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ABSTRACT

Methods, systems, and computer program products for adding hinting instructieons to a
character in order to improve a character bitmap produce=d from an outline of the chara«cter at a
certain size and o-utput resolution when the character oustline is scan converted. A cha-racter is
retrieved to be osutput. A determination is made that the character belongs to a s-emantic
character classificcations, and hinting instructions that are associated with the semantic ¢ haracter
classification are= accessed. The hinting instructions preserve semantic meaning for the
character while alltering either stroke presence, stroke loc-ation, or both for at least one s=troke of
at least one featur-e of the character based on a reference character size and output resoluation. If
the actual characker size and output resolution for the claaracter 1s within a reterence ¢ naracier

size and output re=solution for the hinting instructions, the= hinting instructions are executzed.
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CROSSS-REFERENCE TO RELATED AP PLICATIONS

[0001] N/A

BACKGROUND OF THE INVENTION
1. The Field of the In_vention
[0002] The present invention relates to character 1 egibility. More specifically, the
present invention relates to adding hinting instructions to a_ character in order to irmprove a
character bitman vroduced from an outline of the charac-ter at a certain size an_d output

resolution when the charaecter outline is scan converted.

2. Background and R_elated Art

[0003] Figure 1 illustrates a character outline B00. A character outlLine is a
mathematical description of a characters shape using lines amd curves. Character oumtline 100
includes a feature 120 th.at is made up of strokes 121-126, and includes strokes 111 -112 and
131-133. Identifying strokes 121-126 as feature 120 is a so-mewhat arbitrary design:ation that
will be described in mor—e detail below with respect to various embodiments of th_e present
invention. For now, it is sufficient to understand that a feat-ure is a collection of ones or more
strokes for a character.

[0004] Figure 2 shows a bit map 200 of character o-utline 100 scaled to a gri d of sixty
pixels. Similar to character outline 100, bit map 200 includess a feature 220 that is maade up of

strokes 221-226, and inc=ludes strokes 211-212 and 231-23 3. Figure 2 illustrates t=hat when



sufficient pixels are available for a character of a particular size, rendering can be a relatively
straightfoxward and simple process.

[0©005] Consider, however, the size of the bi® map 200 on various outpout devices.
Even the least expensive of current laser printers offer resolutions of 300 dots per inch (DPI),
with 600 being more common. While uncommon for laser printers, resolutions ggreater than
2400 DPL are not uncommon for ink-jet printers. Accoerdingly, if rendered on a 300 DPI laser
printer, bt map 200 would be 1/5th of an inch high.

[0 006] Typical display devices, however, have= much lower resolutions. For example,
monitor mesolutions of about 100 to 133 pixels per inch (PPI) are considered  high, with
resolutioras of 72 PPI being fairly common. As a result, if rendered on a hig_h resolution
monitor, bit map 200 would be approximately 1/2 of an inch high.

[®007] It is generally accepted that the optimumm reading size for character s is between
about nirxe and twelve points. A point is approximateldy 1/72nd of an inch. Conxerting point
size to in_ches, optimum reading size for characters is ttherefore about 1/8th of an 1—nch to about
1/6th of an inch.

[0008] As indicated above, if rendered on a 3C00 DPI laser printer, bit magp 200 would
be 1/5th of an inch high, which is large for reading, but not unreasonably so. How—ever, as also
noted above, if rendered on a high resolution monitor, bit map 200 would be appro ximately 1/2
of an incTh high, which is far too large for effective read ing.

[0009] In order to make character outline 100 into a bit map for optimal re=ading on the
72 PPI ronitor, character outline 100 would need to be scaled to a grid of twel~ve pixels, as
shown iy Figure 3. On a 72 PPI monitor, bit map 300 would be 1/8th of an inch high. Note,
however , that when character outline 100 is scaled te a grid of twelve pixels, shere are not

enough pixels to accurately represent the shape of the character.
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[0010]  Similar to bit map 200, bit map 3€0 includes a feature 320 that is made up of
strokes 321-32 6, and includes strokes 311-312 ancd 331-333. As shown in Figu-re 3, however,
the shape of thhe character appears to be broken, with clashing pixels and blo=ck spots. For
example, there is not white space between strokes 322 and 324A and between stirokes 326 and
332.

[0011] As shown in the basic bit map 400 of Figure 4, fourteen pixels in the vertical
direction are albout the minimum number required to accurately represent charactzer outline 100,
given: one pixeel for the top of stroke 411, one pixeel for stroke 412, one pixel for— the separation
between strokee 412 and 422, one pixel for strok e 422, one pixel for the sepamration between
stroke 422 ancd stroke 424A, one pixel for stroke 424A, one pixel for the separation between
stroke 424A a—nd stroke 424B, one pixel for strokee 424B, one pixel for the sepa_ration between
stroke 424B amd 426, one pixel for stroke 426, on_e pixel for the separation betw=een stroke 426
and stroke 4322, one pixel for stroke 432, two pixels for strokes 431 and 433. Of course, the
minimum nurnber of pixels required to represent a character accurately veaaries from one
character to armother.

[0012] Roughly, the distance in the vetical direction from the top of the highest
character to ttae bottom of the lowest character in a font is defined as an “em.”  There also can
be some padd3ing, and some font characters may e xceed an em. An em is not a tanit of measure,
but rather a skhorthand description for this distanc=e. The number of pixels per &m is helpful in
determining wwhether the character shape problemss illustrated in Figure 3 are likesly to occur. At
sixty pixels p~er em (Figure 2) character shape pr oblems are less likely to occumr than at twelve
pixels per em (Figure 3).

