
HETEROARYL COMPOUNDS AND USES THEREOF TECHNICAL FIELD
OF THE INVENTION [0001] The present invention relates
to compounds useful as inhibitors of protein kinases.
The invention also provides pharmaceutically
acceptable compositions comprising compounds of the
present invention and methods of using said
compositions in the treatment of various disorders.
BACKGROUND OF THE INVENTION [0002] The search for new
therapeutic agents has been greatly aided in recent
years by a better understanding of the structure of
enzymes and other biomolecules associated with
diseases. One important class of enzymes that has been
the subject of extensive study is protein kinases.
[0003] Protein kinases constitute a large family of
structurally related enzymes that are responsible for
the control of a variety of signal transduction
processes within the cell. Protein kinases are thought
to have evolved from a common ancestral gene due to
the conservation of their structure and catalytic
function. Almost all kinases contain a similar 250-300
amino acid catalytic domain. The kinases may be
categorized into families by the substrates they
phosphorylate (e.g., protein-tyrosine,
protein-serine/threonine, lipids, etc.). [0004] In
general, protein kinases mediate intracellular
signaling by effecting a phosphoryl transfer from a
nucleoside triphosphate to a protein acceptor that is
involved in a signaling pathway. These phosphorylation
events act as molecular on/off switches that can
modulate or regulate the target protein biological
function. These phosphorylation events are ultimately
triggered in response to a variety of extracellular
and other stimuli. Examples of such stimuli include
environmental and chemical stress signals (e.g.,
osmotic shock, heat shock, ultraviolet radiation,
bacterial endotoxin, and H O ), cytokines (e.g.,
interleukin-1 (IL-I) and tumor necrosis factor a
(TNF-a)), and growth factors (e.g., granulocyte
macrophage-colony-stimulating factor (GM-CSF), and
fibroblast growth factor (FGF)). An extracellular
stimulus may affect one or more cellular responses
related to cell growth, migration, differentiation,
secretion of hormones, activation of transcription
factors, muscle contraction, glucose metabolism,
control of protein synthesis, and regulation of the
cell cycle.[0005] Many diseases are associated with
abnormal cellular responses triggered by protein
kinase-mediated events as described above. These
diseases include, but are not limited to, autoimmune
diseases, inflammatory diseases, bone diseases,
metabolic diseases, neurological and neurodegenerative
diseases, cancer, cardiovascular diseases, allergies
and asthma, Alzheimer's disease, and hormone-related
diseases. Accordingly, there remains a need to find
protein kinase inhibitors useful as therapeutic
agents. SUMMARY OF THE INVENTION [0006] It has now
been found that compounds of this invention, and
pharmaceutically acceptable compositions thereof, are
effective as inhibitors of one or more protein
kinases. Such compounds have general formulae I-a and
I-b: I-a I-b or a pharmaceutically acceptable salt
thereof, wherein Ring A, Ring B, m, p, Rx, Ry, W2, and
R1 are as defined herein. [0007] Compounds of the
present invention, and pharmaceutically acceptable
compositions thereof, are useful for treating a
variety of diseases, disorders or conditions,
associated with abnormal cellular responses triggered
by protein kinase-mediated events. Such diseases,
disorders, or conditions include those described
herein. [0008] Compounds provided by this invention
are also useful for the study of kinases in biological
and pathological phenomena; the study of intracellular
signal transduction pathways 



mediated by such kinases; and the comparative
evaluation of new kinase inhibitors. BRIEF DESCRIPTION
OF THE DRAWINGS Figure 1 depicts dose-response
inhibition of phospho-plc gamma2 (p-plc gamma 2) with
compound 1-2 in Ramos Cells; and the results of
compound 1-2 in a "washout" experiment. Figure 2
depicts dose-response inhibition of p-plc gamma2 with
compound 1-4 in Ramos Cells; and the results of
compound 1-4 in a "washout" experiment.Figure 3
depicts dose response inhibition of p-plc gamma2 with
compound 1-7 in Ramos cells; and the results of
compound 1-7 in a "washout" experiment. Figure 4
depicts dose response inhibition of p-plc gamma2 with
compound 1-35 in Ramos cells. Figure 5 depicts dose
response inhibition of p-plc gamma2 with compound 1-38
in Ramos cells. Figure 6 depicts MS analysis
confirming covalent modification of TEC kinase at
Cys449 by compound 1-2. Figure 7 depicts MS analysis
confirming covalent modification of TEC kinase at
Cys449 by compound 1-4. Figure 8 depicts MS analysis
confirming covalent modification of TEC kinase at
Cys449 by compound 1-7. Figure 9 depicts the results
of compound 1-2 in a "washout" experiment as compared
to results of compound 1-4 and compound 1-7 in the
same "washout" experiment in HCC827 cells containing
EGFR deletion mutant. Figure 10 depicts the results of
compound 1-7 in a "washout" experiment as compared to
results of an EGF control in A431 cells containing
EGFR wild type. Figure 11 depicts MS analysis
confirming covalent modification of JAK-3 kinase at
Cys909 by compound 1-7. Figure 12 depicts
dose-response inhibition of P-Stat5 with compound 1-2
in IL-2 stimulated CTLL-2 cells; and dose-response
inhibition of P-JAK-3 with compound 1-2 in IL-2
stimulated CTLL-2 cells. Figure 13 depicts
dose-response inhibition of P-Stat5 with compound 1-4
in IL-2 stimulated CTLL-2 cells; and dose-response
inhibition of P-JAK-3 with compound 1-4 in IL-2
stimulated CTLL-2 cells. Figure 14 depicts
dose-response inhibition of P-Stat5 with compound 1-7
in IL-2 stimulated CTLL-2 cells. Figure 15 depicts MS
analysis confirming covalent modification of BTK by
compound 1-7. Figure 16 depicts a Western blot showing
BTK protein available to the probe compound 1-215
after treating with varying amounts of 1-7. Figure 17
depicts quantitation of the Western blot results in
Figure 16. Figure 18 depicts a Western blot for a
washout experiment with compound 1-7 and probe
compound 1-215.Figure 19 depicts quantitation of the
Western blot results in Figure 18. Figure 20 depicts
an amino acid sequence for BTK (SEQ ID 1). Figure 21
depicts an amino acid sequence for TEC (SEQ ID 2).
Figure 22 depicts an amino acid sequence for ITK (SEQ
ID 3). Figure 23 depicts an amino acid sequence for
BMX (SEQ ID 4). Figure 24 depicts an amino acid
sequence for TXK (SEQ ID 5). Figure 25 depicts an
amino acid sequence for JAK3 (SEQ ID 6). DETAILED
DESCRIPTION OF CERTAINEMBODIMENTS 1. General
Description of Compounds of the Invention [0009] In
certain embodiments, the present invention provides a
compound of formula I-a or I-b: I-a I-b 



or a pharmaceutically acceptable salt thereof,
wherein: Ring A is an optionally substituted group
selected from phenyl, a 3-7 membered saturated or
partially unsaturated carbocyclic ring, an 8-10
membered bicyclic saturated, partially unsaturated or
aryl ring, a 5-6 membered monocyclic heteroaryl ring
having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, a 4-7 membered saturated
or partially unsaturated heterocyclic ring having 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, a 7-10 membered bicyclic saturated
or partially unsaturated heterocyclic ring having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-10 membered bicyclic
heteroaryl ring having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; Ring B is
an optionally substituted group selected from phenyl,
a 3-7 membered saturated or partially unsaturated
carbocyclic ring, an 8-10 membered bicyclic saturated,
partially unsaturated or aryl ring, a 5-6 membered
monocyclic heteroaryl ring having 1-4
heteroatomsindependently selected from nitrogen,
oxygen, or sulfur, a 4-7 membered saturated or
partially unsaturated heterocyclic ring having 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, a 7-10 membered bicyclic saturated
or partially unsaturated heterocyclic ring having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-10 membered bicyclic
heteroaryl ring having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; R1 is a
warhead group; Ry is hydrogen, halogen, -CN, -CF 3,
Ci_4 aliphatic, Ci_4 haloaliphatic, -OR, -C(O)R, or -
C(O)N(R) 2; each R group is independently hydrogen or
an optionally substituted group selected from Ci_6
aliphatic, phenyl, a 4-7 membered heterocylic ring
having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or a 5-6 membered
monocyclic heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; W1 and W2 are each independently a covalent
bond or a bivalent Ci_ alkylene chain wherein one
methylene unit of W1 or W2 is optionally replaced by
-NR 2-, -N(R 2)C(O)-, -C(O)N(R 2)-, -N(R 2)SO 2-, -SO
2N(R 2)-, -O-, -C(O)-, -OC(O)-, -C(O)O-, -S-, -SO- or
-SO 2-; R2 is hydrogen, optionally substituted Ci_6
aliphatic, or -C(O)R, or: R2 and a substituent on Ring
A are taken together with their intervening atoms to
form a 4-6 membered saturated, partially unsaturated,
or aromatic fused ring, or: R2 and Ry are taken
together with their intervening atoms to form a 4-7
membered partially unsaturated or aromatic fused ring;
m and p are independently 0-4; and Rx and Rv are
independently selected from -R, halogen, -OR, -0(CH
2)q0R, -CN, -NO 2, -SO 2R, -SO 2N(R) 2, -SOR, -C(O)R,
-CO 2R, -C(O)N(R) 2, -NRC(O)R, -NRC(O)NR 2, -NRSO 2R,
or -N(R) 2, wherein q is 1-4; or: Rx and R1 when
concurrently present on Ring B are taken together with
their intervening atoms to form a 5-7 membered
saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein said ring is substituted
with a warhead group and 0-3 groups independently
selected from oxo, halogen, -CN, or Ci_6 aliphatic;
orRv and R1 when concurrently present on Ring A are
taken together with their intervening atoms to form a
5-7 membered saturated, partially unsaturated, or aryl
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with a warhead group and 0-3 groups
independently selected from oxo, halogen, -CN, or Ci_6
aliphatic. 2. Compounds and Definitions 



