0 3 JAN 2007 WD 2004/006166 PCT/ CA2003/001021 SCALABLE STRCKE F(g\g P’S\g@éﬁiﬂ
AND METHOD Thi s application clains the benefit of United States r \,‘ i I
Applications Ser. Nos. 60/393,795, filed July 3, 2002, and 60/400, 373,
filed August 1, 2002, the entire disclosures of which are incorporated
herein byV® #0#liii€e. 5 BACKGROUND 1. Field of the IRGT&H2PEACIPRE s i nvention
generally relates to scal able stroke fonts, and in particular relates to a
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Bi t map disclosures s Vi ast ineeporates] haieip by 5W%SnCcsr e st ored as graphic i mages of

characters with each point size of a typeface stored as a separate font.
Eacl$ character is stored as megfpi'xels (a bitmap). Bitmap fonts

require a relatively |large anount of storage space, and it is relatively
difficult tBiekcaltle Inventiapppl y effects to this type of font. 20 Qutline
fonts, such as TrueTypeTM fonts, are produced frominformation about the
shape, or ouhisiimentief genbrall glejandsso sddableosttoke fumts, sndliafpaniedlaaselaesset of |ines
and curves. CQutline fonts facilitate scaling and other effects better than

bi t map +f @RYstem BPmMEREY for @rchBESscal 1O Bk foR AR abhd aoriky dcamble fs@oltes. Many
nobi | e devi ces, however, typically do not have the. storage space and
Pr oces S GafaSA Y héHTR RbfpliRg BARAUBhEdiN dededhi tate the use of outline
10 2 Background
Text data, such as font data, is typically stored in a memoﬁ in a mobile device.
Because the mobile device typically has relatively limited memory and processing
resources, the amount of text data stored on the mobile device and the text rendering
capability of the mobile device is often limited.
15 There are three basic font types: Bitmap, Outline and Stroke. Bitmap fonts are
stored as graphic images of characters with each point size of a typeface stored as a
separate font. Each character is storeﬂ as an array of pixels (a bitmaﬁ). Bitmap fonts
require a relatively large amount of storage space, and it is relatively difficult to scale or
apply effects to this type of font.
20 Outline fonts, such as TrueType™ fonts, are produced from information about
the shape, or outline, of the glyphs. The outline is defined as a set of lines and curves.
Outline fonts facilitate scaling and other effects better than bitmap fonts, and require less
storage space than bitmap fonts. Many mobile devices, however, typically do not have

the. storage space and processing requirements to adequately facilitate the use of outline

25 fonts.



25 fonts. 1 0 3 JAN 2007 Stroke fonts are those in which the shapes of the
characters, as represented by glyphs, are represented by stroke}.3 |ANSIdipke
is typically defined by a But and curves. The-storage space required for
stroke font data for a given set of glyphs is typically nuch smaller than
required for corresponding outline font data. Stroke fonts, however,
typically produce glyphs with inpaired 5 quality as conpared to outline
fonts, Thus, existing renderingengi nes that render stroke-based fonts
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structure o e character formand is not ormation regarding central

lines that fdy@phaty biyshs oflRbMelydimitedqualityS. Pat No. 6,286, 725 teaches a font
i nformati on structure used inconjunction with a stroke shape control

i nformation str L. PseNos A 7501dnd 5 DBDISTaRsIOR afl Siiihe ok SEkibY @pirAtd it at es the
representations of every font of one character style, and the structure of

t he i nf or maimethod. cis@artifuldk, theomtite $oot @tinigus.iicl@es YBFEparabihpSactRhradier.inth, 920, 324
teaches font data conprisingcharacter skeleton information 16, 20 el enent
skel et on i nukesisingbesit Sroke(sicleinEnformation () divitiing tha frekeés irftwparss (3) d#fming . ,
Character skeleton. forminformation 16 represents. skeleton forns -shared
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character. Elenent skeleton forminformation 18 represents the .skeleton.

form of an OlEFHEREthe chareptandeveioping thegamipyhefithedmit consguctingthe chatader inBlae ment

cont our shape. ,

Ifnet::m\p image and outputting the bitmap image of the character. The basicstroke information is
information about-the basic structure of the character form and is not information .megérding
central lines that-flesh-out a character.

15 U.S. Pat. No. 6,288,725 teaches a font information structure used inconjunction with a
stroke shape contro} information structure. Tbe font informstion data structure facilitates the
representations of every font of on€character style, and the structwre’of the fnformaticn srea for
each_strofe is the same,

U.S. Pat. No, 5,920,324 teaches font data comprising character skeleton information 16,

20  element skeleton information 18, imd element tontourshape information 17. Charactér skeleton
form information 16 represents. skeleton forms ;shd‘r_éd betwern. 2. plurality of fonts for €ach
€lement of a corresponding character. Element skele.t(;un form information 18 represents the

.$keleton: form of an element-used in a font-designated by.a font code. Element contour shape.

. -information 17 represents the coptonr shape of an element in & font designeted by 2 font code.



-information 17 represents the contour shape of an elenent in a font
designated by a font code. 2: 0 3 JAN 2007 SUWMARY A net hod off rlAHt ¢itg
font format data from source font data includes analyzing the source 5
font data to obtain glyph data for a plurality of glyphs, dissecting the

gl yph data, extracting mdline data fromthe dissected gl yph data,
classifying the mdline data as unique el enent data and comon el enent
data, and associating uni que el enent data and common el enent data to each
gl yph of the plurality of glyphs. A systemfor creating font format data
fromsource font data includes a glyph analysis 10 software nodule, a

gl yph di ssection software nodul e, SUMMARYe extraction software nodul e, and
an el ement anal ysis software nodul e. The gl yph anal ysis software nodule is
operable to anaﬁy@?@“ﬁPﬂmaminﬂ&feﬂﬁﬂtﬂﬂaf@wtsmmt@Qv@luﬁesgh%hs'b%ﬂ%{"ﬁf or a
plurality of glyphs fromthe source font data. The ph di ssection

sof t war e Srofpal datajte obypie el data for plwality of ghymbs. ghissqstinecthe g&&ﬁ‘a@&ﬁwﬂﬁ yph into
stroke. data. The mdline extraction software nodule is olperable to
extract m dmidies dadamithesimecid siphdaR.<lapsifying e gudlipy datags ppigs len

software nodul e is ﬁ&lﬁlabl e to classi f%/uﬁt he m dline data, as un| ue el ement

data and coPRRfSPREPL t iy 2pd A55PriatRg WHGUs elemey daty,pd cormen elameptdaR it 4 and t he
| to h of the plurality of glyphs. 2-A 0 3 JAN
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illustrates ca ing o corhon e
an element analysis software module. The glyph analysis software module is operable to analyze

. the sousce font data and obtain glyph date for a plurality of glyphs from the source font data. The
glyph dissection software module is operable to dissect the glyph data for each glyph into stroke .

* data. Themicline exwaction software mt;ndule is operable to extract midline data from the stroke

15 dat;a. The element analysis software module is of;erable to classify the midline data as unique

element data and common element data and associate the unique element data and the common

element data to each glyph of the plurality of glyphs.
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Fig. 5Ais a flowhart of a nmethod of creating a stroke font froma
outline font; Fig. 5Bis a nore detailed flowhart of a glyph é}nél-[}g\{sm?
process; Fig. 5Cis a flowhart of an exenplary sinplification process. 10
Fig. 5Dis a nore detailed flowhart of a contai nnent anal ysis process;

Fig. 5E MOWM8ehart of an exenplary gl yph di ssectR@CABPBOMEY: Fig. 5F is
a nore detailed flowhart of the glyph dissection process; Fig. 6 :
illustrates a glyph in a non-sinplified formand in a sinplified form

Fig. 7 illustrates a glyph having an inner contour and an outer contour; 15

Fig. 8 illustrates i val i =zyal id nei ghbors of a point;
Fig. 9 illustrates %@#é&%smgye@#ﬂ?%‘&%% Fig. 10 illustrates a

di ssected glyph; Fig. 11 illustrates a iting angle for several points;
Fig. 12 is B# bb%ér‘?ﬂﬂckﬁiﬁgf%oﬁ‘ﬁﬂéﬁ?rﬁﬁﬁﬁ&ogﬁ% {%e exenplary glyph of Fig. 10;
and 20 Fig. 13 illustrates an explicitly connected stroke. DETAILED

DESCRI PTI ONFigohis addack diagrany pfi accemipget Sanb faspraigiatasiueiiisut i ng devi ce and is used
to render text as glyphs. Afont is a set of characters of a particular

t ypsf ace deFigghilmstohtes rzmetitiThesageof@ commancRoom in ¢iffernbalyPu6166

PCT/ CA2003/ 001021 typeface is the particular design of a set of printed

char act er s, Fu¢hluasatesasliifiigg sndidedling bf £emroon elénmes Ronan. Rel ated characters
typically conprise a script, such as Latin, Geek, Hiragana, Katakana or

Han, subset $ij05A WU éwadak ofls 8@ihb ofvdréatig astpuke fort toavanlaaripeégpe. G yphs are
the visual elenment used to represent the characters; glyphs are the 5

actual shapes0fp & LHakRlaAEd HERAG oSSR MaBkis bRsEsspr esent ati on such as
font and st yf e apply to glyphs. For exanple, an italic Tines font of the
character " %1g 306 Andlde bk BPSkemplary simplification process.
10 Fig. 5D is a more detailed flowchart of a containment analysis process;
Fig. 5E is a flowchart of an exemplary glyph dissection process;
Fig. 5F is a more detailed flowchart of the glyph disséction process;
Fig. 6 illustrates a glyph in a non-simplified form and in a simplified form;
Fig. 7 illustrates a glyph having an inner contour and an outer contour;
15 Fig. 8 illustrates a glyph having valid and non-valid neighbors of a point;
Fig. 9 llustrates a glyph dissected into strokes;
Fig. 10 illustrates a dissected glyph;
Fig. 11 illustrates a waiting angle for several poiﬁts;

Fig. 12is an exemplary log from processing the exemplary glyph of Fig. 10; and

20 Fig. 13 illustrates an explicitly connected stroke.

DETAILED DESCRIPTION
Font data is typically stored on a computing device and is used to render text as

glyphs. A font is a set of characters of a particular typeface design and size. The



font of the character "c" each have correspondi ng gl yphs. A typi ‘,ﬁa{i, n
conputing device that is operable to store text data for use in Fe d@ﬂ‘ir?&t’?
text may be a personal conmputer or a nobile comrunication device. Fig. 1 is
a block 10 di a%r am of an exenplary nobile device 100 that is operable to
di spl ay tEQ0HPOLSHi spl ay 102. The nobile device 100PGTAA$L8102)
application program 104, usually stored in the storage 108, which is

operable to reguest text .to be di i oA rendering
engi ne WEECY ?%ﬂé%’ﬁaéﬁ?%g“r caésftvdef%ﬁ htgé!?@ad%%g%’gﬁcrhg‘{r% h%%h%%%tig%ti on program
104 and,_, in respo , trieve the font .data of the te t he storage
108 and*{ é{on? erl%"i%ecF %ﬁfac%?t%’lf yd’oﬁ]ﬁ)???hassclnﬁgtmglraés l&lﬁé’p g%/igd on the

di splay 102. The nobi] e device 100 nay Be real i zed §¥ a cellular tel ephone,
a pagerHiraganapKatalena or Hamispbsets gEhich ofp psedde wetsidartrg st 128885 put i ng devi ce.

| f. the nobile device 100 includes comrunication circuitry and functions,
then the nolilypss desvihe evisnaloelpraent peadctal ERreseBl e £hacters gotnas Mte with a
wirel ess network 110. The storage 108 is operable to 20 store data in one
or rfor ecfuel shepesof @nithravtey imagepr Aspecta ofiwktaprassatation suchas fopt RV RAM nenory,
a network storage space, or even a nenory storage for the rendering éngine,
such asappiyftd glsphsredoe eyannme uh éalicTHmesfonpéfape daRcienic" bad ab@&RTimesni tor, an LCD
nonitor, or other simlar display device. One such exenplary nobile device

100 nmayfohef tiRfchimget P eactihae vaegoidindigled States Patent No. 6, 278, 442,
entitled "HAND-HELD 4 U 3 JAN 2007 WD 2004/ 006166 PCT/ CA2003/ 001021

ELECTRONI C DENLGE Mnplitidy & B@RRR opbtTdiM odeble eRdddbtor MkeTib rebideringTHUMBS, "t he

entire disclosure of which is incorporated herein by reference. The font

dat a Oftg%ﬂ}ﬁ%# @%B&g%apémﬁﬁu?&%?a%bﬁe séthRlicdRniaetibat Fiig.sl def bipad by a

"skel et aracters. The skeleton conprises el enents that may be

ggr gu%ﬁjgérglalog 60%‘%‘%&%&%&)@% RO BT o‘f)lex%ﬂi@ R FisplalexEa BgpIMNi que to a
102. The mobile device 100 includes an application program 104, usually stored in the
storage 108, which is operable to request text to be displayed on the display 102.” A
rendering engine 106 is operable to receive the request from the application program 104
and, in response, retrieve the font data of the text ffom the storage 108 and render the

15  font data into glyphs that are displayed on the display 102.
The mobile device 100 may be realized by a cellular telephone, a pager, a
personal digital assistant, or other mobile computing device. If the mobile device 100
includes communication circuitry and functions, then the mobile device 100 is typically
operable to communicate with 2 wireless network 110. The storage 108 is operable to
20  store data in one or more formats, and may comprise a database, a file, a ROM or RAM
memory, a network storage space, or even a memory storage for the rendering engine,
such as a Flash memory module. The display 102 may be a CRT monitor, an LCD

monitot, or other similar display device. One such exemplary mobile device 100 may be

of the type disclosed in United States Patent No. 6,278,442, entitled "HAND-HELD



rendering engi ne 106 renders the skel etons of characters to produce gl yphs
for displaying on the display 102. Fig. 2 shows a bl ock diagranijo} J@.t‘EIZBD?
conpact font format data structure 200 operable to store a skeleton of an
exenpl ar)‘wgl%ph. A plurality of data structures 200 10 may be stored to
repr esentY A28 pondi ng plurality of glyphs. The RETCAREEEOUre 200 may
be stored in the storage 108 on the nobile device 100. The data structure

200 1| I RONIE! e GRIDWIPAS RAFEME) BiFfieze) foRI sl Mighere! enent s 212,

Each comron el erre conprises an e rdentifrer 204, a shift X

val ue shift .Y value 208, . .and a I .V 0. A conmmon el enent

i denti ?‘3@?”@%’ gﬁ? "&ﬁq\’lsé:i(]ﬁ'gﬁagwl?%h §ﬁ“°8f1’2’£?34f§h%?‘%’5@ ﬁé%{/e% & comon to two or
nore gl yphs,, Each uni qu el enent 212 conprise uni l epent identifier
214 and an gf‘%%%tda@e c‘g‘? bt aﬁyg:fg_%ore%aqmisag}@ %’F“g%ﬂsq‘#‘!’ggﬁw?er 214 is an
element that is unique to_a particular glyph. A particular glyph may be

r epr ese Ol B§ FHEACtP-e eletop SOmpIisE ] @tseﬁ]?%tﬁgaé’bffE{’mBP Wg conbi nati on
of common el enents 202 and uni que el enents 212. 20 An el enent dat abase 250
st orfes affees cylyps. and weigue dlegerftoihat may Rsnivmifee oo Argdattisulan glph.dbei f i ed by
common el enent identifiers 204. The description data 218 is a set of

poi nt s kemledng dbgineclO6 refidemtte sksissommi chanactatefo prediice Hephsiferalisplayidgcur ves of the
el enent. QO her description data may al so be used, however. 5 u 3 JAN 2007
WO 2004n0hédisfayPOR, CA2003/ 001021 The particul ar glyph represented by the
illustrative data structure 200 of Fig. 2 conprises common el enents 202
identified iy CORRGWL &IH0TRiagrahedf iof tepigacO®ht fORM: dararmiudtd@. 20Because t he
description data 218 in the el ement database only descri bes the shape of

the congmmurl @R & skldon BONEKBMplab By SR AT kS W ahtd s@fbfuréy B0t ypi cal Iy 5
shifted'in the X-Y coordinate system and scal ed, as required by each

par 4 Cullng)'; bSLeSRA o represent a corresponding plurality of glyphs. The data structure 200

may be stored in the storage 108 on the mobile dévice 100.
The data structure 200 illustratively comprises common elements 202 and unique
elements 212, Each common element 202 comprises an element identifier 204, a shift X
value 206, a shift Y value 208, and a scaling value 210. A common element identifier
15 204 corresponds to an element that may be common to two or more glyphs. Each unique
element 212 comprises a unique element identifier 214 and an element description 216.
A unique element identifier 214 is an element that is unique to a particular glyph. A
particular glyph may be represented by commeon elements 202, unique elements 212, or a
combination of common elements 202 and unique elements 212.
20 An element database 250 stores description data 218 for the common elements
202 identified by common element identifiers 204. The description data 218 is a set of
points in an X-Y coordinate system that defines the lines and curves of the element.

