
TITLE OF THE INVENTION ORAL CARE COMPOSITIONS
CONTAINING FLAVONOIDS AND FLAVANS CROSS REFERENCE TO
RELATED APPLICATION [0001] This application claims
priority to United States Provisional Patent
Application Serial No. 60/639,331, filed 22 December
2004, the contents of which are incorporated herein by
reference in their entirety. , BACKGROUND OF THE
INVENTION [0002] Oral inflammation is associated with
common oral conditions, including periodontitis, for
example. Gingivitis is the initial stage of gum
disease. A cause of gingivitis is plaque, which is a
soft, sticky, colorless film of bacteria that forms on
the teeth and gums. Plaque, if left untreated,
produces toxins that can inflame or infect the gum
tissue to cause gingivitis. Untreated gingivitis can
eventually spread from the gums to the ligaments and
bone that support the teeth, and can cause
periodontitis. While a variety of different treatments
exist for preventing and suppressing oral inflammatory
conditions, such treatments are subject to
improvement. BRIEF SUMMARY OF THE INVENTION [0003] In
various embodiments, the invention provides an oral
composition comprising a free-B-ring flavonoid and a
flavan. Further, the composition comprises a
bioavailability-enhancing agent for the flavonoid
and/or the flavan. [0004] In various embodiments, the
oral composition comprises a free-B-ring flavonoid, a
flavan, and optionally, an oral care active agent.
[0005] In certain embodiments, an oral composition
comprises a free-B-ring flavonoid, a flavan, a
bioavailability-enhancing agent for the flavonoid
and/or the flavan; and a non-ionic antibacterial
agent. [0006] In other embodiments, an oral
composition comprises a free-B-ring flavonoid, a
flavan, and an oral care active agent comprising a
cationic compound. [0007] In yet other embodiments, an
oral composition comprises a free-B-ring flavonoid, a
flavan, and an oral care active agent comprising a
stannous ion source. [0008] Also provided are methods
for inhibiting and/or treating an oral inflammatory
condition in a mammalian subject. In various
embodiments, the method 



comprises administering to the oral cavity of the
subject an effective amount of an oralcomposition
comprising a free-B-ring flavonoid, a flavan, and a
bioavailability-enhancing agent for increasing the
bioavailability of the flavonoid and/or the flavan in
the oral tissue in the oral cavity. DETAILED
DESCRIPTION OF THE INVENTION [0009] It has been
discovered that compositions and methods of this
invention afford benefits including one or more of
enhanced efficacy in treatment of oral inflammatory
conditions, enhanced efficacy in inhibiting oral
inflammatory conditions, and reduced side effects.
[0010] Oral compositions according to the present
invention include one or more free-B-ring flavonoids
and one or more flavans. In various embodiments, such
compositions for topical (or injectable) oral
administration provide a reduction of oral
inflammation. The term oral surface and oral tissue
encompass hard and soft tissues within the oral
cavity. Hard tissues include the teeth, periodontal
support, and the like. Soft tissues comprise gums, the
tongue, surfaces of the buccal cavity and the like.
[0011] The present invention provides oral care
compositions and methods for administration or
application to, or use with, mammalian subjects, such
as a human or animal. [0012] The present invention, in
various embodiments, provides oral compositions for
treating and/or inhibiting various oral inflammatory
conditions, such as gingivitis, periodontitis, oral
lichen planus, Sjogren's syndrome, etc. The oral
compositions can be present in various different
forms. For example, the oral compositions can be at
least one of a dentifrice, paste, gel, powder, mouth
rinse, mouthwash, tooth hardener, oral film,
anticalculus composition, film, slurry, injectable
solution, and lozenge. [0013] In various embodiments,
oral compositions comprise at least one free-Bring
flavonoid and at least one flavan. The oral
composition preferably also includes a bio
availability enhancing agent. Optionally at least one
oral care active agent may be included.
"Bioavailability-enhancing agent" refers to one or
more constituents that are present in the oral
composition that improve the degree to which an oral
care active compound or other substance becomes
available to the target tissue after administration to
the oral cavity. In various embodiments, the
bioavailability-enhancing agent improves the
availability of the 



flavan and the flavonoid to the target oral tissue.
Preferably, the bioavailability-enhancingagent
improves the availability of both the flavan and the
flavonoid of the oral compositions of various
embodiments of the present invention to oral surfaces.
The flavan and free-B-ring flavonoid tend to be
lipophilic and the bioavailability-enhancing agent
enhances tissue uptake and/or efficacy of the active
at the oral surface, even in the relatively aqueous
environment of the oral cavity. The
bioavailability-enhancing agent is preferably at least
one of a solubilizing agent and an efficacy-enhancing
agent. [0014] The free-B-ring flavonoid(s) and
flavan(s) for use in the invention are both a type of
flavonoid. Flavonoids are a class of compounds
generally found in plants that have the general
structural skeleton C6-C3-C6 pattern and include
compounds such as flavones, flavans, flavonols,
isoflavones, dihydroflavonols, flavonones, and
derivatives thereof. [0015] Free-B-ring flavonoids
constitute a group of flavonoids that generally
contain a 2,3-double bond and/or a 4-oxo group in the
"C-ring" of the compound, as shown in the structure
below, but generally have no substitute groups on the
aromatic B-ring. [0016] Flavans, which include
flavonols, have a 2,3-double bond and generally lack a
4-oxo group (on the C-ring). Commonly occurring
flavonol-type flavans have B-ring hydroxyl
substituents; examples of these include flavan-3 '-ols
and flavan-3',4'-diols. Free-Bring flavonoids can be
isolated from a variety of different plant parts,
including, but not limited to, stems, stem barks,
trunks, trunk barks, twigs, tubers, roots, root barks,
young shoots, tissues, seeds, rhizomes, flowers, and
other reproductive organs, leaves and other aerial
parts. For example, in various embodiments,
free-B-ring flavonoids are isolated from plants of the
taxa described in United States Patent Application
Publication No. 2003/0216481 to Jia. All references
cited in the present specification are hereby
incorporated by reference in their respective
entireties.[0017] In various embodiments, free-B-ring
flavonoids are isolated from plants of the family
Lamiaceae. In various embodiments, the free-B-ring
flavonoids are isolated from plants of the subfamily
Scutellarioideae. In various embodiments, the
free-B-ring flavonoids are isolated from plants of the
genus Scutellaria. In various embodiments, the
free-B-ring flavonoids are isolated from plants of the
species Scutellaria baicalensis. The Chinese medicinal
plant Scutellaria baicalensis contains significant
amounts of free-B-ring flavonoids, including
baicalein, baicalin, wogonin, and baicalenoside.
Compositions comprising free-B-ring flavonoids have
been shown to inhibit activity of the cyclooxygenase 



enzyme COX-2, inter alia. [0018] Flavans are a
specific class of flavonoids that can be isolated from
a variety of different plant parts, including but not
limited to stems, stem barks, trunks, trunk barks,
twigs, tubers, roots, root barks, young shoots,
tissues, seeds, rhizomes, flowers, and other
reproductive organs, leaves and other aerial parts. In
various embodiments, flavans can be isolated from
plants of the taxa described in United States Patent
Application Publication No. 2003/0216481 to Jia. In
various embodiments, the flavans can be isolated from
plants of the family Fabaceae. In various embodiments,
the flavans can be isolated from plants of the
subfamily Mimosoideae. In various embodiments, the
flavans can be isolated from plants of the tribe
Acacieae. In various embodiments, the flavans can be
isolated from the genus Acacia. In various
embodiments, the flavans can be isolated from the
species Acacia catechu. [0019] Catechin is an example
of a flavan that is found extensively in Acacia.
Catechin exhibits, both alone and in conjunction with
flavonoids found in tea, antiviral and antioxidant
activity. Catechin has also been shown to inhibit
activity of both the COX-I and COX-2 enzymes. [0020]
Free-B-ring flavonoids and flavans can be extracted
from tissues of the above plants, and any other
suitable plant, using any suitable extraction
technique commonly known in the art. For example,
extraction techniques that can be used are any
suitable aqueous extraction or organic solvent
extraction. Preferred extraction techniques utilize
water, methanol, water/methanol, dichloromethane and
methanol:THF. Any other suitable extraction technique
may be used such as steam distillation, supercritical
fluid extraction, andany of the techniques set forth
in United States Patent Application Publication No.
2003/0216481 to Jia, for example. [0021] The ratio of
free-B-ring flavonoids to flavans in the oral
composition can be adjusted based on a variety of
different factors, such as the particular condition to
be treated. In many applications, the ratio of
free-B-ring flavonoids to flavans can be in the range
of about 99:1 free-B-ring flavonoids: flavans to about
1:99 of free-B-ring flavonoids: flavans. Free-B-ring
flavonoid-to-flavan ratios can be selected from the
group consisting of approximately 90:10, 80:20, 70:30,
60:40, 50:50, 40:60, 30:70, 20:80, and 10:90. In
various embodiments, the ratio of free-B-ring
flavonoids: flavans is approximately 85:15. A variety 



of different techniques can be used to create the
mixture of at least one free-B-ring flavonoid and at
least one flavan. Specific examples of the preparation
of this mixture are provided throughout United States
Patent Application Publication No. 2003/0216481 to
Jia. [0022] The mixture of at least one free-B-ring
flavonoid and at least one flavan can be present in
the oral composition of the present invention at a
variety of different amounts. In various embodiments
the mixture can be present in the oral composition at
more than about 0.001% by weight, of about 0.001% to
about 5% by weight, of about 0.01% to about 5% by
weight, of about 0.1% to about 3% by weight, of about
0.1% to about 1% by weight, or of about 0.1% to about
0.5% by weight. [0023] At least one free-B-ring
flavonoid and at least one flavan can be combined to
form a mixture useful in a composition according to
the present invention. Likewise, a plant extract
containing at least one free-B-ring flavonoid can be
combined with a plant extract containing at least one
flavan to form a mixture for use therein. Such
mixtures are also commercially available. An example
is UNIVESTIN(r), which is manufactured and sold by
Unigen Pharmaceuticals, Inc., Superior, Colorado,
United States. A full description of UNGVESTIN(r) can
be found in United States Patent Application
Publication No. 2003/0216481 to Jia. UNIVESTIN(r) is
believed to inhibit specific enzymes that catalyze
oral inflammatory pathways, such as, for example, the
COX-I, COX-2, and 5-LO enzymes. In various embodiments
the free-B-ring UNIVESTIN(r) flavonoids are isolated
from plant tissues of the genus Scutellaria. Specific
examples of methods useful for the preparation of a
mixture of at least one free-B-ring flavonoid and at
least one flavan are provided throughoutUnited States
Patent Application Publication No. 2003/0216481 to
Jia, such as at Example 14. [0024] In one embodiment,
the mixture of at least one free-B-ring flavonoid and
at least one flavan contains about 80 to about 90% by
weight of active ingredient compounds, more
specifically about 86% active compounds where 76% by
weight are free-B-ring flavonoids and about 10% are
flavans. In this mixture, the free-B-ring flavonoids
are believed to include: baicalin (about 63%),
wogonin-7-glucuronide (about 7%), oroxylin A 7-
glucuronide (about 2%), baicalein (less than about
2%), wogonin (about 1%), chrysin-7- glucouronide
(about 1%), 5-methyl-wogonin-7-glucuronide (about
0.5%), scutellarin (less than about 0.5%), norwogonin
(less than about 0.5%), chrysin (less than about
0.2%), and 



oroxylin A (less than about 0.2%). The flavans are
believed to include: catechin (about 10%) and
epicatechin (less than about 0.5%). [0025] In certain
embodiments the bioavailability-enhancing agent
comprises a solubilizing agent that serves to increase
solubility of the flavan and/or flavonoid in the oral
composition, which is particularly advantageous where
the oral composition comprises a hydrophilic or
aqueous carrier. In other embodiments, the
bioavailability-enhancing agent comprises an
efficacy-enhancing agent that improves or enhances the
ability of the oral care active compound(s) to produce
the desired effect on the target tissue. In certain
embodiments, the bioavailability-enhancing agent
comprises an efficacy-enhancing agent that comprises a
delivery-enhancing group that enhances the delivery of
the flavonoid and/or flavan (and optionally an oral
care active agent) to oral tissue and/or a
retention-enhancing group that increases retention of
the flavonoid and/or flavan (and optionally an oral
care active agent) by oral tissue. Optionally, the
bioavailability-enhancing agent comprises both an
efficacy-enhancing agent and a solubilizing agent.
[0026] As employed herein, the delivery-enhancing
group refers to a moiety on the
bioavailability-enhancing agent when it is an
efficacy-enhancing agent, that attaches or
substantively, adhesively, cohesively or otherwise
bonds the efficacy-enhancing agent carrying components
of the free-B-ring flavonoid/fiavan mixture (and
optionally the oral care active agents), to oral
(e.g., tooth and gum) surfaces, thereby "delivering"
the components and the optional oral care agent to the
oral surfaces. The retention-enhancing group(s), which
is generally hydrophobic, attaches or otherwise bonds
free-B-ring flavonoids and/orflavans of the mixture,
as well as the optional oral care agent (particularly
where it is nonionic) to the efficacy-enhancing agent,
thereby promoting retention of these compounds
directly on the efficacy-enhancing agent and
indirectly on the oral surface(s). In some instances,
attachment of the free-B-ring flavonoid/flavan mixture
and optional oral care agent occurs through physical
entrapment by the efficacy-enhancing agent, especially
when the efficacy-enhancing agent is a cross-linked
polymer and the structure inherently provides
increased sites for such entrapment. The presence of a
higher molecular weight, more hydrophobic
cross-linking moiety in the cross-linked polymer still
further promotes the physical entrapment of
free-B-ring flavonoid(s), flavan(s), and the optional
oral care agent in or on the cross-linked
efficacy-enhancing agent polymer. 



