. - 222448 /4
-1 - _ 2224420 2224420 METHOD AND APPARATUS FOR M NI M ZI NG THE
VI SUAL DEGRADATI ON OF DI G TAL TYPEFACES; 1. FI ELD OF THE | NVENTI ON The
met hod and apparatus of the present invention relates to the techni que of
intelligent scali ng.MENDDEAND NPPARATUS FOR/ MINIMEZING QHE WISUAD VDEGRADATIONe! at es to
data processing apparatus_and I DIGUEALl DIEErACHS ' 5

degr adat=pn of digit typefaces. 2. ART BACKGROUND: As the popularity
and af fordabili t}'of b&hﬁmm ased, so has the nunber of
conput er prograns avai | ablyge nidifod SiPaighiratls 8Ah8 Prestt ind¥midnBlatestb the
di verse, enconpassing a wde variety of applications. In addition, the

range of users htechhiqoadtintellijent scaling. ddone pasticularlygthenpresent finvedtion: salatesgo

to busi nesses that use the conputer for, a variety of tasks inc|]uding word
processi ng and a&%@%ﬁm.ss'f‘ﬁEB@WI‘"GHB@%@?%@B*W‘W‘QW@ﬂéﬁ”ﬁ"e of digital

represent ati ogs . CONd L og fornms that sone degradation w ||
occur when tr nsﬁéﬂﬁa"ﬁéﬁﬁ@@%ﬁtﬁgus representation (such as a typeface
prepared manual |y by a calligrapher) to a discrete digital representation.
Programmers and engi neers, the original users of conputers and viewers of
digital typeface®.genARKBACKGROUNBSt ers (typically on CRTs and conputer

printers) were not concer:%ggg&g&gﬁﬁs%&oﬂomuﬁ%ﬁférﬁ@égg'&Q'e!ilqé}ga&% t he

characters were sonewhat ; ever,” not 1 the vi'ewer of
digital type Chaae%m&n@hsa&banfmumgmamm The eomputepplogearis | ity
and degradation of type. As a result, the ability to provide |egible

di gital typeflicesavailableogre divarseencampasaing aiwige variaty of applicationsutlBrmat i on of

t heprinti d ty ti i ndust || f '

who T equi ro-I agr BRUTSR.dbg bardn el phery hés BiostBtga i Rl ociRh el BBRERRY p1 "
didital t ¢ . . ot fi
Alrrglri 2an, yB? i‘gg%2fé%ﬁ@ﬁ?hﬁ?ggs?%rug%ﬁ%éﬁegf@géQngf[iﬁsfy Iggf@s%plaf :iges.
(URW Ver | ag 1987 )nclhitling word processing and accounting.

It is well understood from the nature of digital representations of
15 continuous analog forms that some degradation will occur when translating
from a continuous represehtation (such as a typeface prepared manually by a
calligrapher) to a discrete digital representation. Programmers and engineers,
the original users of computers and viewers of digital typefaces generated by
computers (typically on CRT's and computer printers) were not concerned
20 about how the type looked so long as the characters were soméwhat readable.
U However, not only has the viewer of digital type changed but also the
requireméngs with respect to legibility and degradation of type.

As a resutt, the ability to provide legible digital typefaces has
25 become extremely important for the automation of the printing and typesetting
| industry as well as for word processor us_ers who require legible, letter quality
type. For further information on digital typefaces, see: Bigelow & Day, *Digital
Typography®, Scientific American, p. 106-119, August, 1983; Karow, Digital
Formats For Typefaces, (URW Verlag 1987).



-- 2.- Typically, to produce a digital typeface. the typeface is devel oped
manual |y, digitized and input into a digital typeface format such as

| KARUS. Probl ens arise because the control points of the character which 5
define the outline of the character do not always coincide to the discrete
grid positions corresponding to the resojution of the digital display. or
printer. As a result, the control points are rounded off to the neargt
grid position and parts of chariacters which originally had the same =~

di nension (for exanpl e t Typicalip: Wosproducene digisak typeface; 3he PREACEfS an upper case

T d"J" h diff 10 . di [ . e Ll [ h

Vi sual  degr adatdeyRioped manialy Muitec i Tiad iRE il Rpdfpcddbmai st 8 | " 0°

and recogni ze tpaggjgr Wnﬁ}dﬁs’e{?&eﬁﬁ‘sdé‘mb%ht@%im! éfithe charatiePwhithps anong
urther degradat

t he characters changed. r ion of the typeface occurs when the
si ze of the Shajefineahe outling bbthal dharacterrdeonct always eoincidp Itg theydisereteddridensi ons

b factor, b the 15 | i st ' | e, t.ypef . I

mul (i pl i ed by tRaitons seGpsPoRdisgIa e asEtnn G e clptaLANEY SLERR AR a: ¢ ne
t hi ck hei - 1i £ d'Bat
ap:ofo;]ie?r;te ZI Sr ‘S%ﬂi&?"%&f’fgpﬁ &%%rﬁgégﬁgﬁg%ﬂgég t odr?és\}maﬁta{?.aglkgﬁ-ta?le scsg?e of

the typeface degiaaqérs whicteoriginallydad thé sarns idimérision (forexamplasthe widthoot he
smal | differences in height or wdth. 20 _|f, for exanple, the heights of
the charact er s. theevedicat porions ef amuppercase Sc and ol") aow haye giffegeit i, of t he

h I d also b - 3 ] di f f
by o orml 1 51 SmibngBpe T Moo fabine T visGHeBlaation offe Wiiefier 1 L o,
one character ngycadge t'fager @dds Aot eaBify stie@id RBEYriWIhE Thaficters wandidier \O/

character may be rounded off to a different pixel even though the 25
original differbeight and wicthytelationghips:among the chasacterp ghanged. Jfurthepi xel . I n

9 A e PN Y . ° .
dosi rablo Lo r oUpRIeRRSAIER DERIEE ok ienafie af o7 I CheRATR i aiobby ¢,
to maintain thepardadbddy rﬁs)iﬁﬁlﬁhé?th@&ﬁtel%ﬁﬁ@bﬁiaqa&or.'ﬁbuéusetthé typeface | oses

the original symetry anhd proportion among characters and portions of
characters 15 tineoBgstepgies incthe Agpeface arediso myltiphed bythet fagler. degr adati on of

the typeface. Another problem arises due to the fact that the thicknesses or
heights of characters or portions of characters may be approximately, but not
exactly, the same height or width. As the scale of the t_ypefaée decreases, the
likelihood of distortion increases due 1o -thq small differences in height or width.
2 |, for example, the heights of the characters are exactly the same, the scaled
version of each of the characters would also be exactly the same. However, if
~ the heights differ by a small value and the display is a low resolution device,
the height oi'one character may be rounded off to one pixel and the height ot
- another character may be rounded off to édifferem pixel even though the
S 6riginal difference in height may have been less than .25 of & pixel. In small
scale ('lo_w res_olution) casaé similar to the abbve example, it is desirable to
round the heights of the character to the same pixel in order to maintain the
original symmetry and proportions. Thus, the typeface _los_as the origina!
symmetry and proportion among characters and portions of characters in the
X typeface again res'ufting in the visua! degradation of the typeface.



- 3 - To solve these problens, skilled technicians are enployed to manual |y
correct any deficiencies in.the typeface by review ng each character and
modi fyi ng portions of the chatacter which the technician usually perceives
to increase the legibility. However, this, process is tinme consumng and
costly. 5 There are two primary variables that have to be considered when

scal i ngya; di gi tal typefacqofgaivethesd bishe) sk (chERAR pre>briBoyed 1d e

font, e’ G. 9 point, 10 point or 12 point; ere resol utions
of the di spl ay ommuaMcorCMIaoye deficienciescin thgpﬁaim by mnevammhclpnbatasmr must

Posorut s on and' 8 Td}IRG inoripes <yt thessctet whicH 1he tachnisian Jsuslio prrcives
d dent th
ependent on emsiab}daseiné ias.bﬂ.yh%&é prggsrggaseﬁ% ﬁhﬂ%a&?rﬂﬁﬁ%%ﬂ%o@ e

been introduced to assis manua rexanpl e there are

syst ens, which dWheﬂaearett\he pummmlesnwmm itol be @onsidered whientsealing<al | ed
technician to view and nodify the‘character on the display. However, the

process of adj usi"ﬂﬂﬂttypquﬁlsa'éh@l"&rﬂiﬂm sikestef the font eaqajmnn Wstill
Irorg Lg(rjrr;sgr b)p/)r gdﬁ 'M;g | ngh&/?@ft %‘§8’§F g}e‘iﬁh\,ﬂ% ?ﬁ??ég?%? gf s\'@”{jlofrg?\s?ons

- of the charact er geviée Férefdéh\tﬁbfadﬂ?“ﬁ/ﬁénuél*p%d&é@ﬁﬂ%ﬁbdgéﬁém%f%H res
not only the input of data which describe the typeface but also control

i nf ormati on suchpessibiescale which nsaqwal@otmmomdasdmmnaandgoebsim.m t he
2t onal 1 Mbut SqRm. e Al of 186 wod 8 deparagnt andie PRLG PechrEam who
dewel ops the ConbbﬁPuie?faiUeﬁ‘%ﬁééU%sWhﬁ}e%bﬂn .hﬁ&&fas@) aﬁg?&gﬁpﬁ myRgace. -

4 - SUMVARY OF THE TNVENTION It 1s therefore an o I nvention to
mnimze the vi spmbeshegfcmbxanmta thbreaardlsyslaais. wpmhfdbspﬂay the charagter@ngect of

the invention to J%Ll%\élad%egr?s i% t?enalulfed techmcngn Io view and modify the character on
the display. Howaever, the process of adjustment, what to adjust and how much
15 to adjust is still performed by a skilled technician. U.S. Patent No. 4,675,830
discloses a method for producing scaling typeface data in which the relative
dimensions of the characters are preserved. However, the process disclosed
requires not only the ir_lput of da_ta which describe the typeface but also control
information such as key points of the typeface which are aligned with the grid
‘2 points and dimensions that are 1o exist between grid points. This additional
U _ input must be generated manually by a skilled technician who develops the

control information by visual inspection of the typeface.

.