[0010] Compounds of this invention include those
described generally above, and are further illustrated
by the classes, subclasses, and species disclosed
herein. As used herein, the following definitions
shall apply unless otherwise indicated. For purposes
of this invention, the chemical elements are
identified in accordance with the Periodic Table of
the Elements, CAS version, Handbook of Chemistry and
Physics, 75th Ed. Additionally, general principles of
organic chemistry are described in "Organic
Chemistry", Thomas Sorrell, University Science Books,
Sausalito: 1999, and "March's Advanced Organic
Chemistry", 5th Ed., Ed.: Smith, M.B. and March, J.,
John Wiley & Sons, New York: 2001, the entire contents
of which are hereby incorporated by reference. [0011]
The term "aliphatic" or "aliphatic group", as used
herein, means a straight-chain (i.e., unbranched) or
branched, substituted or unsubstituted hydrocarbon
chain that is completely saturated or that contains
one or more units of unsaturation, or a monocyclic
hydrocarbon or bicyclic hydrocarbon that is completely
saturated or that contains one or more units of
unsaturation, but which is not aromatic (also referred
to herein as "carbocycle" "cycloaliphatic" or
"cycloalkyl"), that has a single point of attachment
to the rest of the molecule. Unless otherwise
specified, aliphatic groups contain 1-6 aliphatic
carbon atoms. In some embodiments, aliphatic groups
contain 1-5 aliphatic carbon atoms. In other
embodiments, aliphatic groups contain 1-4 aliphatic
carbon atoms. In still other embodiments, aliphatic
groups contain 1-3 aliphatic carbon atoms, and in yet
other embodiments, aliphatic groups contain 1-2
aliphatic carbon atoms. In some embodiments,
"cycloaliphatic" (or "carbocycle" or "cycloalkyl")
refers to a monocyclic C -C hydrocarbon that is
completely saturated or that contains one or more
units of unsaturation, but which is not aromatic, that
has a single point of attachment to the rest of the
molecule. Suitable aliphatic groups include, but are
not limited to, linear or branched, substituted or
unsubstituted alkyl, alkenyl, alkynyl groups and
hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl.[0012] The
term "lower alkyl" refers to a Ci_4 straight or
branched alkyl group. Exemplary lower alkyl groups are
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and
tert-butyl. [0013] The term "lower haloalkyl" refers
to a Ci_4 straight or branched alkyl group that is
substituted with one or more halogen atoms. [0014] The
term "heteroatom" means one or more of oxygen, sulfur,
nitrogen, phosphorus, or silicon (including, any
oxidized form of nitrogen, sulfur, phosphorus, or
silicon; the quaternized form of any basic nitrogen
or; a substitutable nitrogen of a heterocyclic ring,
for example N (as in 3,4-dihydro-2 H-pyrrolyl), NH (as
in pyrrolidinyl) or NR+ (as in N-substituted
pyrrolidinyl)). [0015] The term "unsaturated", as used
herein, means that a moiety has one or more units of
unsaturation. [0016] As used herein, the term
"bivalent Ci_8 (or C1-6) saturated or unsaturated,
straight or branched, hydrocarbon chain", refers to
bivalent alkylene, alkenylene, and alkynylene chains
that are straight or branched as defined herein.
[0017] The term "alkylene" refers to a bivalent alkyl
group. An "alkylene chain" is a polymethylene group,
i.e., -(CH 2)n- , wherein n is a positive integer,
preferably from 1 to 6, from 1 to 4, from 1 to 3, from
1 to 2, or from 2 to 3. A substituted alkylene chain
is a polymethylene group in which one or more
methylene hydrogen atoms are replaced with a
substituent. Suitable substituents include those
described below for a substituted aliphatic group.
[0018] The term "alkenylene" refers to a bivalent
alkenyl group. A substituted alkenylene chain is a
polymethylene group containing at least one double
bond in which one or more hydrogen atoms are replaced
with a substituent. Suitable substituents include
those described below for a substituted aliphatic
group. 



[0019] As used herein, the term "cyclopropylenyl"
refers to a bivalent cyclopropyl group of the
following structure: [0020] The term "halogen" means
F, Cl, Br, or I . [0021] The term "aryl" used alone or
as part of a larger moiety as in "aralkyl",
"aralkoxy", or "aryloxyalkyl", refers to monocyclic
and bicyclic ring systems having a total of five to
fourteen ring members, wherein at least one ring in
the system is aromatic and wherein each ring in the
system contains three to seven ring members. The term
"aryl" may be used interchangeably withthe term "aryl
ring". In certain embodiments of the present
invention, "aryl" refers to an aromatic ring system
which includes, but not limited to, phenyl, biphenyl,
naphthyl, anthracyl and the like, which may bear one
or more substituents. Also included within the scope
of the term "aryl", as it is used herein, is a group
in which an aromatic ring is fused to one or more
non-aromatic rings, such as indanyl, phthalimidyl,
naphthimidyl, phenanthridinyl, or tetrahydronaphthyl,
and the like. [0022] The terms "heteroaryl" and
"heteroar-", used alone or as part of a larger moiety,
e.g., "heteroaralkyl", or "heteroaralkoxy", refer to
groups having 5 to 10 ring atoms, preferably 5, 6, or
9 ring atoms; having 6, 10, or 14 p electrons shared
in a cyclic array; and having, in addition to carbon
atoms, from one to five heteroatoms. The term
"heteroatom" refers to nitrogen, oxygen, or sulfur,
and includes any oxidized form of nitrogen or sulfur,
and any quaternized form of a basic nitrogen.
Heteroaryl groups include, without limitation,
thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, purinyl, naphthyridinyl, and pteridinyl.
The terms "heteroaryl" and "heteroar-", as used
herein, also include groups in which a heteroaromatic
ring is fused to one or more aryl, cycloaliphatic, or
heterocyclyl rings, where the radical or point of
attachment is on the heteroaromatic ring. Nonlimiting
examples include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
4H-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and pyrido[2,3-b]-l,4-oxazin-
3(4H)-one. A heteroaryl group may be mono- or
bicyclic. The term "heteroaryl" may be used
interchangeably with the terms "heteroaryl ring",
"heteroaryl group", or "heteroaromatic", any of which
terms include rings that are optionally substituted.
The term "heteroaralkyl" refers to an alkyl group
substituted by a heteroaryl, wherein the alkyl and
heteroaryl portions independently are optionally
substituted. [0023] As used herein, the terms
"heterocycle", "heterocyclyl", "heterocyclic radical",
and "heterocyclic ring" are used interchangeably and
refer to a stable 5- to 7-membered monocyclic or
7-10-membered bicyclic heterocyclic moiety that is
either saturated or partially unsaturated, and having,
in addition to carbon atoms, one or more, preferably
one to four, heteroatoms, as defined above. When used
in reference to a ring atom of a heterocycle, the term
"nitrogen"includes a substituted nitrogen. As an
example, in a saturated or partially unsaturated ring
having 0-3 heteroatoms selected from oxygen, sulfur or
nitrogen, the nitrogen may be N (as in 3,4- dihydro-2
H-pyrrolyl), NH (as in pyrrolidinyl), or +NR (as in
TV-substituted pyrrolidinyl). [0024] A heterocyclic
ring can be attached to its pendant group at any
heteroatom or carbon atom that results in a stable
structure and any of the ring atoms can be optionally
substituted. Examples of such saturated or partially
unsaturated heterocyclic radicals include, without
limitation, tetrahydrofuranyl, tetrahydrothiophenyl
pyrrolidinyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl,
thiazepinyl, morpholinyl, and quinuclidinyl. The terms
"heterocycle", "heterocyclyl", "heterocyclyl ring",
"heterocyclic group", "heterocyclic moiety", and
"heterocyclic radical", are used interchangeably
herein, and also include groups in 



which a heterocyclyl ring is fused to one or more
aryl, heteroaryl, or cycloaliphatic rings, such as
indolinyl, 3H-indolyl, chromanyl, phenanthridinyl, or
tetrahydroquinolinyl, where the radical or point of
attachment is on the heterocyclyl ring. A heterocyclyl
group may be mono- or bicyclic. The term
"heterocyclylalkyl" refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. [0025] As used herein, the term
"partially unsaturated" refers to a ring moiety that
includes at least one double or triple bond. The term
"partially unsaturated" is intended to encompass rings
having multiple sites of unsaturation, but is not
intended to include aryl or heteroaryl moieties, as
herein defined. [0026] As described herein, compounds
of the invention may contain "optionally substituted"
moieties. In general, the term "substituted", whether
preceded by the term "optionally" or not, means that
one or more hydrogens of the designated moiety are
replaced with a suitable substituent. Unless otherwise
indicated, an "optionally substituted" group may have
a suitable substituent at each substitutable position
of the group, and when more than one position in any
given structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. Combinations of substituents
envisioned by this invention are preferably those that
result in the formation of stable or chemically
feasible compounds. The term "stable", as used herein,
refers to compounds that are not substantially altered
when subjected to conditions to allow for
theirproduction, detection, and, in certain
embodiments, their recovery, purification, and use for
one or more of the purposes disclosed herein. [0027]
Suitable monovalent substituents on a substitutable
carbon atom of an "optionally substituted" group are
independently halogen; -(CH 2V 4R0; -(CH 2)0 OR; -0(CH
2V 4R0, -O- (CH2V 4C(O)OR 0; -(CH 2)0 4CH(OR) 2; -(CH
2)0 SR; -(CH 2)0 Ph, which may be substituted with R;
which may be substituted with R; -CH=CHPh, which may
be substituted with R; -(CH 2)0 4O(CH2)0 i-pyridyl
which may be substituted with R; -NO 2; -CN; -N3;
-(CH2) O 4N(R) 2; -(CH 2)0 4N(R)C(0)R; -N(R)C(S)R;
-(CH 2)0 4N(R)C(O)NR 2; -N(R)C(S)NR 2; -(CH 2)0
4N(R)C(0)0R; -N(R)N(R)C(O)R; -N(R)N(R)C(0)NR 2;
-N(R)N(R)C(0)0R; -(CH 2)0 4C(O)R; -C(S)R 0; -(CH 2)0
4C(O)OR; -(CH 2)0 4C(O)SR; -(CH2)o^C(0)OSiR 3; -(CH
2)0 4OC(O)R; -OC(O)(CH 2)0 4SR, SC(S)SR 0; -(CH 2)0
4SC(O)R; -(CH 2)o 4C(O)NR 2; -C(S)NR 2; -C(S)SR 0;
-SC(S)SR 0, -(CH2)0 4OC(O)NR 2; -C(O)N(OR)R;
-C(O)C(O)R 0; -C(O)CH 2C(O)R 0; -C(N0R)R; -(CH2)0^SSR;
-(CH 2)0 4S(O)2R; -(CH 2) O 4S(O)2OR0; -(CH 2)0 4OS(O)
2R; -S(O) 2NR2; -(CH2)0 4S(O)R; -N(R)S(O) 2NR 2;
-N(R)S(O) 2R; -N(0R)R; -C(NH)NR 2; -P(O) 2R0; -P(O)R
2; -OP(O)R 2; -OP(O)(OR) 2; SiR3; -(C 1- straight or
branched alkylene)O-N(R) 2; or -(C 1-4 straight or
branched alkylene)C(O)O-N(R) 2, wherein each R0 may be
substituted as defined below and is independently
hydrogen, Ci_6 aliphatic, -CH 2Ph, -0(CH 2ViPh,
-CH2-(5-6 membered heteroaryl ring), or a 5-6-membered
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or, notwithstanding the definition
above, two independent occurrences of R0, taken
together with their intervening atom(s), form a
3-12-membered saturated, partially unsaturated, or
aryl mono- or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, which may be substituted as defined below.
[0028] Suitable monovalent substituents on R0 (or the
ring formed by taking two independent occurrences of
R0 together with their intervening atoms), are
independently halogen, -(CH 2)0 2R*, -(haloR*), -(CH
2V 2OH, -(CH 2)0 2OR*, -(CH 2)0 2CH(OR*) 2;
-O(haloR'), -CN, -N3, -(CH 2)0 2C(O)R*, -(CH 2)0
2C(O)OH, -(CH 2)0 2C(O)OR*, -(CH 2)0 2SR*, -(CH 2)o
2SH, -(CH 2)o 2NH2, -(CH 2)0 2NHR*, -(CH 2)0 2NR*2,
-NO 2, -SiR* 3, -OSiR* 3, 



