel of the plurality of channels; BS
denotes the second perceptual core bitrate for the
second channel of the plurality of channels; BST
denotes the second truncated bitrate assigned to the
second channel of the plurality of channels. 22. The
method of claim 16, further comprising: determining as
to whether a target total bitrate is smaller than or
equal to the sum of a first perceptual core bitrate
for a first channel of the plurality of channels and a
second perceptual core bitrate for a second channel of
the plurality of channels; in case the target total
bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of
channels, assigning different truncated bitrates to
different channels in the scalable audio truncation
process based on the total bitrate, the first
perceptual core bitrate, the second perceptual core
bitrate, a first enhancement bitrate for an
enhancement layer of the firstchannel, and a second
enhancement bitrate for an enhancement layer of the
second channel. 23. The method of claim 22, 



wherein, in case the target total bitrate is greater
than the sum of the first perceptual core bitrate for
the first channel of the plurality of channels and the
second perceptual core bitrate for the second channel
of the plurality of channels, the different truncated
bitrates are assigned to different channels in the
scalable audio truncation process based on the total
bitrate, the first perceptual core bitrate, the second
perceptual core bitrate, and a ratio between the first
enhancement bitrate for an enhancement layer of the
first channel and the second enhancement bitrate for
an enhancement layer of the second channel. 24. The
method of claim 23, wherein, in case the target total
bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of
channels, a first truncated bitrate is assigned to a
first channel of the plurality of channels in
accordance with the following equation:a second
truncated bitrate is assigned to a second channel of
the plurality of channels in accordance with the
following equation: wherein BST denotes the first
truncated bitrate assigned to the first channel of the
plurality of channels; BST denotes the target total
bitrate; p BS denotes the first perceptual core
bitrate for the first channel of the plurality of
channels; p BS denotes the second perceptual core
bitrate for the second channel of the plurality of
channels; BSj denotes a first partial bitrate provided
for the first channel of the plurality of channels;
BS2 denotes a second partial bitrate provided for the
second channel of the plurality of channels; BS
denotes the second truncated bitrate assigned to the
second channel of the plurality of channels.25. An
encoder for scalable audio encoding, comprising: an
assignment circuit configured to assign different
bitrates to different channels 



of a plurality of channels in the scalable audio
encoding process. 26. A computer readable medium,
having a program recorded thereon, wherein the program
is configured to make a computer execute a procedure
for assigning bitrates to a plurality of channels in a
scalable audio encoding process, comprising: assigning
different bitrates to different channels in the
scalable audio encoding process. 27. A computer
program element which is configured to make a computer
execute a procedure for assigning bitrates to a
plurality of channels in a scalable audio encoding
process, comprising: assigning different bitrates to
different channels in the scalable audio encoding
process. 28. A scalable lossless audio encoder,
comprising: a domain transform circuit configured to
transform an audio signal to form a transformed
signal; an encoding circuit configured to encode the
transformed signal to form a corelayer bitstream;a
mid/side encoding circuit configured to encode the
transformed signal to form a mid/side encoded signal;
an error mapping circuit configured to perform an
error mapping based on the mid-side encoded signal and
the core-layer bitstream to remove information that
has been encoded into the core-layer bitstream,
resulting in an error signal; a bit-plane encoding
circuit configured to bit-plane encode the error
signal based on different bitrates to form an
enhancement-layer bitstream, wherein the bitplane
coding circuit comprises an assignment circuit
configured to assign the different bitrates to
different channels of a plurality of channels in the
bit-plane coding process; and a multiplexing circuit
configured to multiplex the core-layer bitstream and
the enhancement-layer bitstream, thereby generating
the scalable encoded bitstream. 29. The scalable
lossless audio encoder of claim 28, wherein the
assignment circuit is configured to assign the
different bitrates to different channels based on
bit-plane values for the different channels. 30. The
scalable lossless audio encoder of claim 29, wherein
the assignment circuit is configured to assign the
different bitrates to different 



channels based on the ratio of bit-plane values for
the different channels. 31. The scalable lossless
audio encoder of claim 29, whereinthe assignment
circuit is configured to assign the different bitrates
to different channels based on the ratio of maximum
bit-plane values for the different channels. 32. The
scalable lossless audio encoder of claim 29, wherein
the assignment circuit is configured to assign the
different bitrates to different channels based on the
ratio of a first average maximum bit-plane value which
comprises an average value of a plurality of maximum
bit-plane values for a first channel of the plurality
of channels, and a second average maximum bit-plane
value which comprises an average value of a plurality
of maximum bit-plane values for a second channel of
the plurality of channels. 33. A truncator for
scalable audio truncation, comprising an assignment
circuit configured to assign different truncated
bitrates to different channels of a plurality of
channels in the scalable audio truncation process. 34.
The truncator of claim 33, wherein The assignment
circuit is configured to determine as to whether a
target total bitrate is smaller than or equal to the
sum of a first perceptual core bitrate for a first
channel of the plurality of channels and a second
perceptual core bitrate for a second channel of the
plurality of channels; in case the target total
bitrate is smaller than or equal to the sum of the
first perceptual core bitrate for the first channel of
the plurality of channels and thesecond perceptual
core bitrate for the second channel of the plurality
of channels, the assignment circuit is configured to
assign different truncated bitrates to different
channels in the scalable audio truncation process
based on the total bitrate, the first perceptual core
bitrate, and the second perceptual core bitrate. 35.
The truncator of claim 34, wherein, in case the target
total bitrate is smaller than or equal to the sum of
the first perceptual core bitrate for the first
channel of the plurality of channels and the second
perceptual core bitrate for the second channel of the
plurality of channels, the assignment circuit is
configured to assign the different truncated bitrates
to different channels in the scalable audio truncation
process based on the total bitrate, and a ratio
between the first perceptual core bitrate and the
second perceptual core bitrate. 



36. The truncator of claim 33, wherein the assignment
circuit is configured to determine as to whether a
target total bitrate is smaller than or equal to the
sum of a first perceptual core bitrate for a first
channel of the plurality of channels and a second
perceptual core bitrate for a second channel of the
plurality of channels; in case the target total
bitrate is greater than the sum of the first
perceptual core bitrate for the first channel of the
plurality of channels and the second perceptual core
bitrate for the second channel of the plurality of
channels, the assignment circuit is configured to
assign different truncated bitrates to different
channels inthe scalable audio truncation process based
on the total bitrate, the first perceptual core
bitrate, the second perceptual core bitrate, a first
enhancement bitrate for an enhancement layer of the
first channel, and a second enhancement bitrate for an
enhancement layer of the second channel. 37. The
scalable lossless audio encoder of claim 36, wherein,
in case the target total bitrate is greater than the
sum of the first perceptual core bitrate for the first
channel of the plurality of channels and the second
perceptual core bitrate for the second channel of the
plurality of channels, the assignment circuit is
configured to assign the different truncated bitrates
to different channels in the scalable audio truncation
process based on the total bitrate, the first
perceptual core bitrate, the second perceptual core
bitrate, and a ratio between the first enhancement
bitrate for an enhancement layer of the first channel
and the second enhancement bitrate for an enhancement
layer of the second channel. 38. A computer readable
medium, having a program recorded thereon, wherein the
program is configured to make a computer execute a
procedure for assigning truncated bitrates to a
plurality of channels in a scalable audio truncation
process, comprising: assigning different truncated
bitrates to different channels in the scalable audio
truncation process.9. A computer program element which
is configured to make a computer execute a procedure
for assigning truncated bitrates to a plurality of
channels in a scalable audio truncation process,
comprising: assigning different truncated bitrates to
different channels in the scalable audio truncation
process. 