5 increasing the legibility of a digital typeface. It Is further an object
of the invention to maintain the visual symetry and proportions anong the
characters of the typeface. It is an object of the present invention to
provi de a nethod of intelligent scaling. 10 It is an object of
t'he invention to provide a process fargestablishing a classification, of
vi-sual conponents which conprise the characters of the typeface. It Iy
further an object of the i nvGUMMARY QF THEINVENIOQL for determinimy the

f I h
briori ty component s ar oRis Ppjatere g e ERIAMIGR B Aukigelie sl T

the | ower pri Ofédridanst dipRalitypetsecndent on the alignment of the higher
priority conponent. Through the method and apparatus of theé‘)mesent
i nvention, the visual ditds anabjectofdhe invention topipidaanautomaladmatnedderui t hout

the manual I nput of . 20 he .skil | e n ans. The present invention
provi des ne5hoﬁ'§’%§ﬂ'ﬂéﬂﬂéﬁ%ﬁ¥ (ggﬁai?yg h??t advant ageously used in
conjunction with a di gl 3& HﬁGbaﬁﬁf%élin%mnttbfinﬂh@lﬂ%ed%léladat i on that
occurs when prepating and scallng |g| tal typefaces. In the nethod and

appar atus of t efty and proportitns @mong!tbe tharacters ofthe typefdacear e used to

descri be each ¢ aracter are nodified accordin a predet e{m a(id set of
rul es whi ch anal yzes and i&3ngbjectefdhe praseqt inyeqt °“é%ﬂ?§'ﬁ'@rﬂ'§' A& neke up

each character th ority in which the conmponents are aligned on grid
points and w tw?é}ggﬁgf&i@ previously aligned conmponents. 3D

The controhgpoi nts, whi ghsan@®bjeeeot the iskehticreto providé arprocess fomestatlishingal
typeface format, are analyzed to determine the frane of a character. The
_'5 - frane i saxlassificatian efvisusl aemponents whish somprisethecgharamtersiat ghe | npor t ant
vi sual propert%y%sé or conponents of the character which are to be preserved.
The e.

It is further an object of the invention to provide a process for
determining the p;ioﬁty of visual components of the typeface whersin the

15 higher priority components are aligned with grid positions ahd the alignment of
the lower priority'compo'nents ié d_eipendent on the alignment of the higher
priority component. . ' _

Through the method and ap'pératﬂs of the present invention, the
visual degradation of digital typefaces is minimized without the manual input of

20 the skilled technicians. '

The present invention provides methods and apparatus which are W,
most adVan}ageously used in conjunction with a digital ¢omputer to minimize
the visual degradation that occurs when preparing and scaling digital
typefaces. In the method and apparatus of the present invention._ the frames,

25 which are used 1o describe each character, are modified according to a
predetermined set of rules which analyzes and establishes the visual -
components which make up each character and the priority in which the
components are aligned on grid pbints and with reépect to previously aligned
components. |

. The control points, which are used to define the character in a
digital typeface format, are analyzed to determine the frame of a character. The



frane is analyzed in the horizontal direction and vertical direction to
determine the priority or inportance of the coordi nates which define the
outline of the 5 frame. The . inportant coordinates,  referred to as master
coordi nates, are then further analyzed t detern1ne t he correspondi ng
mast er segments. These segnents are then anal yzed to determine the pairs of

S e et <ua R B g 198 Bf SR araBF PeR SBr 66h B0y RH Bl 720

the coordi nat es pabpdriies éﬁmoﬁéﬂs%ﬁlw&rﬂkdéﬂﬁlmmtﬁi préServédti NERé _
priority conponent, the highest I’IOI’ItIy stroke, according to certain rules

whi ch are dependme namaIMme horizorsak ditegtion; andrvertical gireetionrtostetarminene

hori zontal or v t| cal ct i_on, nmpon el uch as the
| ower priori ty %W&( °"ﬁ&§? 8&838?%}}?3? %Fﬂﬂ‘a&i’@ %@‘er%?'? of a
stroke and frma W The gneﬁammﬁzés élbrrédid aﬁﬁkaasfas&aiﬁates%%aﬁt es,

are then m)dlfle In a manner that iIs dependent on
previously ali grimthermplymﬂmmﬂmma lhemrrespﬂndmenmamagnpnmdr hasbes for
adj ustment, the inportant visual gﬁ onents of each, character cSnd t he

rel ati onshi p of sea@eDisass thanAnalyzes) tadetermige the palrs of seaments whichforme of her
characters of t nim zi ng the visual
degradati on of '?Em&%(ype a%@sgawaéﬁﬁ%@%%ﬂ ON OF THE DRAW NGS The

obj ects, features and advant ages of the method and apparatus for the
present invention will be apparent fromthe follow ng detailed 5
descriptionl8f the pref elising beivisurheampanentsideterminadgfrom the ppalysis otthea

ConC ol por o bl i SoBiaRAar oty e M ofioa Al WP RS,
11 ustrates t he profyimponais i ighdst proiy stiske,osiing! badrain A wAEnod

and apparatus o present invention. -Fig. iIs a flow chart generally
depi cting t he pasedepsngentuponwhetherithe strekes fenmedlm oriented in the horizontal

or vertical direction. Components lower in priority, such as the lower priority
15 strokes, master coordinates which are not part of a stroke and frame

coordinates which are not defined as master coordinates, are then modified or

aligned in a manner that is dependent on the previously aligned components.

As a result of the priority and rules for adjustment, the important visual

components of each character and the relationship of the visual components of
2 each character with the other characters of the typeface are preserved thereby

U minimizing the visual degradation of the typeface.



Fig. 4ais an illustration of a character and the corresponding frane and

Fig. 4bis a flowchart illustrating a method for determ ning the frame of
the character. 20 Fig. 5 shows the letter "e" and its control

points. Fig. 6 shows the frane forned_fyomthe letter "e" depicted in Fig.
5. 25 Fig. 7a, 7b and 7c |Ilustrates t e geonetric relationships between

control points and frame Bbo Lefly desc?sl ng
the anal ysis process of - - % flow cha

descri bing the process of determ ning the vi sual corrponents with respect to
X coordinates up to the highest priority visual conponent, the X main
street. Fig. 9b.is a fl Jmams.mWsmdgdvmmemmnmm m ning the

I h di na h h
oot 3w Soc RS st Ay el B appaant i Mo ST 1 o
X master segne f ' strates Y nmaster segnents
and Y st rokgs Béécﬂ%ﬂgn&%ﬁ?&ﬁﬁe&@ﬂwbﬁ?@regﬁ%&%ﬁ‘;re flow charts deSC?I bi ng

the limted divergence process of the present invention. Fig. 12 is a flow
chart describing fhe horizontal adjustment process of the present

invention. 10 Fig. 13a Fig-iilusirates aicomputerincasperating: thechresent devestions t he

present invention and Fig. 13b illustrates the nmethod for adjusting slave
coordinates. Fig. 14 is ' rdfdgg' 5is a
flow chart illustrating ﬁﬁﬁ#‘ﬁ@%%?%ﬁ%ﬁé’ﬁ??sea us gy 2’é?{"%rge“s‘ieloect to

the Y al i goorentharelites Bne Fig.r2toiliestrates thé comtouticonverttionfised idthe s a flow
chart describing the Y alignnent adjustnent - ,
description of the method and apparatus of the present invention. W/
Fig. 3 is a flow chart generally depic_:ting the process of the

present invention.

15
Fig. 4a is an illustration of a character and the corresponding
frame and Fig. 4b is a flow chart illustrating a method for determining the frame
of the character. '
20 Fig. 5 shows the letter "e" and its control points.
Fig. 6 shows the frame formed from the letter "e" depicted in Fig.
5. T
o/
.3 | . Fig. 7a, 7b and 7c illustrates the geometric relatlonshups
betwaen control points and frame points.
Fig. 8 is a flow chart briefly describing the analysis process of
2 the present invention.

Fig. 9a is a flow chart describing the process of determining the
visual components with respect to X coordinates up to the highest priority
visual component, th.e X main street. Fig. 9b.is a flow chart describing the
process of determining the visual eomponehts with respect 1o the Y coordinates

35  up to the highest priority visual component, the Y main street.



20 process of the present invention. Figs. 17a and 17b are flow charts
describing the vertical adjustnment process of the present invention. 25
Fig. 18 illustrates the location.of the clusters and strokes used to
descri be the vertical adjustnment process df-the present invention. Fig. 19
is'a flow chart which describes the diagonal adjustnent process of the
presenttnvention. 30 Fig. 20 illustrates the adjustnment of a diagonal

stroke in the character %‘FFaéE‘gT‘s‘g‘?%E‘e@g‘* Léﬂﬁé,gg%gdx%ﬁgg%%rﬁa} of

the frame points of 35 ona accordrn present

i nventi on. - S10D\fiUstritdd\Y MdstdrGhfivehtd BHBLY dirokeget ai | ed descri ptions which
follow are presented largely in 5 terns of algorithnms and synbolic '

representations of operations on data bits within a conputer nenory. These

al gorithnic descriptions E@8. 1t&pnddibAare Jlow ehasts dascrking she iditedy ¢ hose -
kKilled in th ' fectivel the .
Subst ance of ¢ neltoraBiR aRgibrhe prdsBp{Bbontin, O°. Vel convey the

algorithmis here, and generally, conceived to be a self- consistent
sequence of steps l'eadi ngFigo12 isia flowsshartdastiibing theskorizbatat adjustmenpse
requi ring physical manipul ati ons of physical quantities. Usually, though
not necessara{al y ,ProeRssof thmpresemtdavantiRl. t he form of el ectrical or magnetic
signal s cap e of being stored, transferred, conbined, conpared, and

ot herwi se 15 nmani pul at eohgl ?%é)g'rggt?ag# ev‘%m“'ﬁgtadﬁg"ﬁéﬂ%ﬁf?egi?gﬁ?gé’kwmf or

reasons of common usage, t Sseé Ssignals as DI

el ements, synboliaventibaandtRig.s134 ilustrates thebmethod dor adjestingletavel doordinates. be
bore  in m nd, however, that all of these and simlar terns are to be
associated wth the appropriate ph)‘lsi cal cggantities and are nerely

t

conveni ent |gbel s appl.ie Igo14 is-aniliysieation af ajocal @xtreme.