-C(O)SR*, -(C 1-4 straight or branched
alkylene)C(O)OR*, or -SSR* wherein each R*
isunsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is
independently selected from C1 t aliphatic, -CH 2Ph,
-0(CH 2)o iPh, or a 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. Suitable divalent substituents on a saturated
carbon atom of R0 include =0 and =S. [0029] Suitable
divalent substituents on a saturated carbon atom of an
"optionally substituted" group include the following:
=0, =S, =NNR * 2, =NNHC(O)R *, =NNHC(O)OR *, =NNHS(O)
2R*, =NR*, =NOR *, -O(C(R * 2))2 3O-, or -S(C(R * 2))2
3S-, wherein each independent occurrence of R is
selected from hydrogen, Ci_6 aliphatic which may be
substituted as defined below, or an unsubstituted
5-6-membered saturated, partially unsaturated, or aryl
ring having 0- 4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. Suitable divalent
substituents that are bound to vicinal substitutable
carbons of an "optionally substituted" group include:
-O(CR 2)2_3O-, wherein each independent occurrence of
R is selected from hydrogen, Ci_6 aliphatic which may
be substituted as defined below, or an unsubstituted
5-6-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. [0030] Suitable
substituents on the aliphatic group of R* include
halogen, -R*, -(haloR*), -OH, -OR*, -O(haloR'), -CN,
-C(O)OH, -C(O)OR*, -NH 2, -NHR*, -NR* 2, or -NO 2,
wherein each R* is unsubstituted or where preceded by
"halo" is substituted only with one or more halogens,
and is independently Ci_4 aliphatic, -CH 2Ph, -O(CH
2)0 iPh, or a 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0031] Suitable substituents on a
substitutable nitrogen of an "optionally substituted"
group include -S(O) 2R1 -S(O) 2NR1 , -C(S)NR 1 ,
-C(NH)NR 1 , or -N(R t )S(O) 2Rt ; wherein each R is
independently hydrogen, Ci_6 aliphatic which may be
substituted as defined below, unsubstituted -OPh, or
an unsubstituted 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, or, notwithstanding the definition above, two
independent occurrences of taken together with their
intervening atom(s) form an unsubstituted
3-12-membered saturated, partially unsaturated, or
aryl mono- or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur.[0032] Suitable substituents on the aliphatic
group of R are independently halogen, -R*, -(haloR*),
-OH, -OR*, -O(haloR'), -CN, -C(O)OH, -C(O)OR*, -NH 2,
-NHR*, -NR* 2, or -NO2, wherein each R* is
unsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is
independently Ci_4 aliphatic, -CH 2Ph, -0(CH 2)o iPh,
or a 5-6- membered saturated, partially unsaturated,
or aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0033] As
used herein, the term "pharmaceutically acceptable
salt" refers to those salts which are, within the
scope of sound medical judgment, suitable for use in
contact with the tissues of humans and lower animals
without undue toxicity, irritation, allergic response
and the like, and are commensurate with a reasonable
benefit/risk ratio. Pharmaceutically acceptable salts
are well known in the art. For example, S. M. Berge et
al., describe pharmaceutically acceptable salts in
detail in J . Pharmaceutical Sciences, 1977, 66, 1-19,
incorporated herein by reference. Pharmaceutically
acceptable salts of the compounds of this invention
include those derived from suitable inorganic and
organic acids and bases. Examples of pharmaceutically 



acceptable, nontoxic acid addition salts are salts of
an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid,
sulfuric acid and perchloric acid or with organic
acids such as acetic acid, oxalic acid, maleic acid,
tartaric acid, citric acid, succinic acid or malonic
acid or by using other methods used in the art such as
ion exchange. Other pharmaceutically acceptable salts
include adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate,
malate, maleate, malonate, methanesulfonate,
2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate,
3-phenylpropionate, phosphate, pivalate, propionate,
stearate, succinate, sulfate, tartrate, thiocyanate,
p-toluenesulfonate, undecanoate, valerate salts, and
the like. [0034] Salts derived from appropriate bases
include alkali metal, alkaline earth metal, ammonium
and salts. Representative alkali or alkaline earth
metal salts include sodium, lithium, potassium,
calcium, magnesium, and the like. Further
pharmaceutically acceptable salts include, when
appropriate, nontoxic ammonium, quaternary ammonium,
andamine cations formed using counterions such as
halide, hydroxide, carboxylate, sulfate, phosphate,
nitrate, loweralkyl sulfonate and aryl sulfonate.
[0035] Unless otherwise stated, structures depicted
herein are also meant to include all isomeric (e.g.,
enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center,
Z and E double bond isomers, and Z and E
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures including the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon
by a 13C- or 14C-enriched carbon are within the scope
of this invention. Such compounds are useful, for
example, as analytical tools, as probes in biological
assays, or as therapeutic agents in accordance with
the present invention. In some embodiments, the R1
group of formula I-a and I-b comprises one or more
deuterium atoms. [0036] As used herein, the term
"irreversible" or "irreversible inhibitor" refers to
an inhibitor (i.e. a compound) that is able to be
covalently bonded to a target protein kinase in a
substantially non-reversible manner. That is, whereas
a reversible inhibitor is able to bind to (but is
generally unable to form a covalent bond) the target
protein kinase, and therefore can become dissociated
from the target protein kinase, an irreversible
inhibitor will remain substantially bound to the
target protein kinase once covalent bond formation has
occurred. Irreversible inhibitors usually display time
dependency, whereby the degree of inhibition increases
with the time with which the inhibitor is in contact
with the enzyme. Methods for identifying if a compound
is acting as an irreversible inhibitor are known to
one of ordinary skill in the art. Such methods
include, but are not limited to, enzyme kinetic
analysis of the inhibition profile of the compound
with the protein kinase target, the use of mass
spectrometry of the protein drug target modified in
the presence of the inhibitor compound, discontinuous
exposure, also known as "washout," experiments, and
the use of labeling, such as radiolabeled inhibitor,
to show covalent modification of the enzyme, as well
as other methods known to one of skill in the
art.[0037] One of ordinary skill in the art will
recognize that certain reactive functional groups can
act as "warheads." As used herein, the term "warhead"
or "warhead group" refers to a 



functional group present on a compound of the present
invention wherein that functional group is capable of
covalently binding to an amino acid residue (such as
cysteine, lysine, histidine, or other residues capable
of being covalently modified) present in the binding
pocket of the target protein, thereby irreversibly
inhibiting the protein. It will be appreciated that
the -L-Y group, as defined and described herein,
provides such warhead groups for covalently, and
irreversibly, inhibiting the protein. [0038] As used
herein, the term "inhibitor" is defined as a compound
that binds to and /or inhibits the target protein
kinase with measurable affinity. In certain
embodiments, an inhibitor has an IC50 and/or binding
constant of less about 50 mM, less than about 1 mM,
less than about 500 nM, less than about 100 nM, or
less than about 10 nM. [0039] The terms "measurable
affinity" and "measurably inhibit," as used herein,
means a measurable change in at least one of ErbBl,
ErbB2, ErbB3, ErbB4, a TEC-kinase, and/or JAK3
activity between a sample comprising a compound of the
present invention, or composition thereof, and at
least one of ErbBl, ErbB2, ErbB3, ErbB4, a TEC-kinase,
and/or JAK3, and an equivalent sample comprising at
least one of ErbBl, ErbB2, ErbB3, ErbB4, a TEC-kinase,
and/or JAK3, in the absence of said compound, or
composition thereof. 3. Description of Exemplary
Compounds [0040] According to one aspect, the present
invention provides a compound of formula I-a or I-b,
I-a I-b or a pharmaceutically acceptable salt thereof,
wherein: Ring A is an optionally substituted group
selected from phenyl, a 3-7 membered saturated or
partially unsaturated carbocyclic ring, an 8-10
membered bicyclic saturated, partially unsaturated or
aryl ring, a 5-6 membered monocyclic heteroaryl ring
having 1-4 heteroatomsindependently selected from
nitrogen, oxygen, or sulfur, a 4-7 membered saturated
or partially unsaturated heterocyclic ring having 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, a 7-10 membered bicyclic saturated
or partially unsaturated heterocyclic ring having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-10 membered bicyclic
heteroaryl ring having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; Ring B is
an optionally substituted group selected from phenyl,
a 3-7 membered saturated or partially unsaturated
carbocyclic ring, an 8-10 membered bicyclic saturated,
partially unsaturated or aryl ring, a 5-6 membered
monocyclic heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, a 4-7 membered saturated or partially
unsaturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, a 7-10 membered bicyclic saturated or
partially unsaturated heterocyclic ring having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-10 membered bicyclic
heteroaryl ring having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; R1 is -L-Y,
wherein: L is a covalent bond or a bivalent Ci_8
saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one, two, or three
methylene units of L are optionally and independently
replaced by cyclopropylene, -NR-, -N(R)C(O)-,
-C(O)N(R)-, -N(R)SO 2-, -SO 2N(R)-, -O-, -C(O)-,
-OC(O)-, -C(O)O-, -S-, -SO-, -SO2-, -C(=S)-, -C(=NR)-,
-N=N-, or -CC=N2)-; Y is hydrogen, Ci_6 aliphatic
optionally substituted with oxo, halogen, or CN, or a
3-10 membered monocyclic or bicyclic, saturated,
partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, and wherein said 



ring is substituted with at 1-4 groups independently
selected from -Q-Z, oxo, NO2, halogen, CN, or Ci_6
aliphatic, wherein: Q is a covalent bond or a bivalent
Ci_6 saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene units
of Q are optionally and independently replaced by
-NR-, -S-, -O-, -C(O)-, -SO-, or -SO 2-; and Z is
hydrogen or Ci_6 aliphatic optionally substituted with
oxo, halogen, or CN; Ry is hydrogen, halogen, -CN, -CF
3, Ci_4 aliphatic, Ci_4 haloaliphatic, -OR, -C(O)R,
or-C(O)N(R) 2; each R group is independently hydrogen
or an optionally substituted group selected from Ci_6
aliphatic, phenyl, a 4-7 membered heterocylic ring
having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or a 5-6 membered
monocyclic heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; W1 and W2 are each independently a covalent
bond or a bivalent Ci_3 alkylene chain wherein one
methylene unit of W1 or W2 is optionally replaced by
-NR 2-, -N(R 2)C(O)-, -C(O)N(R 2)-, -N(R 2)SO 2-, -SO
2N(R 2)-, -0-, -C(O)-, -OC(O)-, -C(O)O-, -S-, -SO- or
-SO 2-; R2 is hydrogen, optionally substituted Ci_6
aliphatic, or -C(O)R, or: R2 and a substituent on Ring
A are taken together with their intervening atoms to
form a 4-6 membered partially unsaturated or aromatic
fused ring; or R2 and Ry are taken together with their
intervening atoms to form a 4-6 membered saturated,
partially unsaturated, or aromatic fused ring; m and p
are independently 0-4; and Rx and Rv are independently
selected from -R, halogen, -OR, -0(CH 2)q0R, -CN, -NO
2, -SO 2R, -SO 2N(R) 2, -SOR, -C(O)R, -CO 2R,
-C(O)N(R) 2, -NRC(O)R, -NRC(O)NR 2, -NRSO 2R, or -N(R)
2, or: Rx and R1 when concurrently present on Ring B
are taken together with their intervening atoms to
form a 5-7 membered saturated, partially unsaturated,
or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
said ring is substituted with a warhead group and 0-3
groups independently selected from oxo, halogen, -CN,
or Ci_6 aliphatic; or Rv and R1 when concurrently
present on Ring A are taken together with their
intervening atoms to form a 5-7 membered saturated,
partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein said ring is substituted
with a warhead group and 0-3 groups independently
selected from oxo, halogen, -CN, or Ci_6 aliphatic.
[0041] As defined generally above, Ring A is an
optionally substituted group selected from phenyl, a
3-7 membered saturated or partially unsaturated
carbocyclic ring, an 8-10 membered bicyclic saturated,
partially unsaturated or aryl ring, a 5-6 membered
monocyclic heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, a 4-7 memberedsaturated or partially
unsaturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, a 7-10 membered bicyclic saturated or
partially unsaturated heterocyclic ring having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-10 membered bicyclic
heteroaryl ring having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In certain
embodiments, Ring A is an optionally substituted
phenyl group. In some embodiments, Ring A is an
optionally substituted naphthyl ring or a bicyclic
8-10 membered heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In certain other embodiments, Ring A is an
optionally substituted 3-7 membered carbocyclic ring.
In yet other embodiments, Ring A is an optionally
substituted 4-7 membered heterocyclic ring having 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. 