Other description data may also be used, however.



havi ng such comon el enents 202. Accordingly, a shift X value 206 |ncludes
data relating to the shifting of the common el enent 202 al ong aHd - 0B
the X-Y coordinate system and a shift Y value 208 includes data relating
to the shifting of the comon el enent 202 along a y-axis on the X-Y

coor di natv\éoéﬁ\?‘g&éw Scal i ng data 210 10 incl udes dat FGTEARBRYIo t he
scaling of the commopn el enent according to the particular glyph. Scaling

82;&3%2: o gaj}@%ﬂé@@%ﬁ%ﬁ%@“? ﬁ*ﬁ%aiﬁﬁ%t%a“ﬁ%?*& et 2 S RETEL iﬁz?l yph,
212 i s g v pons php e BrERE Romb B ARFRR gk eh L ot on dat a

216. The _description data is t 15 of s in d| nate system
Chat dond 425 PRy e desse ey Ryedlin o el dudbsst eliaier bR Enot hr

enbodi nent, the unique elenents 212 nay be stored in the e dat abase
250 andhipgenitthe pemmey clementy 2% Ih%‘%‘fﬂ)rﬂﬂ AYeR ElgReTEt &fefie tmﬁ'ﬂ? ifiers 214.
The data structure 200 may thus store only the unique elenment identifiers
214 5 orshiftsd initieqlie! caadingte systs ol aledhas requige by wachepagiiatar BHD | n'r esponse
to a request for the particular glyph, accesses the correspondi ng data

st r uct Uraeing GActs tanmach elemedie 262. or@gedib@ly, anbiftcBnatue 296 sincludes ldataet on
according to the elements 202 and 212. The skeleton is then utilized as the
font dekénd @ thesidfingne fy dohnoneslekaerit nap2ediogigen kodkis whithd X-KHen appl i es
style, thickness of 6 d 3 JAN 2007 WO 2004/006166 PCT/ CA2003/ 001021
l'ines, &Bﬁr&%&‘s@fsteﬁlhaﬁcﬁ&&kﬁftlewlﬁeS?.(m‘ indluliaspRfaeRtifk ol the sifiger iiikg. | n anot her
enbodlnent t he skel eton accordlng to the elenents 202 and 212 nay be

const r yg nb ch@ alon%@% LdxGadn @B X0 RbREMESsyRKhe Sealing! dhed 1@ renderi ng
engi ne 1 en pr ovi to the rendering engi ne 106.

10 1ncludes data relatmg to the scaling of the common element according to the particular

glyph. Scaling of the element may increase or decrease the size of the element 212.

The unique elements 212 are elements that are unique to the particular glyph, and
thus are not stored in the clement database 250. Each unique element 212 is represented
by a unique element identifier 214 and description data 216. 'fhe description data is a set

15  of points in a X-Y coordinate system that defines the lines and curves of the unique
element.

In another embodiment, the unique elements 212 may be stored in the element
database 250 and identified by their corresponding unique element identifiers 214. The
data structure 200 may thus store only the unique element identifiers 214 for the unique

20 elements 212,

The rendering eﬁgine 106, in response to a request for the particular glyph,
accesses the corresponding data structure 200 stored in the storage 108 and constructs a
skeleton according to the elements 202 and 212. The skeleton is then utilized as the font

data for rendering by the rendering engine 106, which then applies style, thickness of



S If aplurality of fonts are to be used at the nobile device 10G 35;@@@1{]?
el enent dat abases 250 nmay be stored in the storage 108. Each separate
dat abase 250 may correspond to a particular font. Alternatively, all font
data may be stored in a single database 250. Fig. 3 illustrates repetitive
usage of V0 ¥8#¥6KCel enent 302 and 306 in different PAIGHYBMRE0Bf Chi nese
Japanese Korean ("CJK") ideographs 304 and in different glyphs of European
gl yphs , j s 302 i i fferent

1%?: ﬁl&‘i}?ﬁ?@ﬁﬁéﬁ%&ﬁéﬁcﬁﬁ? eg@me QUﬂgﬁmﬁfdl}%m%| n hr%tl%ggiﬂﬂoduﬁeﬂ

gl yphs o eogr ap d the enment 6 I's shown in the

Si lfefniﬁf@’ é5§&§ﬁ§9%8“é9%¥°3 t‘*iﬁff?%ﬂéﬁﬁ%%%%a%p By ié’f% L ReN Y b, 0. 4
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Kor oan DI RHED £0.BORD G A © Her o ng SPat Uy Jih 0 A SIS i " common

el ement 482, in.static formwhere it has not been shifted or scaled. A
second 18R epgilI0406 shows the common el ement 402 shifted towards one
side, A third Korean glyph 408 shows the commopn el ement 402 scaled to a

| ar ger si ze. I a@hrslyy ogﬁengrfm foeesusgd pf Bieanphie deyicesl W0p bepagieredinedt eat i ng
stroke font data from source font data. |In one enbodi ment, the source font
dat a i sdatehapasdS0f mat belatosed nie storegepl 8. oEachugepirple dagabesed0ampy font dat a
according to the TrueType' font specification and as stored in the .

Tr ueTypeorrebpomtl t6 ial mrticglay fdvt. tédistmatively, déirfontudatd mey bostorddnior sieglé on  may al so
be used. 7 0 3 JAN 2007 WD 2004/ 006166 PCT/ CA2003/ 001021 For each gl yph,

t he st epsatate 280yph anal ysi s 2000, gl yph dissection 3000, mdline
extraction 4000, el enment analysis 5000, and conversion 6000 are perforned.

The processFigf3 fiugtratdAepetitive/ Biaf@bll ¥ cRNBGIEI@Her? B0R 2&DBUL idiFEereh@ Vi Ce such as
a server or -

10 glyphs of Chinese Japanese Korean (“CJK”) ideographs 304 and in different glyphs of

European glyphs 308, respectively, The common element 302 is shown in different
glyphs of CIK ideographs 304, and the common element 306 is shown in the different
European glyphs 308. For each particular glyph, the common elements 302 and 306 are
shifted and scaled accordingly.

5 Fig. 4 illustrates shifting and scaliﬁg of a common element 402 used in three
Korean glyphs 404, 406, 408, A first Korean glyph 404 shows the common element 402
in static form where it has not been shifted or scaled. A second Korean glyph 406 shows
the common element 402 shifted towards one side. A third Korean glyph 408 shows the
common element 402 scaled to a larger size.

20 Fig. 5A provides a flowchart of a method for creating stroke font data from
source font data. In one embodiment, the source font data is outline font data. One
example of outline font data is font data according to the TrueType™ font specification
and as stored in the TrueType™ font file “glyph” table. Other outline font information

may also be used.



personal conputer to prepare the font data structure 200 and the, Iem&*n%]Q
dat abase 250 5 for storage on a nobile device 100. The process © %kﬂéN {
may, for exanple, conprise an exenplary structure of a software
application programor set of instructions that cause a conputing device
to perf oM tMEBIHcesses. The process nay be inpl emdTER2H0E21s| ngl e
conputing device, or may be distributed over several conputing devices,

such as  seygf gl EAPRUREY s dt mm'&@doe,rglgpﬁe&ssectfoe@nwﬁﬁmetmrk- 10
Fig. 5B provides re detail'éd flowmhart ot the glyph anal ysis step 2000.

Duri . ) 00 | ey . Lvoh i
Durt 19 R B BBl PRBI00 L RIR LAY, EOGHeRedl VER 91V I
step 2000 in

cludes,t.hne steps of . glyph sinplificat] 2100, contour
anal yer Bt HED St a0 by B 3oBb e A B b s Bz e ysi s 2400.
Unl ess ot herw se stated, a,cqntour isS a y shape, of .a . particul ar
gl yph, BERenal GBPRET ﬁospfgp%ﬂlﬁg%t dﬁ\taéfrﬁ}‘ﬁwegr@b ag‘gﬂﬁrql nggg?q%q contour, such
as the follow ng glyph for the letter "1", or ybe conprise a plurality
of cbnt BYpierage o hmakile dayicerlgy. Bhe precess gﬁdﬁ\g-é&meﬂgﬁﬂ%@ﬁ COFPIISeDyr | ng t he
step of glyph sinplification, the outlines of a given glyph are
si npl i faneekempigry stiyctingeof g sefovase apnbipation pragrea siesofapayuctionp iakeiour s of t he
given glyph are 20 sorted into inner and outer contour groups. During the
st ep of a compwingdeyite @wrpddfpsh $he2B0Esses.h&'he pricensmgayote intpdemgnigdrongl yph are
processed to determ ne containnent of the contours. During the step of
cont our sipgle ndmantiag vsivise, 8d0@y beldisiaibuted ate deviernl eamputingmbviess, suploant i s
coll ected. This data may include Cartesian coordi nates, angles of the point

with respRCionipatetitih esmipohibit®n ovélaicempetglbaikng points, etc. 8 0 3 JAN
2007 WD 2004/ 006166 PCT/ CA2003/001021 Fig. 6 illustrates a |ine diagram of

a ghyph in ngp- s FRivides @0mbR! d8:HR8 RN oftheSEIPMH bidl R di4y M0BO2 after the
glyph sinplifircation step 2100. As shown, the glyph 600
During the glyph analysis step 2000, information about a given glyph is collected and the
shape of the glyph is simplified. The glyph analysis step 2000 includes the steps of
glyph simplification 2100, contour analysis 2200, containment analysis 2300, and
contour point analysis 2400. Unless otherwise stated, a contour is a polygon shape of a
15 particular glyph, and a point is a vertex. A glypﬁ may comprise a single contour, such as
the following glyph for the‘ letter "1", or maybe comptise a plurality of contours, such as
the following glyph for the symbol "®".
During the step of glyph simplification, the outlines of a giiren glyph are
. simplified. During the step of contour analysis 2200, the contours of the given glyph are
20  sorted into inner and outer contour groups. During the step of containment analysis
2300, the contours of the given glyph are processed to determine containment of the
contours. During the step of contour point analysis 2400, data related to each contour
point is collected. This data may include Cartesian coordinates, angles of the point with

respect to other points, valid neighboring points, etc.



has contours 612, 614, and 616 conprising straight segnents and Bezier
arcs. The contours 612, 614 and 616 of the glyph 600 are sinpljfgemN nginhe
circled regions to 5 sinplify processing in |later steps. The glyph
sinplification step 2100 nay be omtted if processing reduction is not
requi r ed Y99 249400646 particul ar concern. The sinplifi /@148 conpl i shed
by renoving redundant points in the shape of the given glyph. Fig. 5C

shovs an- exquplear Sl Ll AL OR PLOGERSwon MEBIRRL §GALLR, Process may

conprise a cruster Fémva prrocess er arc degree reduction 10

process_2104,. .and | ygo inmplificatio ogess 2106.

si npl i f1-RRILe o 8@&8&@% 51&@‘ s‘g’]f)l%lgqc téonﬁeé’gz.laéh *Rg° % h c&lﬁ?gb@p r enoval
process, 2102, groups. of points ("clusters") where the points are proximate
Such ¢ huie cOMauS itAc 814 sad HiAiPEPTTPE SR Ség”%ﬁ“jn‘i‘“ldi S ggrefit in the
contour are sinplified to new segnments by renmpving points or segnents.

Typi cal $optounss6lzh 6kb apg 816 oF Hej gluphy 6Wnae singpdidied ie dieorirglsd; iBgienstRat may be
renoved froma glyph definition while causing minimal or no distortions to
t he Shapmplify pravessgigvie ftgglsieph . TRl yRisimplificaticarninpad100 mayrhs pwitieé gt h and/ or
angle for a redundant segnent is defined. The specified value for the

maxi m | procgs$ingediotion &srmpt eeqnised dp eotud earticiddricomatn. or  det ermi ned autonmatically
based on sinplification criteria. Typically, a larger maxim20 | ength

and/ or angl eTheentlifisation ifakstbinplshed bptemohing raidhdaptpoiltsin theyhapd sfo result in
additional visible distortion. The maximlength is typically determ ned by
t he desine@fefl dBbh.t Higo$C EHisvs aﬁ@ﬁdﬂﬁ;ﬂarﬂ&ih@hﬁcaﬁi@ﬂbro@@&i TeSsimMlifihticdl ght segnent,
whose I ength and/or angle is less than or equal to the specified values is

si pl i f {@des@nab GORYALE DYIERIMMMARE A0&sOP 100 BHler bRCIRRE Meuchdom the 9 0 3
JAN 2U1" WO 2004/ 006166 PCT/ CA20037 001021 outline of the glyph. The renoval

Proggss pﬁ@é@s ) ﬁ)4', e a%@fgoﬁ Qin%ifi@'ﬂioh &)ﬁfcé’sts hgk. t@t’h%%pliﬁcation processes

may also be used.

During the cluster removal process 2102, groups of points (“clusters”) where the
points are proximate such that the points are unable to define a significant segment in the
contour are simplified to new segments by removing points or segments. Typicaily,

15  these are relatively short segments or points that may be removed from a glyph definition
while causing minimal or no distortions to the shape of the given glyph.

For segment removal, a maxim length and/or angle for a redundant segment is
defined. The specified value for the maxim length and/or angle may be user defined, or
determined automatically based on simplification criteria. Ty;pically, a larger maxim

20 length and/or angle results in additional simplification, but may also result in additional
visible distortion. The maxim length is typicélly determined by the desired quality of the
result stroke font desired.