[0013 Returning back to Figure 4, if fourteen pixels are not available in the vertical

direction, the character may be altered to improv-e legibility. It should be note=d that although
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Figure 4 shows insufficient pixesls in the vertical direction, the prooblem of insufficient pixesls to
represent a character applies in ®he horizontal direction as well. One way to alter a charact=er to
improve legibility is to remove ssirokes from the character. An Assian character was selecte d for
character outline 100 for purpeoses of illustration because Asiam characters, as comparezd to
Latin characters, tend to have a large number of strokes, and therefore generally are mmore
susceptible to the shape problerms, whether in the horizontal or v-ertical direction, illustrat-ed in
Figure 3 at character sizes suite d to effective reading. Naturally, Latin and other character—s are
susceptible to the same shape poroblems, depending on the numboer of strokes in the char—acter
outline, the target size for the clnaracter, resolution of the output d_evice, and so forth.

[0014] Removing a streoke from an Asian character is roLaghly analogous to remov—ing a
letter from an English word. FFor many English words, removimg a letter would not mak—e the
word unrecognizable, particulaarly in the context of surroundirmg words. Of course, ce=rtain
letters have more impact than others—removing vowels in the middle of a word 1s likely to
cause fewer problems than re-moving a consonant at the begi nning of a word. Simi_larly,
removing a stroke from an Asizan character can reduce the numbesr of pixels needed to represent
the character, without impactin g legibility in too great of a degre=e. Like removing letters from
an English word, however, the sstroke to be removed from an Asizan character should be sellected
to minimize any potential reduction in readability.

[0015] As a result, ratkner than scaling the character outlane 100, traditional Asian fonts
include multiple bit maps, crezated by the font developer, for re ndering characters at dif=ferent
font sizes. The stroke-reduced bit map 500 illustrated in Figure =5 is an example bit map f-or the
character outline 100 illustrate=d in Figure 1. Note that strokess 124A and 124B have been
collapsed into a single stroke 524 to improve legibility. The rermaining strokes, 511, 512 , 521,

522,523, 526, and 531-533 are= largely unchanged.
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[0016] While the solution illustrated if Figure 5 addressess the character shape problermn
shown in Figure 3, providimg multiple bit maps for each charact er significantly increases th e
resources required to develop an Asian font and significantly incre=ases the storage requirement—s
needed for the font. Consicler, for example, that an Asian font nmay contain more than 20,00 0
distinct characters. In prov iding multiple bit maps for each chara cter, the number of bits map>s
for a single Asian font may exceed 400,000. As a result, developing an Asian font may requir—e
the equivalent of 50 font de signers working for a full year.

[0017] Therefore, methods, systems, and computer program products for addimmg
hinting instructions to a ckaaracter in order to improve legibility of a scaled character bitmaap
produced from an outline of the character at a certain size ancl output resolution wnen ume

character outline is scan comverted.

B RIEF SUMMARY OF THE INVENT 10N

[0018] The presert invention extends to methods, sys-tems, and computer progra_m
products for adding hintings instructions, in some instances automaatically, to a character in ord_er
to improve a character bitrnap produced from an outline of the «haracter at a certain size arnd
output resolution when the character outline is scan converted.

[0019] In accordamce with an example method embodinment of the present inventiora a
character to be output is retrieved, the character comprising one o-1 more features, each of whi-ch
further comprises one or rrore strokes. The method determiness that the character belongs to
one or more semantic character classifications and accesses onee or more hinting instructiosns
that are associated with ea_ch of the one or more semantic charac ter classifications. The one or
more hinting instructions preserve semantic meaning for the character while altering eitler

stroke presence, stroke lo cation, or both for at least one stroke= of at least one feature of he
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character based on a reference chamacter size and output resolution. The actual charactesr size
ard output resolution for the chara cter is compared to the referemnce character size and Output
re=solution for the one or more hinti ng instructions, and the one or~ more hinting instructions ar¢
e=xecuted to alter either stroke prese nce, stroke location, or both fo-r the at least one stroke of the
ast least one feature of the character to produce a hinted character outline.

[0020] A scaled character bit map may be created fron the hinted character coutline
and sent to a display device or pri_nter. In some embodiments, the character is from arm East
Assian 1énguage.

[0021] In accordance with_ another example computer program product embodinment of
tkne present invention a set of char-acters to be output are receivesd, each character componsing
oene or more features with one or more strokes. For each charactesr in the set of character—s, one
oer more semantic character classi fications to which the charac—ter belongs and one or— more
Iminting instructions that are associzated with the semantic character classification are iderntified.
TChe one or more hinting instruct-ions preserving semantic me=aning for the character while
aaltering either stroke presence, str oke location, or both for at le=ast one stroke of at leamst one
feature of the character based on = reference character size and eoutput resolution. The one or
rore hinting instructions are assoc ated with the character.

[0022] The one or more h_inting instructions that are associated with the charactesr may
e based on a Unicode value, ost some other encoding, for —the character, and the set of
haracters may comprise at least a portion of a font. For exampl e, the set of characters rmay be
One or more characters from an Ezast Asian language. It should be noted that a charactesr may
toelong to a plurality of semantic character classifications, that = different reference ch aracter
ssize and output resolution may apoply to different hinting instriactions, and that some hhinting

& nstructions may be associated withh a character that is specific to only that character.
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[0023] The method al=o may further comprise developimag the one or more semantic
character classifications and de-fining the one or more hinting instriictions for each of the one or
more semantic character classif"ications.

[0024] In accordance with another example method embodiment of the present
invention a character outline that comprises one or more featwues, each of which further
comprises one or more strokxes, and one or more reference character sizes and output
resolutions are defined. An =ctual character size and output re-solution for the character is
compared to the one or more reference character sizes and outpout resolutions. One or more
hinting instructions for the character, as opposed to one or more stroke-reduced bit maps, are
defined, to be executed if the aactual character size and output resolution falls within one ol the
reference character sizes and o utput resolutions. The one or more= hinting instructions preserve
semantic meaning for the charzacter while reducing at least one str—oke of at least one feature of
the character to improve character legibility.