[0027] In certain embodiments, the
bioavailability-enhancing agent comprises an
efficacy-enhancing agent that comprises water soluble
or swellable anionic polymer or co polymer having
delivery-enhancing groups and retention-enhancing
groups, where the delivery-enhancing groups enhance
delivery of free-B-ring flavonoids, flavans, and/or
oral care agent(s) to a subject's oral tissue, and the
retention-enhancing groups enhance retention by oral
tissue of the free-B-ring flavonoids, flavans, and/or
oral care agent(s). [0028] The efficacy-enhancing
agents can also include those that are characterized
as having utility as denture adhesives or fixatives or
dental cements. The efficacy-enhancing agent is a
polymer or copolymer, which terms are entirely
generic, thus including for example oligomers,
homopolymers, copolymers of two or more monomers,
ionomers, block copolymers, graft copolymers,
cross-linked polymers and copolymers, and the like.
They may be natural or synthetic, and water (saliva)
soluble or swellable (hydratable, hydrogel forming)
polymer or copolymer. [0029] If the efficacy-enhancing
agent comprises a delivery-enhancing group, it can be
any of those listed in United States Patent Nos.
5,538,715 and 5,776,435 both to Gaffar et al. In
various embodiments, the delivery-enhancing groups are
preferably acidic such as sulfonic, phosphinic, or
more preferably phosphonic or carboxylic, or a salt
thereof, e.g., alkali metal or ammonium. When present,
the retention-enhancing group(s) can be any organic
retention-enhancing group, for example, those that
have the formula -(X)n -R wherein X is O, N, S, SO,
SO2, P, PO or Si or the like, R is hydrophobic alkyl,
alkenyl, acyl, aryl, alkaryl, aralkyl, heterocyclic or
their inert-substituted derivatives, and n is zero or
one ormore. The term "inert-substituted derivatives"
is intended to include substituents on R which are
generally non-hydrophilic and do not significantly
interfere with the desired functions of the
efficacy-enhancing agent as enhancing the delivery of
the oral composition actives (including the flavonoid,
flavan, and optionally oral care active(s)) to, and
retention thereof, on oral surfaces such as halo,
e.g., Cl, Br, I, and carboxy and the like. [0030] The
efficacy-enhancing agent can be selected to have
various sizes. For example, in embodiments where the
efficacy-enhancing agent comprises a synthetic anionic
polymeric or linear anionic polymeric polycarboxylate,
it can have an average M.W. of about 100 to about
5,000,000, 1,000 to about 3,000,000, 100,000 to about
3,000,000, and can be present in the oral composition
at about 0.0005 to about 5% by weight, about 0.005 to
about 



4% by weight, or about 0.05 to about 3% by weight.
Preferred copolymers are 1:4 to 4:1 copolymers of
maleic anhydride or acid with another polymerizable
ethylenically unsaturated monomer, preferably methyl
vinyl ether (methoxyethylene), often referred to as
PVM/MA. Examples of these copolymers are available
from ISP Corporation under the trade name GANTREZ(r),
e.g., AN 139 (M.W. 1,100,000), AN 119 (M.W. 200,000);
S-97 Pharmaceutical Grade (M.W. 1,500,000), AN 169
(M.W. 2,000,000), and AN 179 (M.W. 2,400,000); wherein
the preferred copolymer is S-97 Pharmaceutical Grade
(M.W. 1,500,000). [0031] The delivery-enhancing groups
of the efficacy-enhancing agent can also be various
phosphonates. Such phosphonate-type efficacy-enhancing
agents can have an average M.W. of about 100 to about
1,000,000 or about 1,000 to about 1,000,000. The
efficacy-enhancing agent can be a polyvinyl
phosphonate and/or alkali metal polyvinyl phosphonate
and/or ammonium polyvinyl phosphonate of M.W. about
1000 or more. The phosphonate-type efficacy-enhancing
agent can be present in the oral composition at about
0.0005 to about 4% by weight. The efficacy-enhancing
agent can be a poly(/3- styrenephosphonate), poly(
-styrenephosphonate), copoly(q!,/3-styrenephosphonate)
or another copolymer of ok>r /3-styrenephosphonate
with another polymerizable ethylenically unsaturated
monomer, such as copoly
(|3-styrenephosphonate/vinylphosphonate). The
phosphonate-type efficacy-enhancing agent can have an
average M.W. of about 2,000 to about 30,000. hi
various embodiments, the efficacy-enhancing agent is
present in the oral composition from about 0.0005 to
about 5% by weight.[0032] The oral composition
comprises a bioavailability-enhancing agent that can,
and preferably will, also include one or more
solubilizing agents to solubilize the mixture of at
least one free-B-ring flavonoid and at least one
flavan. In certain embodiments, the solubilizing agent
also solubilizes one or more oral care agent(s),
particularly where the compounds are non-ionic or
lipophilic. The solubilizing agent can be any
solubilizing agent that is effective to solubilize the
mixture of at least one free-B-ring flavonoid and at
least one flavan. For example, in various embodiments
the solubilizing agent can include one or more of the
following: ethers, ketones, glycols (both polyethylene
glycol (PEG) and methylated PEG), fats, oils, lipids,
pyrrolidones, and polypyrrolidones. The solubilizing
agent can further include dimethylsulfoxide (DMSO),
dimethylformamide (DMF), Nmethylpyrrolidone, 



and other polar aprotic solvents, such as polar
aprotic solvents with a dielectric constant greater
than 30. Also, the solubilizing agent can include an
orally acceptable surface active agent, e.g., a
surfactant, flavoring oil, alcohol, and solubilizing
humectant (e.g., propylene glycol). [0033] Examples of
surfactants that can be used include anionic,
nonionic, amphoteric, zwitterionic, and cationic
synthetic detergents. Anionic surfactants include the
water-soluble salts of alkyl sulfates having 8-20
carbon atoms in the alkyl radical (such as sodium
alkyl sulfate), a monoalkyl phosphate compound having
6-18 carbon atoms, the water-soluble salts of
sulfonated monoglycerides of fatty acids having from
8-20 carbon atoms (such as sodium lauryl sulfate (>82%
pure) and sodium coconut monoglyceride sulfonates), an
alkyl glycoside that is mono[alkyl(Ci 2-C22)] -
sarcosinates (such as sodium and potassium salts of
lauroyl sarcosinate, myristoyl sarcosinate, palmitoyl
sarcosinate, stearoyl sarcosinate and oleoyl
sarcosinate), taurates, higher alkyl sulfoacetates
(such as sodium lauryl sulfoacetate), isothionates
(such as sodium lauroyl isothionate), sodium laureth
carboxylate, sodium dodecyl benzenesulfonate, and
mixtures of the foregoing. Preferred are the
sarcosinates since they inhibit acid formation in the
mouth due to carbohydrate breakdown. [0034] Nonionic
surfactants include poloxamers (sold under the
tradename PLURONIC(r)); polyoxyethylene sorbitan
esters (sold under the tradename TWEEN(r)); fatty
alcohol ethoxylates; polyethylene oxide condensates of
alkyl phenols; products derived from the condensation
of ethylene oxide with fatty acids, fatty alcohols,
fatty amides, orpolyhydric alcohols; and
polypropyleneoxide or ethylene oxide condensates of
aliphatic alcohols; long-chain tertiary amine oxides;
long-chain tertiary phospine oxides; long-chain
dialkyl sulfoxides; and mixtures of such materials.
Amphoteric surfactants include betaines (such as
cocamidopropyl betaine), derivatives of aliphatic
secondary and tertiary amines in which the aliphatic
radical can be a straight or branched chain and
wherein one of the aliphatic substituents contains
about 8-18 carbon atoms and one contains an anionic
watersolubilizing group (such as carboxylate,
sulfonate, sulfate, phosphate or phosphonate), and
mixtures of such materials. [0035] Zwitterionic
surfactants include derivatives of aliphatic
quaternary ammonium, phosphonium and sulfonium
compounds in which the aliphatic radical can be a 



straight or branched chain and wherein one of the
aliphatic substituents contains about 8-18 carbon
atoms and one contains an anionic water-solubilizing
group (such as carboxy, sulfonate, sulfate, phosphate
or phosphonate). [0036] Cationic surfactants include
aliphatic quaternary ammonium compounds having one
long alkyl chain containing about 8-18 carbon atoms
(such as lauryl trimethylammonium chloride, cetyl
pyridinium chloride, cetyltrimethylammonium bromide,
diisobuytylphenoxyethyldimethylbenzylammonium
chloride, coconut alkyltrimethylammonium nitrite,
cetyl pyridinium fluoride). Certain cationic
surfactants can also act as antimicrobials. [0037] The
oral composition can also include humectant polyols
and esters to assist in dissolving the mixture of
free-B-ring flavonoid and flavan, optionally an oral
care agent, to permit delivery to the soft oral
tissues at or near the gum line. Any suitable
humectant polyols and esters can be used, such as any
one or more of: propylene glycol, dipropylene glycol
and hexylene glycol; cellosolves such as methyl
cellosolve and ethyl cellosolve; vegetable oils and
waxes containing at least about 12 carbon atoms in a
straight chain, such as olive oil, castor oil and
glyceryl tristearate; and esters such as, amyl
acetate, ethyl acetate, and benzyl benzoate.
Petrolatum may also be used, as well as glycerine,
sorbitol, and/or xylitol. Propylene glycol is
preferred. As used herein, "propylene glycol" includes
1,2-propylene glycol and 1,3-propylene glycol.
Propylene glycol can be present in any suitable
amount, such as an amount sufficient to dissolve the
antibacterial agent and/orthe free-B-ring
flavonoid/flavan mixture and prevent precipitation
thereof upon dilution with saliva. [0038] Any suitable
flavoring or sweetening material may also be used as a
solubilizing agent and to enhance the palatability of
the oral composition. Examples of suitable flavoring
constituents are flavoring oils, e.g., oil of
spearmint, peppermint, wintergreen, sassafras, clove,
sage, eucalyptus, marjoram, cinnamon, lemon, and
orange, and methyl salicylate. Suitable sweetening
agents include sucrose, lactose, maltose, xylitol,
sodium cyclamate, sucralose, perillartine, AMP
(aspartyl phenylalanine, methyl ester), saccharine and
the like. Flavoring oil is believed to aid the
dissolution of certain non-ionic active agent
compounds. A phenolic flavor mixture comprising
eucalyptol, thymol, methyl salicylate, and menthol can
also be used. 