Fig. 15 is a flow chart illustrating the process of determining .
clusters with respect to the Y alignment adjustment process of Y coordinates.

Fig. 16 is a flow chart describing the Y alignment adjustment
20 process of the present invention.

Figs. 17a and 17b are flow charts describing the vertical

adjustment process of the present invention.

S Fig. 18 illustrates the location of the clusters and strokes used to
describe the vertical adiusiment process of the present invention.

L]

Fig. 19 is a fiow chart which describes the diagonal adjustment
process of the present invention.

Fig. 20 illustrates the adjustment of a diagonal stroke in the

character "N".

Fig. 218 - 21d illustrate the adjustment of the frame points of
35 diagonal strokes according to the present invention.



Furt her, the manipul ati ons perforned are often referred to in ternms, such
as addi ng or conparing, which are commonly associated with nental
operati‘ons performed by a human operator. No such capability of a human
operator is necessary, or desirable in nost cases, in any of the operations
25 described herein which formpart of the present Invention; the -
operations are nmachi ne operations. Usefgik nachi nes for perfornlng thq:&
operations of the present: |nvent|on i ncl ude general pur pose digital
conputers or other simlar 3 MENCLATUREShoul d be borne in
m nd the distinction betmeen t he nethod operatlons I n operating a conputer
and the nmethod of conputation 30 Itself The present Invention relates to

t hod st f t t i I
other (o. g+ mechant cal THRCHRRRELBASCHRYAS which ol 4o BEbiRf afieiin. o~ '
desired physi Ggimsé mgérﬁnml fd eymsawrep&\semhﬁaﬁ dtlopBraiiBhe b dafadigPpar at us

for perform ng 5 e operations. This apparatus nmay be specially
constructed f owithifha computer mbmm'v.pd'hes algoﬁmmmqeaeomnnsmdaegmemtatlowr pose

t | ect I t d nf i d t
Stored | n the WBRMeRts tad bihase Sidin Tom cale ofbondties aRIETREL nier ent 1y
related to a pafwﬁﬂﬁg%@gﬂwgmﬁ%{musg@rmﬁ%amsmmrtﬁésul ar, various

general purpose nac prograns witten in
accordance with the teachings herein, or it may prove nore convenient to
construct nore specialized ap erformthe requi red net-hod steps.

aratus to S
The requi r¥d structure %P’@"&W ischare.And grnasa \PIbe a8¢lkar from t he

| NVENT] O T SRR Fikuabe,of siaps feeding 5??@?5*&{??95@%5@%% 3R or 1

sections. The rhiifig physica Hfaniuldtiofts o phgsical qaamiRs. Vst tRéughiment for

perform ng the process for mnimzing the visual degradation of digital 20
typef aces. Sulnecgssaniy, ﬂmsauwtwsnakemuuomphebqomlmmqmmsngnah pr esent

' ' h I f th d h
i sual | compon ABeBR St bR Shvars Febaed ERmolyR. Pombsra And Svpetes |1y of

adj ust mentisof manipulated. It proves convenient at times, principally for reasons of common

usage, to refer to these signal_s as bits, values, elements, symbols, characters,
terms, numbers, or the liks. It should be borne in mind, however, that all of
these and similar terms are to be associated with the appropriate physical
qhantities and are merely convenient labels applied to these quantities.

Further, the manipulations performed are often referred to in terms, W
such as addmg or comparing, which are commonly associated with mental
operations performed by a human operator. No such eapabnllty of a human
operator is necessary, or deslrable in most cases, in any of the operations
2 described hersin which form part of the present invention; the operations are
l_nachine operations. Useful machines for performing the operations of the
- present invention include general purpose digital computers or other similar
devices. In all cases there should be borne in mind the distinction between the
method operations in operating a computer and the method of computation
X itself. The present invention relates 10 method steps for operating a computer in



t he visual conponents and adjustnent of the characters in horizontal
vertical and diagonal directions In addition, in the follow ng description,
numer ous specific details are set forth such as algorithm c conventions,
character definition conventions, specific_gunbers of bits. etc., in-order
to provi-de a thorough understandi ng of the present invention. However, It

w1 be Jaavi ous topRigesik) eletflichlor (tRer(elg. | Mthdnial ichiigHth &
may be practiced \/\ffwf%ﬁtkéheeggi spec‘?fiﬁ(eoge’t ala{:s. _%ﬁ%gteﬂmﬁe%aﬂwglcﬁgﬁf@@

i nst ances, wel | - kngemerater ethet desined physicaltsignats. ar e not described in detail
I n order not to obscure the present invention unnecessarily. Gener al

System Configuration Fig. 1 shows a typical conputer-based system for

increasing the legibility of-rhgipgé'stea{ ingyﬂﬁaﬁc'ﬁ&%rtgi Eartaﬂ.!stfglepé}fo%ﬁ t

i nvention. Shown there is 5 a conputer conpriSes three ngj o

conponents. TheSfi tiise @petdtions: This apparatusirhaybé Bpécizlly/cohstaictedilor thé rebuirdd | s
used to communicate information in appropriately structured formto and
from the ot her par PUPOses akit Mgy PeMpFise a ganerl pupose eemputpias selectivelput er 1

el enont o ar e t hose S eEeniabdasaitoy & A0b R Rtbda sd 536 meckorerdee
and al nost al | spegigalithis preséntédPhigrginGirs .not inhbrR%tly rdidied f°i paAiculat omRpiter

- contained within conputer 1 are intended to be representative of this broad
category of . data pepbothesapparatea.s in paieular; yarqusgeneal puposmactinesimay be

processors to fAll the role of conputer 1 includ chi nes nuf actured by
Su w crosyst eﬁr@, Fﬁ%‘f‘,"’tﬁ/ﬁmﬂ%ﬂ\f," @Pf‘ﬁﬂﬁ? a’.ﬁh g’n@F&T?ﬂsn%fﬂ‘Bu?'e may
hawng |ike capabi pidveGhiordenMniéiitts EnshBctmars! 'Eﬁe%?gé 198 Yol firf&fh
manner to performPhe functignsmdescri bed be?@wﬁégl éo S vm%| n Ifl% 1%?93 an
i nput devi ce 5, shcaquired meirod stéps: Mwdiequinad staucturé forlaoridty of theseandahiries

under st ood, however, that the thput . .
_ will appear from the description given below.

15 | DETAILED DESCRIPTION OF THE INVENTION
The following detailed description will be divided into several
sections. The first of these will discuss a general system arrangement for
performing the process for minimizing the visual degradation of digital
2 typefaces. Subsequent sections will deal with such aspects of the present
U invention as the analysis of the typeface data to determine the imponént visual
~components of each character in the typeface and the priority of adjustment of
the visual components and adjustment of the characters in horizontal, vertical

and diagonal directions

In addition, in the following description, numerous specific details
are set forth such as algorithmic conventions, character definition conventions,
- gpecific numbers of bits, etc., in order to provide a thorough understanding of the
present invention. Howaever, it will be pbvious 1o one skilled in the art that the
X present invenﬁor[ l.nay be practiced without these specific details. In other



20 device may actually be a card reader, nagnetlc or paper tape reader, or
ot her wel | -known input device (including, of course, another conputer). A
mass nmenory device 6 is coupled to the I/Ocircuit 2 and provides

addi tional storage capability for the conputer 1. The nmass nenory nay

i ncl ude ot her prograns and the li ke and”rmey take the formof a magnetic or

t d t it II K dev| Lk . d
that the. data NEEBERRAY b B e ot bbb P BRI 2748' 0,
i ncor por at ed 'arqiiaa%r&s&a-%hhe?résah PinveRUA Hinebesaripar t of menory 4. In

addition, a display nonitor lustrated which is used to 30 display
nmessages or other communications to the user. Such a display nonitor nmay
take the formof any of several. well-known varieties of CRT displays. -
12 - Preferably, the display nonitor 7 may al so di splay the graphic inmges
i.e. the typefaces, generated fromthe digital typeface data nodified
according to the process of the present invention. A cursor control 8 is
used to select command nodes and edit the Input data, such as, for exanple,
the scale of the.typeface, 5 and provides a nore convenient nmeans to input
irnformation into the system Process Overview Refefring to Fig. 2a, severa
upper case and | ower case 20 characters of a typeface are shown. In Fig.
2a | ower case "0" and "f"and upper case "N' and "G' are illustrated.

Associ ated with each character is a set of points, for exanple points 10,
15, 20 and 25 which are the control points of the character. The control
points are dependent on the digital format that is used to describe the
character. In the present exanple the characters are described 15 and \J
control points reflect a contour format conprising straight the segnents
and arcs of conics and beziers. Straight |line segnents are .described by two
control points, conic arcs are described by three control points and bezier
arcs are described by four control points. For exanple, in Fig. 2a, control
points 10, 15 and 25 describe a conic are between points 15 and 25 wherein
-control 20 point 10 dictates the are or the radlus of the curve. There are
many ot her



formats such as the I KARUS format, D1 format, the VC format and the VS
format which are also used to define digital typefaces. However, in the
description of the present invention the format described above will be
used. 25 Thr oughout the description of the process, the
characterss are represented and descri bed=-aticerding to a single convention.