[0025] If the actual character size and output resolut ion falls within one of the
reference character sizes and output resolutions, the one or meore hinting instructions may
collapse a stroke, partially coll_apse the stroke, shorten the stroke, and so forth. The stroke may
be any character stroke, includ ing a horizontal stroke, a vertical stroke, or an angled stroke.

[0026] The reference character sizes and output resolustions may be expressed as a
target point size and output ressolution, as pixels per em, or in any eother suitable measure.

[0027] Additional fezatures and advantages of the inveration will be set forth in the
description which follows, ancd in part will be obvious from the dRescription, or may be learned
by the practice of the inventio n. The features and advantages of ~the invention may be realized
and obtained by means of th e instruments and combinations p=rticularly pointed out in the

appended claims. These and other features of the present invertion will become more fully
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apparent from the follo>wing description and appencded claims, or may be learned by the
practice of the invention as set forth hereinafter.
MBRIEF DESCRIPTION OF THE DRAWINGS

[0028] In ordemr to describe the manner in which the above-rec—ited and other
advantages and features of the invention can be obtained, a more particular de=scription of the
invention briefly descri_bed above will be rendered by reference to specifisc embodiments
thereof which are illust—rated in the appended drawirags. Understanding that these drawings
depict only typical embeodiments of the invention armd are not therefore to bee considered as
limiting its scope, the in_vention will be described and explained with additionaM specificity and
detail through the use of~ the accompanying drawings im which:

[0029] Figure 1 illustrates a character outline for a character;

[0030] Figure = shows a bit map representat-ion of the character outli—ne illustrated in
Figure 1 scaled to a 60-poixel grid;

[0031] Figure = shows a bit map representat ion of the character outli-me illustrated in
Figure 1 scaled to a 12-poixel grid;

[0032] Figure -4 shows the number of pix_ els needed in the verticcal direction to
accurately represent the character outline illustrated in Figure 1;

[0033] Figure S5 shows a stroke-reduced bit rmap, created by the font designer, for the
character outline illustra_ted in Figure 1;

[0034] Figure €5 shows a scaled bit map of ttme character outline illustr—ated in Figure 1
that has used hinting for— grid-fitting;

[0035] Figure 77 shows a scaled bit map of tkae character outline illustr—ated in Figure 1

that has used hinting for— both grid-fitting and stroke re=duction;



[0036] Figures 8 and 9 show example acts and steps for methods of a~dding hinting
instructions to a character or set of characters; and

[0037] Figure 10 illustrates an example computer system that providlles a suitable
operatirg environment for the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 'S

[0038] The present invention extends to methods, systems, and comp>uter program
products for adding hinting instructions to a character in order to improve a chaaracter bitmap
produce=d from an outline of the character at a certain size and output resolut-ion when the
charact er outline is scan converted. It should be noted here that the varimous disclosed
embodi_ments may focus on different aspects of the present invention tor purposes or
illustrastion and clarity. Accordingly, the disclosed embodiments should not be us ed to limit the
scope eof the present invention, and therefore combinations of the disclosed embodiments
and/or certain portions of the disclosed embodiments should be understood teo be included
within the scope of the present invention.

[0039] Figure 6 shows a scaled bit map 600 of the character outline= illustrated in
Figure 1 that has used hinting for grid-fitting purposes. Grid-fitting using hintirg instructions
that de scribe how to fit a character outline to the grid prior to determining whichm pixels should
be on. Grid-fitting attempts to preserve the regularity or near-regularity of locations and
distanc=es, preserve proportions. In Figure 6, note that the horizontal 612, 622 624A, 624B,
626, ard 632 have been fit to the twelve-pixel grid so that the stroke outlines lie along a single
pixel. Grid fitting usually occurs along one axis first, and then along the second axis.

[0040] The grid-fitting illustrated in Figure 6 improves the shape of the= character, but
does n ot solve the problem of black spots in the image. Referring back to Figur e 4, the reason

for thi_s is that a minimum of fourteen pixels are needed to accurately repressent character
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outli ne 100. In order to improve the= shape of the bit map 600, additional hinting is performed
to collapse one of the middle strokes 624A or 624B of feature 6220.

[0041] This additional hintzing is illustrated in the bit= map 700 shown in Figure 7.
Note= in particular that one of the horizontal strokes 624A and  624B of feature 620 has been_
collaapsed into a single horizontal stroke 724 of feature 720. Ass a result, the character is more-
legibole, specifically due to the white= space between horizontal sstrokes 712, 722, 724, 726, and_
732.

[0042] There are a variet'y of font languages that support hinting instructions,.
incliading TRUETYPE®, which is commonly used by Apple amnd Microsoft. Font languages
are —used to describe character outliines, such as character out-line 100, in order to Iacilitates
scaling, and for hinting. However, =as indicated above, hinting has not been used for reducings,
strol<es in scaled character outlines ~for Asian fonts, and more sspecifically for East Asian (i.e.,
Japaan, simplified and traditional Chuinese, Korea, etc.) fonts, d.ue to the difficulties describedl
abowe and illustrated in Figure 3. RRather, character outlines ar—e used for rendering characters
whe e there are sufficient pixels per em to accurately represent the characters, and, when there
are finsufficient pixels per em to accuarately represent the charactesr, either (i) rendered characters
offe—r poor legibility, similar to the cTharacter bit map 300 illustraated in Figure 3, or (ii) multiple
strolke-reduced bit maps for each Character (see Figure 5) ar—e embedded in the font itself,
lead.ing to large font development costs and large font files. In contrast, using the hinting
descsribed above, the same highly Megible results of multiple ~bit maps can be matched, ana
ther eby eliminate the need to develop and embed stroke-reduceca bit maps inside a font file.