[0039] The flavor and/or sweetening material can be
present in any suitable amount. In various
embodiments, the flavor and/or sweetening material can
be present in an amount sufficient to dissolve the
mixture of free-B-ring flavonoids, flavans, and the
optional active agent and prevent precipitation
thereof upon dilution with saliva. In various
embodiments, the flavor material can be present at an
amount of about 0.5% to about 50% by weight of a
bioavailability-enhancing agent that is a solubilizing
agent for the free-B-ring flavonoid/flavan mixture and
in an amount sufficient to dissolve the free-B-ring
flavonoid/flavan mixture in saliva. In various other
embodiments, the flavor and/or sweetening material can
be present in an amount effective to increase uptake
of the free-Bring flavonoid/flavan mixture by oral
tissue. Thus, in certain embodiments, the flavoring
and/or sweetening agents may each or together comprise
from about 0.001 to about 5% of the oral composition.
In certain embodiments, where the oral care agent
comprises a non-ionic antibacterial agent, the flavor
can be present at an amount of about 0.02% to about 2%
phenolic flavor mix in an amount such that the ratio
of a substantially water insoluble noncationic
antibacterial agents: phenolic flavor is about 5:1 -
1:100. [0040] The solubilizing agent(s) can be present
in various amounts in the oral composition, such as an
amount sufficient to dissolve the mixture of
free-B-ring flavonoids and flavans and to prevent
precipitation thereof upon dilution with saliva. The
solubilizing agent(s) can also be present in an amount
effective to increase the uptake of the
antibacterialagent and the mixture of free-B-ring
flavonoids and flavans by dental tissue. The
solubilizing agent(s) are preferably present at about
0.02 to 50% by weight. [0041] In various embodiments,
the oral composition optionally comprises one or more
oral care agents. In certain embodiments, the oral
care agent is selected from the group consisting of:
an antibacterial agent, an antimicrobial agent, an
anti-caries agent, an antitartar agent, an
anti-attachment agent, a bioflm disruption agent, an
anti-inflammatory agent (in addition to the
free-B-ring flavonoid and flavan), an antibiotic, and
mixtures thereof. As appreciated by one of skill in
the art, an oral care active compound or agent may
fall into one or more of these classifications, as it
may have multiple mechanisms and/or effects, and
should not be construed as being limited to a single
function or classification. In certain embodiments,
the oral care active compound has a functionality or
mechanism for preventing and/or treating an oral care
disease, where the mechanism complements and/or
supplements 



the mechanism provided by the free-B-ring flavonoid
and flavan, as described above. [0042] The oral
composition optionally comprises an effective
anti-plaque and/or anti-gingivitis amount of one or
more oral care agents. Any suitable antibacterial or
antiplaque oral care agents can be used. Orally
acceptable oral care agents among those useful herein
include non-ionic antibacterial agents, cationic
antibacterial agents, cationic active compounds, and
anionic antibacterial agents. [0043] In certain
embodiments, the oral care agent is a non-ionic
antibacterial agent that can include various phenolic
compounds, including phenol and its homologs, mono-
and poly- alkyl and aromatic halo- (e.g., fluorine,
chlorine, bromine, iodine) - phenols, resorcinol and
catechol and their derivatives and bisphenolic
compounds. Such compounds include: Phenol and its
Homologs PhenolMono- and Poly-Alkyl and Aralkyl
Halophenols O-Chlorophenol p-ChlorophenolUSE OF AN
INPUT BLACK AND WHITE BITMAP TO GENERATE EMBOLDENED
ANTI-ALIASING BITMAP BACKGROUND OF THE INVENTION 1.
The Field of the Invention [0001] The present
invention relates to font rendering technology; and
more specifically, to mechanisms for performing
algorithmic simulated emboldening of font characters.
2. Background and Related Art [0002] Computing
technology enables a wide-variety of applications.
Some of these applications interface with human beings
by receiving input from a human user via, for example,
a mouse, keyboard, microphone, camera, or the like, or
by providing output to a human user via, for example,
a speaker, display or printer. In particular, since
sight is such a dominant human sensory capability,
human users typically rely on some sort of printer or
display in order to interpret computational results
and/or to interface with an application. [0003] One
type of displayed material is characters. Sets of
characters (whether it be text or otherwise) may often
be logically grouped together. A font represents an
example of a logical grouping of characters h
particular, a font is a set of printable or
displayable 



characters in a specific style and size. The
characters of the font are often termed "glyphs".
[0004] Characters (glyphs) of a font can be described
by outlines or by embedded bitmaps. An outline
describes the character by describing the contours of
the character shape. Such outlines are more easily
scalable. During the rasterization process, software
may convert the outline into a bitmap that is suitable
for display given the desired point size or Pixels Per
EM (ppem). [0005] Embedded bitmaps are usually
manually pre-designed bitmap images that correspond to
specific ppems. Embedded bitmaps usually are present
only for low and middle ppems and for those ppems that
usually require higher image quality than those
thatresult from rasterization of unhinted outlines.
Hinting is a conditional modification of the outlines
which presents another way (compared to embedding
bitmaps) of improving quality of the rendered results
for low ppems. [0006] Traditionally, characters in
fonts with relatively small numbers of characters and
relatively simple character shapes (such as Latin) are
described by hinted outlines. On the other hand,
characters in fonts with large number of characters
and relatively complex character shapes (such as East
Asian fonts, hereinafter also referred to as EA) are
described by unhinted outlines and usually by a series
of embedded Black and White bitmaps (hereinafter also
referred to as BW). Those more complex fonts usually
have embedded bitmaps for some, but not necessarily
all, low and middle ppems. Furthermore, the embedded
bitmaps do not necessarily cover the full repertoire
of the characters in the font. Very rarely, fonts
contain Anti-Aliasing (herein after also referred to
as AA) embedded bitmaps. Very few, if any, fonts
contain embedded bitmaps in CLEARTYPE (r) (hereinafter
also referred to as CT) format. [0007] In some
circumstances, it is desirable to "bold" characters.
Bolded characters tend to have a heavier visual or
typographic weight. Bolded characters are often
provided in place of their counterpart regular weight
characters. There are a number of instances in which
it may be desirable to bold characters. For example,
characters are often bolded to emphasize the meaning
conveyed by the characters. [0008] A font has a true
bold version if there are separate designs of the font
characters representing heavier weight and those
designs are stored in a way recognizable by the
rendering software as being associated with the
original font. True bold designs associated 



with characters of a font do not necessarily follow a
uniform bolding transformation with respect to the
characters of the original regular weight font.
Different elements of the characters are emboldened in
the different ways, as appropriate, given the unique
form of thecharacter. Often, a human being is involved
with the custom design of bolded fonts so as to take
into account a host of subjective aesthetic judgments
that contribute to a more authentic high quality
bolded look. [0009] Traditionally, most commonly-used
fonts with smaller numbers of characters and
relatively simple character shapes (such as Latin
fonts) have associated true bold versions. However,
due to the time and cost associated with custom design
of fonts, most of the bigger fonts with more
complicated characters and larger numbers of
characters do not have associated true bold versions.
Furthermore, the design of such true bold fonts for
these complex character sets can be prohibitively
expensive. As a result, if a user chooses a bold
option, a simulated emboldening is executed by a
rendering engine. [0010] Simulated emboldening is an
automatic, algorithmic procedure performed by a
rendering engine based on the data from the regular
font. Currently applied simulated emboldening is
performed by a uniform algorithm that is not always
sensitive to the original design intent or to the
numerous subjective judgments that improve the quality
and appearance of the bolded font data. [0011]
Although currently applied algorithms for simulated
emboldening provide quite legible results for the
fonts with simpler characters, such algorithms usually
fail to provide legible results for the fonts with
more complex and dense characters. [0012] In a
simplified view, the rendering process may be divided
into three stages. In the first stage, information
from the font file is accessed and, if needed,
translated into a rasterizer-readable format. In the
second stage, the rasterization process occurs in
which the rasterizer-readable font format is converted
into a two dimensional-array of values called a
bitmap. The bitmap will have one value per pixel for a
"simple bitmap", and more than one value per pixel for
an "overscaled bitmap" as is the case for a CLEARTYPE
(r) bitmap. The value may be a simply binary value
(e.g., a zero or a one) for a Black and White
(BW)bitmap, or a range of values (e.g., from 0 to 16)
for an AA bitmap. In the third stage, the actual
mapping of the bitmap values to the pixels (or pixel
sub-components) of the display occurs resulting in the
character being displayed. [0013] Simulated
emboldening happens at the second stage during the
rasterization 



process. Although the third stage of mapping the
bitmap values to the display may influence the choice
of a particular emboldening algorithm and/or tuning
the parameters once an algorithm is chosen, particular
kinds of mappings can be omitted from the description
for clarity in describing the basic principles and
embodiments of the present invention. As simulated
emboldening algorithms occur during the second stage
of rasterization process, the second stage processing
will be the primary stage that is discussed herein.
[0014] Currently, there are three primary rendering
modes; namely, Black and White (BW), Anti-Aliasing
(AA) and CLEARTYPE (r) (CT). Conventionally, at the
rasterization stage, the rendering mode defines the
final format of the bitmaps and, in particular, the
output format of the emboldened bitmaps if emboldening
is applied. [0015] There are a variety of factors that
may influence a choice of the rendering mode. Such
factors may include, for example, device properties
and settings, requested ppem, font data (for example,
presence of the embedded bitmaps, presence and content
of the "gasp" table (as in an OPENTYPE (r) / TrueType
font file)), presence and kind of any geometrical
transformation requested. Other factors can influence
the choice of the rendering mode. For example, the
"complexity" of the font may be considered in choosing
the rendering mode. For example, it may be decided to
apply BW rendering mode and make use of embedded BW
bitmaps for relatively complex fonts and apply CT
rendering mode and completely ignore embedded BW
bitmaps for relatively less complex fonts. [0016] The
choice of rendering mode does not necessary fully
realize all the possibilities of the display device.
In many situations, the choice is made by software and
is based on thegeneral experience of the different
rendering modes being more or less legible for the
human eyes under different conditions. For example, at
low ppem, the AA rendering mode usually provides lower
quality rendering results than the BW mode, especially
if a font contains BW embedded bitmaps. Therefore, a
flag in the "gasp" table can force the BW rendering
mode to be applied when rendering low ppem characters,
even though the great majority of the display devices
can display shades of gray. The same is true regarding
CLEARTYPE (r). For example, it might be decided to
apply BW rendering mode for relatively complex fonts
at lower ppems where the embedded BW bitmaps are
present in the font, even though the display device
has the capability to render in CT mode. The selected
rendering mode should provide the best user
experience, and can be changed if another rendering
mode appears to 



provide better rendering results. [0017] Currently,
regular weight and bold weight characters are commonly
rendered in the same rendering mode assuming that all
other conditions are the same. However, this decision
does not reflect any internal requirements and can be
overwritten if another approach will be shown to
produce better rendering results. [0018] Current
algorithms for bitmap emboldening commonly use the
same types of bitmaps for input and output, which
means that for an emboldening algorithm, the rendering
mode currently implicitly establishes both input and
output types. However this dependency is not
generically necessary. [0019] The rasterization
process goes through the same major steps for the
regular and the simulated bold weights. One difference
is that if a form of simulated emboldening is applied,
an additional emboldening step is used in the
rasterization process. This emboldening step
intercepts the flow of rasterization as it would be
performed for a regular weight, performs necessary
emboldening operations, and then lets the flow of the
rasterization continue exactly as in the case of a
regular weight. Therefore, there will now besome
general background description of rasterization for
the regular weight so that the emboldening step may be
understood in its proper rasterization context. [0020]
A rasterizer might accept a lot of different
parameters related to specific characteristics of a
font or to different rendering conditions being
requested. For the purpose of describing the
conventional model of simulated emboldening, we will
concentrate on the following input information given
to a rasterizer:  Information regarding identification
of a character being requested (for example a Unicode
character code).  Information regarding rendering
conditions such as size (ppem), presence of a
non-identical geometrical transformation, request for
simulated emboldening. If a simulated emboldening is
requested, some additional parameters identifying
"heaviness" (amount of emboldening) and direction of
the emboldening will be passed to the rasterizer
(described below in more detail).  Information coming
from the font file: such as whether an embedded bitmap
is present for a particular character or sum of the
characters for the same conditions, access to the
description of the embedded bitmap or/and the outline
data for a 



specific character, information specified by designers
such as a preferred rendering mode for particular
ppems.  Information regarding the rendering mode
(which defines the format of the resulting bitmap):
specification of the rendering mode BW, AA or CT and
any additional required information (for example, in
the case of AA emboldening - requested number of gray
levels). [0021] The rasterizer will perform
appropriate rasterization based on the input
information, and will provide a resulting bitmap in
the format corresponding to the requestedrendering
mode, along with metric information related to the
size and positioning of the resulting bitmap. [0022]
Since the new algorithms for the emboldening
simulation described in the detailed description of
the preferred embodiments section below are not
intended to necessarily modify the metric information,
the bitmap output of the conventional rasterization
processes will now be described. [0023] The
rasterization process for conventional BW rendering
will now be described with respect to a specific
example and with respect to Figure 1. In the BW
rendering mode, a rasterizer will usually use the
embedded BW bitmap if present. In the example of
Figure 1, suppose that the Unicode "GREEK CAPITAL
LETTER MU" is to be rendered. If there is a BW bitmap
for the character and requested conditions (in Figure
1, branch "(BW: Embedded BW Simple Bitmap)"), then the
embedded BW bitmap is used for rasterization. The BW
values from the rasterizer are then mapped to the
actual pixel colors by software outside of the
rasterizer. [0024] If there is not a BW bitmap for the
character and requested conditions (in Figure 1,
branch "(BW: Outline to Simply Bitmap)"), then a
simple bitmap is rendered using the outline
information present in the font by applying a
scan-conversion algorithm to the outline. The reason
that an embedded bitmap is used if present is that for
unhinted fonts, a bitmap produced by rendering of an
outline usually has lower quality than an embedded
bitmap. [0025] Whichever approach is being used, the
final output has the same format: simple BW bitmap. An
important characteristic of this rasterization process
is that it does not use overscaled bitmaps at any
intermediate steps of computation of the final output
bitmap. 