A straight segment, whose length and/or angle is less than or equal to the

specified values is simplified or removed by removing one or more of the points from the



the points of all the contours and determning the |length of each segnent
defined by a pair of ni - n;+1 vertices and renoving the segnefht3 JANaQ{l7
satisfy the condition Ilength and/or angle conditions. Each contour is
processed repetitively until the nunber of 5 renoved segnents is zero. This
i terati oNWHIBEWEWS| s repeated for each of the cont oXCI/HRIGHAHEIoUt | | nes of
the glyph. During the Bezier arc degree reduction process 2104, Bezier arcs

are sinplified. ezier arcs are defined ] ~<dpd (quadratic
Bezi er ?u‘li?e @rtg& E@abizllé‘eéﬁl??vé‘f?mceﬁ%&%h? H&lg ?rg% %p%[eqﬁl‘ét?mgﬁlgé@ar e defined as
sequences of three points: on-curye - off 10 cyrve - on=curye. Cubic Bezier
arcs afhe Reots ofcll the coupE ARddetegpinng the %Bglil]‘t‘g:ea%h@éﬂw}éfg@me fb}g’?acur ve -

of f-curve - on-curve. "Degree reduction" is a process of redycing a cubic
arc i peio ohnconikcvefiees anf aENVEEIBE SRENGHE @é‘gﬁ‘aélgfg’ dhe FREHIBASEN £ rom 3 to 2.
Degree reduction finds an intersection point of tw segnents, of the cubic
arc. Fand/exangs enditions.h&acubintour af propesseferepefittyelyyuntih e WEREr €bs: ni, n: +1
n; +2, ni+3, then the intersection point of ni - nl+l and 15 ni+2 - ni +3
segientanived eghenmiingdo. Thieittrmtearmeess ioreppatioreachtof die c@EPMHEl as a new

of f- curve point of the arc and the arc's definition is further defined as:
ni - new &amks thofikpicur ve point - ni+3, where the vertices nl+l and ni +2
are replaced by the single point new control/off-curve point. The start

and end poi phignPhhe HIGicALE dodree RARESH pRBess 2N0H, Begienatodae siaflifiesi gni fi cant
20 points in the contour is thus reduced. O course, other arc

SEP! i TRGRE b0k QEALS) FBhonBlISEr B (y5Rkio Bezieh)r e cRBL Bagien

sinplification process "21( contour points that lie at a certain distance
fromth gl L NGua86kik BeGePlrod ke dbiRdla Exgc%? oN@kGNRAS oRRuSe Lhge- side are
For exanplé; "a poil nt e

removed® IS reno when a di fference between the

strajght angle 1043 AN 2007, Y2004, A06H08. G fohtQ 004 021

off-curve — off-curve — on-curve. “Degree reduction” is a process of reducing a cubic arc
into a conic arc, thus reducing the degree of polynomial from 3 to 2. Degree reduction
finds an intersection point of two segments of the cubic arc. For example, if the cubic
arc is defined by four vertices: 1y, Dy Nisg, Nivs, then the intersection point of n; - njy and
15 g - na segments is determined. The intersection poiﬁt is then defined as a new off-
curve point of the arc and the arc’s definition is further defined as:
n; — new control/off-curve point - nj43,
where the vertices ny; and my,, are replaced by the single point new control/off-curve
point. The start and end points of the arc are preserved, and the number of insignificant
20  points in the contour is thus reduced. Of course, other arc simplification routines may
also be used.
During the polygon simplification process 2106, contour points that lie at a
certain distance from the line defined by its two immediate neighbors on either side are

removed. For example, a point is removed when a difference between the straight angle

.10



and the angle deflned by the point and two neighbors is less than a
constant value or "maxinmal angle." The nmaxi mal angle may be us%r?déﬂlﬁwd,
or determ ned automatically based on the desired anmount of glyph
sinplification. To illustrate, given triple vertices n;_1, n;, n;+1, the
angl e n; MO2004{806166 - +j js 5 cal cul ated. Wien the diPCFEANB0IBEL ween this
angl e and t he stralght angle is less than the nmaximal angle, then the n;

POi Nt igfy Qe [ed@éilmedr Bt oo aﬁ%‘t\% nki OFJ"fs%%%zﬁxsa {AbtaR Vame Gfr ve and

on-curve poi nt's, respetcti or ex e n, point of the triple

n, 1, S -QN I e y be used

whan themaﬁl.nﬁi o U 31}%4‘1%5% SRR ey

used. |f|c i contours of the given glyph are sorted

into |n §H3£%€$éP“88ﬂf&§Ph8FE§B ? ®ring the contour analysis 2200 step.

Fig. 7 sho an outline ape 700 of a gly 2 having an inner contour
T

704 and an oft PﬁﬁﬁhﬁﬁﬁPt? ‘@¢W@‘“Hnﬁeﬂhﬁn e?@u |P4us®NaFlvely defi nes

bound spaces within the outer contour 706, Suc pe may be descri bed
as a pdq%@wdwwmn'twlﬁemﬁewmhwtanéle@a@ e seeshtan&lerféees fhan ghe15 pol ygon
outer boundary and the inner contour 704 defines the "hole" inside the

pol ygoriaximalcanglgi then ths mipoiatipséstamdednVeste mapisxist wechreshalds don &ff- contours are
defined to be ordered in opposite directions. For exanple, the outer

cont ourcudieraad onenrvie pomtsoskpecselya fébr ekamge, iChanowint df the triplom.ii 1s,
counter-clockwi se, or vice-versa. In order to determne the direction of

t he condQus én-cirhe tienidnt magimabage wilud denaydistuoed; har e ni imtiedt hr ough, and
the 20 signed area of the contour is conputed according to the fornula of
pol ygoncusvehfitier mid@imat eRBvatie@, Raybdfsd@. X * Vi.y - Vi.x * Vo.y) + ... + (V,
X FVIHY - V4. x * VLy) +oo 0+ (V.o x F VY- V1. x * V.-tY)], 25
whetig V; is A?ftd?%hﬁ{;ﬂﬁ’i@atﬁmVﬁ{etc%ﬁtoﬁi@q)fﬂhé @v%ﬂ% Ki:ﬁ’ta?é soRedT RS infter R tices in the
pol ygon. The resulting value of the poly--Area is a signed val ue that

det er m gs MRLPEfoubd Burft@hOYontdi andidsis 2200 step. Fig. 7 shows an outline

shape 700 of a glyph 702 having an inner contour 704 and an outer contour 706. The
inner contour 704 illustratively defines bound spaces within the outer contour 706. Such
a shape may be described as a polygon with “holes” in which the outer contour 706 is a
15 polygon outer boundary and the inner contour 704 defines the “hole” inside the polygon.
According to TrueType™ conventions, inner and outer contours are defined to be
ordered in opposite directions, For example, the outer contour direction is clockwise and
inner coﬁtour direction is counter-clockwise, or vice-versa. In order to determine the
direction-of the contours, the points of each of the contours are iterated through, and the
20 'signed area of the contour is computed according to the formula of polygon’s area:
poly_area = 0.5 * [(Vo.x * Vi.y— V1.x * Vo.y) + ...
+ (Vix * Vi y = Vin x ¥ Viy) +...
+ (Vo X * Viy = Vox * Vo y),
25  where V;is a polygon’s vertex and n is the total number of vertices in the polygon. The

resulting value of the poly_area is a signed value that determines whether the contour is

11



U 3 JAN 2007 WO 2004/006166 PCT/ CA2003/001021 ordered cl ockw se. or , .,
counter-cl ockwi se. A positive value corresponds to counter- cl ockwi d&N 2007
direction, and a negative sign corresponds to clockw se direction. If the
area 1is zero, the direction is generally undefined and thus may be set as
a def aul WQEHBHWMSe or counter-cl ockw se directi onPCHEAZWIIEMBodi nent, the
contour is defined to be of counter- 5 clockwi se direction if the area is

zero. gldGl 518{1&31&901' E&@te?—&@&@%é o R'E)Qﬁveg WG c&{el\ém_dgrt@ cBERgessed to

determne " contal nnent during e contal nment analysis step 2300. Each

wi 1 i n Rk R ol e DA B uh PREEERTIOUE i °0, 81 e

W thin cl assi accordingly. The
classification,determnes, separat es for _.eac h 10 thus the
G yoh bR geregy GRREReT i R L ?ﬁ%%ﬁ@?ﬂ | acﬂ’f?f (he”
separate shapes conprjses one or nore contours, .the fir cont our being

t he outCe¥nteeckHisesHECUSRy I Qe FEPOYRRtIRF SO ﬁgdcflwﬁé? L%Béﬁ%’t’f?rs'. Cont ai nment

may be determ ned by a sinple brute-force algorithmthat takes every inner
contourclaghwise dispction s thawepiy er9-t s points. Cther contai nment al gorithms may
15 al so be used. In the brute-force algorithm every point of each inner
contour is iAfer sbddgatit ohtsvised the diveergiipheatpiisedsesed jtp Jefermifigi de an out er
contour for all outer contours. If all of the points of an inner contour
are i nsofwinarat dfringhle cntammesoanrlysis step 2A&h Edek oltanentouc sranayzedi s conpl et el y
contained in the outer contour. In one enbodi nent, the outer contour is
def i nedoaRteBm@O Nt ai MndYcanmnt ddontatied wikten iith niéach ob theozontous idaéfénned as a 20
cont ai ned contour. Once all of the outer and inner contours are classified,

the gi V@Rsifigh ¥RBrdiYy, DEhe cRBRGEO Sdertned sERFAAMGRs & esedinfyt andshape dat a
structures. Each data structure contains a reference-to the given glyph,
andyg nfQpak Abn 3R e defifieddsYaPddliSction VR kéatitd dhapddd BaNbfthe 8spapa@nt ours. 12
shapes comprises one or more contoﬁrs, the first contour being the outer contour and any
other contours being inner contours,
Containment may be determined by a simple brate-force algorithm that takes
every inner contour and iterates through its points, Other containment algorithms may
15  also be used. In the brute-force algorithm, every point of each inner contour is iterated
and checked to determine whether it is inside an outer contour for all outer contours. If
all of the points of an inner contour are inside one of the outer contours, then the inner
contour is completely contained in the outer contour. In one embodiment, the outer
contour is defined as a containing contour, and the inner contour is defined as a
70 contained contour. Once all of the outer and inner contours are classified, the given
glyph may be represented as a sequence of separate shape data structures. Fach data

structure contains a reference to the given glyph, and information about the glyph's

containing and contained contours.

12



11 3 JAN 2807 WD 2004/006166 PCT/ CA2003/001021 The points of the contours
are then processed during the contour point analysis step 2400. [ijQutlaNness?
i nformati on about each renai ning point corresponding to the raw glyph data
is anal yzed. Point coordinates are obtained fromthe analysis, as shown in
step 240WQMHI65D, | n the TrueTypeTM font exanpl ECTIGAG0G3M9I82Imat i on i S

obtained from5 TrueTypeTM file. This information includes the coordinates

of the poin and specified in ,font uni . the type of. point. (e.g.,
on-curve or trg‘? PQIEﬁng]epc8ptﬂPrf arc g P??gesf#d‘i@"é&et%%%BBP?WS&%?%? o an array of
points of t raw. gl.yph data fromthe True. TypeTMfil.e. The points of each
bF ¢ he sBegb Sl iBmaton Shok RN Bma g i TR SRS BE " nf or mat i on
about each point. The inner angle of each point is determ ned and, based on
10 the gmhu@,ta i aalipsin Poing coprdingpregre 1obtagied omcihs gRalYSSy a3 B84t ype as shown
in step 2404, and valid nei hb&{s of each of the points are determ ned, as
shown isteps8p oDBigesD. Do thertyueType € fonlixpinplgt the infarmaiiencih objsingd fre® convex or
reflex, two angles at vertex ni are determined. One angle is classified as
an iSnnéfrugifypk € BladThihmionaton iaclgdes tesoardinates ef the poings end spheifiediner angl e
refers to an angle defined by the point and two of its immedi ate 15

nei ghbdosat witsl theypngipo@t e@., oheurveoesif-eurve poibf)und dd indegiodthe pbintshe pol ygon
(given the vertex n; of the polygon, there exists the triangle defined by

ni _1, nhio #8atrk) of pokifs ST Whesttw aNgh Aata fRkehs TheTR™4figl € defined by the poi nt
and two of its inmmedi ate neighbors and belonging to the exterior or

unbounded r &Gk G of Heh RENOQPahRIRELs B ¥R G0 (REV@X aduitiddhi t he
pol ygon, there ‘exists the triangle defined by nl.1, ni, n;+ ). 20 The two

o oA SRR TR it 801 e 2, corr

e B SR B4 P LR o i B B St =1 e

e 00 50l A, L B SRR USROS L3, o e Y

positive During the classification of each point as convex or reflex, two angles at vertex n;
are determined. One angle is classified as an inner angle and the other angle as an outer
angie. The inner angle refers to an angle defined by the point and t\lvo of its immediate

15 neighbors and belonging to the interior or bounded region of the polygon (given the
vertex n; of the polygon, there exists the triangle defined by ny.q, 0y, ni31). The outer angle
refers to an angle defined by the point and two of its immediate neighbors and belonging
to the exterior or unbounded region of the polygon (again, given the vertex n; of the
polygon, there exists the triangle defined by nj.q, nj, nia).

20 The two angles at vertex n; sum to 360 degrees. The vertex n; point is a common
point in the set of points n1, n; , M. To define an angle, it is determined whether the
vertex iy lies on a first side or a second side of the line defined by the . - n; segment.

The formula for determining the signed area of a triangle is used, where the triangle is

defined by a triple of ni.q, M, Dy vertices. For clockwise-oriented contours, a positive

13



13 JAN 2007 wu 3 3 WD 2004/ 006166 PCT/ CA2003/001021 value for the triangle
area corresponds to the n;+1 vertex being on the first of the |ine jgefigpd
by n; | - n; pair of vertices. The n; vertex is thus a reflex type.’

Conversely, a negative or zero value corresponds to the n; vertex being on
the ri ght"Q#I4Hes i ne defined by n;.1 - n; pair of PeEGAZA84010HNd t hus t he
n, vertex is a convex type. For the counter- 5 clockw se-oriented contours,

t he def {,Q%& Jg)?/ r&}eg\ljivmﬁevﬁrﬁ Egnesg sgglrt)ﬁoésﬁ? Qb feSor fhe PR 2GR Y P

det er mi ne cosines: An havi ng an obtuse I nner angle is

t hus cl L fi as,_a_refle oiqat, and. an o] Vi an cute inner
angl e i g&@‘eé'ggl if‘i—el}i%glg% V%l%éﬁ%e d¥ Y .ex%éﬁgﬁﬁigﬁﬁxﬁ S %Frgel & strai ght,
the point.may be defined as, a gconvex i.nt agcordj to one enpbodi nent of
the pr oLEHVERS PR vaRE cOreoes Ih e Rererh BrtE HEfE Hefhadns fu rEl “angl o | s
strai ghL, the point is defined as a reflex point. Valid neighboring points
("val | dPh8iighBdRE of vertigess pach thye ther i VEERY 1 GreoB¥XHYPoi Rer the geuniioun in step
2406. Any point of the contours of the given glyph is a valid nei ghbour of
any ot heleclyyisesgiiepied pantours, thedelipiipmispeiersed bel ong to the sane separate
shape, e.g., both 15 points belong to either to the outer contour or to any
cont ai ned i nH@rvalsoreicogles inalsgre¢Pnanbe detanmingd hyrtamt ofdesingse dnlyyoinhe two points
does not cross any other segnment of any contour of the separate shape,
e.g., thailg meobsngineat andefis thad chysifiddes b veflep oimt, snd anycpuiglhetieg gn cont ai ned

i nside the separate shape. If any point satisfies the above two conditions,

it is acdgethnéanglegs tiasifiedlas adohebxnigh Wtes tef inhdreangRi i btrdightquest i on. Val i d
nei ghbors are then 20 sorted by their distances fromthe given point and

ranked gbighmdaat d&ﬁﬁ@dce!scawﬁbe}nﬁ&ighm&ding to loR® %fﬁaﬁpdihlrc;ﬁtt of thOPreddnga of the

separate shape is defined by the conjunction of its outer and inner

16 invention. In another embodiment, when the inner angle is straight, the point is defined
as a reflex point.

Valid neighboring points ("valid neighbors") are also determined for each point,
as shown in step 2406. Any point of the contours of the given glyph is a valid neighbour
of any other given point if: (1) both points belong to the same separate shape, e.g., both

15  points belong to either to the outer contour or to any contained inner contours; and (2) a
line segment defined by the two points does not cross any other segment of any contour
of the separate shape, e.g., the line segment defined by the two points is completely
contained inside the separate shape. If any point satisfies the above two conditions, it is
added to the list of valid neighbors of the point in question. Valid neighbors are then

20  sorted by their distances from the given point and ranked such that the closest neighbor is
ranked first.