[0043] For example, in devseloping a font, a character oeutline is defined. The charactew

outl ine includes one or more featur-es made up of one or morse strokes. It should be kept ir
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mind that a feature is simply an zarbitrary designation for a collectzion of one or more streakes,
and does not necessarily imply an -y further structure on the characte 1 outline.

[0044] One or more refe rence character sizes and output —resolutions also are defi. ned.
The reference character sizes amnd output resolutions indicate character sizes and olatput
resolutions where stroke reductior should occur. For some charact ers, no stroke reduction may
be required, whereas others may require stroke reduction at one poarticular character size= and
output resolution or at multiple character sizes and output resolutio ns. As indicated previo~usly,
the reference character sizes and eoutput resolutions may be expresssed as a target point size and
output resolution, as pixels per ercy, or in any other suitable measure.

[0045] At development time, a variable for an actual character size ana owwiput
resolution for the character is cormpared to the one or more referenece character sizes and omutput
resolutions. This variable receivess the actual character size and out-put resolution at runtimee.

[0046] As opposed to ussing one or more stroke-reduced beit maps, one or more himnting
instructions for the character are defined, to be executed if the act-ual character size and o~utput
resolution falls within one of thes reference character sizes and oumtput resolutions. Agair, the
one or more hinting instructions preserve semantic meaning for 7the character while reduicing
one or more strokes of one or mo re character features improve chazracter legibility. If the amctual
character size and output resolution falls within one of the referen ce character sizes and o utput
resolutions, the one or more hin_ting instructions may collapse a stroke, partially collapsze the
stroke, shorten the stroke, and seo forth. The stroke may be any character stroke, includ_ing a
horizontal stroke, a vertical strok e, or an angled stroke.

[0047] A further reducction in font development rescources can be achieve d by
recognizing that certain features are present in multiple characters so that hinting may be zadded

automatically. As indicated abo ve, a character feature is simply zan arbitrary collection omf one
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or more character strokes. The primary reason for using the term “fezture” is a desire to
facilitate= the discussion of semantic character analysis that follows. In otheer words, a character
feature coes not necessarily have any significance outside of scmantic charaacter analysis.
[0048] While at one level, sonne benefits may be realized by noticing visual
similarit-ies between character features, adclitional benefits may be realize: d by considering the
semantic significance of altering a character feature. In other words, winile hinting could be
impleme=nted simply based on visual perception, basing hinting instructiors on semantic rather
than onMy visual similarity, leads to better legibility. Semantic analysis does not necessarily
imply tinat similar features mean the same thing from one character to ancother, but that similar
hinting, such as stroke reduction or mowement, may be performed on difterent characters
without altering the characters’ meaning o r legibility, to a significant degzree. Throughout the
Specificzation, Drawings, and Claims, the term “stroke reduction” should bee interpreted broadly
to inchade, but not be limited to, total removal (collapsing) of a streoke, partial removal
(collapszing) of a stroke, or shortening a stroke in the horizontal and/or v—ertical direction. As
describe=d in further detail below, stroke reduction is intended to kee—p both the semantic
meaninge and legibility of a character viable at differing character sizes and_ resolutions.

{0049] The semantic analysis irwvolves defining one or more semantic character
classifications. Again, these classifications do not necessarily indicate that characters have
similar meanings, but rather that similar h inting may be performed on features common to the
characteers in a semantic classification, im order to improve legibility. It may be that the
featuress, even though they look similar, have entirely different semant=ic significance. For
exampl e, a character feature may have no semantic significance at all b=ccause it is part of a
larger character feature with semantic siggnificance. Care also should be taken to assure that

removimng strokes does not make it too diffJcult for a reader to distinguish toetween characters.
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[0050] A single character may fall intc multiple semantic chaaracter classifications, amnd
therefore multiiple, and possibly independent himnting instructions may be executed or performrmed
on a single chaaracter. In some embodiments, a character may be restmricted to a single semanmtic
classification #n order to simplify hinting. Ir other embodiments, a character that fall imnto
multiple semamntic classifications may include additional checks wi~thin the hinting langu=ge
itself to confirm that after one type of hinting has been performed, the character still fall imnto
the other semaantic classifications. Alternative=ly, the semantic classmfications themselves nmay
identify any incompatibilities between thenm and their associate=d hinting, so that o-mly
compatible typoes of hinting are performed. For example, incompatiboilities could be identif ied
explicitly by hmaving one or more semantic cla ssifications exclude orae or more other semaratic
classifications—, or may be implied by having 0 ne or more semantic c=lassifications identify ©ne
or more compaatible semantic classifications.

[0051] Although most of the descriptdion above has focused_ on Asian fonts, it sho uld
be recognized that Asian fonts simply include characters that are sormewhat predisposed to the
identified protolems because of the number of strokes they contain. T he number of strokes, the
white space nezeded to separate the those strok es, the typical resolutieon of display devices, &and
the font sizess most favorable to readabilit—y make Asian fonts particularly problematic.
However, the se same problems may be encountered with any c haracters under the ri ght
circumstances .

[0052] One way to quantify when thes character shape protolems identified above are
likely to occiar is to consider the complexity~ of a character. Herre, complexity refers two a
character in tlae context of a character size anca resolution, as oppose d to simply the numbemr of
strokes preserit in a character. Accordingly, although the bit m_ap 200 corresponds teo a

character witka a large number of strokes, thes character is not comzplex because there are= an
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adequate number of pixels, a 60-pixel grid in this case , to represent the character. ~When the
character outline 1#00 is scaled to a 12-pixel grid, such as the one shown in Figure 3, however,
the character becomnes complex because there are not c=nough pixels to represent the character
accurately.