However sdhe progss II% not_ ti ﬁ teﬂ. to use wth a single convention and may
be easily applie s. In the followi ng convention, the

character consists of one or nore contours each defining a boundary between
"black” 30 and "white". Each contour consists of a begin point followed by

a sequence of arcs. Each d&ig: 1i shosusfa typitabgomputer-besed spstemnidr increasingrthe e
control points. the continuity of tre contour the first

I 1S ) C !
poi nt of each ar gjqimy %Pw&#ttveﬂ%%a@& ing,to the presest invaation, Shown:theesis
poi nt of the kas t L el L L N ' .
contours are §ef ?r@gﬁﬁu{r?'l?e‘r@ﬁ gﬁhé‘l‘oﬁeg%%w Jr%zfta Eﬁg@?g%m?fslﬁgﬁpﬁhtg%s:e %?t;?e when
the character i sinputiostgul (i¥O) leircuitn2 whichrie asedtd ¢comwhinicate infermétion imxi s poi nt's
in the direction of successive character ';!)I acenent, e.g. to the right for

the roman al phab8PPptiptely strugtuced fatm to anchirom the otharpapts-of the comprer, & oAlse er

cl ockwi se from X ) | ' fre ' Lse i f the
regi on encl osed Ffs‘&g'ﬁjgéé,”g‘mé’?*\?f@@}?ﬁ%'“ icree{:}?ipgﬁ&égi%ﬁéﬁégﬁpgé% S counter
cl ockwi se. [err] mendrpdl iThese Rttertwo sloments afethosé typicaly fRRfd iPndEtSgeerdi Ne

arc. Note that 10 an are that has an inflection or extrenme which is not at

an @d poi nt 10capupese compiters-and aimost albspecial purposehcomputens. dn fachdhe

[ ti t i.af | ti t th d
boi nts of t he nopyerEddifeys sBhieindS i &bt LaeitlenSF IS onvent i on t he
letter "e" is il offrbsenidtive of this E’iﬁfaerdaidbﬁryta dzitd) proébsdons: Pﬂﬂiéﬁlﬂﬁﬂféit?ﬁé!ﬁéér of

the character is oriented in a clockw se“direction reflecting t
out si de cont our ohsuitable daté prociessorstoofill thd lvele iof coniputenhimmludesmachingsds a

whi ' di h ' d.i h | ockwi
o010 ahulained By o e MLt Vit Caores o e
segnent , ar cgsof oSipirfs Réviry fid cibabififdsthay of &lisd'bb BUAgtedfH adlr i N9 the

adj ust mrent process o
straightforward manner to perform the functions described below.

Also shown in Fig. 1 is an input device 5, shown in typical
embodiment as a keyboard. It should be understood, however, that the input
2 device may actually be a card reader, magnetic or paper tape reader, or other
\_/ well-known input device (including, of course, another computer). A mass
memory de\!ica 6 is coupled to the /O circuit 2 and provides additional storage
eapabiiity for the computer 1. The mass memory may include other programs
_ and the like and may take the form of a magnetic or paper tape reader or other
S  well known device. & will be appreciated that the data retained within mass
memory 6, may, in appropriate cases, be incorporated in standard fashion into
computer 1 as part of memory 4. |

In addition, a display monitor 7 is illustrated which is used to
2 display messages or other communications 1o the user. Such a display monitor
may take the form of any of several well-known varieties of CRT displays.



the control points change. The adjusted character is then the one defined
by the sanme curve types description controlled by the adjusted control

poi nts. 25 In the description reference is nade to the the
resolution, font size and the scal e of f2he di splay device. The resol ution
of the display device is described in terns of pixels, a known. conputer
graphi c di spl ay BredemablyytheTfisplayemonitariZonayraigo Uspbxpheecaodtcamagm e. th

mber of s he h d 2 |
1054 pixel o) chPRfese, SANSBIe o % il Wrafaca gl s eching o hore ™ °
font size Is eXp?ﬁ%&@#’oﬂﬁe%ﬁaﬁt iObRIRA. URSCT cotrdId is dsa@\tmsuaaboannuahbe art

of typography afont size'is ten point, the distance to the top of
14 - the hi ghest modas aod edit cthe input tatat such. ag.iotnsamnlema scale)of thetypafece, he

ascender distance, plus,the distance to the botto st char acter
of the font (®.gand BFfﬁ"qeétac'@P'e ?“Yewﬁmlwnﬁﬁ%"ﬁ%%ﬁéﬁ"%"gq S¥steMs ten
points in Iength One point is equal to 1/72.3 inches. The scal e i s equal
to the product of 5: resolution and the font size, for exanple, if the font
size is 6 pointspegrbseOvargigal ution is 144 pixels/inch the scale is: 6

poi nt ' 144 pixels 12 pixels (72.3 points/inch) “inch 10
Referring to Fig. 3, the process of the present invention is briefly

boints for each of the chiieltlHlo BB 2, sa0b IG5 EndloverBa6FTL O o
At bl ock 55, mhecﬁdmamh?éﬁtetdﬁéihbwﬁ OnTag.| 2alowBElcabdl"er Bhd erankdiuppet he

control points input 15 the franme of the character. At block 60, the .
coor di nat es whi cna&ﬂﬂ'rmd'f@' gre Jiustraled. Agsqdiated &ﬂhﬁ?ﬁ'&ﬂhﬁfédﬂétseﬂﬁmé the \J

e ot Sori y or 8PRU reXema pafiEdof s 2b5anel 2 BE bbb colfipr b 1ife "
minimze the vi S%ﬁéraéﬁﬁr TH3 Gl pbinks e dipeticRficon the diifa forg ik Bded e

frames of the characters and the anal ysis of the inportant 20 visual _
conponents, the deseribettbe charactenc in the piresest mﬂﬂ}hmh@ﬂusraye desdribedvat i ve

'ntelligence lgcal | nd %ontrt r}:%gntst fefRE Oad ggn?our%rmas cgm{:ﬁs?r%e gtraellghtcifne sagments .
and arcs of conics and bezners. Straight line segments are described by two
control points, conic arcs are described by three control points and bezier arcs
are described by four control points. For example, in Fig. 2a, control points 10,
15 and 25 describe a conic arc between points 15 and 25 wherein control

2 point 15 dictates the arc or the radius of the curve. There are many other
formats such as the IKARUS format, Di format the VC format and the VS format
which are also usad 10 define digital typefaces However in the description of
the -pres_ent invention the format described above will be used.

S | Throughout the description of the prbo_ess. the characters are
represented and described according to a single convention. However, the
| process is nét limited to use with a single convention and .may be easily
applied to other conventions. In the foliowing convention, the character
consists of one or more contours each defmi_ng a boun_dary between "black”
D and *white”. Each contour consists of a begin point followed by a sequence of
arcs. Each arc is defined by a curve type and two or more control points. Due



to the scale desired. The process preserves the inportant visual features
of the typeface, particularly the consistency of the stroke thicknesses,
the horizontal alignnment of .the characters (i.e., the alignment of the y
coordi nates of the 25 characters), the pg gortion of the white space
within a- character as well as the total w dt of t he characters. At bl ock

70, theyori ginal gintul?%ﬁhé’éorﬁ&fr ‘v first RRAFLR'iE ARl e85! od

to correspond to t e ad uste contro pol hts are used
to control the cunwepWSOde.sd’hel:tstpﬁintulthvladwenuisabacomcrdentrmmm:h t he
vi sual degradation of the typeface has been 30  mn

Anal ysi's of Char a@ﬂ@"ﬁf%pgﬂa@e’“m@ arp FQF“%'B[S"B\"’"('R@ ERQS@@%‘Q W%‘ef"o
d he f f
determne the raﬁcﬁ?ha‘jﬁgpgﬁgﬁ?}ar aﬁg@ﬁgﬁ%&ﬁi thg no&ﬁél&ﬁ%rﬂ%?gslﬁ&ﬁh% e

is to sinplify ea series e points
whi ch may be amal yaxROpaime inthéi difettior of sudiessiveicharactor plachment, 8.g. tathe right a

col I ection of polygons, one for each of the characters contours. These
pol ygons are si nplfertheiieman aiphabatgdawn foriaChinese font; (2) the ¥ \axisds 80% couater

traight Tine sagRaReish G RAQEhe. Blerten 81me B OB R Re PO T
there is a strai ghgnelosb® isSREEE Bthdriise W& BYedhiBh of thel cntdur RDSSUNter\thickwiza!

tangent, straight line segnent, tangent of an inflection point and for the
tangents at a sl upamﬂsconﬂachmstgremmasgxmtartaeanapaotsmftan Note that).

4a, the frane js forne conn hori.zqnt al ., t.ange vertical
tangents 72, t@ng&ﬁ‘t%’cg?aw‘ﬁ?%c? ﬁd‘P'g?ﬁﬂ‘?’gm??h' s oLk f??@@@gm% of
the_character 74 Wi iBed irdd 9405 es%hﬁegforglom IARGEAEGY dhichieSiick Tt the
Preferably, the process epr cted 1n ki b I's used to construct the frane
of a character. Atinfléction o7 éxtremepadcucsoat the end peintsiof thednéwly createdtarcsig t he

control points of the character in the sequence they are ordered (according
20 to the direction of the frane). At bl ock 80 each control point is then

assigned the property ret a'ﬂ?ﬂeﬂﬂa‘?uﬁh&ﬁnﬂ b Coy Sﬂﬁf\hk‘?&t{& o Biilusfiatby, the

control points which correspo e en the arc are retained
and t he renai riSng Referring to Fig. 2b the outside contour of the character is oriented in a

clockwise direction reflecting that the outside contour encases a black region.
The inside contour surrounds a white region and is therefore the contour

oriented in the counter clockwise direction.

2 The curve types description (i.e. straight line segment, arcs of
U . conics or arcs of Beziers) remain invariant duﬁng the adjustment process only
the control points change. The adjusted character is then the one defined by
the same curve types description controlled by the adjusted control points.