[0042] In certain embodiments, Ring A is substituted
as defined herein. In some embodiments, Ring A is
substituted with one, two, or three groups
independently selected from halogen, R0, or -(CH ) O
tOR0, or -0(CH ) R0, wherein each R0 is as defined
herein. Exemplary substituents on Ring A include Br,
I, Cl, methyl, -CF3, -CCH, -OCH2phenyl,
-OCH2(fluorophenyl), or -OCH2pyridyl. [0043] Exemplary
Ring A groups are set forth in Table 1. Table 1.
Exemplary Ring A GroupsVIDEO ENCODING BY FILTER
SELECTION RELATED APPLICATIONS [0001] This application
claims priority to U.S. Provisional Application
61/078,642, filed on July 7, 2008, the contents of
which are hereby incorporated by reference in their
entirety. BACKGROUND Field of the Invention [0002]
This application relates to video encoding, more
specifically, to techniques for interpolating
reference frames in video compression systems.
Description of the Related Art [0003] Digital video
capabilities can be incorporated into a wide range of
devices, including digital televisions, digital direct
broadcast systems, wireless communication devices,
personal digital assistants (PDAs), laptop computers,
desktop computers, digital cameras, digital recording
devices, cellular or satellite radio telephones, and
the like. These and other digital video devices can
provide significant improvements over conventional
analog video systems in creating, modifying,
transmitting, storing, recording and playing full
motion video sequences. [0004] A number of different
video encoding standards have been established for
communicating digital video sequences. The Moving
Picture Experts Group (MPEG), for example, has
developed a number of standards including MPEG-I,
MPEG-2 and MPEG-4. Other standards include ITU H.263,
QuickTime(tm) technology developed by Apple Computer
of Cupertino Calif, Video for Windows.(tm) developed
by Microsoft Corporation of Redmond, Wash., Indeo
developed by Intel Corporation, RealVideo from
RealNetworks, Inc. of Seattle, Wash., and Cinepak(tm)
developed by SuperMac, Inc. These and other standards,
including standards yet to be developed, will continue
to evolve. [0005] Video encoding standards achieve
increased transmission rates by encoding data in a
compressed fashion. Compression can reduce the overall
amount of data that needs to be transmitted for
effective transmission of image frames. The MPEG
standards, for example, utilize graphics and video
compression techniques designed tofacilitate video and
image transmission over a narrower bandwidth than
could be achieved without the compression. In
particular, the MPEG standards incorporate video
encoding techniques that utilize similarities between
successive image frames, referred to as temporal or
inter-frame correlation, to provide inter-frame
compression. The interframe compression techniques
exploit data redundancy across frames by using motion
compensated prediction, i.e. by predicting a frame
from another after estimating the motion of the scene.
In addition, the video encoding techniques may utilize
similarities within image frames, referred to as
spatial or intra-frame correlation. Frame compression
is typically based upon conventional processes for
compressing still images, such as discrete cosine
transform (DCT) encoding. Discrete cosine transform
(DCT) encoding is also used to compress the motion
compensated prediction. [0006] One DCT technique is
known as the Adaptive Block Size Discrete Cosine 



Transform (ABSDCT) method. This technique is disclosed
in U.S. Pat. No. 5,021,891, entitled "Adaptive Block
Size Image Compression Method And System," assigned to
the assignee of the present invention and incorporated
herein by reference. DCT techniques are also disclosed
in U.S. Pat. No. 5,107,345, entitled "Adaptive Block
Size Image Compression Method And System," assigned to
the assignee of the present invention and incorporated
herein by reference. Further, the use of the ABSDCT
technique in combination with a Differential Quadtree
Transform technique is discussed in U.S. Pat. No.
5,452,104, entitled "Adaptive Block Size Image
Compression Method And System," also assigned to the
assignee of the present invention and incorporated
herein by reference. The systems disclosed in these
patents utilize what is referred to as "intra-frame"
encoding, where each frame of image data is encoded
without regard to the content of any other frame.
Using the ABSDCT technique, the achievable data rate
may be reduced from around 1.5 billion bits per second
to approximately 50 million bits per second without
discernible degradation of the image quality. [0007]
The ABSDCT technique may be used to compress either a
black and white or a color image or signal
representing the image. The color input signal may be
in a YIQ format, with Y being the luminance, or
brightness, sample, and I and Q being the chrominance,
or color, samples for each 4.times.4 block of pixels.
Other known formats such as the YUV, YC.sub.bC.sub.y
or RGB formats may also be used. Because of the low
spatial sensitivity of the eye to color, most research
has shown that a sub-sample of the color components by
a factor of four in the horizontal and vertical
directions isreasonable. Accordingly, a video signal
may be represented by four luminance components and
two chrominance components. [0008] To support the
compression techniques, many digital video devices
include an encoder for compressing digital video
sequences, and a decoder for decompressing the digital
video sequences. In many cases, the encoder and
decoder comprise an integrated encoder/decoder (CODEC)
that operates on blocks of pixels within frames that
define the sequence of video images. In the MPEG-4
standard, for example, the encoder of a sending device
typically divides a video image frame to be
transmitted into macroblocks comprising smaller image
blocks. For each macroblock in the image frame, the
encoder searches macroblocks of the immediately
preceding video frame to identify the most similar
macroblock, and encodes the difference between the
macroblocks for transmission, along with a motion
vector that indicates which macroblock from the
previous frame was used for encoding. The decoder of a
receiving device receives the motion vector and
encoded differences, and performs motion compensation
to generate video sequences. Motion vectors may have
full, half or quarter pixel precisions, depending on
the level of precision selected by an encoder. When
motion vectors with fractional pixel values are used,
a better prediction block is obtained. Interpolation
is carried out to determine the values of the
fractional pixels (sub-pixels). In one example, pixel
values include bits representing the intensity of a
luminance, chrominance, or color component. [0009] The
video encoding process is computationally intensive.
In particular, the process of comparing video blocks
to previously transmitted video blocks requires large
numbers of computations. Improved encoding techniques
are highly desirable, particularly for use in wireless
devices or other portable video devices where
computational resources are more limited and power
consumption is a concern.SUMMARY [0010] One embodiment
is a method of encoding digital video, the method
including; identifying a reference frame and a current
frame, interpolating the reference frame 



using a default filter to create a default
interpolated frame, interpolating the reference frame
using an alternative filter to create an alternative
interpolated frame, determining for each sub-pixel
position whether to use the default filter or the
alternative filter based on a lower sum error to
generate a final reference frame. [0011] Another
embodiment is a video encoding device, including; a
motion compensation unit configured to interpolate a
first reference frame using a default filter to create
a default interpolated frame and configured to
interpolate a second reference frame using an
alternative filter to create an alternative
interpolated frame, a reference frame store configured
to store the default interpolated frame and store the
alternative interpolated frame, a filter decision unit
configured to receive a current frame, receive the
default interpolated frame, receive the alternative
interpolated frame, and determine, for each full and
sub-pixel position, whether to use a default filter or
an alternative filter in a final frame; and generate
the final frame. [0012] Still anther embodiment is a
video encoding device, including; a means for
receiving a current frame, a means for storing a
plurality of interpolated reference frames in a
reference frame store, a means for receiving the
plurality of interpolated reference frames from the
reference frame store, a means for producing a final
frame, and a means for determining for each full and
sub pixel position in the final frame whether to use a
default filter or an alternative filter. [0013] One
other embodiment is a video encoding device,
including: a motion compensation unit configured to
interpolate a first reference frame using a default
filter to create a default interpolated frame and
configured to interpolate a second reference frame
using an alternative filter to create an alternative
interpolated frame, a filter decision unit configured
to receive a current frame, receive the default
interpolated frame, receive the alternative
interpolated frame, determine, for each full and
sub-pixel position, whether to use a default filter or
an alternative filter in a final frame, and generate
the final frame. [0014] Another embodiment is a video
encoding device, including; a means for receiving a
current frame, a means for receiving a plurality of
interpolated reference frames, a means for producing a
final frame, and means for determining for each
fulland sub pixel position in the final frame whether
to use a default filter or an alternative filter.
BRIEF DESCRIPTION OF THE DRAWINGS [0015] The foregoing
aspects and many of the attended advantages of this
application are illustrated by way of example, and not
by way of limitation, in the accompanying drawings,
wherein; [0016] FIG. 1 is a block diagram illustrating
a video encoding and decoding system. [0017] FIG. 2 is
a block diagram illustrating a video encoder. [0018]
FIG. 3 is a block diagram illustrating a reference
frame store and a filter decision unit. [0019] FIG. 4
is a flow diagram describing the process of
determining best combination of filters. [0020] FIG. 5
is a block diagram of a video frame showing fractional
pixel positions for interpolation. [0021] FIG. 6 is a
block diagram illustrating video motion estimation.
[0022] FIG. 7 is a block diagram illustrating a video
frame including an infra frame, a predicted frame and
a bi-directional frame. [0023] FIG. 8 is block diagram
illustrating a video frame comprising a B slice 