[0053] In apractical sense, there is a correlatiom between the number of pixe-ls per em,
a particular font, a-nd the output resolution. Hinting is able to consider each of thesse factors,
and therefore concdlitionally perform stroke reduction or movement when needed "because a
character is consicdered complex based on these factors. Accordingly, the focus on Asian
characters is illustr—ative only, and not intended to limit the scope of the present invent=ion.

[0054] Thae present invention also may be des cribed in terms of methods ¢ omprising
functional steps an_d/or non-functional acts. The followang is a description of acts and_ steps that
may be performedl in practicing the present invention. Usually, functional steps de=scribe the
invention in terms of results that are accomplished, wh ereas non-functional acts descnbe more
specific actions —for achieving a particular result. Although the functional steps and
non-functional act s may be described or claimed in a particular order, the present irvention is
not necessarily linmited to any particular ordering or combination of acts and/or steps.

[0055] Fi_gures 8 and 9 show example acts amid steps for methods of addizng hinting
instructions to a clharacter or set of characters. With re=ference to Figure 8, a step forz receiving
(810) a character tto be output may include an act of retrieving (812) a character to be output.
For example, the Characters contained within some electronic data may be retrieved ©ne by one
and processed in amccordance with an embodiment of thes invention described in conne=ction with
Figure 8. As indicated above, the character may be a character from an East Asian language.

[0056] A step for identifying (820) one or mosre semantic character classifi=cations for

the character may include an act of determining (822) that the character belongs to ome or more
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semantic character classifications. A st_ep for identifying (830) one cor more hinting instructiors
that are Associated with each of the one= or more semantic character classifications may includlle
an act of~ accessing (832) the onc or mcore hinting instructions. As dllescribed above, the hintina g
instructions preserve semantic meanings for the character while altesring either the presence ©r
location of a stroke, or both, for at lea_st one character stroke of at least one character featur—e
based on a reference character size and output resolution.

[€0057] A step for determining (840) that an actual cCharacter size and outpwut
resolutio-ns for the character is within t he reference character size amnd output resolution for tioe
one or mnore hinting instructions may include an act of comparinge (842) the actual character
size and output resolution to the reference character size and outpuat resoiution.  For exampl €,
dependirg on the number of pixels per em, the character size, and tiqe output resolution, hintirag
may not be necessary. Consider in pa—tticular, the difference betwe=en a 600 DPI printer and a
100 PPI display device. Although grid—fitting may be desirable in beoth cases, with six times tkne
resolutioon there may not be a need for sstroke reduction when printins g, but stroke reduction maay
dramatically improve the readable of a character on the display deviece.

[ 0058] A step for producing (&850) a hinted character outlirae by using the one or mo=xe
hinting i nstructions may include an act= of executing (852) the one cor more hinting instructiorms.
A step for preparing (860) a scaled bit mmap from the hinted characte-r outline may include an a_ct
of creati ng (862) the bit map. A step for outputting (870) the bit map may include an act eof
sending (872) the bit map to an output «device, such as a display devmce or printer.

[ 0059] In some embodimentss, a character may belong to a plurality of semant=ic
characte=1 classifications, whereas in others a character may be restricted to one semantic
charactesr classification. If a charac ter belongs to multiple sermantic classifications, it is

possible= that none, one, or multiple hiinting instructions meet the r—eference character size armd

-15-



output re=solution requirement. In other words, different hinting instruction m_ay have different
character= size and output resolution requiremen ts in order to be executed.

[€060] With reference to Figure 9, a step for developing (910) one cor more semantic
character= classifications may include an act of defining (912) the one o-r more semantic
character— classifications. A step for developi ng (920) one or more hinting instructions may
include =an act of defining (922) the one or more hinting instructions for the one or more
semantic= character classifications. Here too, a character may belong to a plumrality of semantic
charactem classifications.

[#0061] A step for receiving (930) a set of characters to be outpumt, each character
comprising one or more features with one or more strokes, may include an_ act ot retrieving
(932) thes set of characters. For example, the ¢ haracters contained within font= may be retrieved
and proczessed in accordance with an embodimeent of the invention described imn connection with
Figure 9® in order to add hinting and semantic analysis to a font where none - or limited hinting
and semuantic analysis existed previously. On_ce again, the set of characters character may be
one or nore characters (or even all characters) from an East Asian language font.

[0062] For each character in the set of characters (decision blockx 942) a step for
identifyi ng (950) one or more semantic charac ter classifications to which the character belongs
may incJude an act of determining (952) whetker the character belong to one or more semantic
characte=r classifications. A step for identifyin_g (960) one or more hinting in _structions that are
associateed with the one or more semantic character classifications may mnclude an act of
accessimg (962) the one or more hinting irmstructions that are associated with a semantic
characte=r classification if the character belongss to the semantic character class=ification.

F0063] As indicated above, the one or more hinting instructions pgpreserve semantic

meaningz for the character while altering eithesr stroke presence, stroke locat3ion, or both for at
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least one stroke of at least ones feature of the character ba sed on a reference size and output
resolution. A step for associati-ng (970) the one or more hirting instructions with tizae character
may include an act of adding ( 972) the one or more hinting instructions to the chaxracter. The
one or more hinting instructiors may be associated with thme character based on a Wnicode, or
other encoding system, value for the character.

[0064] Embodiments wwithin the scope of the prese=nt invention also include= computer-
readable media for carrying cor having computer-executamble instructions or data=a structures
stored thereon. Such computer—-readable media can be any &available media that can be accessed
by a general purpose or special purpose computer. By way of example, and not limam tation, such
computer-readable media can ccomprise RAM, ROM, EEPR_OM, CD-ROM or other optical disc
storage, magnetic disk storage or other magnetic storage d_evices, or any other meedium which
can be used to carry or store dllesired program code means in the form of computermx-executable
instructions or data structuress and which can be accesse=d by a general purposes or special
purpose computer. When inf~ormation is transferred or perovided over a network= or another
communications connection ( either hardwired, wireless, or a combination of h ardwired or
wireless) to a computer, the c-omputer properly views the connection as a compumter-readable
medium. Thus, any such connection is properly terrmed a computer-readab le medium.
Combinations of the above sThould also be included witlnin the scope of compumter-readable
media. Computer-executable instructions comprise, for e=xample, instructions andll data which
cause a general purpose compputer, special purpose compouter, or special purpose processing
device to perform a certain furmction or group of functions.