There is only one value per pixel at all stages of the
computation.[0026] The rasterization process for
conventional AA rendering will now be described with
respect to a specific example and with respect to
Figures 2A and 2B. In AA rendering mode, a rasterizer
usually uses an embedded AA bitmap if present (in
Figure 2A, branch "(AA: Embedded AA Simple Bitmap)")
in a font to be rendered. Since almost no fonts have
embedded AA bitmaps, branch (AA: Embedded AA Simple
Bitmap) is almost never executed. [0027] On the other
hand, if an embedded bitmap is not present for a
character and requested conditions, a simple AA bitmap
is rendered using the outline information present in
the font (in Figure 2A, branch "(AA: Outline to
Overscaled Bitmap)" continuing in Figure 2B to branch
"(AA: Overscaled to Simple Bitmap)". When
rasterization starts from the outline information,
rasterization proceeds through two independent stages:
(AA: Outline to Overscaled Bitmap) and (AA: Overscaled
to Simple Bitmap). The algorithm for computation of
the overscaled bitmap based on the outline data used
during stage (AA: Outline to Overscaled Bitmap) and
algorithm for computation of the final values of the
simple AA bitmap during stage (AA: Overscaled to
Simple Bitmap) do not depend on each other, and can be
modified independently as long as they work with the
required input and output formats. [0028] Whichever
approach is being used, the final output has the same
format: simple AA bitmap. An important characteristic
of this rasterization process is that when there is no
embedded AA bitmap, the rasterization process uses an
overscaled bitmap as an intermediate result of
computation of the final output bitmap. [0029] Now
that the rasterization process has been described
generally for each of the BW and AA rendering modes,
the description proceeds to conventional BW and AA
emboldening algorithms. Depending on the type of
input, algorithms for the emboldening simulation are
subdivided into two large groups: "bitmap emboldening"
and "outlineemboldening". In addition to the various
emboldening parameters, a bitmap emboldening algorithm
accepts a bitmap as its input, while an outline
emboldening algorithm accepts an outline as its input.
Bitmap emboldening returns a bitmap as its output,
while outline emboldening returns a modified outline,
which later will be scan-converted in order to produce
a bitmap. [0030] Bitmap and outline emboldening
algorithms are applied at different stages of the 



rasterization process. Outline emboldening will be
always applied before the first step of the
rasterization process as it would be performed for a
regular weight. After an outline emboldening is
performed, the rasterization will continue exactly as
it would in the case of a regular weight. [0031]
Currently, outline emboldening is almost never
applied. Bitmap emboldening is performed by most of
the applications in most situations, except in the
rare cases when a nontrivial geometrical
transformation is applied to a text. The capability of
applying bitmap emboldening does not depend on the
character having an embedded bitmap. Bitmap
emboldening can thus be applied to characters that
either have, or do not have, an embedded bitmap. If
the character does not have an embedded bitmap for the
requested condition, the result of scan-conversion
based on the outline information will serve as an
input for a bitmap emboldening algorithm. The
principles of the present invention apply more to
bitmap emboldening and thus several conventional
bitmap emboldening algorithms will now be described.
[0032] By definition, bitmap emboldening algorithms
accept bitmaps as their input and return bitmaps as
their output. In addition to the bitmap itself, a
bitmap emboldening algorithm usually accepts
information regarding heaviness and direction of
emboldening. This information can be expressed by a
pair of "emboldening shifts" in the horizontal and
vertical directions respectively. An emboldening shift
identifies by which amount (expressedin pixels) an
emboldened bitmap should be visually heavier than the
original one and a sign of a shift shows the direction
(to the right/to the left and to the top/to the
bottom) of the emboldening. Most of the current
applications work with emboldening shifts
corresponding to the whole numbers of pixels only. In
addition, at low/middle and even at the lower range of
high ppems (e.g., up to about 50 ppem), simulated
emboldening by 1 pixel to the right (and 0 pixels in
the vertical direction) is usually applied. [0033] The
input bitmap can originate from different data (such
as embedded bitmap or a glyph's outline) and can be
computed in different ways. The particular way the
input bitmap is computed is irrelevant for the
emboldening algorithm that is applied to the bitmap.
What matters is which format of an input bitmap is
expected by an emboldening algorithm and which format
of an output bitmap the algorithm will generate. The
various emboldening algorithms will thus be
distinguished based on the format of the input and
output bitmaps. 



[0034] Different kinds of bitmap emboldening
algorithms can be applied at different steps of the
rasterization process since different steps of the
rasterization process work with bitmaps in different
formats. However currently applied bitmap emboldening
algorithms often start with simple bitmaps (in BW, AA
or CT format) and generate simple bitmaps in the same
format as their input. [0035] Most of the currently
applied bitmap emboldening algorithms work with simple
bitmaps both as input and output, even during a
rasterization process that involves computation of
overscaled bitmaps. If overscaled bitmaps are
computed, emboldening is applied after the overscaled
bitmap is converted into a simple bitmap. [0036] In
addition, most of the currently applied bitmap
emboldening algorithms have exactly the same output
bitmap format as the input bitmap format.[0037]
Furthermore, the algorithms often turn on or make
darker some of the pixels that were off or had lighter
colors in the input bitmap, and often do not turn off
pixels or make them lighter. [0038] Also, conventional
algorithms typically decide whether to modify a value
of a specific pixel based on the local characteristics
of the input bitmap, such as one (for low/middle
ppems) or several neighboring pixels in the direction
of the emboldening. Currently used algorithms do not
use information of the neighboring pixels in the
direction perpendicular to the emboldening. [0039]
Moreover, conventional algorithms work row-by-row (for
horizontal emboldening) and column-by-column (for
vertical emboldening) and, therefore, the algorithms
analyze only one direction (either horizontal or
vertical) at a time. In other words, the resulting
value of a pixel depends on neighbors of a pixel
either in the row only or in the column only and does
not take into account a two-dimensional neighborhood.
[0040] Currently applied bitmap emboldening algorithms
can be applied in the horizontal or vertical
direction. Algorithms for horizontal and vertical
directions are essentially symmetric, with change of
the directionality only. Generally, the algorithms for
horizontal and vertical emboldening do not intermix.
In other words, if the emboldening should be applied
in both directions, then it will first be applied in
one direction and then applied in another direction to
the result of the emboldening in the first direction.
[0041] Furthermore, besides the rectangular pixel area
containing the input bitmap, the 



algorithms usually affect one or several rows and/or
one or several columns adjacent to the rectangular
area, depending on the values of the emboldening
shifts accepted as the parameters. [0042] For
low/middle ppems (i.e., up to about 50 ppem), the
algorithms usually apply emboldening by 1 pixel in the
horizontal direction to the right. Note, that the
low/middleppems are exactly the area where the quality
of the rendered images is especially challenging and
where an improvement of the existing algorithms is
especially required. [0043] As illustrated by Figure
3A, in BW rendering mode, a conventional emboldening
algorithm accepts a BW simple bitmap as an input, and
generates a BW simple bitmap as an output. The
emboldening algorithm is performed at the end of the
rendering process as it would be applied in the case
of a regular weight (see, for example, Figure 1 of
this description). [0044] Specifically, if an embedded
bitmap is present in the font for the requested
condition (YES in Figure 3A), the BW emboldening
algorithm also called hereinafter "(BW: Bitmap Simple
Regular to Bitmap Simple Bold)" is applied to the
output bitmap of the step called hereinafter "(BW:
Embedded BW Simple Bitmap)" (see left half of Figure
1). Alternatively, if an embedded bitmap is not
present in the font for the requested condition (NO in
Figure 3A), the step (BW: Bitmap Simple Regular to
Bitmap Simple Bold) is performed after the step called
hereinafter "(BW: Outline to Simple Bitmap)" (see
right half of Figure 1) if the rasterization is based
on the outline data. [0045] The requirement in (BW:
Bitmap Simple Regular to Bitmap Simple Bold) for both
input and output bitmaps to be BW simple bitmaps is
quite inflexible. Subject to these restrictions, the
emboldening algorithm can only turn on (i.e. assign
value 1 to) some of the pixels in the output bitmap
that were turned off (had value 0) in the input
bitmap. [0046] For example, in the case when a bitmap
should be emboldened by 1 pixel to the right in the
horizontal direction, a commonly used algorithm called
herein "<BW: AIg Standard>" works as follows. For
every row in the original bitmap, turn on all the
pixels that have a "black" (i.e., turned on) immediate
left neighbor. [0047] An example of application of the
algorithm is shown in both Figures 3B and Figure 3C,
in which the input and output of the algorithm are
shown after a mapping to blackand white colors by
software external to the rasterizer. As can be seen
from Figure 3B, the algorithm <BW: AIg Standard>
performs a completely reasonable operation considering
the 



restrictions. However, the character in Figure 3C is
rendered using the same emboldening algorithm. As
apparent from Figure 3C, the emboldening algorithm
causes the output character to become unrecognizable
if the character is relatively complex. [0048] As
illustrated by Figure 4A, in AA rendering mode,
conventional emboldening algorithms accepts an AA
simple bitmap as an input and generates an AA simple
bitmap as an output. The emboldening algorithm waits
till the end of rendering process as it would be
applied in the case of a regular weight. Specifically,
for rendering of a character that has an AA bitmap for
a requested condition (YES in Figure 4A), a simple AA
bitmap is generated based on the embedded AA bitmap
data as represented in the step (AA: Embedded AA
Simple Bitmap) (see, left half of Figure 2A). On the
other hand, for rendering of a character that does not
have an AA bitmap for the requested condition (NO in
Figure 4A), a simple AA bitmap is generated using
steps (AA: Outline To Overscaled Bitmap) and (AA:
Overscaled to Simple Bitmap) (see the right half of
Figure 2A) based on the outline of the character. In
either case, the AA emboldening step called
hereinafter "(AA: Bitmap Simple Regular to Bitmap
Simple Bold)" is applied to the output bitmap. [0049]
A conventional AA emboldening algorithm called
hereinafter "<AA: AIg Standard>" operates on the
simple AA bitmap, which, for every pixel, represents
the number of turned on subpixels in the overscale
bitmap. The algorithm works according to a simple
"additive" principle, accumulating numbers of turned
on subpixels for the adjacent pixels. The algorithm
does not work with exact positions of subpixels inside
a pixel, but rather with the cumulative information
regarding the number of turned on subpixels within a
pixel. [0050] Although the algorithm works with these
cumulative values only, the results are quite similar
to the simplest algorithm that would work directly on
the overscaled bitmapuniformly emboldening the
overscaled bitmap by the number of subpixels in a
pixel, which provides a reasonable justification for
the conventional algorithm. The problem is, however,
that for more complex characters, the current
algorithm does not produce legible results. [0051] For
emboldening by 1 pixel to the right, a conventional AA
emboldening algorithm <AA: AIg Standard> is as
follows: 1) For every row in the original bitmap,
proceed from right to the left. 2) For every pixel:
2a) Add a value of the immediate left neighbor to the
value of the pixel itself. 