comprising two motion vectors. [0024] FIG. 9 is a flow
diagram describing the process of creating a final
reference frame. DETAILED DESCRIPTION [0025] Specific
embodiments of the application will now be described
with reference to the drawings. The terminology used
in the description presented herein is not intended to
be interpreted in any limited or restrictive manner,
simply because it is being utilized in conjunction
with a detailed description of certain specific
embodiments of the application. [0026] In one
embodiment, the system interpolates a given block or
frame of video using a plurality of filters to create
multiple reference frames. For each filter, the system
then calculates motion vectors from the given
reference frame. A calculation is then made to
determine, for each pixel, which filter provided the
lowest error and distortion rate. In some embodiments,
the expected performance of one or acombination of
filters for each sub-pixel and integer pixel within a
video frame is examined. Then, the best filter for
encoding the sub-pixel and integer pixel values is
selected for each position in the video frame. [0027]
In one embodiment, the system accumulates the sum of
absolute difference (SAD) error measurements for all
available positions in a single frame, using a
plurality of filters. By measuring the SAD, the system
can determine whether it's advantageous to use an
adaptive filter (for example, an adaptive
interpolation filter (AIF)) corresponding to that
position or whether it may be more convenient (in
terms of SAD and weighted bit cost) to use a default
interpolation filter, or use no filter at all to
encode the pixel values. [0028] In another embodiment,
a process of using optimal selection criteria for a
combination of available filters leading to a minimal
computational cost (or SAD plus weighted encoding bits
used by non-default interpolation filters) is used.
Given a matrix and a vector, it may be possible to
computer the error corresponding to each of the
decision vectors and select the filter for each
sub-pixel position indicating the minimal
computational cost. [0029] In still another
embodiment, an iterative process is utilized. This
process includes starting from a possible solution
(any valid decision vector) and finding the position
for which an alternative filter provides the biggest
error decrease. This new position is then updated with
the value of the new filter choice and the process is
repeated until no more improvements are possible, the
improvements are negligible (below a predetermined
threshold), or a maximum number of iterations is
reached. [0030] In still another embodiment, a
simplified heuristic is used to find an approximation
of the minimal cost using symmetry classes. This
method considers only error contributions in which the
positions of two references blocks use the same filer.
This happens when the positions are identical or when
they belong to the symmetry class. [0031] In another
embodiment, a quantization table is used that improves
the encoding of the filter coefficients used on the
full-pixel positions, wherein the quantization
precision depends on the coefficient location using an
uneven quantization process. [0032] Block matching is
the most common method of motion estimation. Typically
each macroblock (i.e. 16 c 16 pixels) in a video frame
is compared with shifted regionsof the same size from
a previous frame, and the shift which results in the
minimum error is selected as the best motion vector
for that macroblock. 



[0033] Intra-frames (or I-frames) are frames coded
without reference to any other frame, and may be
generated by an encoder to create a random access
point. Intraframes typically require more bits to
encode than other picture types. Often, I-frames are
used for random access and are used as references for
decoding of other frames. [0034] Predicted frames (or
P frames) require the prior decoding of some other
frames(s) in order to be decoded and may contain both
image data and motion vector displacements. In H.264,
predicted frames can use multiple previously-decoded
frames as references during decoding, and may have any
arbitrary display-order relationship relative to the
frames(s) used for its prediction. Also, typically,
predicted frames require fewer bits for encoding than
intra-frames do. [0035] Bi-directional predicted
frames (or B frames) require the prior decoding of
some other frame(s) in order to be decoded, may
contain both image data and motion vector
displacements, and include some prediction modes that
form a prediction by averaging the predictions
obtained using two different previously-decoded
reference regions. In H.264, bi-directional predicted
frames may or may not be used as references for the
decoding of other pictures. B frames typically require
fewer bits for encoding than either intra-frames or
predicted frames do. [0036] FIG. 1 is a block diagram
illustrating a video encoding and decoding system 10.
As shown in FIG. 1, system 10 includes a source device
12 that transmits encoded video to a receive device 14
via a communication channel 16. Source device 12 may
include a video source 18, video encoder 20 and a
transmitter 22. The transmitter 22 may be a
wired/wireless transmitter. Receive device 14 may
include a receiver 24, video decoder 26 and video
display device 28. In some aspects, receiver 24 may be
a wireless receiver, such as a wireless receiver in a
wireless communication device handset. System 10 may
be configured to support alternative filtering (or
adaptive filtering) of motion compensated prediction
blocks to improve both visual quality and processing
efficiency. [0037] In the example of FIG. 1,
communication channel 16 may comprise any wireless or
wired communication medium, such as a radio frequency
(RF) spectrum or one or more physical transmission
lines, or any combination of wireless and wired media.
Channel 16 may form part of a packet-based network,
such as a local areanetwork, wide-area network, or a
global network such as the Internet. Communication
channel 16 generally represents any suitable
communication medium, or collection of different
communication media, for transmitting video data from
source device 12 to receive device 14. [0038] Source
device 12 generates video for transmission to
destination device 14. In some cases, however, devices
12, 14 may operate in a substantially symmetrical
manner. For example, each of devices 12, 14 may
include video encoding and decoding components. Hence,
system 10 may support one-way or two-way video
transmission between video devices 12, 14, e.g., for
video streaming, video broadcasting, or video
telephony. [0039] Video source 18 may include a video
capture device, such as one or more video cameras, a
video archive containing previously captured video, or
a live video feed from a video content provider. As a
further alternative, video source 18 may generate
computer graphics-based data as the source video, or a
combination of live video and computer-generated
video. In some cases, if video source 18 is a camera,
source device 12 and receive device 14 may form
so-called camera phones or video phones, including
satellite or mobile wireless telephones, or other
wireless 



communication devices. Hence, in some aspects, the
techniques described in this application may be
implemented within a mobile wireless communication
device handset, such as a mobile telephone handset. In
each case, the captured, pre-captured or
computer-generated video may be encoded by video
encoder 20 for transmission from video source device
12 to video decoder 26 of video receive device 14 via
transmitter 22, channel 16 and receiver 24. Display
device 28 may include any of a variety of display
devices such as a liquid crystal display (LCD), plasma
display or organic light emitting diode (OLED)
display. [0040] Video encoder 20 and video decoder 26
may be configured, in some aspects of this
application, to support scalable video coding for
spatial, temporal and/or signalto- noise ratio (SNR)
scalability. Encoder 20 and decoder 26 may support
various degrees of scalability by supporting encoding,
transmission and decoding of a base layer and one or
more scalable enhancement layers. For scalable coding,
a base layer carries video data with a minimum level
of quality. One or more enhancement layers carry
additional bitstream to support higher spatial,
temporal or SNR levels.[0041] Video encoder 20 and
video decoder 26 may operate according to a video
compression standard, such as MPEG-2, MPEG-4, ITU-T
H.263, or ITU-T H.264/MPEG-4, Part 10 (AVC). Although
not shown in FIG. 1, in some aspects, video encoder 20
and video decoder 22 may be integrated with an audio
encoder and decoder, respectively, and include
appropriate MUX-DEMUX units, or other hardware and
software, to handle encoding of both audio and video
in a common data stream or separate data streams. If
applicable, MUX-DEMUX units may conform to the ITU
H.223 multiplexer protocol, or other protocols such as
the user datagram protocol (UDP). [0042] The H.264
standard was developed by the ITU-T Video Coding
Experts Group and the ISO/IEC Moving Picture Experts
Group (MPEG), as the product of a partnership known as
the Joint Video Team (JVT). The H.264 standard is
described in ITU-T Recommendation H.264, Advanced
Video coding for Generic Audiovisual Services, dated
March 2005, which may be referred to herein as the
H.264 standard or H.264 specification, or the
H.264/AVC standard or specification. In some aspects,
techniques described in this application may be
applied to devices that generally conform to the H.264
standard, or other devices that do not generally
conform to the H.264 standard. [0043] The Joint Video
Team (JVT) continues to work on a scalable video
coding (SVC) extension to H.264/MPEG-4 AVC. The
specification of both H.264/MPEG- 4AVC and the
evolving SVC extension are in the form of a Joint
Draft (JD). The Joint Scalable Video Model (JSVM)
created by the JVT implements tools for use in
scalable video, which may be used within system 10 for
various coding tasks described in this application.
[0044] In some aspects, for video broadcasting,
embodiments relate to an application to Enhanced H.264
video coding for delivering real-time video services
in terrestrial mobile multimedia multicast (TM3)
systems using the Forward Link Only (FLO) Air
Interface Specification, "Forward Link Only Air
Interface Specification for Terrestrial Mobile
Multimedia Multicast," to be published as Technical
Standard TIA- 1099 (the "FLO Specification"). The FLO
Specification includes examples defining bitstream
syntax and semantics and decoding processes suitable
for the FLO Air Interface. Alternatively, video may be
broadcasted according to other standards such as DVB-H
(digital video broadcast-handheld), ISDB-T (integrated
services digital broadcastterrestrial), or DMB
(digital media broadcast). Hence, in some cases,
source device 12 



may be a mobile wireless terminal, such as a wireless
communication device handset, a video streaming
server, or a video broadcast server. However, the
techniques described in this application are not
limited to any particular type of broadcast,
multicast, or pointto- point system. [0045] Video
encoder 20 and video decoder 26 each may be
implemented as one or more microprocessors, digital
signal processors (DSPs), application specific
integrated circuits (ASICs), field programmable gate
arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Hence, the
techniques described herein may be implemented within
one or more integrated circuit devices, which may be
referred to collectively as an integrated circuit
device. Such an integrated circuit device may be
provided within a communication device, such as a
wireless communication device handset. Each of video
encoder 20 and video decoder 26 may be included in one
or more encoders or decoders, either of which may be
integrated as part of a combined encoder/decoder
(CODEC) in a respective mobile device, subscriber
device, broadcast device, server, or the like. In
addition, video source device 12 and video receive
device 14 each may include appropriate modulation,
demodulation, frequency conversion, filtering, and
amplifier components for transmission and reception of
encoded video, as applicable, including radio
frequency (RF) wireless components and antennas
sufficient to support wireless communication. For ease
of illustration, however, such components are not
shown in FIG. 1. [0046] As mentioned above, videos
includes a series of video frames. Video encoder 20
operates on blocks of pixels within individual video
frames in order to encode the video data. The video
blocks may have fixed or varying sizes, and may differ
in size according to a specified coding standard. As
an example, the ITU-T H.264 standard supports infra
prediction in various block sizes, such as 16x16, 8x8,
4x4 for luma components, and 8x8 for chroma
components. The ITU-T H.264 standard also supports,
inter prediction in various block sizes, such as
16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4 for luma
components and corresponding scaled sizes for chroma
components. Smaller video blocks can provide better
resolution, and may be used for locations of a video
frame that include higher levels of detail. In
general, macroblocks and the various smaller blocks
may be considered to be video blocks. In some cases,
the smaller blocks may be referred to as sub-blocks.
After prediction, a transform may beperformed on the
8x8 residual block or 4x4 residual block. Also, an
additional transform may be applied to the DC
coefficients of the 4x4 blocks for chroma components
or luma component if the intra sub -16x16 prediction
mode is used. [0047] FIG. 2 is a block diagram
illustrating more details of the video encoder 20.
Video encoder 20 may perform intra- and inter-coding
of blocks within video frames. Intra-coding relies on
spatial prediction to reduce or remove spatial
redundancy in a given video frame. Inter-coding relies
on temporal prediction to reduce, or remove, temporal
redundancy in video within adjacent frames. For
inter-coding, video encoder 20 performs motion
estimation to track the movement of matching video
blocks between two or more adjacent frames. [0048] As
shown in FIG. 2, video encoder 20 receives a current
video block 2 1 within a video frame to be encoded. In
the example of FIG. 2, video encoder 20 includes
motion estimation unit 23, reference frame store 25,
motion compensation unit 27, block transform unit 29,
quantization unit 31, inverse quantization unit 33,
inverse transform unit 35 and entropy coding unit 37.
Video encoder 20 also includes summer 39 and summer
41. FIG. 2 illustrates the temporal prediction
components of video 