S : In the description reference is made to the the resolution, font size
and the scale of the display device. The resolution of the display device is
described in terms of pixels, a known computer graphic display quantity. The

 resolution may be expressed as the total number of pixels in the horizontal and
vertical direction (e.g. 1024 pixels x 1024 pixels) of the display or the number of

X pixels perinch. The font size is expressed in units called points, a well known

~unitin the art of typography. if a font size is ten point, the distance 1o the topof -



points are identified as non-retai ned. The retained points are those points
which will be subsequently identified as the frame points. The polygon is
then sinplified into a |'ower order pol_y%)n by elimnating those control
poi nts which are not necessary to maintalning the fundanental visual
properties of the character. In a sequence of polygon sides <r-n-n-
(typically reprenghighbstehafacter BefHedbni(eq) tHelenéreAY) 8hlledi1RE assender et e 30
that is the side between the two non-retal ned points and the surrounding
sides are ext enddcstamr plus the distance odbe bomnaﬂb_amestmammpvbe fantwhi ch
occurs at nt.eg ti n of the t side i s_|ahe
non-retai ned. At ?%905 leyter i) ca lgg?i?eege%?n%r-d%ﬁ gom%tp '?ﬂﬂ"htg"?)ut
the two extrene ni‘}sserﬂ.faﬁoeiﬁm ﬂq&ﬁﬂesthnéeaam(ie &l aEd) CHe tprodast BB! €
e

retai ned points |ts poi nts | an infl]e he remai, ni ng
points, the t§o Eﬁ?‘?m% 5?@?&{%1 ir‘Fe 'L-ﬁ'eAémﬁlﬁW% for a

sequence of poi nBZpdiQﬂté]andal:lle &bd@]_ixdﬁhﬁ@ M\pﬁﬁﬂlsﬁﬂ&ecthé scaléeig:] points
are elimnated and the sides at the ends -of the sequence bounded by [err]

and [err] points are extended towards one another until they insect. The
poi nt of intersection is |abeled retained. 10 The points

remai ning after the comgl et i oppoiht the abmmi)ceaepudsthe frame points

whi ch formthe franme of pomtsfinech)y . Fi gpchs shows the letter "e"
identified by .its control points. Fig. 6 -shows the franme for the character
I't is evident*that although the character is sinplified sonewhat, e.g the
edges are squared and the g s, the
inportant 15 visual chara ?g{ﬁlﬂé?fg g’r‘ga megqi'%%% ilngarﬁgrﬁ Hﬁ% ;

rel ative thi ckneseseribeticrAtdilocki80, tHesinpiit daks. miwwnsms oﬂthélwmmbpsh!stfw ot her
sections of the character t he he| ht and width of the character as well as

the rel ative anglé@shgf ‘\ﬁm dypefage, isHoput te thecsystem At blagkS, tha

fepr esent at on ol Ve Al FnkFau nod BeokfrlE B e BBt o

adj ust ment oR8r athe ramerof tNeEisaradier. fmmwtthmmcmwmﬁh defife ditraniecd
val ues of the control points of the
are further analyzed to determine the important visual eomponents of each of

the characters of the typeia_qe and the priority or order of importance that these
oomponerrts adjustéd 10 minimize the visual dégra_détion of the typeface. At
block €5, using the frames of the characleréénd the analysis of the important

2 visual components, the characters of the typeface are adjusted using an |
innovative intelligence scaling method to produce adjusted frames according
1o the scale desired. The process preséwes_ the important visual features of the \_/
typeface, particularly the ebnsist'ency of the stroke thicknesses, the horizontal
alignment of the characters (i.e., the alignment of the Y coordinates of the

% characters), the proportion of the white space within a character as well as the
tota!l width of the charaaars At block 70, the original control points of oach of
the characters are then adjusted to correspond to the ad;usted frames. The
adjusted control points are used fo control the curve types description to
produoe characters in which the vrsual degradatron of the typeface has been

K 4] rmmmized



character, which were elimnated when formng the frame, may be conputed 25
fromthe known geonetric relationships between ‘the original values of the
frame and the control points. For exanple, Fig. 7. illustrates the three
situations during the above descri bed process for formng the frane in

whi ch control points are 30 eli-m nated. Fi@.'?a Il lustrates a pol ygon
represetit_gtion of a Bezier arc. The three segnent are is identified by

poi nts U MN-V. Caifiyst L1ypeiace | - 17 - 'point V are the end
points of the arc. During the process of forning the frame, control points
Mand N were elimnated and the |line segnents represented by control points
U-Mand V-N were ext ended Thg firdt siepQf thie Bro&es8 s Rrtielétir b hame?df eagh Nt O
thereby sinplifying the polygon to two segnents, U-O and OV. 5 Using

| i near transfor nebaracter. Thecobjetof determiningdhe frameris taosimplify eachotthe be

cal cul ated using_the foll ow ng equatiqn: rr], 10 ere M .is the_ adjusted
val ue of [er‘rs] f%l?t%ﬁer&él‘ﬂ@?s&fe?bpgﬁ T’%’F& f"aiy\sghetﬂ@'yzfﬂ]’@géﬂpqygﬂ%e of
U Nis simlarl ' hél'abt' { A Bl W e

adj ust ed val ue o¥° f@‘?‘ﬁ%i@g t eagdf‘z'?{'??géaﬂg‘“@w?]r’w aﬁgnfgérr: ac!\?fpﬁe

adj ust ed val ue othadactérsiconoury., These paolipgdris! are tsimglesthan tiee orginalfchatdcred
control points U-N 20 V wherein control point Mwas e]limnated during the

process of forni ¥8tthewretainte chamctacs fusdamental visual properies. Jbed@amat edOI
3 " e P . ;
Vel ve of “cont r or CoAphfHe bedtRas pfiraignfind sotfife izt folod nd Bapdibig ¢,

t he adj ust ed10al ehardcler such/thal hbresis anétraight line Segment fafe\na) Rdrizohtal fangby ei n
the.30 control points M N P and O between end points U and V were
elimnated and Vertical tangent, straight line segment, tangent of an inflection point and for the

tangents at a slope discontinuity. Utilizing the character shown in Fig. 4a, the

frame is formed by connecting the horizontal tahgents. 71, vertical tangents 72,

tangents of inflection points 73, straight line segments of the character 74 and
15 = tangents at the slope discontinuities 75.

Preferably, thé process depicted in Fug 4b is used to construct
the frame of a character. At block 76, a polygon is constructed by connecting
the control points of the character in the sequence they are ordered (according

20 to the direction of the frame). At block 80, each control point is then assigned
o the property retained (*r") or non-retained ("n"). Initially, the control points
' which correspond to the end points of the arc are retained and the remaining
points Are identified as non-retained. The retained points are those points
which will be subsequently identified as the frame points.

The polygon is then simplified into a lower order polygon. by
eliminating those control points which are not necessary to maintaining the
fundamental visual properties of the character. In a sequence of polygon sides
<r-n-n-r> (typically representative of a Bezier arc) the central side is deleted,

X that is the side between the two non-retained points and the surrounding sides
are extended until they intersect one another. The new point which occurs at



- 18 - replaced by a single control point, identified by O which was
formed by extending segnents U-M and V-Q The adjusted val ues of the
control points elimnated may be cal cul ated using linear transformations.
For exanpl e, the adjusted value of contg kpoi nt M may be cal cul at ed
according to the followng 5 equation: [érr] Were [err] and [err] identify

the |l ocation of the contro oint, relatjve.to control Lnts U apdy
[err] and[err]maﬂ@eweg'p%b?ﬂc‘ngmFH@SE@P‘&%‘?%B"X'%‘F\‘&”& éggm?ﬁ?ﬂe & al ue™* of
[err] and [err ke ' {,ﬁﬂe ' vgl ues of
[err] and[err]héﬁg%ferii ?P@ﬁ“?gﬁ?ﬁ%‘?t e a juste%&%ﬁﬁiﬁ@&?gb?di nat e
val ues of 0. I1fhe sequence contairedtwoar nuoye natainkld pBintsnat ifdnengf itscpointsid an | vy

cal cul ated by substitutions, of the _(I:*ﬁntrol Seéjfif‘nt coordi Eﬁt@ﬁf’vaﬁi@s for the
val uestof Mi{f_“l'?@‘_"ﬂ @@G@!ﬂﬁﬂﬂﬂ?‘% Qmﬁm‘ f?P@‘“ﬁ!ﬂ% B gsst(r)]f the
present inven - 0, r : e
characters %nmdflﬁgﬁ(}g’ + Eﬁhﬁg o! Eﬁgh <er3 ﬁél’ Qﬁ{% gﬂ%aévfzinﬂs%éﬁe
character and gorsealtiveadnsipoims arepslimihated and ¢thaisides athe ende sf thee nai nt ai ned

for any given scale. Analysis is perfornmed on each frame to further
sinplify the 2spquenee heunded by <rfit andhrpirn gointroane gxiandad towards MNef cat ures to

preserve and to eak . : f . i [: | conponents
whi ch are pri o?'??%%’éﬁ'."’j% "Eﬁg&a.f%%%gﬁ%%‘g@%%é@ rgﬁéﬁ%&absequent |y

adj usted according to the priority to mnimze the visual degradation of.

t he typeface. - 19 - The process of determining the iggortant vi sual

f eat ures 010 each char acThe pbigtsemairing aiterdhe campletion okthe above processotreri g.

8. The frames t%fe f}arr]nee points which form the frame of the character. Fig. 5 shows the letter v/

*¢" identified by its control points. Fig. 6 shows the frame for the character Itis
evident that although the character is simplified somewhat, e.g.the edges are
squared and the character is drawn as straight line segments, the important

15  visual characteristics are maintained. Particularly, the relative thickness of
certain points of the character with respect to other sections of the character,
the height and width of the character as well as the relative angles of various
sections of the character are important visual features which are preserved.

: The frame provides a simpliﬁgd representation of thé character to
periform the subsequent analysis and adjustment operations on. Once the
frame has t;een adjusted, the adjusted values of the control points of the
character, which u._veré eliminated when forming the frame, may be computed

25 from the known geometric relationships between the original values of the frame
and the control points.

For example, Fig. 7 illustrates the three situations during the
above described pioeess for forming the frame in which control points are
- 2 eliminated. Fig. 7a illustrates a polygon representation of a Bezier arc. The
three segment arc is identified by points U-M-N-V. Control point U and control



characters are separately analyzed in the horizontal and vertical
directions to determ ne the inportant visual conponents and priority of
i'mportance during 5 the subsequent adjustnent process. At block 100, the
frame points are first exam ned to determndZthe X master coordinates. An X
master caqordinate is defined as those X coordinates of the frane points

whi ch ane-i npor t anpoindViahe the endPoinds 6E1HS ard. | Diing thel Procé ¥ ot dbImiRg the'tranfd)C €
the X master coordinates are..determ ned, at block: 105, the X master

segments are for me@ontnal pointssMand N wers elimipatad and the ine spgmentsepteseated ibyn

using the X master ' S ' ' by
pairing X master sggﬁr%@r’# g&%AgﬁﬁlaﬁélfQ@Q# %@nigﬁn@}nﬂ“@ﬁg Es%iega‘gﬁg?fg%%%d,
conprising the nosat poiCOithereby sifriplifyingl tREPOlygorrio twWosegMmenss UKD anll igiv! espect
to the X coordinates. The Y coordinates are simlarly analyzed. At bl ock

120, the Y 20 BasUsingdiseattransiormations, the adjvsted:value of cantrohpoint Mmaydhe
coordinate, at blo t he {s are fornmed, at block 130
the Y strokes are %‘Fﬁé@da@%%eﬁﬁiﬁﬁqﬁ%@y mai n street is determ ned.