2b) If the resulting value exceeds the maximal value
allowed in the specific format, assign the maximal
value to the pixel. [0052] An example of the
application of the algorithm is shown in Figure 4B.
This example continues the example related to the
"wave" character given above (in Figures 2A and 2B)
with relation to the rendering in AA mode for a
regular weight. [0053] Accordingly, what would be
advantageous are BW and AA simulated emboldening
mechanisms in which the emboldened character is more
legible and readable, even for complex
characters.BRIEF SUMMARY OF THE INVENTION [0054] The
principles of the present invention relate to
mechanisms and methods for emboldening an input Black
and White bitmap. After accessing the input Black and
White bitmap, a simulated emboldening uses the input
Black and White bitmap to generate an emboldened
Anti-Aliasing bitmap, thereby improving the appearance
and readability of the emboldened character as
compared to conventional simulated emboldening
techniques. [0055] Additional embodiments of the
invention will be set forth in the description that
follows, and in part will be obvious from the
description, or may be learned by the practice of the
invention. The embodiments of the invention may be
realized and obtained by means of the instruments and
combinations particularly pointed out in the appended
claims. These and other embodiments of the present
invention will become more fully apparent from the
following description and appended claims, or may be
learned by the practice of the invention as set forth
hereinafter.BRIEF DESCRIPTION OF THE DRAWINGS [0056]
The patent or application file contains at least one
drawing executed in color. Copies of this patent or
patent application publication with color drawing(s)
will be provided by the U.S. Patent and Trademark
Office upon request and payment of the necessary fee.
[0057] In order to describe the manner in which the
above-recited and other advantages and features of the
invention can be obtained, a more particular
description of the invention briefly described above
will be rendered by reference to specific embodiments
thereof which are illustrated in the appended
drawings. Understanding that these drawings depict
only typical embodiments of the invention and are not
therefore to be considered to be limiting of its
scope, the invention will be described and explained
with additional specificity and detail through the use
of the accompanying drawings in which: 



[0058] Figure 1 illustrates a flowchart of a
conventional rasterization process for Black and White
rendering; [0059] Figures 2A and 2B illustrates a
flowchart of a conventional rasterization process for
Anti-Aliasing rendering; [0060] Figure 3A illustrates
a flowchart showing context for a conventional Black
and White simulated emboldening method; [0061] Figure
3B illustrates a first example of a conventional
simulated Black and White emboldening in which a
simply character is emboldened; [0062] Figure 3C
illustrates a second example of a conventional
simulated Black and White emboldening in which a
complex character is emboldened; [0063] Figure 4A
illustrates a flowchart showing context for a
conventional simulated Anti-Aliasing emboldening
method; [0064] Figure 4B illustrates an example of a
conventional simulated Anti-Aliasing emboldening in
which a simple character is emboldened;[0065] Figure 5
illustrates an example computing environment in which
the principles of the present invention may be
practiced; [0066] Figure 6A illustrates a sample Black
and White input bitmap to be emboldened; [0067] Figure
6B illustrates an output Black and White input bitmap
emboldened by a conventional Black and White simulated
emboldening method in which all white pixels having a
black left neighbor pixel are turned black; [0068]
Figure 6C illustrates an output Black and White input
bitmap emboldened by a conventional Black and White
simulated emboldening method in which all white pixels
having a black left neighbor pixel are turned black
unless the pixel also has a black right neighbor
pixel; [0069] Figure 7 illustrates a single pixel
conceptually subdivided into 16 sections; [0070]
Figure 8A illustrates a sample input Black and White
bitmap in which three pixels are highlighted; [0071]
Figure 8B illustrates the three highlighted pixels of
Figure 8A in expanded view in which the central pixel
is conceptually subdivided into 64 components; [0072]
Figure 9A illustrates a sample input Black and White
bitmap; [0073] Figure 9B illustrates an emboldened
Anti-Aliasing output bitmap resulting from 



application of a simulated emboldening method to the
input Black and White bitmap of Figure 9A in
accordance with the principles of the present
invention; [0074] Figure 9C illustrates an emboldened
Black and White output bitmap resulting from
application of a simulated emboldening method to the
input Black and White bitmap of Figure 9A in
accordance with the principles of conventional
simulated Black and White emboldening; [0075] Figure
10 illustrates actual results of emboldening in
accordance with the principles of the present
invention as compared against conventional simulated
emboldening;[0076] Figure 1IA illustrates in input 3x3
Black and White input bitmap; [0077] Figure H B
illustrates a resulting output Anti-Aliasing bitmap
resulting from a simulated emboldening method in
accordance with the principles of the present
invention in which vertical contextual information is
taken into account in the emboldening, and in which
the central pixel is represented using 16 divisions;
[0078] Figure 12A illustrates an example input Black
and White bitmap; [0079] Figure 12B illustrates the
application an a simulated emboldening method to the
input bitmap of Figure 12A in which vertical context
information is taken into account in accordance with
the principles of the present invention; [0080] Figure
12C illustrates the same as Figure 12B, except with
black pixels of the input bitmap being emphasized;
[0081] Figure 12D illustrates the input bitmap of
Figure 12A with several features pointed out; [0082]
Figure 13 illustrates an example input Black and White
bitmap with a "path" being shown (highlighted) in the
left-most column; [0083] Figure 14A illustrates an
example input Black and White bitmap; [0084] Figure
14B illustrates the input Black and White bitmap of
Figure 14A in which pixels are highlighted that belong
to a path as defined under one definition of the term
"path"; [0085] Figure 14C illustrates the input Black
and White bitmap of Figure 14A in which pixels are
highlighted that belong to several paths as defined
under another definition of the term "path"; [0086]
Figure 14D illustrates the input Black and White
bitmap of Figure 14A in which pixels are highlighted
that belong to several paths as defined under a third
definition of the 



term "path";[0087] Figure 14E illustrates the input
Black and White bitmap of Figure 14A in which pixels
are highlighted that belong to several paths as
defined under a fourth definition of the term "path";
[0088] Figure 15A illustrates an example input Black
and White bitmap; [0089] Figure 15B illustrates the
example input Black and White bitmap of Figure 15A,
with two vertical "legs" that each serve as a path;
[0090] Figure 16 illustrates the Black and White input
bitmap of Figure 14A with two separate "paths"
highlighted for application of path averaging; [0091]
Figure 17A illustrates an example input Black and
White bitmap; [0092] Figure 17B shows the initial gray
level values resulting from the first stage and
computed by a simulated emboldening algorithm applied
to the input Black and White bitmap of Figure 17A;
[0093] Figure 17C presents exactly the same result as
Figure 17B, with the input image being highlighted;
[0094] Figure 17D shows an output bitmap which is the
same as that of Figure 17C, except after the
application of a first averaging method; [0095] Figure
17E shows an output bitmap which is the same as that
of Figure 17C, except after the application of a
second averaging method; [0096] Figure 18 is a
flowchart showing a context for the simulated
emboldening; [0097] Figure 19 shows the application of
a contextual method for assigning a middle gray level
based on contextual information; [0098] Figure 2OA
illustrates an example input Black and White bitmap;
[0099] Figure 20B illustrates a result of a
calculation of an initial amount of emboldening to the
input Black and White bitmap of Figure 2OA; [00100]
Figure 21A illustrates an example input Black and
White bitmap;[00101] Figure 21B illustrates the
results of emboldening after averaging to the input
Black and White bitmap of Figure 2 1A in accordance
with the principles of the present invention; [00102]
Figure 22A illustrates an example input Black and
White bitmap; [00103] Figure 22B illustrates the
application of a conventional simulated emboldening to
the input Black and White bitmap of Figure 22A; 



[00104] Figure 22C illustrates the application of
simulated emboldening in accordance with the
principles of the present invention to the Black and
White bitmap of Figure 22A; [00105] Figure 23A
illustrates an example input Black and White bitmap;
[00106] Figure 23B illustrates the application of
simulated emboldening in accordance with the
principles of the present invention to the Black and
White bitmap of Figure 23A, only without the
application of "cap correction"; [00107] Figure 23C
illustrates the application of simulated emboldening
with "cap correction" in accordance with the
principles of the present invention to the Black and
White bitmap of Figure 23A; [00108] Figure 24 is an
example input Black and White bitmap segment having a
"tube" and with the endpoint of the tube being
identified; [00109] Figure 25 is an example input
Black and White bitmap having a tube triplet; [00110]
Figure 26 is an example input Black and White bitmap
having an "opening", with portions of the opening
being identified; [00111] Figure 27 shows all possible
caps opened to the top with tubes of length 1 in
accordance with a definition of the term caps; and
[00112] Figure 28 shows all possible caps opening to
the top with a tube of length 2 in accordance with the
definition of the term caps.DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS [00113] The principles of
the present invention relate to improved simulated
emboldening mechanisms that substantially improve
legibility and readability for emboldened characters,
even for intricate and complex characters and/or
characters displayed at small point sizes. The
simulated emboldening methods start from a simple BW
bitmap and result in a simple AA emboldened bitmap.
[00114] Prior to describing the details of the present
invention, a suitable computing architecture that may
be used to implement the principles of the present
invention will first be described with respect to
Figure 5. In the description that follows, embodiments
of the invention are described with reference to acts
and symbolic representations of operations that are
performed by one or more computers, unless indicated
otherwise. As such, it will be understood that such
acts and operations, which are at times referred to as
being computerexecuted, include the manipulation by
the processing unit of the computer of electrical 



signals representing data in a structured form. This
manipulation transforms the data or maintains them at
locations in the memory system of the computer, which
reconfigures or otherwise alters the operation of the
computer in a manner well understood by those skilled
in the art. The data structures where data are
maintained are physical locations of the memory that
have particular properties defined by the format of
the data. However, while the principles of the
invention are being described in the foregoing
context, it is not meant to be limiting as those of
skill in the art will appreciate that several of the
acts and operations described hereinafter may also be
implemented in hardware. [00115] Turning to the
drawings, wherein like reference numerals refer to
like elements, the principles of the present invention
are illustrated as being implemented in a suitable
computing environment. The following description is
based on illustrated embodiments of theinvention and
should not be taken as limiting the invention with
regard to alternative embodiments that are not
explicitly described herein. [00116] Figure 5 shows a
schematic diagram of an example computer architecture
usable for these devices. For descriptive purposes,
the architecture portrayed is only one example of a
suitable environment and is not intended to suggest
any limitation as to the scope of use or functionality
of the invention. Neither should the computing systems
be interpreted as having any dependency or requirement
relating to any one or combination of components
illustrated in Figure 5. [00117] The principles of the
present invention are operational with numerous other
general-purpose or special-purpose computing or
communications environments or configurations.
Examples of well known computing systems,
environments, and configurations suitable for use with
the invention include, but are not limited to, mobile
telephones, pocket computers, personal computers,
servers, multiprocessor systems, microprocessor-based
systems, minicomputers, mainframe computers, and
distributed computing environments that include any of
the above systems or devices. [00118] In its most
basic configuration, a computing system 500 typically
includes at least one processing unit 502 and memory
504. The memory 504 may be volatile (such as RAM),
non-volatile (such as ROM, flash memory, etc.), or
some combination of the two. This most basic
configuration is illustrated in Figure 5 by the dashed
line 506. In this description and in the claims, a
"computing system" is defined as any hardware
component or combination of 



hardware components capable of executing software,
firmware or microcode to perform a function. The
computing system may even be distributed to accomplish
a distributed function. [00119] The storage media
devices may have additional features and
functionality. For example, they may include
additional storage (removable and non-removable)
including, butnot limited to, PCMCIA cards, magnetic
and optical disks, and magnetic tape. Such additional
storage is illustrated in Figure 5 by removable
storage 508 and non-removable storage 510.
Computer-storage media include volatile and
non-volatile, removable and non removable media
implemented in any method or technology for storage of
information such as computer-readable instructions,
data structures, program modules, or other data.
Memory 504, removable storage 508, and non-removable
storage 510 are all examples of computerstorage media.
Computer-storage media include, but are not limited
to, RAM, ROM, EEPROM, flash memory, other memory
technology, CD-ROM, digital versatile disks, other
optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage, other magnetic storage devices,
and any other media that can be used to store the
desired information and that can be accessed by the
computing system. [00120] As used herein, the term
"module" or "component" can refer to software objects
or routines that execute on the computing system. The
different components, modules, engines, and services
described herein may be implemented as objects or
processes that execute on the computing system (e.g.,
as separate threads). While the system and methods
described herein are preferably implemented in
software, implementations in software and hardware or
hardware are also possible and contemplated. [00121]
Computing system 500 may also contain communication
channels 512 that allow the host to communicate with
other systems and devices over, for example, network
520. Communication channels 512 are examples of
communications media. Communications media typically
embody computer-readable instructions, data
structures, program modules, or other data in a
modulated data signal such as a carrier wave or other
transport mechanism and include any
information-delivery media. By way of example, and not
limitation, communications media include wired media,
such as wired networks and direct-wired connections,
and wireless media such as acoustic, radio, infrared,
and other wireless media.The term computer-readable
media as used herein includes both storage media and
communications media. 