[0065] Figure 10 and the following discussion are= intended to provide a borief, general
description of a suitable compouting environment in which the invention may be ir-mplemented.

Although not required, thes invention will be descmribed in the general context of
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computer-exc-cutable instructions, such as program modules, being executed bzy computers in
network environments. Generally, program modul es include routines, progzrams, objects,
components, «data structures, etc. that perform particu lar tasks or implement par—ticular abstract
data types. C-omputer-executable instructions, associa-ted data structures, and preogram modules
represent exa-mples of the program code means for executing steps of the metihods disclosed
herein. The -particular sequence of such executable instructions or associated data structures
represents ex amples of corresponding acts for impleementing the functions desscribed in such
steps.

[0066 1 Those skilled in the art will apprecia te that the invention may be practiced in
network commputing environments with many typ-es of computer system configurations,
including pemsonal computers, hand-held devices, rmobile phones, multi-processor systems,
microprocess or-based or programmable consumer e Jlectronics, network PCs, -minicomputers,
mainframe ¢ omputers, and the like. The invention may also be practiced in distributed
computing erwvironments where tasks are performed. by local and remote proecessing devices
that are linke=d (either by hardwired links, wireless limks, or by a combination eof hardwired or
wireless link s) through a communications network. In a distributed computirag environment,
program mocJules may be located in both local and rernote memory storage devieces.

[0067] With reference to Figure 10, an example system for im—plementing the
invention inc=ludes a general purpose computing device in the form of a conven_tional computer
20, includingg a processing unit 21, a system memosry 22, and a system bus 23 that couples
various system components including the system rmmemory 22 to the process ing unit 21. It
should be no ted however, that as mobile phones beco me more sophisticated, thesy are beginning
to incorporatze many of the components illustrated fox conventional computer 2&0. Accordingly,

with relative=ly minor adjustments, mostly with respect to input/output devices., the description

- 18-



of conveentional computer 20 applies equally’ to mobile phones. The sy=stem bus 23 may be any
of sevemral types of bus structures including a memory bus or memory— controller, a peripheral
bus, ancd a local bus using any of a variety ©f bus architecturcs., The s-ystem memory includes
read on_ly memory (ROM) 24 and random access memory (RAM) 25. A basic input/output
system (BIOS) 26, containing the basic routines that help transfesr information between
elements within the computer 20, such as durring start-up, may be storec3 in ROM 24.

[0068] The computer 20 may also include a magnetic hard d_isk drive 27 for reading
from arnd writing to a magnetic hard disk 39, a magnetic disk drive 28 for reading from or
writing to a removable magnetic disk 29, and an optical disc drive 30 for reading from or
writing to removable optical disc 31 such as a CD-ROM or other opticcal media. ‘I'he magnetic
hard diisk drive 27, magnetic disk drive 28, and optical disc drive 30 are connected to the
system bus 23 by a hard disk drive interface 32, a magnetic disk dr—ive-interface 33, and an
optical drive interface 34, respectively. "The drives and their assoc-iated computer-readable
media provide nonvolatile storage of computer-executable instrumctions, data structures,
prograrm modules and other data for the computer 20. Although the exemplary environment
describwed herein employs a magnetic hard disk 39, a removable rmagnetic disk 29 and a
removzable optical disc 31, other types of computer readable media for storing data can be used,
includi_ng magnetic cassettes, flash memorYy cards, digital versatile disscs, Bernoulli cartridges,
RAMSs , ROMs, and the like.

[0069] Program code means comprising one or more progranm modules may be stored
on the hard disk 39, magnetic disk 29, optical disc 31, ROM 24 omr RAM 25, including an
operating system 35, one or more application programs 36, other pzrogram modules 37, and
progra m data 38. A user may enter commaands and information into the computer 20 through

keybozard 40, pointing device 42, or other imput devices (not shown), s-uch as a microphone, joy
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stick, game pad, satellite dish, scanner, or the like. These and other input dev—ices are often
connectexd to the processing unit 21 through a serial port interface 46 coupled to s*ystem bus 23.
Alternatively, the input devices may be connected by -other interfaces, such as a poarallel port, a
game port or a universal serial bus (USB). A moni_ tor 47 or another display edevice is also
connectexd to system bus 23 via an interface, such zs video adapter 48. In a~ddition to the
monitor, personal computers typically include other peripheral output devices (not shown),
such as speakers and printers.

[0070] The computer 20 may operate in @ networked environment using logical
connections to one or more remote computers, such ass remote computers 49a andl 49b. Remote
computers 49a and 49b may each be another personaal computer, a server, a rou-ter, a networx
PC, a preer device or other common network node, and typically include man=y or all of the
elements described above relative to the computer 20, although only memory s—torage devices
50a and 50b and their associated application progradms 36a and 36b have beern illustrated in
Figure 10. The logical connections depicted in Figuxre 10 include a local area n_etwork (LAN)
51 and a wide area network (WAN) 52 that are pressented here by way of exzample and not
limitation. Such networking environments are commmonplace in office-wide or enterprise-wide
comput er networks, intranets and the Internet.

[0071] When used in a LAN networking env-ironment, the computer 20 =is connected to
the loc al network 51 through a network interface or adapter 53. When us ed in a WAN
networking environment, the computer 20 may inchade a modem 54, a wireles=s link, or other
means for establishing communications over the wi de area network 52, such aas the Internet.
The modem 54, which may be internal or external, s connected to the system bus 23 via the
serial port interface 46. In a networked environment ., program modules depictec relative to the

compu-ter 20, or portions thereof, may be stored in the remote memory storage device. It will
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be agopreciated that the network cconnections shown are exem plary and other means o—f
estab lishing communications over wicle area network 52 may be usexd.