The area of the separate shape is defined by the conjunction of its outer and inner

contours:

14



contours: 14 )3 JAN 2001 WD 2004/ 006166 PCT/ CA2003/001021 Sa, e, =( Au Bi +Au
Bi +i +...+Au Bi +")-(An B;+An B;+1+...+A n B;+,), where S is the BepadAdt &ii{
shape area, Aarea is the area of an outer contour of the separate shape S,
and B;.., " are areas of inner contours of the separate shape S. Valid

nei ghbor f®HI00H00gI6en poi nt may be characterized "sed@T/(@3005040% romthe 5
given point. A straight line segnent is drawn to connect a point to the
given point and represents_a visual path between the two points. If the
straight i reﬂs"ééﬁéﬁ i e HoBi+t T mt drdt &rBick) bylAd sBphifaf Eigtape™ & anot her

|l i ne segment of the contour, then the point is a valid neighbor of the
given point, i.e., the point is "seen" fromthe given point. Fig. 8 shows a
l'i ne di AgPian vifereas df §p sepsiip shapk aiea,| Anels theeaeeeharpoitert eonour ¢frtbe/i de 10 a
pictorial explanation of valid and non-valid nei ghbors of a point 800. The
lines between point 800 and other points 802, 804, 806, and 808 illustrate
that t h&Rsffehansot ARGBi. goge agis A ngugoniawE oBbe seprmteshitied- nei ghbors of t he
poi nt 800. The other points 802, 804, 806, and 808 are "seen" fromthe

poi nt 800 wi Vilislmeighbemsofny giaery peinigmanbe eliarackesizer] Jasen” pdirip &omndie bel ong to

t he sane separate shape as the point 800. The |lines between point 15 800
and poi given §ai0t. afdtr@gR lirel sughenaissdrgvrato dohmect & peint fochagiseBgiintand 820 are not
valid neighbors of point 800, because the point 800 and the first points
810 and r§i@Rento anddual bath dregwden theews patits.S dp dteadtaighb fipe seghteat 1si mes bet ween
point 800 and the points 814 and 816 illustrate that the second points 814
and 816 jgefertDby ¥ Sdphtet @by i?An6th&@TinD 6d gtfenB8Ghe chBRBURS) thpGie: ik kNes cross
segnments of the glyph shape. 20 During the glyph dissection step 3000, the

0l yph | SraBd fs@ibbestsieaomanad.d Mo is38eh Softin ghchghe” - The strokes do
not necessarily have a correspondence to. each of the  separate shapes of
the given gl yjahe iR SRR SRR TR R ineSheH &/ HIGRITBRRRE
10  a pictorial explanation of valid and non-valid neighbors of a point 800, The lines
between point 800 and other points 802, 804, 806, énd 808 illustrate that the other points
802, 804, 806, and 808 are valid neighbors of the point 800. The otl?er points 802, 804,
806, and 808 are “seen” from the point 800 without crossing any segment of the glyph
shape and belong to the same separate shape as the point 800. The lines between point
15 800 and points 810 and 812 illustrate that the first points 810 and 8§20 are not valid
neighbors of point 800, because the point 800 and the first points 810 and 812 do not
belong to the same separate shape. The lines between point 800 and the points 814 and
816 illustrate that the second points 814 and 816 are not valid neighbors of point 800,
because these lines cross segments of the glyph shape.
20 During the glyph dissection step 3000, the glyph is dissected/decomposed into a

series of “strokes”. The strokes do not necessarily have a correspondence to each of the

separate shapes of the given glyph. One separate shape may be dissected/decomposed

15



15 03 JAN 2001 WD 2004/006166 PCT/ CA2003/ 001021 into a nunber of strokes.
Unl ess stated otherwise, the terns "dissection” and "deconposi tjan' 3AW§ID(
used i nterchangeably. Fig. 9 shows a |line diagramof an exanple of a sanple
gl yph 900 dissected into strokes as indicated by nunbers 902, 904, 906,
908, 910WOHEYYEBS As al so shown, 5 separate shape FSTARUINAHee strokes
i ndi cated by the nunbers 906, 908, and 910. A stroke may correspond to the
met hod [y, WhinghnGhaf aabekS WHiGs diav o‘fﬂe{'\bis@ g_nterfﬁ?sr QRERLGE Md h a

pai ntbrush. Sone characters may be drawn wth just one stroke, for

exanpl e« several strokes. A "vector of novenent"
may thusd%h{}%lé@flcgéﬁ e%e%ﬁeg%% cept of the natural novenent of a pen. The

10 f i I
(S T LR RRTED Sebh T PR B BTSRRI
Il th t th tl th th t f
oot B e SAACR A S

novepent of a stroke. Fig provi des a flowchart of an exenplary gl yph

di ssect P HyEdi4 h‘EéE‘ﬁe Stl‘!i‘%&@f”ﬁ&‘é@ eyjthe pyrgess 909, YoMt M0cal Iy defined as a
cl osed pol ygon or contour. Each stroke has two sides, a first side of the
stroke and aAseeksmenryspuespend iortke wethesky, whlﬁa@magiem@rm@rgwawphapen of start and
end .points, denoting the points where the side starts and ends. Al the

poi nt's oppaibted itk iadeithmash. b¥onst dresdteismaydmpudaya afithgudene stookkdoi | it at e
sequentially incrementing froma first point of the first side to a | ast
poi nt okxdriyde, shiloottlers nag reqdfe kavemherokesh odiveawt of maehentd riagtns bay be
represented by points in an array data structure, and each point nay be

r ef er engeiveldronhthe icoEt@Yt 6ff thé hatw@D ioYerhedt bhL péd. I Bive veckl dF hioRémdaei Nnts are
determ ned by selecting a pair of points to define the first and second

si des, @&r&*B&i&E\ td theSidits 30QZ%iroR that RE LRHE el é?sﬂwtﬁlﬂpﬂﬁh resd18bI0hEt S on the
first and second

natural movement of a pen. Because not all the points of the outline may lie along the

same path, the vector of movement is applied only to certain sets of points in order to
define the movement of a stroke. |
Fig. 5E provides a flowchart of an exemplary glyph dissection process. BEach

15  extracted stroke is geometrically defined as a closed polygon or contour. Each stroke has
two sides, a first side of the stroke and a second side of the stroke.. Each side has a pair
of start and end points, denoting the points where the side starts and ends. All the points
of both sides may be stored in sequential order to facilitate sequentially incrementing
from a first point of the first side to a last point of the secbnd side.

20 In one embodiment, each contour may be represented by points in an array data
structure, and each point may be referenced by the index of its entry in the array.
Starting points are determined by selecting a pair of points to define the first and second
sides, as shown in step 3002, and incrementing through the points on the first aﬁd second

sides, as shown in step 3004. The first side of the stroke moves to the next entry in the
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sides, as shown in step 3004. The first side of the stroke noves to the
next entry in the 16 0 3 JAN 2001 WD 2004/006166 PCT/CA2003/@0%Q@&;qugpy,
and the opposite side noves to the previous entry in the array. For
exanple, if a current point on the first side is point 3, then the next
poi nt toWEIM¥Fhrented to is point 4. Likew se, i fPCIA2¢86418Ht poi nt on
the second side is point 11, then the next point to be increnented to is

int 10..5 I i K Wl ; fi t d
2011 Byl AR o EVRIRRC b S, B bR e LSt o
e syt et Priteds el notpOR e B R St rBaA% B0 5006 The
st roke Er ,ies.s iis. conpl eted when the first and %ecglgd sides ,neet at the
same porntikewshdrihe GHERnE PYROnFAS scapdestdeds pojeli A Hhen bempepemitottsy a stroke to

be 10 conpleted. If the stroke is not closed, then for each increnmented
poi nt, inerementefiods PRI whet her the incremented point is a candidate

poi nt, as shown in step 3008. A candidate point corresponds to a turn or
angl @ in the\sghe ppints anh &reersedothe pathodefinggrthk Best pad scbidsides of éiesect  each

ot her. Accordingly, the next point to be increnented to may not be a next
15 poi nton&duomgpve Heomp bt tRatomer , Thehteavemsed pgibiintstoral beaismcofepsint ed t o may be
a point corresponding to the vector of novenent. In one enbodi nent,

candi datrerepentiitagd afte eadteditindpanent, shel3gstdnn getbriiinss iba@loksistlvadd, ay e obt use.
This next valid point to be increnented to is a "nove-to" point. The

nove- t 0shad@l ifl tePBVOE Ohé) GRS TRGckds)is BEmpIBEd WHBR tHeattis: dh@iseddh@kided the
candi date point; rather, the 20 nove-to point corresponds to the vector of

MOV eNeNine&Uethe bhAd %&E‘c? Cﬁh'érrc@:'ﬂ%iticﬁ:% ﬁﬁy BltrRAREY B8 sﬁisﬂé’&f #4 akirk@Rd bhuat i on

corresponding to the notion of a natural novenent of a pen used to draw
t he 1§”9$ﬂﬁp1et§ct'us’ nmovi ng fromthe candidate point to next point along

If the stroke is_ not closed, then for each incremented point, it is determined
whether the incremented point is a candidate point, as shown in step 3008. A candidate
point corresponds to a turn or angle in the outline where two or more strokes possibly
intersect each other. Accordingly, the next point to be incremented to may not be a next

15 point along the path. Rather, the next point to be incremented to may be a point
corresponding to the vector of movement. In one embodiment, candidate points are
reflex points having inner angles that are obtuse.

This next valid point to be incremented to is a "move-to" point. The move-to
point may not necessarily be the immediate neighbor of the candidate point; rather, the

20  move-to point corresponds to the vector of movement such that the current stroke
receives a natural continuation corresponding to the notion of a natural movement of a
pen used to draw the stroke. Thus, moving from the candidate point to next point along
the path that is not a move-to point violates the notion of a natural continuation of a

stroke. Therefore, the valid move-to point for a candidate point is selected based on the
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the path that is not a nove-to point violates the notion of a natural _ .
continuation of a stroke. Therefore, the valid nove-to point f6r3 alAN 2001
candi date point is selected based on the 17 03 JAN 2001 WD 2004/006166
PCT/ CA2003/ 001021 vector of novenent, and the valid nove-to point is stored
as an "oltQFPEHEBS or "event," as shown in step 30RET@A3NHVEYEAHIy, if the
current point of the side is not a candidate point, then vector of

novenent determ natio eed..not be applied. In this _case, wvalid nove-to
poi nt ﬁ’ﬁg}"f@%‘@’e@smem%é Yﬁ‘gé’b%ﬁ%@?ﬂlﬁd? SipTRd a%%rbto(g#u?rg Fcaen§5§&r%}1§’t, as shown in
step 3012. A "nove-to0" point on a side lies proximate to a line forned by
the si cPéSl%O“B‘rlé\?‘ieBSglo- point and the side's current point. Wiether a point is
proxi mate is determ ned based on the difference between a flat angle and
an angl e defConepehy ifithecuryeppioint of the side isd’é%“%’éhiﬁ?eip@l“ﬁéhﬁ@w&“ﬁrrcgvi ous poi nt
(side-previous-point), the current point 10 (side_current_point), -and the
pr opos adovemontedetentingtomresd Tibbedipplfedr dintids Gage, Hreatalifl VG- to POEY IR han a
specified flatness threshold value. For each particular font the flatness

t hr e$ hdledekeatdimdermydatt 6f the yecton df myyeivead, hyshoandgregepdiideen 10 to 25 degrees.

I n one enbodi nent, where there are several proposed nove-to points to be
eval uat ed, thanpeitot psisd wnod it liasprokigawab i dinerformed by thobide's previblse poi nt
closest to the current 15 point of the side in terns of distance between

them |RyiaRnad BRIiRIRAAEMNR. Whether 4 fifiigs flofiney i dafernin@iinseaibmve- t 0
points to be evaluated, the point selected as the valid nove-to point is

the poi it fiRlredtdithvddi®s diaf LESISRES ah SnPRSderiRE] BY thé Sriflé JF NefRed hr eshol d.
Q her evaluation criteria may al so be used. If a valid nove-to point is

f ound, oy engnt Loues: to & i ] -t I NLeindhe novenent
froma %:Oraﬂﬁj&gﬁat gﬁl ;@)oi E%O{Dgpaep\?gllrti d(5 1@%‘" geg%Jtldcl)’g Poi njt? i@esf%#’g% agelgtn

) chgir ][ ﬁgigf . g?:trlt_i;cﬁﬁ/t Nid thé %ro%gs%&mmio@e-%t’%%in%o Iore drttGENCE 1 prdidbif U t her

cla

less than a specified flatness threshold value. For each particular font the flatness
_ threshold value may differ, and typically ranges between 10 to 25 degrees.

In one embodiment, where there are several proposed move-to points to be

evaluated, the point selected as the valid move-to point is the point closest to the current

15  point of the side in terms of distance between them. In another embodiment, v;fhere there

are several propos;ed move-to points to be evaluated, the point selected as the valid

move-to point is the point for which the difference is most below the flatness threshold.
Other evaluation criteria may also be used.

If a valid move-to point is found, the movement continues to the valid move-to

20 point. The movement from a candidate point to a valid move-to point is stored as an

"occurrence" or "event," as shown in step 3012. Events may be further classified for

each side, and as mutual events. Mutual events are recorded when the events happen at

both sides simultaneously. The mutual event is stored as pairs of candidate points of
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each side, and as nutual events. Mitual events are recorded when the events
happen at both sides sinultaneously. The nutual event is st or ed Ja$h

of candi date points of 18 AN 2007 WO 2004/006166 PCT/ CA2003/ 001021 both
sides and their correspondi ng nove-to points. Events may connect two
strokes WOHBH#¥er66and may serve as potential starti METEHN2008401PBr ot her
strokes. Step 3014 determnes if all of the points for a given stroke have

been progessed -i r o S i hikkst O be

or oceo i S5, Bir chrispofly B b ook Bln jpaf Ctd SETRARS 0,02 ¢
repeated. Ot herw se, ste 0 .mpes .if apny events or points for the
gl yph ﬁgﬁqeha’? mB‘éSEB‘Feoaéé’gtg%&%g?[%gé@gm?E%fr?thgl ?‘f&%XSSet of points is selected,
as shown in, st 018,. an teps 3004- 3016 are. repeated. Ot herw se, the
process is %&@@Qg%@t@n@p@}?ﬁlgofgtﬁ%g\gma%q he Ve s&r@]x%ﬁ#%%ceélrprgg%s lary glyph
1000 dissected in accordance 10 with the gl yph dissection prqcess 3000.
The exedipl Begtrelfeis glosesio gt priRts gmnag,for hepeocesap o1 If desr SRk isppt Cdg%e s 1to 37.
Pairs of start 0poi nts enclosed in rectangl es 1002, 1004, 1006, 1008 are
starl pbemstepsot004130ak ers repprpd. (Whewisgodep Q1018 termines Homnesents 0130 and 32, 35
denoted by the rectangl es 1006, 1008 are al so events that are start points
of st r opeis fod 1t glyhdethain 6o bebmedesssilelf spahent anedy seBaf poirds is 8glectesln@ 36 are
candi date points and their 15 correspondi.ng nove-to points are 30, 10, 37,
35, andshbwnriasqacBodselayd sepc GOQH-3016t @e triyatedi r @therwise, dfe pacds st r oke as

i ndi cated by the central arrows of strokes 1010, 1012, 1014 and 1016.
Candi daggnguent 33 is commpn to strokes 1014 and 1016 and thus is
associated with nove-to point 10 for stroke 1014 and nove-to point 34 for

i ow hat | G e e e e 2 more
: g. 5F provides a nore
det gh! egd;dh MR dissPltioh PRoctk BE0h. AhRSRGMHAY PFR8Ehat Al Butline shape
defined by points 1 to 37, Pairs of start points enclosed in rectangles 1002, 1004, 1006,
1008 are start points of strokes 1010, 1012, 1014, 1016. The points 9, 30 and 32, 35
denoted by the rectangles 1006, 1008 are also events that are start points of sirokes 1014
and 1016. Encircled points 9, 33, 18, 32, and 36 are candidate points and their
15 cormresponding move-to points are 30, 10, 37, 35, and 1, respectively, according to the
direction of each stroke as indicated by the centfal arrows of strokes 1010, 1012, 1014
and 1016. Candidate point 33 is common to strokes 1014 and 1016 and thus is -
associated with move-to point 16 for stroke 1014 and move-to point 34 for stroke 1016.
Each of the strokes 1010, 1012, 1014, 1016 is denofcd with an arrow that indicates the
20  vector of moment.
Fig. 5F provides a more detailed flowchart of the glyph dissection process 3000.
Step 3020 sets various processing values. In one embodiment, the various processing

values include, a flatness threshold value, a starting threshold value, a starting span depth

value, an unmarked points tolerance value, and an unmarked segments tolerance value,
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Step 3020 sets various processing values. In one enbodi nent, the various
processing values include, a flatness threshold value, a startiyng jaN 7007
threshold value, a starting span depth value, an unnmarked points tol erance
val ue, and an unmarked segnents tol erance value. 19 JAN 2007 WO