[00122] The computing system 500 may also have input
components 514 such as a keyboard, mouse, pen, a
voice-input component, a touch-input device, and so
forth. Output components 516 include screen displays,
speakers, printer, etc., and rendering modules (often
called "adapters") for driving them. The computing
system 500 may use the output components 516 and
associated adapters for rendering the emboldened
characters generated by any of the emboldening
techniques described below. The computing system 500
has a power supply 518. [00123] Having described a
suitable computing environment in which the principles
of the present invention may be employed, simulated
emboldening methods in accordance with the principles
of the present invention will now be described. The
simulated emboldening generally improves the quality
of the emboldened character as compared to
conventional emboldening algorithms that use the
simple BW bitmap as input such as, for example, the
(<BW: AIg Standard>) method described above. The
simulated emboldening methods described hereinafter
may apply successfully to the font regardless of
whether or not there are embedded bitmaps.
Furthermore, the specific number of the requested gray
levels in the output image for the simulated
emboldening methods described hereinafter are generic,
and can fit any requested number of the gray levels,
although most of the examples shown below will
correspond to 17 gray levels output corresponding to
0, 1, 2, ... 16. [00124] The simulated emboldening
methods may operate under several general principles.
According to a first general principle referred to
herein as <Gen:l>, the methods start from a simple BW
regular bitmap as an input and create an output of the
emboldening algorithm as a simple bitmap in AA (rather
than in BW) format. Thus, the input and output of the
emboldening methods can have different formats, unlike
conventional simulatedemboldening methods. This
flexibility allows the output of the emboldening
methods to be more legible and readable, since the
output bitmap is not limited to two binary values per
pixel. [00125] For example, consider Figure 6A in
which the BW bitmap is to be emboldened subject to the
conventional restriction that the output bitmap is
also a BW bitmap. The input bitmap of Figure 6A has
several vertical parallel strokes, 1 pixel apart one
from another. Suppose now that there is a request to
embolden the character by 1 pixel to the right.
Conventional "BW to BW" emboldening methods may add a
black pixel to the right of every 



black pixel in each vertical stroke resulting in the
BW bitmap of Figure 6B. As can be seen from Figure 6B,
this obscures the original design of the character
since all vertical strokes are merged with no visual
separation. Alternatively, conventional "BW to BW"
emboldening methods may leave the pixels between the
vertical strokes white resulting in the BW bitmap of
Figure 6C. This leaves the vertical strokes visually
intact, but leaves the emboldened bitmap with a visual
appearance very similar to that of the regular weight
bitmap, thereby frustrating the purpose of
emboldening. [00126] The <Gen:l> principle extends the
possibilities of the shading choices for a pixel,
which is advantageous in situations when there is not
enough space between elements of the input bitmap. The
principle allows a proper balance in which the
emboldened bitmap looks significantly heavier than the
regular bitmap, while retaining the original design.
[00127] From the "output" point of view, the < Gen:l>
principle allows that an AA output of an emboldening
simulation (which is also an output of the entire
rasterization process in this case) may not necessary
originate from an AA bitmap as the starting point. As
previously indicated, relatively few fonts contain
embedded AA bitmaps. Furthermore, for regular weight
and for low/middle ppem results of rendering in AA
mode have significantly lower quality than those of
rendering in BW mode. Therefore, the principle <Gen:l>
impliesthat the emboldening simulation method can
start from much better quality input bitmaps than are
currently used in "AA to AA" emboldening methods.
Since EA fonts and the majority of other fonts with
significant number of dense/complex characters usually
contain embedded BW bitmaps at least for the most
complex characters at low/middle ppems (approximately
in the range 10-22 ppem), starting from a BW bitmap
gives an immediate and extremely important advantage
of being able to use the hand-tuned bitmap designs
(rather than rendering from outlines) whenever
possible. [00128] A second general principle called
herein <Gen:2> is that an emboldening algorithm should
avoid complete blocking of the white spaces between
elements of the input BW bitmap, since such blocking
often results in loss of legibility of the emboldened
character as explained above. Assigning lighter gray
level values to the pixels between black pixels of the
input bitmap at least partially solves the problem.
Assigning new black pixels between black pixels of the
input bitmap might lead to loss (either globally or
locally) of the original design for complex/dense
characters. In contrast, assigning gray values instead



allows for visual separation between elements of the
input bitmap and prevents the design from being
completely lost. [00129] Maintaining visual separation
between elements of the input bitmap by assigning gray
levels will be explained with respect to Figure 7. In
AA rendering mode, the conventional conversion from an
overscaled bitmap to the simple AA bitmap is done by
counting black subpixels for every pixel. In other
words, for a specific pixel, the gray level is
obtained from the fraction of the pixel that is black
in the overscaled bitmap. For example, for an
overscale factor 4 in both the horizontal and vertical
directions as can be seen from Figure 7, there are 16
subpixels per pixel. In the configuration of the black
subpixels shown in Figure 7, the number of black
subpixels is 9. Accordingly, the gray level assigned
to the pixel will be 9/16.[00130] In the design of an
emboldening algorithm that maintains visual
separation, the pixel may be conceptually subdivided
into a number of subpixels. The designer may then
imagine how the "subpixel" bitmap should look in order
to maintain visual separation between existing
elements of the input simple bitmap. The gray level
may then be assigned to reflect the conceptual
subpixel configuration of the pixel. [00131] For
example, suppose that each pixel may have one of 17
gray levels (from 0 to 16) assigned. Now suppose that
the pixel configuration of a simple BW input bitmap
shown in Figure 8A is to be emboldened by 1 pixel to
the right. Figure 8B enlarges the three highlighted
pixels of Figure 8A, and subdivides the middle pixel
into multiple subpixels. To design a heavier weight,
some black or gray pixels are to be added to the right
of the black pixels of the input bitmap. Suppose, for
the three highlighted pixels of Figure 8A, visual
separation is to be maintained by "keeping a distance"
of 3/8 from a pixel's right neighbor to prevent the
strokes of the input bitmap from appearing to collide.
We can conceptually subdivide the white highlighted
pixel (see center pixel of Figure 8B) and imagine how
keeping a distance between visual elements will look
in the overscaled bitmap. In this case, 5/8 of the
center pixel should be black, which for a maximal gray
level of 16 will result in an assigned gray level
value equal to 10. [00132] The following example shows
how a simple emboldening algorithm that follows the
principle <Gen:2> allows for improved quality of the
rendering result. An example emboldening algorithm is
as follows assuming that an emboldening shift of 1
pixel to the 



right is to be performed. 1) For every white pixel of
the input bitmap having a black left neighbor, Ia)
Assign a maximal gray level (corresponding to the
black color) if the right neighbor of the pixel is
white, andIb) Assign a "middle" gray level if the
right neighbor of the pixel is black (preventing
complete blackening of the space between 2 black
pixels of the original bitmap). [00133] This means
that we are "keeping approximately 1A pixel visual
distance" between any two black pixels of the input
bitmap that were separated by a white pixel. Figure 9A
through 9C show an application of the algorithm. In
particular, Figure 9A represents an input BW bitmap to
be emboldened. Figure 9B represents the emboldened AA
bitmap that uses the algorithm just described.
Referring to Figure 9B, the resulting emboldened AA
bitmap is not perfect. For example, the emboldened AA
bitmap of Figure 9B contains a "false serif at the top
part of the stroke (1) and results in a very uneven
appearance of stroke (2). Still, the result is much
better than one that is created by <BW: AIg Standard>
shown in Figure 9C which does not maintain visual
distance. [00134] Figure 10 shows rendering results
for several complex characters at the actual size. The
first (top) line presents regular weight bitmaps, the
second line presents results of emboldening according
to the convention <BW: AIg Standard> method, the third
(bottom) line presents results of the emboldening
method just described. The third line has heavier
visual appearance than the first line (therefore
providing emboldening), and the third line is much
more legible than the second line since the original
design is largely maintained through visual separation
of design elements. [00135] A third general principle
for the emboldening methods will be referred to as
<Gen:3>. The principle <Gen:3> is that a gray scale
value of a pixel assigned by an algorithm can be
different for different pixels and can be computed
based on any kind of "contextual" information, where
the "context" need not be limited to information based
on the immediate neighborhood in the direction of
emboldening or to any other kind of local
neighborhood. The adjusting to the variable
characteristics of the input bitmaps allows, inturn,
for improved quality of the resulting bitmaps by
maintaining elements of a character's design and
keeping balanced "heaviness" (locally and globally)
specific to a character. [00136] An algorithm
described above in relation to principle <Gen:2> is
actually a simple 



"contextual" algorithm since it assigns different gray
values to the pixels depending on their right
neighbors. This algorithm, however, analyzes data in
the direction of emboldening only (for emboldening in
horizontal direction, only immediate left and right
neighbors will be considered as a "context" for a
white pixel). [00137] One algorithm that takes into
account two-dimensional "context" (i.e. a pixel's
neighborhood in both the direction of emboldening and
a perpendicular direction) considers 4 neighbors of a
pixel (left, right, top, bottom). For emboldening in
the horizontal direction to the right with emboldening
shift of 1 pixel, the algorithm may apply the
following computation in order to assign a new value
for a pixel: 1) For a white pixel, having black left
neighbor 1a) If the right neighbor of the pixel is
white Assign the maximal gray value (i.e. color the
pixel black) Ib) Else (i.e. if the right neighbor of
the pixel is black) Decrease the assigned maximal
value by 1/4, Decrease the assigned maximal value by
additional 3/16 if the upper neighbor of the pixel is
black, and Decrease the assigned maximal value by
additional 3/16 if the lower neighbor of the pixel is
black [00138] This algorithm allows for visual
separation not only horizontally, but vertically as
well. Figures H A and H B illustrates a basic
application of this algorithm to a single pixel (the
center pixel) in the context of a 3x3 array of pixels.
Figure 1IA illustrates the input BW pixel
configuration of an input BW bitmap. Figure H B
illustrates the intermediateoverscaled pixel
configuration. We can conceptually subdivide a pixel
into 4x4 subpixels as shown in the center pixel of
Figure 1IB. If the pixel has a black right neighbor,
we want to keep the last (rightmost) column of
subpixels white. If, in addition, the pixel has a
black upper or lower neighbor, we will keep the upper
or lower row of subpixels white. In a configuration
shown in Figure HB, the center white pixel will be
assigned value 9 (assuming that the maximal gray level
value is 16). [00139] An example of assigning the gray
level values according to this algorithm is shown in
Figures 12A through 12D. Figure 12A corresponds to an
input bitmap. Figure 12B shows the result of
emboldening using the emboldening algorithm just
described. Figure 