encoder 20 for inter-coding of video blocks. Although
not shown in FIG. 2 for ease of illustration, video
encoder 20 also may include spatial prediction
components for intracoding of some video blocks.
[0049] Motion estimation unit 23 compares video block
2 1 to blocks in one or more adjacent video frames to
generate one or more motion vectors. The adjacent
frame or frames may be retrieved from reference frame
store 25. Motion estimation may be performed for
blocks of variable sizes, e.g., 16x16, 16x8, 8x16, 8x8
or smaller block sizes. Motion estimation unit 23
identifies a block in an adjacent frame that most
closely matches the current video block 21, e.g.,
based on a rate distortion model, and determines a
displacement between the blocks. On this basis, motion
estimation unit 23 produces a motion vector that
indicates the magnitude and trajectory of the
displacement. [0050] Motion vectors may have
half-pixel or quarter-pixel precision, or even finer
precision, allowing video encoder 20 to track motion
with higher precision than integer pixel locations and
obtain a better prediction block. When motion vectors
with fractional pixel values are used, interpolation
operations may be carried out in motion compensation
unit 27. For example, in the H.264/AVC standard, to
obtain a luma signalat half-pixel positions, the 6-tap
Wiener filter with coefficients (1, -5, 20, 20, -5,
l)/32 may be used. To obtain luma signals at
quarter-pixel locations, bilinear filtering on the
values at integer pixel locations and the interpolated
values at half pixel locations may be used. The
bilinear filter also may be used in fractional pixel
interpolation for the chroma components, which may
have up to 1/8-pixel precision. [0051] Motion
estimation unit 23 identifies the best motion vector
for a video block using a rate-distortion model. Using
the resulting motion vector, motion compensation unit
27 forms a prediction video block by motion
compensation. Video encoder 20 forms a residual video
block by subtracting the prediction video block
produced by motion compensation unit 27 from the
original, current video block 2 1 at summer 39. Block
transform unit 29 applies a transform to the residual
block. Quantization unit 31 quantizes the transform
coefficients to further reduce bit rate. Entropy
coding unit 37 entropy codes the quantized
coefficients to even further reduce bit rate. Video
decoder 26 performs inverse operations to reconstruct
the encoded video. [0052] Inverse quantization unit 33
and inverse transform unit 35 apply inverse
quantization and inverse transformation, respectively,
to reconstruct the residual block. Summer 4 1 adds the
reconstructed residual block to the motion compensated
prediction block produced by motion compensation unit
27 to produce a reconstructed video block (or a filter
decision for a current frame) for storage in reference
frame store 25. The motion compensation unit
comprising a filter decision unit 44 configured to
receive reference frames from the reference frame
store 25, receive a current frame, and produce a
reconstructed video block to be stored in the filter
reference frame store 25. The reconstructed video
block may be used by motion estimation unit 23 and
motion compensation unit 27 to encode a block in a
subsequent video frame. [0053] When performing motion
compensation for a given block in the current video
frame 21, motion compensation unit 27 may use a fixed
set of filters to interpolate a reference block from a
reference frame. One reference block is needed if the
current block is uni-directionally predicted or two
reference blocks are needed if the current block is
bi-directionally predicted. In H.264, multiple
reference frames in forward and backward directions
may be used in some cases. The actual filters used by
motion compensation unit 27 depend on the fractional
part of the motion vector. For example, if 



the motion vector points to a half-pixel location in
the reference frame in a given dimension, to obtain
the value of the half-pixel location, a default
interpolation filtermay be used in that dimension with
a half-pixel motion vector. If both motion vector
components point to integer locations, the pixel
values from the reference frame in reference frame
store 25 may be used directly without performing any
interpolation filtering operation. [0054] FIG. 3 is a
block diagram illustrating a reference frame store 25
and a filter decision unit 44 as shown in FIG. 2. The
illustrative block diagram of the reference frame
store 25 and filter decision union 44 of FIG. 3
includes a current frame 30, a reference frame store
25, and a filter decision unit 44. The current frame
30 may be transmitted to the filter decision unit 44
to be used to create a final (or reconstructed)
reference frame to be stored in the reference frame
store 25. The reference frames store 25 may maintain a
set of reference frames and transmit the maintained
reference frames to the motion compensation unit 27.
In one embodiment, a set of reference frames
interpolated with default filers 32, 34, and 36 are
stored in the reference frame store 25 and are sent to
the filter decision unit 44. In another embodiment, a
set of reference frames interpolated with alternative
filters (or non-default filters) 38, 420, 42 are
stored in the reference frame store 25 and sent to the
filter decision unit 44. In another embodiment, if
memory capacity is limited, interpolated frames may be
generated onthe- fly, as needed. In one embodiment,
the interpolated frames are generated in real time as
long as the original (non-interpolated) frames, the
interpolating filters and the filter choices are
available. The alternative filter (not shown) residing
in a video encoder 20 may be an adaptive interpolation
filter, a separable adaptive interpolation filter, a
fixed filter. In another embodiment, an alternative
filter may an adaptive interpolation filter (AIF) that
offers large coding gains, especially on video
sequences with high resolution (e.g. 72Op). The video
encoder 20 has a fixed set of alternative filters to
interpolate a block in a reference frame. In yet
another embodiment, the video encoder 20 may support a
2D non-separable adaptive interpolated filter, a
separable adaptive interpolated filter, a directional
adaptive interpolated filter, and an enhanced adaptive
interpolated filter. A 2D non-separable adaptive
interpolation filter uses a two dimensional matrix to
interpolate frames. A separable adaptive interpolation
filter uses vertical then horizontal scans to
interpolate frames. A directional adaptive
interpolation filter uses diagonal scans to
interpolate frames. [0055] In another embodiment, an
enhanced adaptive interpolation filter (E-AIF) may be
used by adding a full-pixel position filter and a
filter offset to each full- and subpixel position. For
the full and each sub-pixel position E-AIF also
estimates the expected rate distortion gain of the
alternative filter over the default interpolation and
decides whether to use and signal to the decoder the
alternative filter or not. [0056] The filter decision
unit 44 may compare the sum bit overhead (or cost) of
encoding the received current frame 30 using reference
frames interpolated with default filter 32, 34, 36 and
reference frames interpolated with alternative filters
38, 40, 42. In one embodiment, the filter decision
unit 44 may uses a scaling factor (not shown) to
reconstruct the pixel positions to determines the
absolute error corresponding to the use of either the
default filters or the alternative filters. In another
embodiment, the filter decision unit 44 may compare
the absolute error value for each pixel, select
between available filter, and produces a decision
vector that minimizes bit error rate and distortion.
[0057] The filter decision unit 44 may also receive
motion vectors (or motion vector data) 48. In one
embodiment, the filter decision unit may receive the
current frame 30, 



the motion vectors 48, interpolated reference frames,
such as reference frames interpolated with a default
filter 32, 34, 36 and reference frames interpolated
with an alternative filter 38, 40, 42 in order to
create a final (or reconstructed) reference frames 45,
46, 47 to be stored in the reference frame store 25.
As a result, the filter decision unit 44 provides
interpolated reference frames 45, 46, and 47, wherein
each full or subpixel is interpolated using either a
default or alternative filter. In another embodiment,
the filter decision unit 44 may output to the
reference frame store 25 a decision array (not shown).
The decisions array (not shown) may provide decision
values describing the reconstructed reference frames
45, 46, 47. In one embodiment, the decision values
provided by the decision array (not shown) may be, for
example, [a (1), b (0), c (1), d (O). . .]; wherein a
sub-pixel position is identified by an alpha character
and a filter selection decision is identified in
binary (0 or 1) format as either using the default or
the alternative filter available the video encoder 20.
In another embodiment, the decision values provided by
the decision array may be for example, [a(l), b(2),
c(3), d(4), . ..], wherein a sub-pixel position is
identified by an alpha character and a filter
selection decision is identified using a number format
used to identify the actual filter type to be used per
sub-pixel position. In one embodiment, multiple
default and multiple adaptive interpolation filters
may be compared against one another in order to
determine the most efficient filter for encoding each
sub-pixel position. In another embodiment,
multipleadaptive interpolation filters are compared
against one another in order to determine the most
efficient adaptive filter to be applied during
encoding for each sub-pixel position. [0058] FIG. 4
depicts an illustrative process 50 for determining a
best combination of filters using the system shown in
FIG. 3. The process begins at block 5 1 with the video
encoder 20 calculating motion vectors of frames of
reference to a current frame. The reference frames may
be an intra-frame or predicted frames. The current
frame 30 may be a bi-directional predicted frame. In
one embodiment, a current frame references a previous
intra-frame and a limited search using block matching
is applied to calculate a motion vector describing the
previous displacement. In another embodiment, a
current frame references a future predicted frame and
a limited search using block matching is applied to
calculate a motion vector describing the predicted
displacement. After motion vector data is calculated,
it is transmitted to the filter decision unit 44 as
described in FIG. 3. [0059] The process 50 then moves
to block 52 and calculating coefficients of
alternative filters. In one embodiment, an adaptive
interpolation filter is selected and coefficients,
typically two vectors comprising a coefficient vector
and an offset vector are sent. For example, a
coefficient vector comprising six coefficients may be
[1,0,1,0,1,1,], and corresponding offset vector [-1,
0, 2, 1, 3, O]. One offset value is sent for each
sub-pixel position, plus one offset for the full pixel
position. So, there may be two vectors, one for the
filter selection, and another, having same dimension,
for the offsets. In another embodiment, a set of
fixed, pre-calculated filters are used instead of
determining adaptively the coefficients for each
frame. [0060] The process 50 then moves to block 53
and reference frames using alternative filters are
generated. In one embodiment, a reference frame using
an enhanced adaptive interpolation filter is generated
and stored in the reference frame store 25. The
reference frame may be interpolated using an adaptive
interpolation filter, an enhanced adaptive
interpolation filter, or a combination of non-default
filters. [0061] The process 50 then moves to block 54
and computing an error for each block with every
combination of filters available. In one embodiment, a
current frame 30 is 