2004/ 006 Y8520pt90618A2003/ 001021 The fl at ness t hr eshol dCY&AB3PEOAUsed t o

eval uate a potential nove-to point. The starting threshold value starting
span depth ‘fﬁé Rfnba dHr%sglg][dt\%lug% S§eﬁ‘tﬁ%vaﬁﬁa‘%‘é b bBE RO S0 Opome tHgmer ked points
tol erance value 1S Uséd to specl'ty how many unprocessed points -may be

tol erated.for Lven shape. Th nmar ked._ s ts. to] erance value is used
to 5 s*gaé‘&‘igf?mﬁ%‘ﬁﬁ r’FﬁelH?/ Sfﬂﬁ‘ﬁ%&*’é‘s@@ﬁ“ g"i‘&n‘érﬁsgﬁan%‘?%“f’(? ISP or one shape.
A pair of starting points is then selected, as shown in step 3022. In one
embod ratRTEEd ik tolggneit Kalug 18 used @c%PE%g’aIEE‘bP‘G?an“PF‘E?eis P‘?‘mﬁosi tion on
the x-y axis, e.qg. the left nost pajrs of points, such as points 5 6, 21
and 22 T8y 9 igleratesi fon p @iver phape.o dheygnmarkad; segBeithioleraney Kalve kwsnldds of
selecting start points nay al so be used, 10 The starting threshold value is
used t opeifyihoe manyoinptocessedasegraanth et s, tolpfated fies cangflaps  at the vertices in
guestion are less than the starting threshold value, the points are a valid
pai r of starA ipag qfostatisg acidisais ehetefilevtal, as sbéveain seprdd2hg Ipoinsts. | f both
angles are greater than the starting threshold value, the pair is

di scar dasboditandnigd f8t paias fire isdleqiédodcestding ko hsie positfontdneheigbs, eigs, greater than
the starting threshold value, then an angle that is the _ 15 difference

bet weengh e R pifs df?@in@,%l:l?&s Rifls 8802 08@rLes$ Figs10; arRalkast 4satadthe starting
threshold value. If the conpared value is less than the starting threshold

val ue, th&: PBinkr mOhoRr M tihSstat g&lﬁt's thal @lsb bOhse@t arting points and defined
as dirty starting points. Pairs are not I mredi ate nei ghbors; there is

typygally at ' hOSBbint RS SRR, Of tehRue St ance, in
armm:lt of po?ﬂﬁggﬁgqggng%@gn@&egiﬁsﬁgdq%egllg??Plr’lla spacn %ﬂl(i)b gept h %/al ue.
at the vertices in question are less than the starting threshold value, the points are a valid

pair of starting points and are defined as clean starting points. If both angles are greater
than the starting threshold value, the pair is discarded and another pair is picked. If one
of the angles is greater than the stafting threshold value, t.hen an angle that is the
15  difference between the one of the angles and 360 degrees is compared to the starting
threshold value. If the compared value is less than the starting threshold value, the pair |
of points is a valid pair of starting points and defined as dirty starting points.
Pairs are not immediate neighbors; there is typically at least one point between
.them, The depth of the distance, in amount of points, is defined by the starting span
20  depth value.
The process of selecting starting poinfs may be sirpplified by utilizing a font
pattern. In one embodiment, if a font pattern is used, pairs of starting points selected
according to the font pattern have priority over other pairs. Likewise, clean pairs have

priority over dirty paits. After determining all the possible pairs, the pairs are prioritized
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The process of selecting starting points may be sinplified by utilizing a
font pattern. In one enbodinent, if a font pattern is used, pai RSy quN 2007
starting points selected according to the font pattern have priority over
ot her pairs. Likew se, clean pairs have priority over dirty pairs. After
det er m niY{2044/906tdae possi bl e pairs, the pairs are priCEAAZI028402120 0 3 JAN
2007 WD 2004/ 006166 PCT/ CA2003/001021 in step 3024 and sel ected based on

the pri.ority.in st 3026.. W.t hir ch priQki r -a.palr-wth the

sral | edt *gp S04 R RvARERA R ORTE W WRLPE Pl A prdtub ol ' 2" et o
starting points, the two sides of the stroke are defined, as shown in step
3028. Ed¥® "%‘Bﬁéﬁﬁ%?glcséd@faa?etqe%ebh'lerﬁ’?mgdﬁSq?eé:%flncrerrent ed along a path from
5 this starting point, as shown in step 3030. I n one enge(%di nt, the points
of each shapdtchpiekiag g peof yrkns %Pt&fhfdg‘foa“l@ﬁt‘)ﬁ@@@? © SH UL nent i ng al ong
a path results in iterating through the array fromthe array cells storing
the st @howmin gien 328 anhéldpgmstar@ug pint and & inerementecdalong: anafh @mwhet her it is
a candidate point, as shown in step 3032. Wen a candidate point is
encduntthis ethrtinggloind, asshaonnt io sippidHdG Iarome embodimerds the peints 5 eagb skabebed above in
steps 3010 and 3012. If the point is not a candidate point, the system

i ncr enmesnt stoted ih he anex atp sineturg land dnckdneenpeg Hongs psthowwalts v isrding3034. For

non- candi date points, the instant point is increnented to the next point if
t he i nsthigh the @ird Sorf theR@bycetls Sl0Engehe stading goingi ghbors, satisfy a waiting
angl e evaluation, and the.next point is not owned by another already

created strokg poihhRaRn &P 18 QSteriife WXdthe ®lik ¥ cab@id¥@Ipotht, @B khowor poi nt s
that are not candi date points, since candidate points nay be co- owned by

severalinShbPkfs dUfnbd « SLhaHR: isﬂairﬁri§%k&m§ea, Avali§ 3386 polrkd| @rdd S Used to

determne 1 e instant points on both sides are valid neighbors. The
canzsee,r i - i e ; I sa-kISt ant points
" seleQ? e(g%%ngrfeﬁzafq ,%gﬁtc#%d, a%ghée&i SF@% gﬁﬁf%& gnbtt'.ﬁ'o;[ﬁgé F ?lgfs){smso ?éggﬁg?te?he i nst ant
poi nt of .th

point, &1&: Ss?s?e%‘%crcments to the next point along the path, as shown in step 3034. For
non-candidate points, the instant point is incremented to the next point if the instant
points on Eoth sides are valid neighbors, satisfy a waiting angle evaluation, and the next
point is not owned by another already created stroke. These conditions are typically

15  wvalid only for points that are not candidate points, since candidate points may be co-
owned by several strokes due to stroke intefsections.

A "can-see" rule is used to determine if the instant points on both sides are valid
neighbors. The can-sée rule is satisfied if, at each increment, both sides' instant points
"see"’ each other, i.e., the instant point of a first side has the instant point of the second -

20 side among its valid neighbors, Violation of the can-see rule may result either from a
wrongly chosen move-to point during an occurrence or from the layout of the shape of
the glyph.

During the determination of a valid move-to point for the given candidate point, a

violation of the can-see rule results in the proposed move-to point being discarded. If the
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20 side anong its valid neighbors. Violation of the can-see rule may result
either froma wongly chosen move-to point during an occurrence Br3 fiabnyi0{
the | ayout of the shape of the glyph. During the determ nation of a valid
nove-to point for the given candidate point, a violation of the can-see
rul e resiQ¥0y/Q616he proposed nove-to point being di PERICA2W300P21t he 21 D 3
JAN U0 WD 2004/ 006166 PCT/ CA2003/ 001021 violation is caused by the

| ayout of the shape, of the glyph, .then the.instant, point is_..discarded and
t he poivl‘ﬂlat@Pdéé%‘{S‘?‘fo fh‘?eﬂy?i’gtoiﬁlﬁe Hgps f h’feog]rmqﬁ'lihef’itg‘{)mﬁ{*}m\/%qn?tc}gnei ghbors of
the other side is selected, For exanple, if ,aﬁ)gi gll(fl%%ggg of %he can-see

rul e r Sésgrrded 304ithepoin¢lasest tohe Higtaplrom ffrom the listph valy borg REME hst ant  poi nt
of that side is discarded and replaced by the 5 first available point from
the | i Stheppideisisgfpnsesk Eorspxample, ie nistatien gitke cannsee g repBis hile 1RENGA; t | ng angl e
value is used to prevent possible "can-see" rule violations by normalizing
t he i nalewgent sidatfehastrolre vkipsitnt abinhef thasside & dissarded andiveplaced bx®e For

exanple, a first side may increnment quickly if there are fewer points al ong
t he 5f i rivit ashithblepoinpfrom tisnikt bheigibat ahthe sthietides’ainstatt goipbi nts are rel atively

| arge as conpared to the points 10 of the second side. The second side may

thus conpri gge WRttiag RRslO valu@ st froenf pdssibleSicatesce nile vinlagausdly nunber of
increnents. To facilitate the current points of both sides being

proxi Mat@maliAte ABGh&EmERThaResk Rdviiht GWnkestih RRIeO0S (R Grdkel aFdrve to the two
sides are conpared for each side to a waiting angle. If the angle of a

side is.]/ a0, : bl B ikhdiddfsor t hat si de
) ?E, ém&é&é}ﬁmﬁ’@é&{nﬁg qg%ir?g iBthert AR Te Ao & @r{%}th@ﬁ’ﬂsfﬁld s

is'not Increnente _ ent point for 1% e other side is
oot SropiPig B B B AE0Shu G B B By 5 A
P2 I ol SRR e LGS RO e B ok AR e Aot
for an equal number of increments, To facilitate the current points of both sides being
proximate, the angles defined by the current points and relative to the two sides are
compared for each side to a waitiﬁg angle. If the angle of a side is less than the waitiné, :
angle, then tflle curreﬁt point for that side is not incremented, while the current point for
15  the other side is incremented.
Fig. 11 illustrates a waiting angle for several points. A rectangle is defined by
points 1-9 and having start points 1 and 9. The pafh is incremented from start points 1
and 9 to points 2 and 8, respectively. Waiting angles o) and ¢ are compared to a
threshold waiting angle (e.g., 66 degrees). Since both weighing angles o; and o, exceed
20 66 degrees, both paths are incremented. Waiting angles 03 and o4 are compared 1o the
threshold waiting angle. Because waiting angle o4, which is 45 degrees, is less than .the

waitin'g angle of 66 degrees, the path from point 7 will not be incremented to point 6,

while the path from point 3 will be incremented to point 4.
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threshold waiting angle (e.g., 66 degrees). Since both weighing angles al_
and a2 exceed 20 66 degrees, both paths are increnmented. Witing ua%gﬂ/&fi A81
and a4 are conpared to the threshold waiting angle. Because waiting angle
a4, which is 45 degrees, is less than the waiting angle of 66 degrees, the
pat h frofYQHOHWéWwi | | not be increnmented to point @CT/GARAIPEIIPHe path from
point 3 will be increnented to point 4. 22 D 3 JAN 2007 WD 2004/ 006166

PCT CA2003" 04 Qede B Biabd JBEroREL ot ¥ eR ThE b Bcthg X Lpdits biNkek

correspondi Ng next "pol nts or a an occur vent occurs, the

t det ' whet h t I d,
Shoun 1 GRGE"G036 SR Srgr 4 R ddesBiRE SRRE sRbERES JAReeE O °GSr,
t 1 t hat 11 th i.nts. definj th i ; i f start
and endupt ARG GRS & Sipvaaged S LEEntt. R et boede BN 1T o

classified as owned, except for_ _candidate points, as candidate points na
be confsH stractaeviat sores el Bie@eintspREning g &yo ﬁflfps" Raits ghatart grdgn Bﬂﬁlsdalto e point iys
common to may be stored in the data structure, Upon closing ? stroke, the
systiem ofetagh widne andpieantse Evertiyprodesser dopihiihcissfied: freoOWaa §%0°BF '¥he gl yph have
been Il eft unprocessed, as shown in step 3038. For exanple, if 10 any point
i s not cwdiéde printsots candidatepadiEs mapbs ermmarhtorseverr stoakent Theawmbert ofbeen
processed. Events are evaluated to deternm ne whether there are remaining
event s duekgniacasdidatEyeint is cormmyn toenaytbesteded in the dglasuesturand the first event in
the queue is processed as a starting pair of points for a next stroke. If
the event QquBke d&ingnPétoke, the BystBi@drMides Whehor @fysofahepoipt okée and a pair
of starting points is chosen, as shown in step 3040. Point processing is 15

conpl et aNhgnnd E@Pﬁ hé’JeeerEplﬁftQiﬁﬁiioeésE&, ROdNOWS id SeP BOIRE Toor OXaniphe ilunber  of

unprocessed points is within a user-defined value. Fig. 12 shows an

exeqpl aﬁrﬁ d:log? id 14 Mg@ GERR aNGndifMfe Qéiﬂtpmeﬁfthelzﬂognt h3Orot BR&h pro&sselii sts the

pr ocessi eps of dissection and the information that each stroke
contai nﬁVcans‘l alre evaluated to determine whether there are remaining events to process. Events

may be stored in a queue, and the first event in the queue is processed as a starting pair
of poinfs for a next stroke. If the event queue is empty, then new staﬂing'p;)ints are
picked and a pair of starting points is chosen, as shown in step 3040. Point processing is

15 complete when thete are no remaining points to process or the number of unprocessed
points is witﬁin a user-defined value.

Fig. 12 shows an exemplary log from processing the glyph of Fig. 10. The log
lists the prbcessing steps of dissection and the information that each stroke contains. All
of the separate shapes of the exemplary glyph are iterated through to dissect each one of

20  them into strokes.

The last step of glyph dissection 3000 is the merging of strokes, as shown in step

3042, To reduce redundancy, certai11l strokes may be unified into one so that the number

of lines in the glyph under the compact font format is reduced. The merging process °
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of the separate shapes of the exenplary glyph are iterated through to

di ssect each one of 20 theminto strokes. The last step of glyph3 [AN 7007
di ssection 3000 is the nerging of strokes, as shown in step 3042. To
reduce redundancy, certain strokes may be unified into one so that the
nunber YO FOHWSISEn t he gl yph under the conpact fontPCTEAB09182]r educed. The
merging process 23 D 3 JAN 2007 WO 2004/006166 PCT/ CA2003/001021 searches

for conplei&! #r (ORI LophihQ Sfoke@ NhdC BN do¥inRANARL praag i nplicitly
connected strokes. A conpletely contained stfoke is a stroke that is

conpl et ined in another stroke. In one enbodi nent, the
determﬁog ?cge%i@% e\?\7f'|et her a stroke is conpletely 5 contained incjudes the

step of determni he . of e.paLn Lf Si: e are

cont ai ned wi ﬁqwl‘%}g’é{wg%%lﬁﬁéﬂ%g }s%esggig%/th?tﬁ%c%rg?lgc%lg %Séthgé&slgggﬁg&st roke. If a
stroke i s, canpl et el ontajned, it ILs discarded. expligitdy connected
stroke Ok %P%’f?ee ﬁ%ﬁm%’ f‘%??é‘&‘,“aél?? Bgrv‘f%e{hﬁﬂ/arﬁﬁ%g%lm e%r{}élﬁt%fg . When events
occur on both:sides of a shape, the events define a tual event. 10 The
nmut udl  enited dnciydse dhersite %é?tﬁ@nmg ya?tﬁ?rsaﬁl Q§ribe pRIRts of HHISLSIEke 8i%e of t he
shape. Each pair subsequently defines a pair of starting points for another

st roke anéaiped wethin ther koundy defined by the points e deteepnd wivkedf 210% one nut ual
event may be a source for two strokes. These strokes may be nerged

t oget heconpietélp containgd, iigd discstdedke. Fig. 13 shows an explicitly connected
stroke. A glyph defined by points 1-20 15 conprises strokes 1020 and 1022.
Mut ual eventsn &Q8iithnchnti@dE sroke st artrokegthpoisndedinédorin pat,rigkmstudef i ned by
points 13-18 and 3-8, respectively. These strokes are thus conbined to

f or m aneexp! iWhdnl ovefts BERE be Bothtsidekef d £lidge, ded éversd dbfinepommmial e3erd. and 13- 18.