Once the analysis is conplete, the inportant visual conponents of the
characters - the master points, magier seggents, st r|<m55|and mai n street -
are determned. The priority 25  Ms=tite +«Q{1dmhime sponds to the
order in which the conponents were determ ned, the h-street having the
hi ghest priority and slave points, those frane points which are not master
poi nts, having the | owesi, priority. The analLysis of the frane todeternoi ne
the inportant ADsuAWhé® MO istheadjusted valuenafvMi Ot isthe abjested vativetodiQ .andsU'is
st &ted above, the @Pmaéjter coor di rﬁat es are first determned. Referring to
Fig. 9a at bl ock 340 8djustedyalugof V. o0 - coordinate is designated at each
X coordinate of a frame point which is an extrene or |ocal extreme. For
exanple, in the character "F', X extrenes exist at the far tight and far
left of the top hoiN iscsimilarly adjustedusing thecequatiorext r ene exi sts at the far

right of the lower horizontal line. The right end of the lower horizontal
NP0+ ' (1-tn)in « | N0
15 Iv-ol

where N’ is the adjusted value of N, V* is the adjusted value of Vand O'is
the adjusted value of O, -

Similar!y. Fig. 7b lllustrates a series of aligned contro! points U-N-
20 V wherein contro! point M was eliminated during the process of forming the
o | ' frame. The adjusted value of M may be computed according to the following
3 equation: * '
WeVan e Doty N1
Iv-uUj

Where M’ s the adjusted value of control point M, U'isthe adjusted value of
U and V' is the adjusted value V.

Fig. 7c lllustrates a sequence of points <r-n-n . . . n-r> wherein the
X control points M, N, P and Q between end points U and V were eliminated and
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5 line is a |local extreme because the |line does not extend as far right
as the top the but In that |ocal area of the character it extends the
furthest to the right. The extrenes formthe Iimts or edges of the
character which is an inportant visual feature, since it dictates the -

hei ght or width of a character or a portiod8oef a character. 10 At bl ock 310

X t di t | d d f é
Doint 1T that 1 RRECHE by e stagid eomral BaR.eriied By &, AtiE waS imBH Y | ca
line of the frangqerfiin nté’ng'aﬁa'v-b' "Yhe! stjubtdd mudsrbf%u eammmhe '

visual ly perceived to be vertical. Preferably an alnost vertical |line has a
15 range of 1: Ealimnazadmaymmw dsmalnmr\mnsformtmnaoFov(emple.rthe

coordi nates are designated ave oor are the | o t,
priority visual %g‘ﬁ G?W’F?@?Eﬂ Q&"QY f@ R[a #5‘?9?"!3’1%” %eﬁémg
segnent s areghe&!‘j %Hed using X master coordinates. An X nmaster segnent is

formed starti’ng at each X master <coordinate and extending vertically In an
upward and downward direction. Each end of the segment extends away from

the franme point correspondl ng to 25 the X mafer CO(V poi nt until
each end of the segnent is a predeterm ned ho :zo Bal a ce away from
the side of the frame whi clg 3.I!M"ﬁ. |rw oon avvayfromthe
master coordinate point, if t eﬁ’ poi he rrast i's
extending in the upward direction, or the SI db Pxthe @ Whl ch extends

away fromthe X master point in the downward direction, |f the end 30 poi nt
of the master segment extends In the downward direction. This )
predet erm ned di stance i s appr.oxi rratel one-hal f the maxi num pi xel size \/

t hat - 21 - wiherety ddﬂﬂ%?h&t ina of thegoniral paint ﬂ\aﬁ\’ﬂ focontrab

m ni mum nu nd

descender hel ghtém@#s)igkﬁ?/péyﬁ%ﬁ?ﬁg?%%%@?‘hé ?@u%?er e or el |astél

preferred that tvalugs oii@knddlly are respectively the adjusted X and Y coordinate
values of U and "0’y and 0'y are respectively the adjusted X and Y coordinate

values ot O.

15 Control points N, P and Q may be similarly calculated by
substitutions of the control point coordinate values for the values of M in the

above squation.

The innovative adjustment process of the present invention is \J
2 then appiieq to the frame points to adjust the characters and to insure that the
relative heights and widi_hs of the character and visual relaﬁbnships which the
user perceives are maintained for any given scale.

Analysis is performed on each frame to further simplify the
2 characters by determiriing the important visual features to preserve and to
break down the frame into & plu'rélity of visual components which are
prioritized. The visual components determined are subsequently adjusted
according 1o the priority 1o minimize the visual degradation of the typeface.



distance is in the range of 0.01 to 0.02 of the distance defined by the sum
of the 5 ascender and descender heights. These segnents represent a
further sinplification of the inportant visual features of the character.

As set forth in block 320, the X master segnents are paired according to
certain ryles to formstrokes. In typodgt &Py, a stroke is known as 10 the
ki nd of glrape produced by a pen or a brush when noved along a rectilinear

or slightly curved traj ecttheprocessiof deteymining the impertant ¥isualiteatyresniiegeh t he

strokes represent_the, pripary Visual enent s, of the are the
el enments that . ar é"ﬁ?&f ri'ﬁ“rg%?fygﬂ\éfgﬁh?dtiﬁLhagﬁ%érﬁdaﬂtﬁ%r%gg‘g&'ﬁﬁg%ﬁggr oke is
found where two SharaRiYrs are séparatolyyariayed P tHa WorizbRiah8Ad Vertical ditetlicriace 15
sufficient for the visual definition of a stroke. The direction of the

segnent is used tdstermine thedmportant visual eomponentsandepriorityrof impetancpsiugagt o t he
convention usgj_. Segrrents r%esenti ng@a portion of the curve of a
~character inh i the @ﬁ?ﬂﬂﬁ@ ystment pr S8urve; therefore 20 the segnments
representing a portion of the curve inherit the.in/out property of that
portion of the curve. In accordance with the contour convention descri bed

previously, an X segnment hadletk 100thedfamme pdints fare firspexamihextito detérimingahei ti ve
or up direction and has an "out" color if it is oriented in the negative or

down direction. Phmaster coerdinatese At Xmastar coarginate is definedbasthoseX i n t he

order of 25 incr A c ' i . : Y@lH I ned
fromthe left, mk?@?@'%s'@g&g?rg@%?m%g@%hva? h@%ﬁ%ﬁégﬁe , r?%g}?ﬁ@%?ght
where the hi gger tk@enaraper.cs val ues are | ocated. Thus, two segnents woul d

be spposing if the first stroke exam ned has an "in" color and the second
stroke has an "ou" color. 30 - 22 - The In/out segments nust vertically

overl ap one another -for a Aistan h that the c i L O t
segnents forns a visually '?f@o‘gﬂx‘a%%' g‘%‘?’@?ﬁfesﬁp ?@Hﬁ@%r@lﬂ?‘;@kﬂﬁi {'igﬁe
exi stence of a sty mk@ePSoghidrits Ble6feds: CrHiedb 80grents B fofthé@inthe Verticali st ance
the segnents vertically -
direction using the X master coordinates. At biock 110, X strokes are formed
15 by pairing X master segments. At block 115, the X main street is determined,
comprising the most important visual elements of the character with respact to

the X coordinates. -

The Y coordinates are similarly analyzed. At block 120, the Y
2 master coordinates are determined. Using the Y master coordinate, at block
.\/ | 125, the Y master segments are formed, at block 130 the Y strokes are formed
and at blods 135 the Y main street is determined. Once the analysis is
eompléte. the important visual components of the characters - the master
points, master segments, strokes and main street - are determined. The priority
25 of the components corresponds to the order in which the components were
determined, the main street having the highest prio.rity and slave points, those
frame points which are not master points, having the lowest priority.

- The analysis of the frame to determine the important visual
0 components will now be described in detail. As stated above, the X master
coordinates are first determined. Referring to Fig. Sa at block 300 an X master



5 overlap to the distance between segnents. If a stroke ratio is greater
than or equal t61:1 it is considered a stroke and if it is less than 1:1
the two segnments do not. form a stroke._Tge. segments vertically overlap one
another if the Y mninum coordi nate val ue of each segnent is |less than the

s"equal t ot he SHPANER(S GesanaIeH Y SHFDOL BRI o fBres BB WG s A 9”_” °F
| argest Y mini W&’f‘« 16¢al B i cworémmﬁﬂ& Iniﬂ%%hﬂiﬂc[dr"'ﬂ' of ex¥refias leRist =

segnents to fo er strokes may best be explained through _
i | lustration. Raitdhe targightoarid fgr lei®fhetop hordzpnial e snd-a kial X extieme mglat ed at -

X rmot o Teegment 8! the far ot e owes boviohial SER., TOH AGHT BRG 5 By owph e e
0PPOST NG SN g WG Qiforhd Bocith e MR nof ol b 1 M dffhotos 1« e

mast er segnen er segrrent at has an or ‘and the

mast er segment aln&ﬂnh&ﬂ\aﬁhcalmwé ofthb charatieeit @ikiends theduntisesttothe right. ctheose
one anot her. The segnents are further exam ned to decgrm n | f thq segnent s

vertical |y over | exremes farmthe-milsioredges atihe charactee whi e!??')'/ e

"0°1 655 Chan-t neleHP RN g Mot Bolifory chalfcab i d pri sie[gﬁéH,

[err] and the m ghgfadler. coor di nate value of the X2 segnent, [err] is less
than the 25 maxi mum Y coordi nate of the opposing [err] segnent, Y7. The
anount of ved®ical overlap equals: [err] 30 Wiere MAX and M N are functions

whi ch respectively determ
Visually it can be seen tﬁgﬁbttcg W%@%@%@P‘%éa%ﬁwﬁ ert ceHJ
overlap to the dicgbriafe 6Iai HERS poinUINthut frame point ist & eridpointiof & vertivat erf or e t he

segnents at [err]and [err] forma stroke. The segments at err nd [err]
do not forma stMm@ad&eﬁﬂﬁ@@'ﬂ@%gﬂﬁlﬂ@%@&ﬁ'“F‘EI“FFI fihe i, mahﬂl?&rement

for opposing seggentis,qhypbrebivbd to BE YUHickI. Preferably an almost vertical line has a
15 range of 1:5 to 1:20. '

Those coordinates which are not X master coordinales are
~ designated an X slave coordinaie and are the lowest priority visual component
of the character.