compared with an interpolated reference frame using an
alternative interpolation filter and the rate and
distortion error is determined. In another embodiment,
a current frame 30 is compared with an interpolated
reference frame using a default H.264 filter, and the
rate and distortion error is determined.[0062] The
process 50 then moves to block 55 and determining a
cost of encoding filters coefficients. In one
embodiment, a filter decision unit 44 of FIG. 3
determines a cost for each sub pixel position of
encoding filter coefficients using a default
interpolation filter verses using an alternative
interpolation filter, wherein the cost is determined
in bit overhead. [0063] If some positions are
considered symmetric, a single filter can be
determined and chosen from more than one sub-pixel
position. For example, sub-pixel position 'a' and 'c'
could use filters that are mirror images of the other.
[0064] The process 50 then moves to block 56 and
determines a best combination of filters. In one
embodiment, for each full and sub pixel position in
the final frame, a determination is made as to whether
to use a default filter or an alternative filter based
on the filter having a lower error and a low
distortion rate when compared. [0065] The mathematical
computations used to determine the distortion rate per
pixel are described below. SADStd , the sum of
absolute differences of the motion-compensated
prediction error based on the default interpolation
filter is calculated; AL) LIF the motion-compensated
prediction error based on the alternative
interpolation filters is calculated; l nBits m e cos t
n f ) o f 1 s e information necessary to encode the
filters coefficients is calculated, multiplied by a
scaling factor lambda and added to Finally, SLD s d an
SADAIF +l nBi ts c compared and the lowest value used
to determine whether the alternative or the default
interpolation filters should be used. [0066] In one
embodiment, if the filter selection uses predetermined
and precalculated filters, and the encoder receives
only the information related to the filter selection.
For example, using the iterative method that finds a
cost that is a local minimum approximation to the
optimal cost, no side information, such as the cost
(in bits) needs to be transmitted. [0067] FIG. 5 is a
block diagram of a video frame showing fractional
pixel positions for interpolation. Also, FIG. 5
illustrates a set of fractional pixel (or sub-pixel)
positions in a video frames. In FIG. 5, there are
altogether 15 sub-pixel positions, labeled "a"through
"o" in FIG. 5. Moreover, this block diagram may be
used to provide symmetry data and may lead to reduces
computation overhead. For example, the 4-pixel
positions 'a' 6 1 & 'c' 63 may be symmetric, reducing
computational overhead involved in the interpolation
processing. In yet another example, sub-pixel position
'C3 ' 65 may be symmetric to sub-pixel 'C4' 69
resulting in reduce computational overhead during
interpolation processing. [0068] A simplified
heuristic method considers only error contributions in
which the positions of the two reference blocks use
the same filter. This happens when the positions are
identical or when they belong to the same symmetry
class (for example e, g, m and o in FIG. 5). C [0069]
With this approach, it is possible to accumulate the
error in a vector d"' and the problem can be stated
as: n 



min U (c +d -l -nBits, ) [0070] Due to the
independence of the decisions, the solution can be
found by minimizing each independently. [0071] FIG. 6
is a block diagram illustrating motion estimation. In
general, motion estimation is used to determine motion
vectors for each macroblock in a current frame as
compared to a reference frame. The process of
calculating a motion vector comprises executing a
search algorithm that determines a best match between
a macroblock in the current frame and a block of
pixels from a reference frame. The search algorithm is
generally performed using a Sum of Absolute Difference
(SAD) computation, which is well known in the art. In
particular, the motion estimation compares each
macroblock in the current frame with its surrounding
area in the previous frame and attempts to find a
match indicated by the minimum SAD. [0072] Moreover,
FIG. 6 illustrates a relationship between a sequential
set of video frames. FIG. 6 depicts an intra-frame (or
I-frame) 60 as a reference frame and a predicted frame
(or P frame) 62 as a current frame. The predicted
frame (P frame) 62 defining a first macroblock 66 and
performing motion estimation by defining a second
macroblock 64 in the Intra-frame 60 (or reference
frame). The pixels within the first macroblock 66 and
the second macroblock 64 are compared and the sum
absolute difference (SAD) is calculated, and a motion
vector 68 is determined as a result.[0073] FIG. 7 is a
block diagram illustrating a video frame including an
infra-frame, predicted frames, and bi-directional
predicted frames. As illustrated, the infra-frame 70
does not reference any other frame, except itself. In
one embodiment, an infra-frame is a first frame
received in a sequence of frames. Generally,
infra-frames do not reference any preceding frames and
do not have the capability to reference frames in the
future. On the other hand, predicted frames may
reference previous infra-frames or future predicted
frames. As shown in the diagram, the first
predicted-frame 76 references the infra-frame 70 and
does not reference the first B frame 72 or the second
B frame 74. B frames, typically reference either
infra-frames or predicted frames, both in the past and
in the future. As shown in FIG. 7, a first B frame 72
references both the first infraframe 70 and the first
predicted frame 76 to determine the best motion
vector. As shown in FIG. 7, a second B frame 74
references both a first infra-frame 70 and a first
predicted frame 76. [0074] FIG. 8 is block diagram
illustrating a video frame comprising a bi-directional
predicted slice comprising two motion vectors. In one
embodiment, a first b i directional predicted frame 72
defining a first bi-directional predicted macroblock
814 having a size of 16x16 referencing an infra frame
70 (a preceding frame) defining a second infra-frame
macroblock 806 having a size of 16x16 and a first
predicted frame 76 (a future frame) defining a third
predicted macroblock 810 having a size of 16x16. In
another embodiment, the reference frames may also be
two bi-directional predicted frames, two predicted
frames, or a combination of a predicted frame and a
bi-directional predicted frame. The first
bi-directional predicted frame 72 calculating and
identifying two motion vectors, a first infra motion
vector 820 and a second predicted motion vector 822 as
illustrated in FIG. 8. The infra frame 70 identifying
a first infra-pixel 808 having the smallest sum of
absolute difference value with reference with the
first bi-directional predicted frame 72. As shown in
FIG. 8, the first predicted frame 76 identifying a
first predicted pixel 812 having the smallest sum of
absolute difference value with reference with the
first predicted frame 72. [0075] Upon identification
of a first infra pixel 808 and the first predicted
pixel 812, 



a matrix is then constructed, as described below;
wherein 'a' represents the first infra pixel 808 and
'b' represents the first predicted pixel 812. matrix C
= 0 , 0 , a , b 0 , 1 , a , b 1 , 0 , a , b1 , 1 , a ,
b Matrix C contains errors accumulated during the
prediction, wherein 'a' and 'b' are sub-pixel
positions. So, in Fig 8, the first intra-motion vector
820 points to a sub-pixel position 'a' and the second
predicted motion vector 822 points to a sub-pixel
position 'b'. To matrix C = [0,0,a,b] the encoder will
add the prediction error computed by applying default
filters (choice 0) to both the first intra-pixel 808
and the first predicted pixel 812. To matrix C =
[1,0,a,b] the encoder will be updated by adding the
prediction error obtained by interpolating the first
intra-pixel 808 with the adaptive filter and first
predicted pixel 812 with the default filter (choice 1
0). To matrix C = [0,1,a,b] the encoder will add the
prediction error obtained by interpolating the first
intra-pixel 808 with a default filter and the first
predicted pixel 812 with the adaptive filter (choice 0
1) . Finally, to matrix C = [l,l,a,b] encoder will be
updated with the prediction error obtained from the
interpolation of both pixels with an adaptive filter
(choice 1 1). [0076] For each full and sub-pixel
position, a decision vector 1 2' ' n' , with d ' 0 ' 1
and 1 = 1 ' can be computed. [0077] A filter flag of '
1' or '0' for each sub-pixel position representing a
unique set of filter coefficients sent to indicate
whether a default or an alternative filter for the
subpixel position is used. If the filter flag is set
to' 1' , then the alternative filter coefficients for
this sub-pixel position are predicted, quantized,
coded and applied to corresponding sub-pixel
positions. If the filter flag is set to '0', then the
default interpolation filters are used to interpolate
this sub-pixel position and its symmetric sub-pixel
positions. [0078] In the heuristic solution, using
symmetry classes, an error is accumulated if both
infra pixel 808 and predicted pixel 812 are pointing
to the same sub-pixel position. For example, the
matrix may be simplified to: matrix = 0 , 0 , a , a 0
, 1 , a , a 1 , 0 , a , a 1 , 1 , a , a [0079] In a
bi-predicted block, the full or sub-pixel positions
for the two reference blocks used in the prediction
can be different, so the SAD error has to be collected
for each combination of positions. It is possible to
iterate through all blocks and, in a single pass,
accumulate the absolute differences between the
original and the interpolatedQ pixels into a
four-dimensional matrix where d"d ' 'J represents the
sum of absolute differences accumulated for the
positions l -J - ----n w hen the filter decisions are
{0,1} [0080] For each block being encoded, the
positions l and refer to the second intra frame
macroblock 806 (A) and the third predicted macroblock
810 (B). Then, for each pixel in the block 814, four
predictions are computed by using pixStdX and pixAifX,
the pixels interpolated with the default and with the
alternative filters: pix OO = ( 1 - b scaling) pixStdA
+ b scaling pixStdB; pix Ol = ( 1 - b scaling) pixStdA
+ b scaling pixAifB; pix l O= ( 1 - b scaling) pixAifA
+ b scaling pixStdB; 



pix_l I = ( I - b_scaling) pixAifA + b_scaling
pixAifB; [0081] the reconstructed pixels are finally
computed as: rec OO = max(0, min(max_pixel_value,
(int)(pix_00 + 0.5))); rec Ol = max(0,
min(max_pixel_value, (int)(pix_01 + 0.5))); rec l O=
max(0, min(max_pixel_value, (int)(pix_10 + 0.5))); ree
l 1 = max(0, min(max_pixel_value, (int)(pix_l 1 +
0.5))); [0082] and used to determine the absolute
error corresponding to the use of the default or of
the alternative interpolation filter. The error will
be accumulated in the matrix as: [0083] C[O][O][i][j]
+= (double)abs(orig - rec OO); C[l][l][i]D "] +=
(double)abs(orig - rec l l); C[O][l][i][j] +=
(double)abs(orig - rec Ol); C[l][O][i][j] +=
(double)abs(orig - rec lO); [0084] The scaling factor
b-scaling can be either 0.5 or computed according to
the sequence of the current and reference frames. This
second method may be used to weight more the
contributions of predictions originated from a
temporally closer reference frame. [0085] If one of
the two reference blocks is missing, then the error
contribution is only accumulated for one of the two
positions. Furthermore, the error contributions
toC[O][I] and C[I][O] are not accumulated when l ~ and
the position is the same for both reference blocks.
[0086] For each used alternative filter the filter
coefficients may be explicitly signaled, so each
position l ~ ->n (whether full- or sub-pixel) has an
associated weighted cost , with the weighting factor
reflecting the contribution of the bits to the
rate-distortion performance. If the filters are
predetermined or pre-calculated and available to the
encoder, then information, such as, cost (in bits) may
not need to be transmitted. [0087] With this
formalism, the application consists of finding the
binary decision vector D = ( i,d2 - - - d n ) mat
minimizes : min   C , L , , + d -l -nBits, [0088]
Given the matrix Cd d and the vector l YiBHs1 , it is
possible to exhaustively compute the error
corresponding to each of the 2" decision vectors and
select the smallest. [0089] An iterative method that
closely approximates the optimal strategy includes
starting from a possible solution (any valid decision
vector) and finding the position for which an
alternative filter has the largest error reduction.
This position is then updated with the value of the
new filter choice and the process is repeated until no
more improvements are possible, the improvement is
negligible (below a predetermined threshold) or a
maximum number of iterations is reached. The three
stopping criteria may be combined together. [0090] A
pseudo-code description of the method is as follows:
D[0,..,n-l] = {0, 0, 0, ..., 0}; //A starting solution
SAD = ComputeSAD(D, C); // C is the cost matrix
while(stopping criteria are not satisfied) { (P, F) =
FindPosition(D, C, SAD); // Find position and filter
// decreasing SAD the most D[P] = F; // Update D SAD =
ComputeSAD(D, C); // Update SAD } 