Implicitly connected strokes occur when the pair of end points of one
strqle iThe mutual event defines two pairs of points, one pair for each side of the shape. Each
pair subsequently defines a pair of starting poin{s for another stroke when events are
processed from the event queuve. Thus, one mutual event may be a source for two
strokes. These strokes may be merged together to form a single stroke.
Fig. 13 shows an explicitly connected stroke. A glyph defined by points 1-20
15 | comprises strokes 1020 and 1022. Mutual events 1024 and 1026 are starting points for
strokes defined by points 13-18 and 3-8, respectively. These strokes are thus combined
to form an explicitly connected stroke 1022 defined by points 3-8 and 13-18,
Implicitly connected strokes occﬁr when the pair of end points of one stroke is
also the pair of starting points for another strpke. The points of the strokes are iterated
20  through to determine whether the strokes have matching end points or starting points. If
s0, the strokes are merged into a single stroke.
After the merger step, the dissection process 3000 is complete, and the process of

midline extraction 4000 is performed. A midline corresponds to a polygon skeleton of a

given geometrical shape. A midline of a rectangle, for example, may be a straight line
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al so the pair of starting points for another stroke. The points of the
strokes are iterated 20 through to determ ne whether the st r okds 3 hiNe 2007
mat ching end points or starting points. If so, the strokes are nerged into
a single stroke. After the nmerger step, the dissection process 3000 is
conpl et e WHBH/4ORES pr ocess of midline extraction 40@0TiCA29&PFined. A

m dl i ne corresponds to a pol ygon skeleton of a given geonetrical shape. A

m dl i ne ; b i [ 4 0 3 JAN
2001 i SR 6T e e B BB rsiils, PaailoR e rkiREmoRS O, O Rl
axi s ofy e kel etan is_thus_one.or re, li s) conposed
of seoniiitd CREPAINHS rald®e MCREIOR WP miP o alBerams: "M
deconposition.of t ive | yph i nt o strokes ere each straqke provides
e baanesomBRbitin it v By IRy seeesci sk oo ik Temas 6 s dF o
facilitates the derivation of a glyph 5 skeleton. During the mdtine

ext r act MG A desinak sfake-based sheperad paimely Hgilifieg thendesivgionpfia glgph okes are
extracted, Extracted mdlines 916 are shown, for exanple, in Fig. 9. Each
stroRe fkeledee jIpingule midhne prwmstioarmgoessHI0P, e cerrespandips imidlnes atialend poi nt s,
The mdline is determned by iterating through all of the points of the
st r oke. stRikes aaexirggtsidnExtrasted aniflines 9 16Gsdrel shosvncor cxempleniti Figy Inear est poi nt from
the second side is found. For a 10 segnment defined by these two points a

m dpoi nt i s Emtngolerisdeihdéty tven sideriand 4 pair of Bieet poptoadsad paintseffhat ed for each

point on the second side. After both sides have been processed, the | ength

of bot hnfidlibk liNéserinined d Gtetatih@irondin €11 bPME Pbint¥lof kieRBoltes FéeticA@dint 0 be the
m dline of the stroke. The final mdlines nay be sinplified by

si mpl i f og al i8N siBE ACRIRGRnEhE nbAEst tpBint BOm fe BbonRNid®l RMbadd CRéd #n process
2100 described above, and by nerging mdlines in a simlar manner as

G20 b8l MherheBhad .t TSR] el Rorigip Mpcess 3000
gl yph S%Folcgstsqg'repeated for each point on the second side. After both sides have been
processed, the length of both midlines is calculated. The longer midline is defined to be
the midline of the stroke.
The final midlines may be simplified by simplification processes similar to the
15  glyph simplification process 2100 described above, and by merging midlines in a similar
manner as described with respect to the merger step of thé dissection process 3000
described above. Midline simplification reduces number of points in the glyph skeleton.
In the step of element analysis 5000, the glyphs are searched for elements having
repetitive patterns. According to one embodiment of the present invention, pattern
20 matching determines whethér the patterns are repetitive. Pattern matching may be
performed by using a database of patterns. The patterns that occur frequently in the font
are extracted from the font. The glyphs are defined in the 'database and the particular

sections of the glyphs that have matching patterns are stored. The information is read

from the database prior to the pattern matching process.
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In the step of elenent anal ysis 5000, the glyphs are searched fqr M%hf
having repetitive patterns. According to one enbodi nent of thechpl3 t

invention, pattern 20 matching determ nes whether the patterns are
repetitive. Pattern matching nay be perforned by using a database of
pat t er ns WOrR#/096k¢ er ns t hat occur frequently in the PCH@A2003PUEIHXL r act ed
fromthe font. The gl yphs are defined in the database and the particular

sections of ﬂulﬁﬁg g‘]é%:,gg?ﬁ? %{r}h@%wg%\ég?%gg@ ATNTo Ml of:Hs % @(“{Lﬁgél%g %é@ﬁﬁﬁd The

information'1s se prior mat chi ng
process. 2 J 2 2004/ 006166, PCT/ CA2003/ 001021 ing the

Dot tor NOHGRERT AgTols cagtese, RIS SORPGUPE 1 Pess VLR Y S Spar ed . to
patternsg fr t he dat abase, The conparison is based on,simlarity

measur e‘ﬁ’é"‘ﬂ'ﬁ‘@mr%frg??f’éﬁe ?‘Wﬁtfﬂn? H\?&P’iegﬁgﬁeeceﬁﬁm@?‘ia@ﬁ@mt the shangs (Ph&%cer t ai n
paranmeters of the shape. These paraneters typically remain unchanged even
when t TGS tNerll gBanging upchapgedt even whesmber sheny uwnieraes ofiffsieilons, and are
thus "invariant" to the transformations. Invariance may be determ ned by

t he  r ageomstisnltrapsermestions anvears ius Snyaresly fa the trapstormations.ne. An i sometry
transformation is a transformation of the plane that preserves distances.
A simlaritynyasiascetmayrisfdotersinedby the tahsforplatione of tsanetpy, ebwilavitys anthapes, - and i s
a transformation of the plane obtained by conposing a proportional scaling

t r ansf oaffind.i okn isOmeay Ieniformatiorass a tranefotrietivoy Jof vihd plahs almaetpraservé af f i ne
transformation is a transformation that preserves lines and parallelism

Typi cal diktesrsf ar smilanss & aedrdrRbtidadf BE plan@hanpB@rvesalaped)@hditea t ransl ati on,
proportional scaling, and nonproportional scaling. Qther transfornmations

may al sQaRRMSRM. of e RaRBlated bP 8éhidsih g MRGRttReaIREAHE Sandomases t he
simlarity of two shapes 15 during a translation in a two dinensional

\F;;fili}g ;{&gﬁg&t&ﬂ% %’ﬁ%@ﬁgﬁﬁéﬂgﬁo@%@{lﬁiaﬂﬂetéﬁé&‘?nati&?is SMiahiGichalyn @ shift
that preserves lines and parallelism. Typical transformations used for pattern matching
may include translation, proportional scaling, and nonproportional scaling. Other
transformations may also be used.

An exemplary pattern matching process compares the similarity of two shapes
15  during a translation in a two dimensional plane in which every point of an original shape
is shifted by a shifi value along the X or Y axis such that:
Xi(new) = X;(org) + <offset> and
Yi(new) = Yi(org) + <offset>,
where Xjand Y are X and Y coordinates of the i-th point of the shape and the pattern. If
20  the offset is known, then only one comparison may be required, &g, whether Xi(org)
may be obtained by subtracting the value from Xj(new).
If the offset is not known, additional comparisons between the shape and a

pattern may be required. For example, a rightmost point of the shape and the pattern

may be determined respective X and Y coordinates subtracted to obtain an offset value.
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Xi (new) = X;(org) + <offset> and Y;(new) = Y;(org) + <offset> where Xi
and Y; are X and Y coordinates of the i-th point of the shape anil 3 AN 2007
pattern. If 20 the offset is known, then only one conparison nay be
required, e.g., whether X;(org) mnay be obtained by subtracting the val ue
from X; ( N&M3004/006166 he of fset i s not known, additi onalPCEEApHsPEeNs bet ween
the shape and a pattern may be required. For exanple, a rightnost point of

B e R Ll Wl R
PCT. 003/,001021 T | ni [ d dth
and Y C eon’o"mqﬁétféimg} ﬁ}@[}gﬁ%%}p%g plg’lr stgdgs[up;%fsggg?c?@%a{ efggfngg%? vglnueF ?f,x

as a result of btractiqn, the X and Y. coordi pates of the .corresponding
o nt | Goowiathak Perertsiond abEer o RUATHESSTRd o B8 sfie AR ¢ he
pattern. If the subtraction gives, such re?ult for all the points of the
shape, ®HePaitere. B thywipactien gives Jugh resgt foral B‘ﬁtPP’@FSrﬂf%Gﬁhﬁﬂ?emﬁlbWPr ary, if the
subtraction results in different X and Y coordinate in the shape fromthe
X afd ‘hepsos dinklar tssthe pattere Qo thstcoprary (b ths subteretion reslisin differcahdpe i s not
simlar to the pattern. Thus, under the translation transformation the

di st ancaed ¥ orordinate incthe stapp&emahelXpad tYeraosdinataraf theipobti ahthe datterdr - each gl yph,
the identified patterns are identified as comon el enents 202 or 10 uni que
el ementther2th stape Bawrsimntado thic phttaref Brenmdertthe tringlatich tednefoanatioh the mat chi ng
pattern is not found, then a unique elenent is used to describe the

par ti cudighnced fop kehilal¥byies SaChuttaGs tamiin @@hangpd. ovi ded by the Uni code
consortium may be used to define font elenments. For CIK glyphs, for

exanpl e, whipggheglfoiyps, hélfraimRNBuerhast: (RhtiRASE domMbR ERMente 207 &Ct i on nay be
used. Radicals are€ 'strokes or event conplete ideographs used 15 to sinplify
t hey s eagfiicbnRhR%88 Ss ddforfodiwith CirbRRRRS BF: 2 RloTe.| Blalnfatchitpdfifterkily cOde
not found, then a unigue element is used to describe the particular stroke.
Data such as font data provided by the Unicode consortium may be used to define
font elements. For CIK glyphs, for example, which define ideographs, radical-based
element extraction may be used. Radicals are strokes or event complete ideographs used
15 to simplify the searching process in CIK dictionaries, Similarly, under Unicode
specifications, all the ideographs are grouped by the radicals (see, e.g., Kangxi Radicals
or CJK Radicals Supplement of the Unicode specifications). These radicals are the
primary elements that are extracted. Pattern data used during the pattern matching
process comprises the glyphs, or parts of the glyphs that are radicals. In addition to the
20 radicals of the CJK, additional patterns are defined based on the visual estimation, if any
specific glyph or part of the glyph is recurrent in many glyphs.
By way of another eiample, for Korean Hangul syllables there are defined

decomposition rales that allow decomposing of each Hangul syllable to its Jamo

characters, which is also covered by a Unicode specification. In Korean language all the
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specifications, all the ideographs are grouped by the radicals (see, e.qg.
Kangxi Radicals or CJK Radicals Suppl ement of the Uni code speci i&ak&l‘bggﬂ?.
These radicals are the primary elenents that are extracted. Pattern data
used during the pattern matching process conprises the glyphs, or parts of
the gl ypNO 0ptlé8% e radicals. In addition to the 20 ACAHAGHP/ROIBN t he CIK,
additional patterns are defined based on the visual estimation, if any

speci f iffanglglﬁg}lﬂgﬁés B@rc&mﬂ)sehhﬁaw&s ;ﬁ%fefse%wi rtﬁﬁt Talld ghyBhs. By way of

anot her¢ for Korean ngul abl'es there a ef i'ned
deconpasitiqgn rules that allow gdeconposi f each Hangul syllable to its
Janmo Eﬁ@f‘k&a%f’a&fc 68% 19 COmp0ES, %W@@%% Iﬁorﬁﬁl code specification. In

Korean | anguage, al |l the 7, 0,3 JAN, 2007 , WD 2004/ 006166 ,P 003/ 001021
Hangul syl | EB‘?%‘Qeré?‘3”&%@’3‘@8%0‘?0“3‘3!%“%%&@? EXanplcy T pg U éaﬁé‘z gl yphs may
be regarded as basic el enents tqQ conpose Han%ls ‘%,é{A)MOr Kor ean. For

ot her |Egsgadgesposs glgplethess charts sefinedhe sifgie ypisoyht BPOfiEy be used.
For each conposite glyph these charts define the sinple gly ?s whi ch t he
conposi glgph sorggrispth Thetep pleseumalizgtipne chits f@brﬁ?&g‘lﬂzdﬂﬁaﬁ‘?ﬁecwﬁcg or Hangul ,
Japanese, sone CIJK ideographs, conplex Latin glyphs, and conpl ex Arabic

gl yphs. idddgraphs, sboplemlitonglymhsumd domplex ArebicedlyphenThisindetywlien iI5880 t o defi ne
the el ements of the conpact font format. In another enbodi nent, pattern
mat chi nig theselammomalysis 56@D toidttimuhe dpaaitf ofchegloyphet fatdfamatach shape is
iterated through and stored in an eval uation database. The system 10

recur si vel y Il @i @hereMBadiMbE] htermt R Rn e iasdomhshan withbetnpatit dighed on the
data stored in the commobn dat abase. In the conversion step 6000, the

geonet I i £l palatBaRlis {ti8e® Wirbightunti QMdkedi 16 apdidtsdiod dhabast.hehéPeeinl i cations of
conpact tont format. For exanple, the original points specified in

I[];J gfg Y PReurki¥ 8§ HasEife S el bic SxRl Sttt taldC A RAGHa frored irf Or mat  desi gn

the common database,

In the conversion step 6000, the geometrical data of the outline font is adjusted to
the specifications of compact font format. For example, the original points gpecified in
TrueType™ typeface design units are converted to compact font format design units.

15  This conversion may be subject to various font metrics, such as font baseline, font ascent
‘;md font descent. Other metrics may also be used. |

The conversion step 6000 stores the font data as a set of data structures 200 and a
database 250 as described with reference to Fig. 2 above. Elements that are pattern
matched with other elements are stored as common elements 204 in the element database

20 | 250, and are referenced in a corresponding glyph data structure 200. The glyph data
structure 200 also stores corresponding shift X values 206, shift Y values 208, and
scaling values 210, Unique elements 212 are stored with the attendant description data

216 as described with reference to Fig. 2 above. Another exemplary data structure is that
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15 This conversion may be subject to various font netric such 6’2 %ggg 2001
basel ine, font ascent and font descent. OQher netrics may also b

The conversion step 6000 stores the font data as a set of data structures
200 and a database 250 as described with reference to Fig. 2 above.

El enment s Wh¥p4/@s6pattern natched with ot her el eneP3/CA2¥344183ed as conmon
el ements 204 in the el errent dat abase 20 250, and are referenced in.a

corresp ure 200 al so
stores go&ﬂp g]ﬂ‘ggﬁéﬁhs &lé\/ ﬁllj %‘2018 -wséhlﬁvxg ergfl‘ée@ p%gglUﬁgland scal i ng
val ues 210 2 are ored wi.th the attendant, description
data 28 1“5{‘%‘0 %ﬁef ﬁat? é’f“@?]éqﬁ@%& RS agj"h‘tf"ta’%w aﬁsﬂﬁSP%ér exenpl ary
data structure is that 3 JAN 2007 V\%) 2804/ 00616%?PCT/ CA2003/ 001021
of the Sl anddf ﬂ‘elﬂ%‘tef%‘rsﬁ?d’tﬁo%lsc?@@@]ﬂeﬁe% qnt Ofa may S8 be SPEI@Rc ed

provi sional application 60/393,795. Qther data structures and storage

ar chi t et tmabde favice (189 foe usps stth aﬂAﬂRP@PatloﬁePT@ﬁﬁWe?fsF"@ﬁe@’tge‘ﬁ’uﬁ’éo'@ is

conpl eted, the font data may then be stored on a nobile device 100 for use
Wi t hS andeagijiedl odithi meferproe g afig.ok abesied eThen gonstgionesieps 606 ey @lseBed wi t h
reference to Fig. 1 above. The conversion step 6000 may al so be

i ncor poinedrpetatedinttheciemenamlysirstp)iodE step 5000. Wiile the systems and

nmet hods of this present application have been described wth reference to
font data, tWEiIeSHS s@Rnamd NRAGIOSS tOf prefens appliespnthaeppdeh dagciibrl may al so  be
applied to other data types, such as graphical data entities, map entities,

or ot heﬁvltﬂ-Qefé/rbr@U% fo‘ﬂt 87, W SRbhd hiRiSmetidds SNDIREseRUPPRLalB Ay ilfe exenpl ary
data structures of the present system and nethod may be used to store nap

data | nb@a@ﬁl'g@@ﬂ)thgpﬁﬁgtt pegosruch %Q(?ﬂgllu@al cfaﬂeerﬁﬁgs GhapPer@i@QJoARIKEE T egi on,

such as a city, nay be s ored In conpact format of the exenplary data

Str ﬁt “gg?a?:hgs;{%&le%ﬁﬁeesd Fxhaen%tnt{ggll%‘xﬂg&d ifiéhe, efgle gmn%lgrg Pa‘fé’&ﬁfcfu'rléét of tRe AP Of the

cit y, as evi‘ce c ocat | on, addl ti onal

present system and method may be used to store map data in a compact format. For
example, the map of a geographic region, such as a city, may be stored in the compact
format of the exemplary data structure and accessed by a rendering engine to reconstruct
a map of the city. Additionally, as the mobile device changes location, additional

15  mapping data for the new geographic region in which the mobile device is located may
"be downloaded.