Al block 315, X master segments are then formed using X master
eobr'dinales An X master segment is formed starling at each X master -, |
eoo:dmate and extending verlically in an upward and downward direction.
Each ond of the segment extends away from the frame point corresponding to

S the X master coordinate point until each end of the segment is a predetermined

honzontal dlstance away from the 8|de of the frame which extends in the upward
direction away from the master coordinate point, if the end point of the master |
segment is extending in the upward direction, or the side of the frame which
extends away from the X master point in the downward direction, if the end
30 point of the master segment extends in the downward direction. This
' predetermined distance is approximately one-half the maximum pixel size that



exam ned, the left segnent, has an "in" color and the second or right
segnent has an "out" color. Simlarly the segnents at [err] and [err] do
not forma stroke because the segnments are not opposite in color and

t herefore do not oppose one another. The final pair of segnents anal yzed,
[err]and[err], do not forma 10 stroke fjecause the ampunt of verti cal
overl ap¥ns so small that the stroke ratio is less than 1:1. At bl ock 330,

Fig. 9a, the X nyillibeUsedtd géraratenhé typeface. InTpracticerthe minimumetumberaf pixels
non- hori zontally overl apping, strong X strokes. Each 15 stroke is

classified as a parusit@sslsfisad by thesum of gseenderanddesgender Beightedf@ke will be
| uat ed [ t d. wil | Gl | |
weak ot roke. becReian is Bprodiflisy o, reldiote’s isMioBRed aF Bblprails iRy o7

nore di scemabl e dyahéifis\ih Hitrangd6F0.01 800,02 of fHerdidtandesdefinad by tip sum okihei f
the stroke ratio Is greater than or equal to 1.5:1. If the stroke ratio is

| ess than 1. 55 1,ascender@and<iasoender deightss sThese gegraents fRpIRsent adueherthe st r okes
are eval uated in_order . of ngth such. t i f t hori zontal |y
overlap, the Ionﬂ@PﬁfeéctaPB'ng&P?Wpﬂia"gﬁ'sﬂgﬁéﬁﬁk&m{&ﬂ%g& main street

ref.l ects the nost inportant visual elenents of the character with 25

respect to the X coordinates; therefore, the strokes on nain street will be
the first el enents to be Asligetsforhlin block320,the X master segmeatsiase pairecor der t o

m ni m ze the visual degradation of the typef afe. Referrin Bo.the exanpl e
i | lustrated i n FRegording;to %ﬁé"‘s‘!‘mﬂ%"‘?@rﬁé@eﬁy n tyge H’ti"’ @ is Ko, a5, s
q ; : . ‘
St hoke and- aibs BEAES and pftfbed by fien o7 53afh wich Aol flong a® B "O"9
24 - The Y coor diepfilinear of slightly Eureod trajecionys Inrthe aystbmat the presenttinventios, i | ar

to the analysis of the X coordinates of the frame points. Referring to Fig.
9b, at bl ock 340th strokesstepresenidheiprimay visual slemeants efdhe chafastesANdARIb® of a

f i nt whi ' Y . t ARl Y
o 091 bl i BBy o ! AFCRNEE 2,
i f that franme pofplihd wheddtwd ébgaRints vetiically tRelidoneandtherdtbna tstarwei zont al

line of the franme.
15 sufficient for the visual definition of a stroke.

The direction of the segment is used to describe the color of the

segment énd comesponds to the convention used. Segments representing a
portion of the curve of a character inherit the properties of the curve; therefore

2 the segments representing a portion of the curve inherit the in/out property of

k’ _ - that portion of the curve. In accordance with the contour convention described

‘previously, an X segment has an "in" color if it is oriented in the positive or up
directidn and has an "out" color -if it is oriented in the negative or down
direction. in addition, the X master segments are examined in the order of

25 Increasing coordinates, that is, the segments would be examined from the left,
where.the lower coordinate values are located, to the right where the higher
coordinates values are located. Thus, two segments would be opposing if the
first stroke examined has an "in" color and the second stroke has an "out”

color.



Preferably an al nost horizontal line has a range of 5:1 to 20:1. 10
At bl ock 350, Y master segnents are fornmed fromY naster coordi nates by
extending horizontally away fromthe franme point corresponding to the Y
master coordinate in a direction to the r+g@ht-and left of the frame point
The end points of the segnent extend until each end of the segnent is a
predetermined vertical di Jhaiweutasgmentsonust veitidallycdvetlap ofie anethedfoch explgends

e Seqront ext cHatBnpE Shé PR comfibh B B3 38 spSrRRs K Hhcn Uk ot ance
e segment exte ext ends
away fromthe Y ma@&mee&dwﬁ&wﬁd% ihsfﬂ\edkrsﬁfh&é 8Na u‘mﬁm end point of
the .Y master segnent extends to the |ef bl ock 355, Y

strokes are forndetetmioad macordingde lhgra\loMMQCMQﬁsgmnbwamllﬁont ally
overl ap one apot her  f tance suffici ar..t i sual i nition of
a stroke. Thegseﬁmﬂﬂp é’?%gié ﬁ%’&’ epH S89 ;’ P%ff\s"f’dﬁ grpa g‘é&fﬁﬁ nat es
(i.e. bottomto_to ccord nce vmth t he cqntour convention

descri bed previ B[@Byaﬁ% ééb?ﬁeﬁ?“ﬁ ereg,a- §tFPkQ:BPér'f it isi legs thaqi T:dction i s
to the left, anthextwobosdgments do ridt form alistrokel oThe iegmehb]e vbrﬁ&HId Ehe two
segnents are o t or_.an eto
segment has anloagg'}ﬁ'g‘J % %n&fﬁé} i%ﬁ%@ﬂ?&ﬂ?&?'m{%y@f eaﬂfcﬁ?&hanot helro

i f the X nmini nuSegment iisalessthamethe ¥ aoaximumeocooidinates valueaoftthe X

mexi mum coor di ”Gbﬁoéﬁ?i U%eﬁf'nérﬁe O'Pﬂé’séﬁﬁuﬁf’gé‘iergveﬂv\g l@%l & @uerliap is

equal to 30 10he s paxi nrum val ue of s mnus the

| argest X mi ni n¥fP %yomameumwaéugrﬁhtbe two. sggmemsgmmma thel ustrates

t he process of faﬂgﬁm d(.rﬁﬁwealud:bf/ﬁ-.eﬂwasg@hmnents are | ocated at Y\J
coordinate locations [err]. To determ ne which Y master segnents form

strokes, the segments are exanmined fromthe 5 bottomY master segnment

[err] to the top Y master 'BmgjmqlxrmésteﬂiogmagmmmmamcmMBni@rr] and
[err] are first exam ned to deternine vhether the se nment s oppose one

anot her. The fir 2psiapxpiained '\’M“‘Wﬁ%r?‘*@“ﬂﬂ" 108, 8% 88aments @re; e
second segnmens aighowh, lbcated at XTodrdindtés xiweradaaﬁmnowhwh:eﬁubtersegrrent as

segments form strokes, the X master segments are examined from left to right to
attempt to pair opposing sagmenfs. Therefore the master segment X1 is |
examined with the master segment at X2. The master segment at X4 has an *in"
color and the master segment at X2 has an “out" color. Therefore the segments

20 oppose one another. The segments ére further examined to determine if the
segments vertically overiap one aﬁoihar. The segments do vertically overlap
one another because the minimum Y coordinate value of the X4 segmen(.. Y3, !
is less than fhe maximum Y coordinate value of the opposing (X2) segment, Yg,
and the minimum Y coordinate value of the X2 segment, Y3, is less than the

2 maximum Y coordinate of the bpp’osin’g (X1) segment, Y7. The amount of
vertical overlap equals: |

MIN (Y7.Yg) - MAX (va.Ya) = (Y6-Y3) |

2 Where MAX and MIN are functions which respectively determine the maximum
and minimum of the values. Visually it can be seen that the ratio of the amount



Is required to form opposing segnents. Therefore, the next possible pairing
of 10 Y master segnents at location [err] is.-exam ned. The segnents oppose
one anot her because the Y master segnent at location [err] is an "in"-
segment and the Y naster segnent at [errl is an "out"” segnent. The segnents
are now anal yzed to determine if the segients horizontally overlap and if
the segnents horizontally overl ap, the anmount of overlap. The segnents

hori zontal |y ove®fvagicaboveriapde the diplance hetwean segments js greatenthan hidst er

segnment at | ocaty I (S | - [qum [err] of the Y naster
segrrent at Iocatilhgfnbf{rgrtﬁfé@\%ﬁfﬁe*w%?%ﬁ@ﬁﬁ of[the]segrrent at[err]
is less than the X maximum[err] of the segnent[err]. The anpunt of
hori zontal overlap is equal to: 20 _ [err] Since the
distance ([err]) is nmuch Ghesegments ahX3 aad X4slonotferm astrakedecausptbat s
err]), the stroke ratio i eater than 1:1 and the Y naster segnents at
I(E)cat% 2)ns [erg] m%&% #F@?“‘%@t@ mg?m?'i'fc]:""\"ﬂ?ﬁ?{@ﬁe%%m%ﬁ%ﬂs et ons
err] and [err] gt I ' | rma -
[st ro]ke. Th[e se]gjrrent~‘s'ﬁ§%?hn?'aaﬁsst%§@ggf'ggggﬁ:ﬁe‘%ﬂgr%&edg&n@%te% | erq | %@g&gn "in"

col or and the sehasean "out" dolorr Birilasly Ave Sagmeénts al Xy and X5 doawhioninsa stroke

hori zontal ly overl ap one another and the anpunt: of 30 overlap [err] is

| arger than t he-Racausethe segments argnoleppesie ineslersand therefore doinas REPYSE: i 0 i s

360, Fig ob, t ne Legro The Mobial ottedmehis Bl o X BFBLIER 4o '« e

Y nmain streel) Téfoky baBausethé GRIoURCITIVBIIZAFOVeRAp 1550 il thilt 1hE RirbRP Ritib Js

strenig Y strokes. Each Y 5 stroke is classified as a strong stroke or weak
stroke, the strdags#@ndkb having a greater visual inpact on the viewer. The
strokes are evaluated in order of increasing |length such that if two strong
strokes vertically overlap, the longer stroke will be part of the Y main

ekpeet 107 he Cone o salBUMESSE G SpTIS bl R PRV, )
Referring to thengiratnebtcomprisieg nofdiorizariiallysavedappifigyrstredg X strokes. Each
B 15 stroke is classified as a strong stroke or as a weak stroke. A strong stroke will
be evaluated prior tp and will have priority in the adjustment process over a
weak stroke because it has a greater visual impact on the viewer and is more
discernable by the viewer. Preferably a stroke is a strong stroke if the stroke
ratio is greater than or equal to 1.5:1. If the stroke ratio is less than 1.5:1, the

20 stroke is classified as a weak stroke.