12C is the same as Figure 12B with the only difference
that it highlights pixels that were black in the input
bitmap. Note a higher level of contrast at the ends of
a closed region in Figure 12C (pixels (Ia) and (Ib) in
the figure 12D) and even higher level of contrast for
pixel (2) having all black neighbors in the input
bitmap. Note also that neither of the white pixels
adjacent from the right to the vertical stroke (3) has
a black right neighbor, therefore all those pixels are
colored black. [00140] A simulated emboldening method
that assigns values to subpixels according to a
"context" should not be necessarily limited by
consideration of a predefined local neighborhood of a
pixel only. For example, a simulated emboldening
method may take into account the length of a vertical
stroke (or, more generally, a stroke perpendicular to
the direction of emboldening) in the regular bitmap
image, and/or may consider the length of a white
region bounded by two strokes from both sides, and the
like. Some contextual algorithms that use information
related to a wider region of the input bitmap will be
described in relation to the fourth general principles
referred to herein as <Gen:4> which collectively
represent two sub-principles referred to as <Gen:4A>
and <Gen:4B>.[00141] In the first sub-principle of the
fourth general principle <Gen:4A>, a "path
perpendicular to the direction of the emboldening" or
"path" is defined as a sequence of pixels generally
(but necessarily completely or contiguously) in the
direction perpendicular to the direction of
emboldening. The second sub-principle <Gen:4B> uses
averaging or smoothing in the direction along the
"paths". [00142] More precisely, a "path" is a
sequence of the pixels that could cause values of
other pixel(s) to be modified as a result of
emboldening (rather than the pixels whose values are
going to be modified). Of course, this definition is
introduced for convenience of description only and can
be changed without departing from the principles of
the present invention. [00143] For example, for the
configuration of pixels in an input bitmap of Figure
13 (and emboldening in the horizontal direction to the
right), the highlighted pixels (the three pixels in
the left column of Figure 13) may represent a "path",
although values of the pixels to the right of the
"path" are those that are going to be modified.
[00144] Algorithms that follow this general concept
and principle consist of two steps: 1) computation of
initial amount of emboldening and 2) averaging. The
first step results in 



amount of emboldening expressed in a gray-level value
computed for the pixels. The computation of the amount
of emboldening at the first step can be performed by
any appropriate algorithm, including contextual
algorithms described in relation to <Gen:2> and
<Gen:3> above. [00145] Since the computation of the
initial amount of emboldening for a pixel usually
relies on a relatively limited neighborhood of the
pixel, abrupt undesired sharp variations in the
direction perpendicular to the direction of
emboldening may be observed. See, for example, the
resulting bitmaps of the emboldening methods described
in relation to general principles <Gen:2> and <Gen:3>
above. In order to smooth those variations and
avoidunwanted visual effects caused by emboldening,
the second step of averaging is applied. In order to
preserve the original design of the character, it is
advantageous to maintain approximately even amounts of
emboldening applied to each structural element of the
input bitmap. Therefore, it would be advantageous for
an averaging "path" to generally follow some
structural element. However, the interpretation of
what constitutes a "structural element" may vary
widely. Furthermore, since the rendered results are
displayed at very small sizes, some visual blending
and visual accomodation of discrete elements is done
by our eyes anyway, so that more elaborate algorithms
for definition of the "structural elements" may not
result in a distinguishable better quality of the
rendered result than more simple ones. [00146] Some
examples of "paths" are given in Figures 14B through
14E, in which the various "paths" are highlighted. In
the examples, it is assumed that emboldening is to
occur to the right. Figure 14A represents an input
bitmap, whereas Figures 14B through 14E represent
several highlighted examples of paths that may be
derived from various "path" definitions. The examples
only show paths that may occur in the second column.
In Figure 14B, a single "path" is defined as all black
pixels in the entire column (this "path" might be
discontinuous). Accordingly, all of the black pixels
in the second column of the bitmap of Figure 14B are
highlighted thereby representing one discontinuous
path. In Figure 14C, a "path" is defined as a
continuous vertical sequence of black pixels. Thus, in
Figure 14C, there are two paths in the second column,
each path corresponding to each continuous vertical
sequence of black pixels. In Figure 14D, a "path" is
defined as a continuous vertical sequence of the black
pixels having white right neighbors thereby defining
four paths in the 



second column. In Figure 14E, a "path" is defined as a
continuous vertical sequence of the black pixels so
long as the path is not intersected by a continuous
horizontal sequence ofblack pixels (horizontal
stroke), the length of the horizontal sequence
(horizontal stroke) being at least 3. This results in
three different paths in the second column of Figure
14E. [00147] A "path" should not be necessarily
defined as a one-directional sequence of pixels. Any
interpretation of a "structural element" of an input
bitmap can be used as definition of a "path". For
example, taking Figure 15A as an input bitmap, a
"nearly vertical stroke" recognition algorithm can
result in two "paths" for an input bitmap as
represented by the two highlighted pixel paths in
Figure 15B. [00148] As previously mentioned, the
second step of emboldening methods following general
principle <Gen: 4B> involve averaging along the path
for every path defined by the general principle <Gen:
4A> just described. Such averaging means that all the
pixels whose values are going to be modified due to
emboldening of a given path will undergo some
averaging algorithm. For emboldening in the horizontal
direction to the right with an emboldening shift of
one pixel, this means that for each "path", an
averaging will be applied to all the pixels that were
white in the input bitmap and that are immediate right
neighbors of the pixels that form the path. For
example, for the upper path highlighted in the second
column of the input bitmap of Figure 16, averaging
will be applied to all of the "dotted" pixels in the
third column. [00149] An averaging itself can be
performed according to any averaging algorithm.
Examples of such averaging algorithms include uniform
averaging or averaging with different weights. The
averaging may occur along the whole "path" or only for
several neighbors of a pixel. Averaging can take into
account discontinuities in the sequence of the pixels
being averaged or not, and so on. [00150] In example
below, Figure 17A corresponds to an input bitmap.
Figure 17B shows the initial gray level values
resulting from the first stage and computed by an
algorithm described in relation to <Gen:3>. Figure 17C
presents exactly the same result as Figure 17B,with
the input image being highlighted. Note a "false serif
at the top of the vertical stroke (1), and an uneven
appearance of stroke (2) after emboldening. Figures
17D and 17E show results of averaging. In both cases,
"paths" are defined as any continuous vertical
sequence of black pixels. Figure 17D corresponds to a
uniform averaging along the path - note that as the
result of the averaging the design of the character is
better represented in the emboldened 



bitmap than when no averaging is used. Figure 17E
corresponds to another averaging approach which
computes a gray level value of a pixel based on
averaging of the initial gray levels for the pixel and
its 2 upper and 2 lower neighbors with different
weights - the averaging provides a result which is
much smoother overall than one presented in Figure 17B
while maintaining some contrast in the darker areas.
[00151] Since the simulated emboldening methods use
simple BW bitmap as an input, they are performed in
the rasterization process after the simple BWbitmaps
become available (see e.g., the (BW to AA: Bitmap
Simple Regular to Bitmap Simple Bold) step in Figure
18) at the end of a standard process of rasterization
in BW mode (for regular weight). No (principal)
modifications to the other steps of the rasterization
process are required. However, depending on the
specific implementation of a rasterizer, some minor
changes might be required in order to support AA
format of the output of the emboldening algorithm. For
example, a rasterizer may require more memory
allocation in order to be able to return full
gray-level values rather than just BW binary bits.
[00152] An important difference from the currently
applied emboldening in BW mode is that the new
algorithms generate output bitmaps in AA rather than
in BW format (according to <Gen:l>). Since the
emboldening is performed at the last stage of the
rasterization process, the output format does not
matter for the rasterizer itself. However, a rendering
engine should be aware of the AA format of the
resulting bitmaps generated by the rasterizer,so that
it will interpret the bitmaps correctly and perform
mapping of the bitmaps values to the corresponding
shades of gray. [00153] A particular parametric family
<F1> of algorithms that follows the general concepts
and principles <Gen:l>, <Gen:2>, <Gen:3>, <Gen:4> will
now be described. Besides making some of the concepts
more specific, the algorithmic family describes a
particular order of the operations. A possible choice
of parameters for this algorithmic family (i.e. a
specific algorithm from the family) is now described,
and comparison between the new algorithm and the
currently commonly applied algorithm is provided.
[00154] The parametric family is defined by the
following set of parameters and following order of
operations. [00155] In the first step referred to as
<Fl:Step:l>, any kind of pre-processing algorithm is
applied to the input bitmap (no pre-processing
algorithm being applied is a valid choice). 



The choice of the pre-processing algorithm is the
first parameter <Fl:Par:l> that should be defined in
order to identify a specific algorithm from the
family. For the current family of algorithms, for
clarity, we will assume that the pre-processing
algorithm (if any) results in a simple BWbitmap.
[00156] In the second step referred to as <Fl:Step:2>,
initial amounts of emboldening are calculated. <F1>
uses the following contextual algorithm (see <Gen:3>)
that computes the initial amounts of emboldening based
on a "4-adjacent neighbors" neighborhood of a pixel.
The algorithm is similar to one described in relation
to <Gen:3>. Once again, we assume emboldening in the
horizontal direction to the right with emboldening
shift of 1 pixel. For a pixel whose value should be
modified (i.e. for a pixel having a black left
neighbor), a "repulsive power" is computed so as to
keep visual distance between structural elements of
the initial input bitmap. The value of the "repulsive
power" will define by how much (in percents or in
absolute gray levels) to decrease darkness (i.e., how
much to increasebrightness) of the embolded pixel with
respect to the maximal (i.e., darkest) gray level. The
choice of a particular formula for computation of the
"repulsive power" represents the second parameter of
the parametric family: <Fl:Par:2>. [00157] In the
third step referred to as <Fl:Step:3>, the averaging
"paths" are defined, and an averaging algorithm is
applied along every averaging "path" (see <Gen:4>).
The particular definition of the averaging "path" and
particular choice of the averaging algorithm defines
respectively third and fourth parameters of the
parametric family <Fl:Par:3> and <F1 :Par:4>. Note
that "no averaging" is a valid choice for <F1 :Par:4>.
[00158] In the fourth step referred to as <Fl:Step:4>,
for every averaging "path", the resulting average
value for all the pixels along the "path" is assigned.
[00159] In the fifth step referred to as <Fl:Step:5>,
any post-processing algorithm is applied to the
resulting AA bitmap. It is valid to choose no
post-processing algorithm to be applied in <F1
:Step:5>. The choice of a particular post-processing
algorithm defines the fifth parameter <Fl:Par:5> of
the parametric family. [00160] An example of a
specific algorithm from the algorithmic family <F1>
will now be described. Parameters of the particular
algorithm described below were chosen after visual
comparison of the output results of algorithms from
the algorithmic family described above with different
parameters applied. One of the goals was to achieve a
balance between the 



quality of the results and the complexity of the
algorithm applied. The specific choice of the
parameters is described below. [00161] For the first
algorithmic parameter <Fl:Par:l> (i.e., the
preprocessing step), a "cap-correction" algorithm is
applied (see description below). [00162] For the
second algorithmic parameter <Fl:Par:2> (i.e., the
definition of a particular formula for "repulsive
power"), the definition is as follows: for any pixel
whose value should be modified during emboldening, if
the pixel has a black neighbor in thedirection of
emboldening - decrease the assigned maximal gray value
by 4/16 of the maximal gray value, and for every one
of the black neighbors in a direction perpendicular to
the direction of emboldening, decrease the assigned
maximal gray value by additional 3/16 of the maximal
gray value. [00163] For emboldening in the horizontal
direction to the right with emboldening shift of 1
pixel, the resulting initial emboldening algorithm may
be summarized as follows: If the pixel is white and
its left neighbor is black { If its right neighbor is
white { Don't apply repulsive power; } Else { Apply
repulsive power of 4/16 and additional 3 /16 if the
top neighbor is black and additional 3/16 if the
bottom neighbor is black } } [00164] The resulting
assigned value of the above-described example
algorithm to an initially white pixel is shown for six
different pixel configurations in Figure 19. The
example of Figure 19 assumes 17 gray levels (0...16).
The result of computation of the initial amount of
emboldening by the formula described above is shown in
Figures 2OA and 2OB, whereFigure 2OA represents an
input bitmap, and Figure 2OB corresponds to the result
of emboldening before averaging. 