This written description uses illustrative embodiments to disclose the invention,
including the best mode, and also to enable a person of ordinary skill in the art to make
and use the invention. Other embodiments and devices are within the scope of the

20  claims if they have elements that do no.t differ from the literal langnage of the cléims or

have elements equivalent to those recited in the claims,
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15 mappi ng data for the new geographic region in which the nobile device is
| ocated may be downl oaded. This witten description uses ill ust adi AN 2007
enbodi ments to disclose the invention, including the best node, and al so
to enable a person of ordinary skill in the art to make and use the
i nvent i o0 WHWE16bodi nent s and devi ces are wit hi n PCREASWFPUIMF t he 20
clains if they have elenents that do not differ fromthe literal |anguage
of thev%{?q%gga.r% ..have el enents equivalent to those recited in the clains.
29 03 J i 2004/ 006166 PCT/ CA2003/001021 What is claimed is: 1. A
systemfor creatjng,fo [ da 0, eonprising: a
A BREORS: LO8 TRy S8 £, 0MR QWi Geoh U, dithfling

gl yph analysis s a conputer e nmedi um and
conprising co ter, executable instructions that are operable.to cause a
conput i ng Sa&g)g’ﬁcaéla]tyﬁ‘s éﬂg‘fVV?énoth@ Si%%ffgbafCBWP&&fa{es aiﬁdﬁ%‘% iaﬁdgl yph data
for a plurality of glyphs fromthe source font data; a glyph dissection
sof t war’empHHLs gmg]glgq:reé(epq{al%c SR a‘@béﬁa‘lﬂe@%f?e@i %ﬁca%ﬁ“%@%r i sing
conput er executable instructions that are operable to caus conmput i ng
devisce dewicelfos anabize tthpesagropfantalatagang gbtaity ghyply dgia ot & plyradity kaéfp%aat a; 10 a
m dl i ne extraction software nodul e stored in a conputer readable nmedi um and
conpr i sfrangthe sonuest font deseecut abl e i nstructions that are operable to cause a
conputing device to extract mdline data fromthe stroke data; and an

el ement analygsyph diebttioarseftward whouls tsaregtlini acanperpeddeble medidaAand nedi um and
conpri sing conputer executable instructions that are operable to cause a
conput i dghpridipg deMpater Exectthisls Shstnictiohe thak did oyerabid & emswinicomputiEigenent dat a
and common el enent data and associ ate the uni que el enent data and the

common g&hRERNdissd@iuRe §fhreefotdaiP Ayt intd¥roke data;

10 a midline extraction software module stored in a computer readable medium and
comprising computer éxecutable instructions that are operable to cause a computing
device to extract midline data from the strokeldata; and

an element analysis software module stored in a computer readable medium and
comprising compﬁter executable instructions that are operable to cause a computing

15  device to classify the midline data as unique element data and common element data and
associate the unique element data and the common element data .to each glyph of the
plurality of glyphs.

2, The systern of claim 1, wherein the glyph analysis software module
computer executable instructions comi)rise:

20 contour analysis software instructions that are operable to cause a computing
device to sort the glyph data into inner and outer contour data; and

containment analysis software instructions that are operable to cause a computing

device to determine containment of the inner and outer contour data.
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plurality of glyphs. 2. The systemof claim1, wherein the glyph @Q@lxﬁiﬁMY
software nodul e conputer executable instructions conprise: 20 co todr

anal ysis software instructions that are operable to cause a conputing
device to sort the glyph data into inner and outer contour data; and

cont ai nm¥{ 208HMWPYE| s software instructions that are PEpEA2IBE0IHY cause a
conputing device to determ ne contai nnent of the inner and outer contour

data. 3070 3 JAN BROZ.MO00 806166 PIT/ GA300% A0LORY3. iy SYSt em of

claim 3, wherein the'glyp al ysis softwa conmput er execut abl e

| NStruCkhOfifel ‘é{(éct}ﬁﬁlec RGeS %ﬁ(ﬁ%?l gdn[fﬂé-lsé f @gﬁ{ é?rgtgﬁféét%\ﬁggtﬁ%w&:ﬂg structions

that are operable to causée a conputi hg *devi ced gl yph

data f¢ J lyvph data.. 5 4. The system of claim 3, erein the glyph
O i 1 PR BAVRE oA o Baiks n (RN HETRD eStstd eticet BSPE A 1 5 9" VP
co ti i,C enerate reduced glyph data fromthe glyph data
cogglrji Iszl%mgﬁ%!%l?@}éag%?mval softvvalrje ingt?/gcti ons that are oge?/gbl e to cause

a conputing  devige to reduce data clusters in the glyph data; 10 Bezier
arc reductioh sof thRatBlemhof rimi dngvhemin the glyphesimblification sefté®e a conput i ng
device to reduce Bezier arc data in the glyph data; and pol ygon

si npl i f EHBGSRS B8k argapesablamiocause ¢ cemputing devies to gopstatstieed glyphadade a
conputing device to reduce polygon definition data in the glyph data. 5.
The systiom b glypladans Gymmbier ei n t he gl yph anal ysis software nodule 15
conmput er executable instructions further conprises contour point analysis
sof tware i ndtstectenona tofistreaingrooparsathhteart ope@bls o Tage PLEhpgngevi ce to
classify the glyph data

device to reduce data clusters in the glyph data;
10 Bezier arc reduction software instructions that are operable to cause a computing
device to reduce Bezier arc data in the glyph data; and
polygon simplification software instructions that are operable to cause a
computing deviqe to reduce polygon definition data in the glyph data,
5. The system of claim 3, wherein the glyph analysis software module
15 computer executable instructions further comprises contour point analysis software
instructions that are operable to cause a computing device to classify the glyph data
according to at least one contour characteristic,
6. The system of claim 5, wherein the at least one contour characteristic
comprises convex and reflex angle characteristics.
20 7. The system of claim 35, wherein the at least one contour characteristic
* comprises valid neighbor characteristics.
8. The system of claim 1, wherein the glyph dissection software module
computer executable instructions comprise instructions that are operable to cause a

computing device to:

31



according to at |east one contour characteristic. 6. The systemqf_claim5,
wherein the at | east one contour characteristic conprises conveﬁ antN 2007
reflex angle characteristics. 20 7. The systemof claimb5,. wherein the at

| east one contour characteristic conprises valid neighbor characteristics.
8. The sY¥Q ¥4/¥0166| ai m 1, wherein the gl yph di ssect iRSA/GA3IBAPH nodul e
conput er executable instructions conprise instructions that are operable to

cause a Conpuishe; %lgeqjagaqfonﬁim@}é B AN,.2007 WO 2004/ 006166
PCT/ CA2003/ 001021 sel ect starting Proke’ data fromthe glyph data;

i ncr enent t%&Hﬂa“éhgﬁ‘&glﬁ%géﬁ?g%@ﬁ%’qﬁ% %21?35%%{%55‘9 stroke data; determ ne

if the increnente als can and if the increnented
gl yph data i idat e dat hen, sel ect.. t he _next. increment 5 through the
gl yph data adétc%ﬁ@lghﬁﬁl?lgcr\e}@%ﬁ%drgﬁﬁ‘ dr??)a\}%f‘?élﬂ{datﬁzif‘tgt ang_ The system of cl aim 8,

wherein the .glyph dissectiqgn,software nodul o t er executabl e
i nstructi onégf%r‘f"f‘féwm},t?fﬁﬁ‘ﬁ'&égatq ﬁs‘iaf]q}g?t? sae. &’ﬁ’étgggfpg‘eo’ffé? ugedelly cause a
conput i ng%lgevi ce to. store the increment through the glyph data according
to the PEUEBegynislp@mesordingto verserof oveendatdat a; and sel ect event data as
starting stroke data for subsequent dissection of glyph data into stroke
data. 10. ThHe syé['thérwmmcﬂfézlarﬁlg; wheisieths glyph disssetioncoftypre merde are operabl e
to cause a conputing device to select the next increnment through the glyph
dat a acewrpiiten gxeoytableSnsimetions fugherrpovgrisminstdmtionsdhatipre opersble fstavsct | ons t hat
are operable to cause a conputing

a computing device to:

store the increment through the glyph data according to the vector of movement

10 data as event data; and
select event data as starting stroke data for subsequent dissection of glyph data
into stroke data.
10.  The system of claim 8§, wherein the instructions that are operable to cause
a computing device to select the next increment through the glyph data accerding to
15 vector of movement data comprises instructions that are operable fo cause a computing
device to compare a proposed increment in the glyph data to a flatness threshold and
determine whether the proposed increment in the glyph data is valid based on the
comparisorn.
11.  The system of claim 8, wherein the instructions that are operable to cauge
20 a computing device to select starting stroke data from the glyph data comprise
instructions that are operable to cause a computing device to:
identify starting stroke data from the font source data;

identify starting stroke data according to starting threshold data; and
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device to conpare a proposed increnent in the glyph data to a fl atness
threshol d and determ ne whether the proposed increment in the gfjyphatiayg]
is valid based on the conparison. 11. The systemof claim8, wherein the
instructions that are operable to cause 20 a conputing device to select
starting 6@ PUKYSt a from the gl yph data comprise iH¢I{GAZRBOHAZ t hat are
operable to cause a conputing device to: identify starting stroke data from

L eshol o adronian e’ gAY’ ddb St e o PR PEE8 B85/ 001001

prioriti dentified starting stroke data and select the highest
priori t‘{}e‘ﬁ‘f‘(ﬁgﬁﬁaﬂ'ﬁ‘ﬁé‘a"k& APy i ng st roke data. 12. The system of claim 8,

wherein the yph, di ssect |on, sqft d ut e _exec bl e

i nstructi onég‘f urtlt}%rsy%"ﬁ‘?rﬁlE Fl?é“% q'gréf@h%ﬁseﬁ 8 8 gw&ml%dt“?o cause 5 a
conputing device to nerge stroke data for each gl yph after di ssection of
the gl m&raxe%blemgug%%@ﬁh@fcowaﬁenma@cuqmé%m OpFrabls fseafct i ons t hat
are operable to cause a conputing device to nerge stroke data for each
gl yph a? ¢@nputing §e64ei 1o Fetge sttfcrké daiglfgrsaciyglyeh dsnpissegtoniof dergliphidates t hat are
operabl e to cause the conputing device to: identify explicitly connected
stroke dat a;13. 10 Thdemstérh wf iclaph i 18§ thyreotinaostedtias Mok erdepeagble ter ge t he
explicitly connected stroke data; and nerge the inplicitly connected
stroke ciataa civputiigedesies te menk stbls datd forvdael @lyph tafier disseétioneofald racti on
sof tware nodul e executable instructions conprise instructions that are

oper abl glyplpdfatssprRe HSmRtbnsNRat abDpeRYletEcduds the computing device to:

identify explicitly connected stroke data;
10 identify implicitly connected stroke data;
merge the explicitly connected stroke data; and
merge the implicitly connected stroke data.
14, The system of claim 1, wherein the midline extraction software module
executable instructions comprise instructions that are operable to cause a computing
15' device to:
increment through the stroke data;
for each increment, determine and store a midline data value; and
.define the midline data as the stored midline data values after incrementing
through the stroke data.

20 15. The system of claim 14, wherein the instructions that are operable to
cause a computing device to determine and store a midline data value comprise
instructions that are operable to cause a computing device to:

define segment data based on tha incremented stfoke data,

define a midpoint based on the segment data; and
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increment through the stroke data; for each increnent, determ ne and store
a midline data value; and define the nmidline data as the stored :fli 81 AN 2007
data values after increnenting through the stroke data. 20 15. The system
of claim14, wherein the instructions that are operable to cause a

conput i nd"YHHPEIF o det ermine and store.a midline dXCHCARYAEHNpri se
instructions that are operable to cause a conputing device to: define
segment dat adtfas el midliteRitd At a8 M@t r oke data; define a nidpoint based
on the segnent data; and 33 0 3 JAN 2007 WD 2004/006166 PCT/ CA2003/001021
define the migli nenedatdmva 4amas, \@hé?&ﬁi% E] menl‘gna;% so?b(??a}éaﬁhelfllgcga' m 1,

wherein the elenent analysis software nmpdu uter executa

i nstrucichs Icg}[ge t e a conputi ng

devi ce to: Bﬁe lﬂa glﬁs' %tl{olﬁ&g chﬁ?a de?&'}lcﬁélgs glgtcgl% Era%f% o &bﬁ?e- identify

m dl i ne g a unique pattern; for each |dent| fied mdline data

defini ngglglb%%)l%m%ﬁ%pféttern classify the identified mnmidline data defining a

co n patter COr o.a comon el enent identifier; and for each

i denfi fi ed m%Ptafﬁé‘“%iéPFQ%aéﬂ“HPm@C%?ﬁ%% Mpattern classify the identified

10 mdline da a, ef| ni gg the common pattern accarding to a uni que el enent

i dentifier. Fi‘@dlg’sf/' BAFHHInE S WRiNeIBteher ei n the el ement anal ysi s

sof tware m)d%u nmput er executabl e instructions further conprise

i nstructi onsi® I"?%‘?ch IQ‘T’“@ﬁ%@%‘E\lBP datp deliammseconmeanpemichesitiabe identifisd st ore t he

common el ement identifier and corresponding translation data in a glyph
midline data defining a common pattern according to a common element identifier; and

for each identified midline data defining a unique pattern classify the identified
10 midliﬁe data defining the common pattern according to a unique element identifier.
17. The system of claim 16, wherein the element analysis software module
computer executable instructions further comprise instructions that are operable to cause
a computing device to: |
store the common element identifier and corresponding translation data in a glyph
15  data structure;
store the unique element data in the data structure; and
store the common element identifier and the common element data in a common
element database;
wherein the corresponding commeon element data as translated by the translation
20 data and the unique element data define a polygon skeleton of a glyph shape.
18. A method of creating font format data from source font data, comprising:
analyzing the source font data to obtain glyph data for a plurality of glyphs;
dissecting the glyph data;

extracting midline data from the dissected glyph data;
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15 data structure; store the unique elenent data in the data Strﬁﬁighﬁ;%ﬂﬂd
store the conmmon el enent identifier and the common el enent data 0

el enent dat abase; wherein the correspondi ng cormmon el enent data as

transl at ed ‘é the translation 20 data and the unique el enent data define a
pol ygon 3¥QIBYYAHf a gl yph shape. 18. A nethod of FCEAARHEM8Ht f or mat
data from source font data, conprising: analyzing the source font data to
obtain gl yphy, g@ﬁyﬁxéft&r mﬁmﬁ& Whidlak Rﬁhé{ﬁé e}ginxrmaﬁta anQ'c%ﬁ%B'e%chh@atﬂl yph dat a;
extracting mdlirné data fromthe dissected glyph data, 34 0 3 JAN 2007 WO
2004/ 006166 PCT/ CA2003/ 001021 classifying the mdline data as unique

el enrent data and common el enent data; and associating the unique el enent
data and the_c el enent, . da ch al rals.ty of glyphs.
5715, “The merROR TR st Aep RS Ryt i o B gy ¥ g2 %15

obt ai n r a plurality of glyphs conprises: sorting the glyph
dat a idﬁgh%ﬁW@ﬁvaﬁ&Y ter contour data; and deternmining containnent of the

i nner and outer contour data. 20. The nethod. of cI ([1? V\/Berel n anal yzi ng
the Source fint &g methed efRlaimns, fber@wﬁﬂsf%&faeﬁw o 8P PPYIof gl yphs
further conprises generating reduced glyph data from the glyph data. 21.
The netgibjﬂln%ﬁaﬁ@rwlhﬁahQOfMQg EGOMPERE yzi ng the source font data to obtain

gl yph data for a plurality of glyphs conprises classifying the glyph data
accor di ng t coding the glyph data into inner and outer contour data; and

determining containment of the inner and outer contour data,
20.  The method of claim 19, wherein analyzing the source font data to obtain
10  glyph data for a plurality of glyphs further comprises generating reduced glyph data froin
the glyph data.