[0091] This method is able to converge to a local
minimum in 8 to 10 iterations in many cases. If n is
the number of positions and is the number of choices
(filters)available for each position, each iteration
has n -(k-Y) possibilities (the remaining k-\ filters
on each of the n positions). If we limit the maximum
number of iterations to be at most c , this method
will have a computational complexity that is linear in
the number of positions and filters. [0092] A method
of using uneven quantization, that is, the
quantization precision, depends on the coefficient
location. It has been found that for coefficients with
smaller magnitude (these are coefficients farther away
from the center of the filter), better precision is
needed compared to coefficients with larger magnitude
(these are coefficients closer to the center of the
filter). [0093] The matrix QFF is used to specify the
quantization precision of the coefficients of the
integer-pixel filter. The numbers of bits in the
matrix includes 1 bit for sign so, for example, the
center coefficient will be quantized with 9 bits of
which 1 used for the sign and 8 bits for the error
magnitude. [0094] It has been found experimentally
that QFP provides the best quantization for P-frames,
while B-frames are better encoded by using the finer
quantization described hyQ FP : [0095] FIG. 9 is a
flow diagram describing a process 92 for creating a
final reference frame based on filter selection
decisions using the system shown in FIG. 3. The
process begins at block 93 by identifying a set of
reference frames and a current frame. For example, the
set of reference frames stored in the reference frame
store 25 and the current frame transmitted to the
motion compensation unit 27 within the video encoder
26. In one embodiment, the set of reference frames
comprise an intra-frame and predicted frames.[0096]
The process 92 then moves to block 94 and interpolates
the set of reference frames using a default filter to
create a default interpolated frame. The set of
reference frames in the reference frame store 25
previously identified, may be interpolated using a
default filter and transmitted to the reference frame
store 25 for storage and later retrieval. The default
filter may be any default filter (i.e. H.264 filter)
resident within a video encoder 20 that is declared to
be normative by a standards organization. In one
embodiment, the set of reference frames are
interpolated using a default H.264 filter and stored
in the reference frame store 25 within the video
encoder 26. [0097] The process 92 then moves to block
95 and interpolates the set of reference frames using
an alternative filter to create an alternative
interpolated frame. The set of reference frames in the
reference frame store 25 previously identified, may be
interpolated using an alternative filter and
transmitted to the reference frame store 25 for
storage and later retrieval. The alternative filter
may reside within the motion compensation unit 27, or
may reside in another component within the encoder.
The alternative filter may be any adaptive filter
(i.e. 2D adaptive interpolation filter, E-AIF, etc)
resident within a video encoder 26. In other words, an
alternative filter is any filter that is available in
the video encoder 20 which is not labeled a default
filter. In one embodiment, the set of reference frames
are interpolated using an enhanced adaptive
interpolation filter and stored in the reference
frames store 25 within the video encoder 26. [0098]
The process 92 then moves to block 96 and comparing
for each sub pixel position, if the interpolated
reference frames using the default filter have a lower
sum error than the interpolated reference frames using
the alternative filter; wherein the lower sum error
based on the lowest combination of error rate and
distortion. The sub 



pixel position may be one half of a pixel, one quarter
of a pixel, one eighth of a pixel, or any fractional
value less than one. In one embodiment, a sub pixel
position is determined to have a lower sum error using
a default filter than an alternative filter after
comparing both interpolated reference frames. [0099]
The process 92 then moves to block 97, wherein the
alternative filter is selected if it has the lower sum
error value. In one embodiment, for each sub pixel
position to be generated in a final frame, an
alternative filter is selected if the alternative
filter (for example, an adaptive interpolation filter)
is determined to have a lower error rate and
distortion rate.[0100] Otherwise, the process 92 moves
to block 98 wherein the default filter is selected if
the alternative filter did not have the lower sum
error value. In one embodiment, for each sub pixel
position to be generated in a final frame, a default
filter is selected if the default filter is determined
to have a lower error and distortion rate. [0101] The
process 92 then moves to block 99 wherein for each sub
pixel position, the best combination of either a
default or an alternative filter is selected to
generate a final reference frame. In one embodiment,
the final reference frame is generated using only a
default filter for each sub pixel position. In another
embodiment, the final reference frame is generated
using alternative filters, determined to have a lower
sum error rate. In another embodiment, the final
reference frame is generated using a combination of
alternative and default filters determined to have a
lower sum error rate per sub pixel position. [0102]
Conditional language, such as, among others, "can,"
"could," "might," or "may," unless specifically stated
otherwise, or otherwise understood within the context
as used, is generally intended to convey that certain
embodiments include, while other embodiments do not
include, certain features, elements and/or steps.
Thus, such conditional language is not generally
intended to imply that features, elements and/or steps
are in any way required for one or more embodiments or
that one or more embodiments necessarily include logic
for deciding, with or without user input or prompting,
whether these features, elements and/or steps are
included or are to be performed in any particular
embodiment. [0103] Any process descriptions, elements,
or blocks in the flow diagrams described herein and/or
depicted in the attached FIG.s should be understood as
potentially representing modules, segments, or
portions of code which include one or more executable
instructions for implementing specific logical
functions or steps in the process. Alternate
implementations are included within the scope of the
embodiments described herein in which elements or
functions may be deleted, executed out of order from
that shown or discussed, including substantially
concurrently or in reverse order, depending on the
functionality involved, as would be understood by
those skilled in the art. [0104] The techniques
described herein may be implemented in hardware,
software, firmware, or any combination thereof. If
implemented in software, the techniques may be
realized at least in part by one or more stored or
transmitted instructions or code on acomputer-readable
medium. Computer-readable media may include computer
storage media, communication media, or both, and may
include any medium that facilitates transfer of a
computer program from one place to another. A storage
media may be any available media that can be accessed
by a computer. [0105] By way of example, and not
limitation, such computer-readable media can comprise
RAM, such as synchronous dynamic random access memory
(SDRAM), read only memory (ROM), non-volatile random
access memory (NVRAM), ROM, 



electrically erasable programmable read-only memory
(EEPROM), EEPROM, FLASH memory, CD-ROM or other
optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can
be used to carry or store desired program code in the
form of instructions or data structures and that can
be accessed by a computer. [0106] Also, any connection
is properly termed a computer-readable medium. For
example, if the software is transmitted from a
website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair,
digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared,
radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes
compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc
where disks usually reproduce data magnetically, while
discs reproduce data optically, e.g., with lasers.
Combinations of the above should also be included
within the scope of computer-readable media. [0107]
The code associated with a computer-readable medium of
a computer program product may be executed by a
computer, e.g., by one or more processors, such as one
or more digital signal processors (DSPs), general
purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic
arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. In some aspects, the
functionality described herein may be provided within
dedicated software modules or hardware modules
configured for encoding and decoding, or incorporated
in a combined video encoder-decoder (CODEC). [0108]
Various aspects have been described. These and other
aspects are within the scope of the following
claims.WHAT IS CLAIMED IS: 1. A method of encoding
digital video, the method comprising: identifying a
reference frame and a current frame; interpolating the
reference frame using a default filter to create a
default interpolated frame; interpolating the
reference frame using an alternative filter to create
an alternative interpolated frame; and determining for
each sub-pixel position whether to use the default
filter or the alternative filter based on a lower sum
error to generate a final reference frame. 2. The
method of claim 1, wherein the reference frame is a
predicted frame. 3. The method of claim 1, wherein the
reference frame is a bi-directional predicted frame.
4. The method of claim 1, wherein the default filter
is a H.264 filter 5. The method of claim 1, wherein
the alternative filter is an adaptive interpolation
filter. 6. The method of claim 1, wherein the lower
sum error is based on the lowest combination of error
rate and distortion. 7. A video encoding device,
comprising: a motion compensation unit configured to
interpolate a first reference frame using a default
filter to create a default interpolated frame and
interpolate a second reference frame using an
alternative filter to create an alternative
interpolated frame; 



a reference frame store configured to store the
default interpolated frame and the alternative
interpolated frame; a filter decision unit configured
to receive a current frame, the default interpolated
frame, and the alternative interpolated frame;
determine, for each full and sub-pixel position,
whether to use a default filter or an alternative
filter in a final frame; and generate the final frame.
8. The video encoding device of claim 7, wherein the
interpolated reference frames are generated using a
H.264 filter.9. The video encoding device of claim 7,
wherein the final reference frame is created using a
combination of filters determined to have a low error
rate and a low distortion rate. 10. The video encoding
device of claim 7, wherein the sub-pixel position is a
A pixel, a 1A pixel, or 1/8 pixel. 11. The video
encoding device of claim 7, wherein the default filter
is a H.264 filter. 12. The video encoding device of
claim 7, wherein the alternative filter is an adaptive
interpolation filter. 13. A video encoding device,
comprising: means for receiving a current frame; means
for storing a plurality of interpolated reference
frames in a reference frame store; means for receiving
the plurality of interpolated reference frames from
the reference frame store; means for producing a final
frame; and means for determining for each full and sub
pixel position in the final frame whether to use a
default filter or an alternative filter. 14. The video
encoding device of claim 13, wherein the plurality of
interpolated reference frames are generated using a
H.264 filter. 15. The video encoding device of claim
13, wherein the final reference frame is created using
a combination of filters determined to have a low
error rate and a low distortion rate. 16. The video
encoding device of claim 13, wherein the sub-pixel
position is a A pixel, a 1A pixel, or 1/8 pixel. 17.
The video encoding device of claim 13, wherein the
default filter is a H.264 filter. 18. The video
encoding device of claim 13, wherein the alternative
filter is an adaptive interpolation filter. 19. A
computer readable medium comprising instructions to
cause a processor to: identify a reference frame and a
current frame;interpolate the reference frame using a
default filter to create a default interpolated frame;
interpolate the reference frame using a alternative
filter to create an alternative interpolated frame;
and determine, for each sub-pixel position, whether to
use the default filter or the alternative filter based
on a lower sum error to generate a final reference
frame. 



20. The method of claim 19, wherein the reference
frame is an intra-frame. 21. The method of claim 19,
wherein the reference frame is a predicted frame. 22.
The method of claim 19, wherein the default filter is
a H.264 default filter 23. The method of claim 19,
wherein the alternative filter is an adaptive
interpolation filter. 24. The method of claim 19,
wherein the lower sum error is based on the lowest
combination of error rate and distortion. 25. A video
encoding device, comprising: a motion compensation
unit configured to interpolate a first reference frame
using a default filter to create a default
interpolated frame and interpolate a second reference
frame using an alternative filter to create an
alternative interpolated frame; a filter decision unit
configured to receive a current frame, the default
interpolated frame, and the alternative interpolated
frame, wherein the filter decision unit is further
configured to determine, for each full and sub-pixel
position, whether to use a default filter or an
alternative filter in a final frame and to generate
the final frame. 26. The video encoding device of
claim 25, wherein the alternative filter is one of a
plurality of pre-calculated filters.27. A video
encoding device, comprising: means for receiving a
current frame; means for receiving a plurality of
interpolated reference frames means for producing a
final frame; and means for determining for each full
and sub pixel position in the final frame whether to
use a default filter or an alternative filter. 28. The
video encoding device of claim 27, wherein the
alternative filter is one of a plurality of
pre-calculated interpolation filters. 