[00165] For the third algorithmic parameter <Fl:Par:3>
(i.e., the definition of the averaging "path"), the
"path" is defined as a continuous sequence of black
pixels in the direction perpendicular to the direction
of emboldening. [00166] For the fourth algorithmic
parameter <Fl:Par:4> (i.e., the definition of the
averaging algorithm), uniform averaging of the
assigned gray level values is applied to the white
pixels along the side of the path in the direction of
emboldening. For emboldening in the horizontal
direction to the right with an emboldening shift of 1
pixel, the averaging algorithm may be defined as
follows: Compute the number of the white pixels (in
the input bitmap) at the immediate right from the
pixels in the "path", let this number be NumWhite.
Compute the total "repulsive power" as the sum of the
"repulsive powers" for all white pixels (in the input
bitmap) along the "path", let this sum be NegTotal.
Compute an average value
LevelMax-(LevelMax*(NegTotal/Num White)), where
LevelMax is the maximal value of the gray level.
Assign this average value to all the white pixels
along the "path". [00167] The result of application of
the initial emboldening and this averaging to the
original bitmap of Figure 21A is shown in Figure 21B
(without the pre-processing of "capcorrection" being
applied). [00168] The fifth algorithmic parameter <F1
:Par:5> (i.e., identification of post-processing)
identifies that no post-processing is applied.[00169]
The rendering results of the specific algorithm just
described above are much more legible than those of
the currently commonly applied BW emboldening
algorithm for the fonts containing significant number
of the complicated, dense characters. For instance,
Figure 22A shows an input bitmap. The result of the
emboldening according to a current commonly applied BW
emboldening algorithm is shown in Figure 22B. In stark
contrast, the result of the emboldening according to
the specific example <F1> algorithm is shown in Figure
22C. Clearly, the bolded character of Figure 22C is a
much more recognizable embolded image of the character
in Figure 22A than Figure 22B is. [00170] The
pre-processing step of "cap-correction" will now be
described. The reason for the "cap-correction"
algorithm is to eliminate narrow "caps" in the joints
between inclined strokes, which otherwise will cause
visual discontinuity of the connected strokes 



after emboldening. The following description and
examples illustrate "cap correction" for horizontal
emboldening by one pixel to the right. The same basic
algorithmic approach to "cap detection" and "cap
correction" can be applied to other directions for
emboldening. For example, suppose the input bitmap of
Figure 23A is to be emboldened one pixel to the right.
The example bitmap emboldening algorithm (from family
<F1>) without "capcorrection" applied to the regular
image of Figure 23A will result in the emboldened
bitmap of Figure 23B. The bitmap of Figure 23B appears
to consist of two separate strokes (longer on the
right and shorter on the left), while the strokes were
connected in the regular bitmap. The emboldened bitmap
image of Figure 23B (with this visual discontinuity)
could be misintrepreted (mis-read) as an entirely
different (semantically different) character than the
one represented in the regular weight bitmap of Figure
23A. The "cap-correction" algorithm identifies narrow
joints between inclined connected strokes, and
prevents visual discontinuity in the emboldened image.
The new emboldening algorithm applied with
"cap-correction" will result in the bitmap of Figure
23C.[00171] In order to describe the "cap-correction"
algorithm we will use several definitions. A "tube" is
a continuous one column wide vertical sequence of
white pixels in the input bitmap bounded on both left
and right sides by black pixels. The tube shown in the
pixel configuration of Figure 24 shows a tube that is
closed at the top by a black pixel and is open at the
bottom. A row R for a given column C corresponds to a
"tube triplet" if the pixel in row R and column C is
white and both its left and right neighbors are black.
An example of a row corresponding to a "tube triplet"
is shown in Figure 25. [00172] Furthermore, an
"opening" will now be defined. There are two chains of
black pixels (left and right) that run along the left
and right sides, respectively, of a tube. The black
pixels of the left chain extend from one end of the
tube and continue vertically so long as there is
another black pixel that it connects to vertically (or
diagonally to the left). The black pixels of the right
chain extend from one end of the tube and continue
vertically in the same direction as the left tube so
long as there is another black pixel that it connects
to vertically (or diagonally to the right). An
"opening" is that area outside of the tube that is
still bounded by the left and right chains. An opening
is said to be of (at least) length L if both left and
right chains contain at least L pixels counting from
the open end of the tube. The width of an opening at a
specific row is the number of white pixels between the
right and left chains of 



that specific row. An example of an opening is shown
in Figure 26. In that example, the opening has a
length 3, which extends from the opening of a tube of
length 2. The opening has a width of 2 at the third
row from the top, a width of 3 at the second row from
the top, and a width of 4 at the first (top) row.
[00173] A "cap" is a "tube" followed by an "opening".
The cap-correction algorithm will detect caps if the
following criteria are satisfied. First, there is
found a tube of length 1 or 2 that is closed at one
vertical end. An opening at the other end of the tube
is found, the opening being at least 2 pixels wide in
its first row counting from the open end of the
tube.No black pixels are found inside of the opening
touching (even diagonally) the black pixels defining
the tube or the opening. Figure 27 shows all possible
"caps" opened to the top with tubes of length 1.
Figure 28 shows all possible caps opened to the top
with tubes of length 2. [00174] The "cap-correction"
algorithm operates as follows. 1) In the original
regular bitmap, detect all "caps" (corresponding with
the direction of emboldening) 2) For every "cap", fill
in its "tube" with a predefined dark shade of gray
(black in the present implementation). [00175]
Accordingly, the simulated emboldening methods just
described provide improved methods for generating an
emboldened bitmap of an original BW bitmap. The
present invention may be embodied in other specific
forms without departing from its spirit or essential
characteristics. The described embodiments are to be
considered in all respects only as illustrative and
not restrictive. The scope of the invention is,
therefore, indicated by the appended claims rather
than by the foregoing description. All changes, which
come within the meaning and range of equivalency of
the claims, are to be embraced within their scope.
[00176] What is claimed and desired secured by United
States Letters Patent is:1. A computer-implemented
method for emboldening an input Black and White
bitmap, the method comprising the following: an act of
accessing the input Black and White bitmap; and an act
of using the input Black and White bitmap to generate
an emboldened Anti- Aliasing bitmap. 2. The
computer-implemented method in accordance with Claim
1, wherein the act of using the input Black and White
bitmap to generate an emboldened Anti-Aliasing 



bitmap comprises the following for at least one of the
output pixels whose corresponding input pixel is
white: an act of determining that the left neighbor
input pixel for the corresponding input pixel is
black; an act of determining that the right neighbor
input pixel for the corresponding input pixel is
black; and an act of assigning a middle gray level to
the output pixel in response to the acts of
detepnining. 3. The computer-implemented method in
accordance with Claim 2, wherein the middle gray level
is assigned by performing the following: an act of
determining whether the upper neighboring input pixel
for the corresponding input pixel is white or black;
and if the upper neighboring input pixel for the
corresponding input pixel is determined to be black,
an act of assigning a lighter middle gray level than
would be assigned had the upper neighboring input
pixel been determined to be white.4. The
computer-implemented method in accordance with Claim
3, wherein the middle gray level is assigned by
performing the following: an act of determining
whether the lower neighboring input pixel for the
corresponding input pixel is white or black; and if
the lower neighboring input pixel for the
corresponding input pixel is determined to be black,
an act of assigning a lighter middle gray level than
would be assigned had the lower neighboring input
pixel been determined to be white. 5. The
computer-implemented method in accordance with Claim
2, wherein the middle gray level is assigned by
further performing the following: an act of
determining whether the lower neighboring input pixel
for the corresponding input pixel is white or black;
and if the lower neighboring input pixel for the
corresponding input pixel is determined to be black,
an act of assigning a lighter middle gray level than
would be assigned had the lower neighboring input
pixel been determined to be white. 6. A
computer-implemented method in accordance with Claim
5, wherein the act of using the Black and White bitmap
to generate an emboldened Anti-Aliasing bitmap further



comprises the following: an act of identifying a path
of a sequence of pixels generally in a direction
perpendicular to a direction of the emboldening that
causes values of other pixels including the output
pixels to be emboldened due to the implementation of
the acts of applying a middle gray level to the
corresponding output pixels; and an act of applying
averaging of the middle gray levels assigned to the
corresponding output pixels to generate a final middle
gray level to the corresponding output pixels.7. A
computer-implemented method in accordance with Claim
4, wherein the act of using the Black and White bitmap
to generate an emboldened Anti-Aliasing bitmap further
comprises the following: an act of identifying a path
of a sequence of pixels generally in a direction
perpendicular to a direction of the emboldening that
causes values of other pixels including the output
pixels to be emboldened due to the implementation of
the acts of applying a middle gray level to the
corresponding output pixels; and an act of applying
averaging of the middle gray levels assigned to the
corresponding output pixels to generate a final middle
gray level to the corresponding output pixels. 8. A
computer-implemented method in accordance with Claim
3, wherein the act of using the Black and White bitmap
to generate an emboldened Anti-Aliasing bitmap further
comprises the following: an act of identifying a path
of a sequence of pixels generally in a direction
perpendicular to a direction of the emboldening that
causes values of other pixels including the output
pixels to be emboldened due to the implementation of
the acts of applying a middle gray level to the
corresponding output pixels; and an act of applying
averaging of the middle gray levels assigned to the
corresponding output pixels to generate a final middle
gray level to the corresponding output pixels. 9. A
computer-implemented method in accordance with Claim
2, wherein the act of using the Black and White bitmap
to generate an emboldened Anti-Aliasing bitmap further
comprises the following:an act of identifying a path
of a sequence of pixels generally in a direction
perpendicular to a direction of the emboldening that
causes values of other pixels including the output
pixels to be emboldened due to the implementation of
the acts of applying a middle gray level to the
corresponding output pixels; and 



an act of applying averaging of the middle gray levels
assigned to the corresponding output pixels to
generate a final middle gray level to the
corresponding output pixels. 10. A
computer-implemented method in accordance with Claim
1, further comprising the following: an act of
displaying the emboldened Anti-Aliasing bitmap on a
display. 11. A computer-implemented method in
accordance with Claim 1, wherein the act of using the
input Black and White bitmap to generate an emboldened
Anti-Aliasing bitmap comprises: an act of determining
the presence of at least one narrow cap corresponding
with the direction of emboldening in the joints
between inclined strokes in the input bitmap; and an
act of assigning a black value to the input pixels
that make up the tube of each of the at least one
narrow cap.12. A computer program product comprising
one or more computer-readable media having thereon
computer-executable instructions that, when executed
by one or more processors of a computing system, cause
the computing system to perform a method for
emboldening an input Black and White bitmap, the
method comprising the following: an act of accessing
the input Black and White bitmap; and an act of using
the input Black and White bitmap to generate an
emboldened Anti- Aliasing bitmap. 13. The computer
program product in accordance with Claim 12, wherein
the act of using the input Black and White bitmap to
generate an emboldened Anti-Aliasing bitmap comprises
the following for at least one of the output pixels
whose corresponding input pixel is white: an act of
determining that the left neighbor input pixel for the
corresponding input pixel is black; an act of
determining that the right neighbor input pixel for
the corresponding input pixel is black; and an act of
assigning a middle gray level to the output pixel in
response to the acts of determining. 14. The computer
program product in accordance with Claim 13, wherein
the middle gray level is assigned by performing the
following: 



an act of determining whether the upper neighboring
input pixel for the corresponding input pixel is white
or black; andif the upper neighboring input pixel for
the corresponding input pixel is determined to be
black, an act of assigning a lighter middle gray level
than would be assigned had the upper neighboring input
pixel been determined to be white. 15. The computer
program product in accordance with Claim 14, wherein
the middle gray level is assigned by performing the
following: an act of determining whether the lower
neighboring input pixel for the corresponding input
pixel is white or black; and if the lower neighboring
input pixel for the corresponding input pixel is
determined to be black, an act of assigning a lighter
middle gray level than would be assigned had the lower
neighboring input pixel been determined to be white.
16. The computer program product in accordance with
Claim 15, wherein the act of using the Black and White
bitmap to generate an emboldened Anti-Aliasing bitmap
further comprises the following: an act of identifying
a path of a sequence of pixels generally in a
direction perpendicular to a direction of the
emboldening that causes values of other pixels
including the output pixels to be emboldened due to
the implementation of the acts of applying a middle
gray level to the corresponding output pixels; and an
act of applying averaging of the middle gray levels
assigned to the corresponding output pixels to
generate a final middle gray level to the
corresponding output pixels. 17. A computer program
product in accordance with Claim 14, wherein the act
of using the Black and White bitmap to generate an
emboldened Anti-Aliasing bitmap further comprises the
following:an act of identifying a path of a sequence
of pixels generally in a direction perpendicular to a
direction of the emboldening that causes values of
other pixels including the output pixels to be
emboldened due to the implementation of the acts of
applying a middle gray level to the corresponding
output pixels; and an act of applying averaging of the
middle gray levels assigned to the corresponding
output pixels to generate a final middle gray level to
the corresponding output pixels. 18. A computer
program product in accordance with Claim 13, wherein
the act of using the Black and White bitmap to
generate an emboldened Anti-Aliasing bitmap further 



comprises the following: an act of identifying a path
of a sequence of pixels generally in a direction
perpendicular to a direction of the emboldening that
causes values of other pixels including the output
pixels to be emboldened due to the implementation of
the acts of applying a middle gray level to the
corresponding output pixels; and an act of applying
averaging of the middle gray levels assigned to the
corresponding output pixels to generate a final middle
gray level to the corresponding output pixels. 19. A
computer program product in accordance with Claim 12,
wherein the method further comprises the following: an
act of displaying the emboldened Anti-Aliasing bitmap
on a display. 20. A computer program product in
accordance with Claim 12, wherein the act of using the
input Black and White bitmap to generate an emboldened
Anti-Aliasing bitmap comprises:an act of determining
the presence of at least one narrow cap corresponding
with the direction of emboldening in the joints
between inclined strokes in the input bitmap; and an
act of assigning a black value to the input pixels
that make up the tube of each of the at least one
narrow cap. 