21.  The method of claim 19, wherein analyzing the source font data to obtain
glyph data for a plurality of glyphs comprises classifying the ghyph data according to at
least one contour characteristic.

15 22.  The method of claim 21, wherein the at least one contour characteristic
comprises convex and reflex angle characteristics.

23.  The method of claim 21, wherein the at Jeast one contour characteristic
comprises valid neighbor characteristics.

24.  The method of claim 18, wherein dissecting the glyph data comprises:

20 selecting starting stroke data from the glyph data; |

incrementing through the glyph data from the starting stroke data;

" determining if the incremented glyph data is candidate data, and

if the incremented glyph data is candidate data, then selecting the next increment

through the glyph data according to vector of movement data.
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| east one contour characteristic. 15 22. The nethod of claim 21, wherein
the at |east one contour characteristic conprises convex and gefljaN aHgdl e
characteristics. 23. The nethod of claim 21, wherein the at | east one
contour characteristic conprises valid neighbor characteristics. 24. The

met hod of YE&T%RIMHE  wherein dissecting the gl yph datPATEARIBOGEYE: 20
sel ecting starting,stroke data fromthe gl yph data; increnenting through

the glyph daps frine sbfos o dlimo 24! fRkEn dsdoting AL BAFHNEAY kel he
incremented gl yph data is candidate data; and If the increnented gl yph data

i s candicdaibfseglat a SRariBE HRCnbR ekl ShBSH th%@d’ﬁg&?pﬁfcg@w%\?\%& € glyp

data according to vector of novenent data. 2004/ 006166

PCT/ CA20R8602 1% dmar datd BEeveRidapdpf ¢l ai m 24, wherein dissecting the glyph
data further conprises: storing the increments through the glyph data

according to f nt a as event data; an el ecting
event data agélésa'??ﬁ' %@ﬁ%ﬁgata?gﬁgﬁﬁgﬁglcefdgg%éwgsgawgﬁ@ss&f; éoéleoétgﬁ"Bﬁ d%? gl yph data
5 into SIA) &e% a. 26. The nmethod of claim 24, wherein selecting the next
i ncrenment through the glyph data according to vector of novenent data

Chr eshol o okt dHE P heR G AT b RIS i TAbR B HRETERGRVETOt he gl yph
data is glﬁqlhiélgtft?asredg ggtn v %0 ctéfhe cogpgrti gon. _ 27 The nethod of claim 241
wher ei n B ATHGTRREIP YPHES S EQyREETH QM comptet he gl yph data conpri ses:
comparing a proposed increment in the glyph data to a flatness threshold; and
determining whether the proposed increment in the glyph data is valid based on
10 the comparison,
27. The method of claim 24, wherein selecting starting stroke data from the
glyph data comprises:
identifying starting stroke data from the font source data;
identifying starting stroke data according to starting threshold data; and
15 prioritizing the identified starting stroke data; and
selecting the highest priority identified starting stroke data,
28, The method of claim 24, wherein dissecting the glyph data further
comprises merging stroke ;iata for each glyph after dissection of the glyph data.
29.  The method of claim 28, wherein merging stroke data for each glyph after
20  dissection of the glyph data comprises:
identifying explicitly connected stroke data;
identifying implicitly connected stroke data;
merging the exp]ilcitly connected stroke data; and

merging the implicitly connected stroke data.
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identifying starting stroke data fromthe font source data; identd_)fyixﬁ arna
starting stroke data according to starting threshold data; and =X 3 2067
prioritizing the identified starting stroke data; and sel ecting the highest
priority identified starting stroke data. 28. The nethod of claim 24,
wherei n SYQWEHEOPWE the gl yph data further conpri sePCHEAGIRGII8r oke dat a
for each glyph after dissection of the glyph data. 29. The nethod of claim

28, wher ei n3per OrRg nihdRk St ?T?ffff‘ zb%hg,]%&heﬁaw@ Hidife (Cijp@fl‘a&s%(:“ on of the

gl yph data conprises: 1dentitying explicitly connected stroke data;

i denti fyi ' I Gt .onnected stroke data; nerging the explicitly
connectaei%isg(g%dr%@g%?aatég?hpgl%%' nmerging the inplicitly connected stroke data.
36 0 3 JAN 2007 o }é@%&gﬁl%’%sg(e T/ CA2003/ 001021 30. The nethod of claim
29, wherei n eXtTACHY 0 GHe % fromthe dissected gl yph data

conpri ses: ifncr mentin hrojg‘ﬁh tge stroke data, for each increnent,

det er ni ni ng [FFENGEMAY- determifingAnd storme ¢ miqlue dafp 4ale 8¢ i ning the nidline
data_as the stored mdline data values after increnmenting through the

stroke dat a.dening fheemidhing datage thq sped pedlingndar vHugs) alles icEmepitehe i dl i ne

data as unique elenment data and common el enent data conprises: identifying
m dl i nethewgkthgsfelsidiy- a cormon pattern; 10 identifying midline data
defining a unique pattern; for each identified mdline data defining a
common pattédn, dhassibogdiofiglaithd8, wherein classifying the midline data as unique
element data and common element data comprises: |
identifying midline data defining a common pattern;
10 identifying midline data defining a unique pattern;
for each identified midline data defining a common pattern, classifying the
identified midline data defining a common pattern according to a common element
identifier; and
for each identified midline data defining a unigue pattern, classifying the
15  identified midline data defining the common pattern according to a unique element
identifier.
32, The method of claim 31, wherein associating the unique element data and
the common element data to‘each glyph of the plurality of glyphs comprises:
storing the common element identifier and corresponding franslation data in a
20  glyph data structure;
storing the unique element data in the glyph data structure; and

storing the common element identifier and the common element data in a

common element database;
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identified mdline data defining a coomon pattern according to a {Iconym 7507
element identifier; and for each identified mdline data defining a uni (%‘e
pattern, classifying the 15 identified mdline data defining the commobn
pattern according to a unique elenment identifier. 32. The method of claim
31, wher éYW“ﬁ%’@’ég’Pati ng the unique el enent data and PATHA2RBHAMEH el enent
data to each glyph of the plurality of glyphs conprises: storing the conmon

Lement i dentifi - i i 8,0l yph dat
el ement i dentyhékRIh@ st Rintf E&’.ﬂbﬁ'gleﬁa@ﬁ%la%'t{&ﬁselﬁg# %ﬁ@ ggwtnslz&gng yph data

structure; storing the Iqu e_e][rpnt data in aztruc_ture; and
ié%ﬂ%@ﬁ%ﬁ%@aﬁ?g‘g?‘“?%g@*?ﬁﬁﬁ%@%@%@%@ﬁ%ﬁ”ﬁ% 025§05?081021

wh [ h ' .

(et on S3ar SIERRATG: SATHEE BN RS20 0REe KHEBGH SHPE L et on o

a glyph shape. 33. A systemfor creating font format .data from_source font
da’?a?lpcorrpri Zjeps. for ﬂ]i?i%é"gftg%‘ SAESI té’iti (%‘5‘ tgm?taé‘bﬁ\y%gﬁﬁﬁ?r PRIY P obt ai n gl yph
data for _a plurality of 5 glyphs; nmeans for dissecting the glyph data;
means f&lypégtracti ng mdline data fromthe dissected gl yph data; neans for
classifying the mdline data as unique el enent data and common el enent
data; and 10meausier digrectingdbrcglyphida@: t he uni que el ement data and the comon
el enent data to each glyph of the plurality of glyphs.

means for extracting midline data from the dissected glyph data;

means for classifying the midline data as unique element data and common
element data; and
10 means for associating the uniéue element data and the common element data to
each glyph of the plurality of glyphs.
34. A font data structure stored in a computer readable medium, comprising:
a common element database comprising a common element ideniifier field and a
description data field, the common element identifier field operable to store common
15 element identifier data and the description data field operable to store description data
that defines a common element shape; and
at least one glyph data structure comprising at least one common element record,
the at least one common element record comprising a4 common element identifier field
and a translation field, the common element identifier field operable to store commeon
20  element identifier data corresponding to a common element stored in the common
element database, and the translation field operable to store translation data for use in
trans}ating the common element shape.
35, The font data structure of claim 34, wherein the at least one glyph data

structure further comprises a unique element record comprising a unique element
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34. A font data structure stored in a conputer readabl e nedi um ‘qup{@glgﬁg?
a common el enent dat abase conprising a common elenent identifier fie an
a description data field, the cormmon elenment identifier field operable to
store conmmon 15 elenent identifier data and the description data field
oper abl e WO28{Ypkedescription data that defines a JFSHMIBOEARENt shape;
and at |east one glyph data structure conprising at |east one common

el ementiggRgieF fbld aﬁd%e@éﬂgki&a@éta A48, tROMIRR RnRERintHeERI o tbSi Ng a conmon
el ement identifier fiel and a translation field, the comon el enent

i denti fége o hiftch Uatil o€ UBGP afth HRNbpekfNlo biber data
correspéﬁgi‘;ﬁgq%%%legaﬁ%gggqr%otﬁwté%gnent store Bfln t(ﬁe com"r%n el enent dat abase,

and t he e|tS£n r“‘?‘%ﬁ@%%%ﬁ%f%“ﬁgﬁ@@?g%ttesﬂap?Ore translation data for use in

t ransl a? 5. The font data structure of claim
34, wherein the at. | east one gl yph data  str ure.further..conprises a
uni que el enet rg‘cf8?tﬁ@(§%ﬁpi‘r§ ?tr?gfﬁé“ aﬁqwécréerag%%?mdugg, ng%ﬂﬁﬁé%zom VO
2004/ 006166 PCT/ gAZOOS_/ 001021 identifier éﬁl eld and a descr%&t@i on data
field, the URfitBudo SERRHCOMIAR clemert fdeaiifier ofptd 2B CPBIO%S EERE UNi que
el ement identifier data and the description data field operable to store
descri peserptigafiaia fos apluaity pledendentini que el enent shape. 36. A font data
structure stored in a conputer readable nmedium conprising: 5 nmeans for
storing conmosne femesseciatiderthé chmmod lemeah ddeotfterotitie pdrEgt COMMRYcr i pti on dat a
for a plurality of elenents; neans for associating the conmon el enent
i dent i f elemerd@tsmripiioh dakacto @ @inraity obglegpisand the swndlaing te apamentetemgnpl ural ity of
gl yphs and for translating the cormmon el enent description data for each of
t he pl ut@kdiption dbia Gdriepdnsof tHeCplRlity Af glygitsem for rendering text from stored
font data, the system conprising:

10 37. A system for rendering text from stored font data, the system comprising:

a font data structure stored in a computer readable medium, the font data structure
comprising common element data and unique element data for a plurality of glyphs:
a rendering software module stored in a computer readable medium and
comprising computer executable instructions that are operable to cause a computing
15  device to access the font data structure and display a glyph based on the common
element data and the unique element data accessed; and
a mobile device comprising a computing device and a memory, the memory
operable to store the font data structure and the rendering software module, and the
computing device operable to execute the rendering software module computer
20  executable instructions, |
38.  The system of claim 37, wherein the font data structure comprises:
a common element database comprising a common element identifier field and a

description data field, the common element identifier field operable to store common
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a font data structure stored in a conputer readable nedium the ,f{)o?t_]mt@g?
structure conprising comon el enent data and uni que el enent data for a
plurality of glyphs: a rendering software nodule stored in a conputer

r eadabl e dium and conprising conputer executable instructions that are
oper abl e ¥QX YW s conputing 15 device to access tHfE/GOMBO}AMa structure
and di splay a gl yph based on the common el enent data and the uni que

el ement eitafent MeaBERs a6l aﬁmdmeaiem?tibﬁdﬂ@ﬁae%p&%@&& StoROdReHRBPHAh Ng devi ce
and a nenory, the nmenory operable to store the font data structure and the

renderi n@tagﬁﬁey\@e&mﬁ&p&éﬁm@ﬂge;aﬁ@ conputing device operable to execute
the rendering software nodul e conputer 20 executable instructions, 38. The

system of cl gi1BBdne r%@?ﬁd%ia@trﬁ&ﬁref &hﬂ%?éea?féeﬁ%tro:dg 1'g % Pg 81@91}% %\té %%i, 4. & conmon

el enent dat abase co sing a cor%gm I er and a
d i pty fi t I t identifi field ble t
Stor e oone 168 Ge oy (s T e, rib Rtk eR S50 ol ement

i dentqi fi t a_.and. description data,.fie operable to store

descisi ptalsérai 3@5“0“31’%21‘?%&%?9%@10533@ “@‘fref??gﬂf’?eé e SEREOBPNeast one

gl yph daiea s%ct#re cor’g)ri Si n% at | east one common el enent record, the at
| east orfeTEBMATAN TFeSRBE RS 8 nih FPTammery elemephieredeincthe fomM8BNt i f i er
field 5 and a translation field, the common elenent identifier field

oper abl &lemsnt gaighasee anchids teandation: ficld) epprable terstatatrangaionalpdidisgnt o a conmon
el enent stor.ed in the coomon el enent. database, and the translation field
oper abl drapgatigdhecommonsiementshaptat a for use in translating the conmon

el ement shape. 39. An entity data structure stored in a conputer readable
medi um 10 3dnprAsientity data structure stored in a computer readable medium,

10 comprising:

a common element database comprising a common element identifier field and a
description data field, the common element identifier field operable to store common
element identifier data and the description data field operablé to store description data
that defines a common element shape; and

15 at least one entity data structure comprising at least one common element record,
the at least one common element record comprisiﬁg a common eclement identifier field
and a translation field, the common element identifier field operable to store common
element identifier data corresponding to a common element stored in the common
element database, and the translation field operable to store translation data for use in

20  translating the common element shape;

wherein the entity is a visual display entity.

40. The entity data structure of claim 39, wherein the at least one entity data
structure further comprises a unique element record comprising a unique element

identifier field and a description data field, the unique element identifier field operable to
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a conmon el enment dat abase conprising a common el enent identifierfgigLﬂg?ggr
a description data field, the common elenent identifier field opér i
store comon elenent identifier data and the description data field
operable to store description data that defines a commobn el enent shape;

and 15 at"9#¥4¥¥he entity data structure conprisi nPECA2R340108ne conmon

el ement record, the at |east  one common el enent record conprising a conmon

el ement Stbféemdglé icf‘}“ermem eleftifi@nghif afd aiasdeeédﬁa&]e }‘a&ﬁ' fibld itoga-a'ﬁe Iekree! ement

identifier fi operable to store como enent entifier data

corresp I : -gﬂﬁg% d in the coomon elenent database,
and the&gggggpg@?gﬁﬁ¥¥%3%a§% ra éﬁ@%ﬁ tore translation data for use in 20
transl ating the n elenment s e: rei.n.the.enti is,.a visual

di spl ay entity. igggwﬁ%g%%gﬁcémdg%gm@#&h efpin thg Pty 15 qﬁoé@ﬁ%er ein the at

| east one enjity, data. structure furth conprises . a unique el enent record
compt i o o' aun diGeRine RERETIIRE A Pl A0 TR MR DAL PR Sn dat a1 ol d
the unique elenment identifier field operable to 40 3 JAN 20D? WO

20047 006166 PCT/ CA2003/ 001021 store uni que elenment identifier data and the
description data field operable to store description data that defines a
uni que el enment shape. 41. The entity data structure of claim40, wherein
the entity is a font entity. 42. The entity data structure of claim 40,
wherein the entity is a map entity. 5 41

41