[0072] The present invention may be embodied in othkaer specific forms withou t
depamting from its spirit or essentiall characteristics. The descritbed embodiments are to be
consiidered in all respects only as illu strative and not restrictive. T"he scope of the invention iss,
there-fore, indicated by the appendesd claims rather than by the foregoing description. ALl
chan_ges which come within the me aning and range of equivaleracy of the claims are to b-e

embr-aced within their scope.
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CLAIMS

1. A method eof automatically adding hintings instructions to a charxacter in order to
improve a scaled charaacter bitmap produced from an outline of the characte-r at a certain size
and output resolution vhen the character outline is sczan converted, the methosd comprising acts
of:

retrievirag a character to be output, the character compris-ing éne or more
features, each of which further comprises one cr more strokes;

determi _ning that the character belonags to one or more sesmantic characier
classifications;

accessimng one or more hinting instruc#tions that are associatec] with each of the
one or more ssemantic character classifications, the one or more hIinting instructions
preserving sermantic meaning for the charactter while altering eithe=r stroke presence,
stroke locatiom, or both for at least one strok=e of at least one featur—e of the character
based on a refesrence character size and output resolution;

compar=ing an actual character size anc output resolution for t_he character to the
reference charzacter size and output resolutiorm for the one or more h#inting instructions;
and

executfing the one or more hinting in_structions to alter either stroke presence,
stroke locatiom, or both for the at least one stroke of the at least one feature of the

character to pr-oduce a hinted character outline.
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2. A method as recited in claim 1, wherein tThe one or more hinting inst-ructions alter

stroke location for- the at least one stroke of the at least= one feature of the character—.

3. A method as recited in claim 1, further comprising an act of crea ting a scaled

character bit map from the hinted character outline.

4. A metkod as recited in claim 3, further conmprising an act of sending th_e bit map to a

display device.

5. A met’hod as recited in claim 1, wherein sthe character is a character irom an bast

Asian language.

6. A method as recited in claim 1, wherein the character belongs to a first semantic
character classifiecation with associated one or mores first hinting instructions and a second

semantic characte=r classification with associated one ©r more second hinting instriictions.

7. A met-hod as recited in claim 6, comprisingz an act of executing the oncs or more first
hinting instructioms, but not executing the one or moree second hinting instruction:s based on the
actual character ssize and output resolution compared to the reference character s3ze and output

resolution.
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8. A computer program product comprising eone or more computer read-able media
with computer executatole instruction that implement= a method of automaticallyw executing
hinting instructions for a character in order to improv e a character bitmap produc ed from an
outline of the character &at a certain size and output reso lution when the character oustline is scan
converted, the method ceomprising steps for:

receiving a character to be output, thhe character comprising orae or more
features, each of which further comprises one or— more strokes;

identifyirag one or more semantic characster classifications for tﬁe chazxacter;

identifyirag one or more hinting instructions that are associated with each of the
one or more sermantic character classificationss, the one or more hinting 1nstructions
preserving sema_ntic meaning for the characte—r while altering either strok—e presence,
stroke location, or both for at least one stroke of at least one feature of tkne character
based on a refereence character size and output reesolution;

determin=ing that an actual character size= and output resolution for thhe character
is within the refserence character size and outpiat resolution for the one or more hinting
instructions; and_

producin_g a hinted character outline- by using the one or m_ore hinting
instructions to a_lter either stroke presence, strcoke location, or both for the at least one

stroke of the at 1 east one feature of the character—.

9. A computer program product as recited in claim 8, wherein the one or rmore hinting
instructions alter stroke= presence for the at least one stroke of the at least one fe=ature of the

character.
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10. A computer program product as recited in claim 9, wherein th e at least one stroke is

a vertical sstroke.

11. A computer program product as recited in claim 8, wherein the character is a

character £rom an East Asian language.

12 A computer program product as recited in claim 11, further comprising a step for

preparing a scaled bit inap from the hinted character outline.

13 . A computer program product as recited in claim 12, further compnsing a step Ior

outputtingz the hinted character outline to a printer.

14 . A computer program product as recited in claim 8, wherein tkne character belongs to
a first sermantic character classification with. associated one or more fizxst hinting instructions
and a sec—ond semantic character classification with associated one om more second hinting

instructioms.
15. A computer program product as recited in claim 14, compris® ing an act of executing

the one oer more first and second hinting imustructions based on the ac—tual character size and

output ressolution relative to the reference character size and output resolcation.
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16. A method for a~dding hinting instructions to a se-t of characters in order to imnprove a
character bitmap produced® from an outline of a character imn the set of characters at a specified
size and output resolution when the character outline is sca_n converted, the method commprising
steps for:

receiving a set of characters to be output, eacch character comprising onez or more
features with one o 1 more strokes; and

for each character in the set of characters:

idermtifying one or more semantic character classifications to v=vhich the
character beslongs;

ideratifying one or more hinting inst—ructions that are associatecm with ine
one or moree semantic character classificatio-ms for the character, the onee or more
hinting inst .Tuctions preserving semantic me=aning for the character whil e altering
cither strok=e presence, stroke location, or beoth for at least one stroke of at least
one feature of the character based on a meference character size arad output
resolution; and

assOciating the one or more hinting imstructions with the character.

17. A method as re=cited in claim 16, further compri_sing a step for developing #the one or

more semantic character ¢ lassifications.

18. A method as —xecited in claim 16, wherein thes set of characters are one or more

characters from an East A _sian language.
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19. A mesthod as recited in claim 18, w—herein the one or more hint-ing instructions are

associated with t=he character based on a Unicod_e value for the character.

20. A mesthod as recited in claim 16, w_herein the set of characters =comprises at Jeast a

portion of a font=.

21. A meethod as recited in claim 20, fiwther comprising a step for associating at least
one hinting instzruction with at least one charac=ter of the font that is specifaic to the at least one

character.

22. A m ethod as recited in claim 16, woherein the character belong s to a first semantic
character classmfication with associated one or more first hinting instr—uctions and a first
reference chara cter size and output resolution_, and a second semantic character classification
with associated one or more second hinting immstructions and a second refesrence character size
and output rescolution, wherein the first refere=nce character size and outpsut resolution differs

from the seconc reference character size and otatput resolution.



23. A computer program product comprising one or more computer readable media
carryimig computer executable instructions that implement a methoed for adding hinting
instructions to a set of characters in ord-er to improve a character bitrap produced from an
outlinee of a character in the set of charact-ers at a specified size and outp-ut resolution when the
characster outline is scan converted, the mesthod comprising acts of:

retrieving a set of characters to be output, each charac—ter comprising one or—-
more features with one or more str—okes; and

for each character in the set of characters:

determining wheth er the character belongs to one or more semantic=
character classifications;

if the character beleongs to a semantic character cMassification, accessings
one or more hinting instruections that are associated with the semantic character—
classification, the one or more hinting instructions preserswing semantic meanings
for the character while alt ering either stroke presence, s#troke location, or bothm
for at least one stroke of at least one feature of the charact«er based on a reference=
character size and output resolution; and

adding the one or more hinting instructions to the character.

24. A computer program product as recited in claim 23, furthemr comprising an act off
defini_ng the one or more hinting instruc®ions for each of the one or m ore semantic character—

classi—fications.

25. A computer program product as recited in claim 23, wherein the set of characters

are orme or more characters from an East Aasian language.
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26. A computer program product as recited in claim 25, wher—ein the character belongs

to a plurali—ty of semantic character classi—fications.

27. A computer program product: as recited in claim 23, furt_her comprising an act of

defining th_e one or more semantic charac=ter classifications.

28. A computer program product: as recited in claim 23, whe=rein the set of characters

are one or -more characters from a Latin { ont.

29. A computer program producst comprising one or more computer readable media
carrying ceomputer executable instructiosn that implement a method of automatically adding
hinting ins tructions to a character in ordesr to improve a scaled charac—ter bitmap produced from
an outline of the character at a certain sE ze and output resolution whesn the character outline is
scan convearted, the method comprising a. cts of:

retrieving a character of an East Asian language to be output, the character
cormprising one or more features, each of which further comprizses one or more strokes;

determining that the chzaracter belongs to one or —more semantic character
cla ssifications;

accessing one or more hi _nting instructions that are as sociated with each of the
one= or more semantic character— classifications, the one or —more hinting instructions
presserving semantic meaning fo 1 the character while alterinmg either stroke presence,
streoke location, or both for at le=ast one stroke of at least on e feature of the character

bassed on a reference character sizze and output resolution;
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comparing an actual character size and outp-ut resolution for the char acter to the
reference characte size and output resolution for the= one or more hinting instructions;

executing the one or more hinting instruct=ons to alter either strok e presence,
stroke location, ox both for the at least one strok e of the at least one feamture of the
character to produ«ce a hinted character outline;

creating a sscaled character bit map from the hinted character outline; =and

sending thes scaled character bit map to an ovatput device.

30. A computer pr-ogram product as recited in claime 29, wherein the one or nore hinting
instructions alter stroke Location for the at least one strol<e of the at least one fe=ature of ine

character.

31. A computer pmrogram product as recited in claimn 29, wherein the character belongs

to a plurality of semantic character classifications.

32. A computer program product as recited in cl_aim 29, wherein the ou tput device

comprises a display devic-e.
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=R3. A method of reducing at least «one character stroke to improve character legibility
for a sczaled character bitmap produced freom a character outline at a certalin size and output
resoluticon when the character outline is scam converted, the method comprisirag acts of:
defining a character outline that comprises one or more featumres, each of which
fRurther comprises one or more strokes;
defining one or more refererace character sizes and output reso"lutions;
comparing an actual charactcer size and output resolution for t"he character to the
One or more reference character sizess and output resolutions;
defining one or more hintin_g instructions for the character to be executed if the
=actual character size and output re=solution falls within one of the r-eference cnaracier
ssizes and output resolutions, as ogpposed to defining one or more stroke-reduced bit
mmaps to be embedded, the one or more hinting instructions pr eserving semantic
mmeaning for the character while reducing at least one stroke of at leas—t one feature of the

echaracter.

~34. A method as recited in claim 33, wherein the character outline is a character outline

for an E<ast Asian language.

35. A method as recited in claim 3 3, wherein the one or more referemce character sizes

and out—put resolutions are expressed as a taarget point size and output resolutieon.

36. A method as recited in claim 3 3, wherein the one or more refere=nce character sizes

and out-put resolutions are expressed as pixzels per em.
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37. A method as recited in claim 33, wherein the onse or more hinting instruc®ions
collagpse the at least one stroke if the actual character size and oL 1tput resolution falls withirm one

of thes reference character sizes arnad output resolutions.

38. A method as recited in claim 37, wherein the at leeast one stroke is a horizcontal

strokee.

39. A method as recited in claim 33, wherein the onee or more hinting instruc—tions
partizaally collapse the at least ones stroke if the actual character size and output resolution falls

withi_n one of the reference charaecter sizes and output resolutionss.

40. A method as recited in claim 33, wherein the on € or more hinting instruc—tions
shortzen the at least one stroke if the actual character size and ovatput resolution falls withira one

of thee reference character sizes amnd output resolutions.
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