. The strokes are evaluated in order of length such that if two
strokes hotizonially overiap, the longer stroke will be on X main street. The X
main street reflects the most important visual elements of the character with
| 25 respect to the X coordinates; therefore, the strokes on main street will be the
first elements fo be adjusted in the horizontal direction in order to minimize the
visual degradation of the typeface. Referring to the example illustrated in Fig.
10a, the stroke formed by the segments at locations X1 and X2 is part of X main
street because the stroke is a strong stroke and does not horizontally overlap a
2 longer strong stroke. |



by segnents located at [err] and [err] is a strong stroke but overlaps with
the strong stroke forned by segnents at |ocations[err] and [err].

Therefore, only | onger stroke, the stroke forned by segnments [err]and
[err], will be part of the Y main street2 15 Typeface Adjustnment Processes
Once the characters of the typeface'haié‘%éen anal yzed, to determ ne visual

conponents which formt hermhﬁ&fugﬁm@'?ﬁt Mh&ﬁist&a ?ﬁ%@%d.siﬁ]aﬁ%%?gl?g/ F

t he conponents, the typeface 'S adjuste I'mze tion

of the typeface ginfiig b tha @nahydi slitheX eoodinateadyt il ffsiné pointsd deferfing 1.t ance,
as distated by the priority of the visual conponents determ ned during the

process of anal \Bbi 8t bibck 840 aamastereoordinateds designates atr X\coprdinate et dcesses,

brocesses. The HBTSBIRCRRER s Y FlphBor 8Y 0l 3R RS TS YT o
the frame poignt godpfisdib N 180 BasifnAEREREY Lbordindid ofa iramé peimt it flt ament

process adjusts the Y coordinates of the-frame points. The di agonal

adj ust ment pr oc gmintasianend pointofia horizoplel enaimesshorizentaliine of thedrame. st r okes I n
t he character. ' As . wi |l .be apparent fr h ol | owi ng
description, th&TalgraRly apaimest "PW@"HH?%E?%&%‘* P%ueso”?yb‘é%gci' is optinized
when all three processes are - 27 - used together on the sane set of
frame points, however, these processes nmay be perforned singularly or in
conjunction with other nethods of adjustment and still inprove the visual

characteristics of the characters of the typeface. 5 . The
hori zontal 24 ust nent proﬁwm%vfmnﬂe‘%ﬂ&@ﬁwdf’ﬁﬂ‘ﬁﬁ‘aﬁﬁfi zont al

adj ust nent proce . t i dt.h . : ' of
a7 okes i t hi n Eobripafs by ‘Heptirg Nbngbrably R ¥ Y ol eiAEBIRG | o
stroke thi cknesgsh@¥ rddiér coordinae ircd Girettion ftrth YigRf e bFthe fafelpdit. Vi sual
features that are desirable to preserve. 10 Frequently during the

adj ust ment pr oc &he end paints &t thesegmentextend until each end of the segment is a
predetermined vertical distance away from a side of the frame which extends in
15 The right direction away from the master edordin_ate if the end of the segment
extends 1o the right, and the side of the frame which extends away from the Y
master éoordinate in the left direction if the end point of the Y

master segment extends to the left.

e
e » N

P4 At block 355, Y strokes are fdrmed from two opposing Y master
segments which horizontally overiap one another for a distance sufficient for X
the visual definition of a stroke. The segments are examined in order of ~
ihcr’aasing Y coordinates (i.e. bottom to top) and, 'in accordance with the
contour convention descﬁbéd _previous!y. aY sagmeht has an "in"® color it its

2 direction is 10 the left, and an "out” color i its direction s 1o the right. The two
segments are opposing if the _bottom segment has an "in" color and the top
segment has an “out” color. The segments horizontally oveﬂap one another it
the X minimum coordinate value of each segment is less than the X maximum
coordinate value of the opposing segment. _The amount of overlap is equal to

X thesmallestX ma'xi.mum value of the two sebments minus the largest X minimum
value of ;he two segments. '




an off grid coordinate to the nearest grid, that is pixel, position. This
may be acconplished by sinply rounding the coordi nate value to the nearest
grid position. Sinple rounding presents divergence and convergence

probl ens. 15 Di vergence probl ems occur when two different coordinate

val ues, no matter how close in distance, will be rounded to different grid
p03|t|od§§for certain scal es. Incon3|stenr2é0nvergence occurs when two

di fferent coordi nate val ues: round to the sane grid: position at a given
scale and to a different grFig. poillusteaiesitheproness btlormiog Yestrokess Five i sual | y

Uocrenses. To-avor MePREeRoHh ARt leChiah B NARGRIRIE e iR Ta Halefns ! ©

referred to as thewh fﬂstﬂi ipﬁnﬁeea&%%ebégm&géawe%.wﬂaﬁirfegr' d
coordi nate val ues an ari Istances. The [imte | ver gence process 25

adj usts the val ﬁesbottom Nanasterseguentiértodhe tapd master sagmend Yshahe segments at

dj ust ment of th h | n th tment of th
Fower prior ity val REaionet and vasty §itBimingd to felcifine WneibiriRe Thobade | °
di ver gence pr Ocessobﬁoéaedn%'dho%?whbw séﬁmah BEICRIN Y PR iR Seymeit, fut

el enments is formed containing 30 the values to be adjusted. The nunber of
elements in the artheysecond segmepial Ypds alkse andinhsegment and netsan toutfsegaieatsased.

The val ues are organized in the array in - 28 - the order of increasing

val ues. At bl ock 5Fequirestedern %Wﬂﬁeﬂgieﬂ'ﬁr rfhgrefgre cthe agxt-RespiblecRaining ofr r ay

V and cont ai nsafhe rr
I ns the p}?or%hgéwﬁ?‘geﬁéﬁ\?g erfﬁﬁﬁgﬂgﬁe P&ﬁ%%&%@ﬁo*éa

a
valrkjé I s dependent anaﬂarbéuauwﬂbe\' mﬂstdrsememhelocaﬁorevpmmﬂstgtdmsrcDUp
of 5 wvalues. Thus, in a group of values, the values which occur nore

frequently are assﬂ&n% sm'gwgratb’a.i%m faut segmenty| TeisegmeNntsAre RPWd ar r ay

B of nelerrent5|sf 1 tial, thebt v.a I n.the ILrd array B
ore set to zero. CARYERE I delbryr® o e sadfeflsorFnlaiy e B s sebmets
element [err] is Sgbrijd Q%veﬂ‘ip %&Ehoﬁ&%f%v&  Utheédgivents Réri nﬁifﬁ%ﬁ s
formed, which corresponds®to the 10 array V and contains the adjus

val ues. At bl o3k 5becausefthd Ximinimumy, X3, iobthedf mslemtﬁgmntet locationsisdesst he

i rst than the X maximum, X7, of the Y master segment at location Y3 and the X
minimum X1, of the segment at Y3 is less than the X maximum Xg of thé ~ _

segment Y2. The amount of horizontal overlap is equal to:
2 : ~ MIN(Xg, X7)-MAX (X3, X1) = (X7-X3)

Since the distance (X7-X3) is much greater than the Y disfahcé between
segments (Y3-Y2), the stroke ratio is greater than 1:1 and thé Y master
segments at locations Y2 and Y3 form a stroke.

S \ _

The Y master seginents at locations Y4 and Y5 are then analyzed

10 determine if the two segments form a stroke. The segments form a stroke |
'becapse the segment at Y4 has an "in" color and the segmeht at Y5 has an
“out” color, the segments horizontally overlap one another and the amount of

X overiap (X4-X2) is larger than the distance (Y5-Y4) between segments
that the stroke ratio is greater than 1:1.



array V and contains the index of the value whose priority is imediately

| ower than the priority of the value currently being adjusted. The el enent
of the array 15 | which corresponds to the |owest priority val ue contains
a value equal to -1 to indicate that there are no lower priority values. In
order for the process to work accura%é%y— the smal | est val ue nust be

adjusted first. Therefore | ock 530 riorit ;
20J is set to the hi ghe@!“'&‘?gﬁ"? S afe 9 %’35“’%1:’%&@472% égﬂtt‘egs éz
adj ust ed accor, I

roJundl ng funct‘?’gn V\%‘Q%@Jﬁ.gtbaygﬁ' § e vaI u%r{@t?%g mn%%g(r%gg?ﬁgrh?c}a

posi tion and $nais street mnbmeshonmnb;ﬂ)eémlapplhﬂf stiong<Y strokaso BaahoYi ndi cate
that the fi rst eI enent, which is the small est val ue of all Ee val ues I n

the array W [(#okeisciassifiedasastrongcstioke or weak stroke. thesipng strpke beYing 8 [err]

t th t
200" "The. addledlr G fnbd Bhin fleher, TYRbuokReEhd elgaify hfprr o, 21 T -
set to equal lincreaging RMph such thsﬁﬂmmstrmtmkas eedtically overlap, 1he lsrigerent
[err] and continuing by decreasing the index mof array B until an el enent,

[err], equals stroke wnmartmhewmneueaemeﬂrmmnwaﬁ egtgthetmeslj ust ed

| t hat | t.h | k+1. A
Search i'o i ni dFADLAE g'fsmv'ﬁ%r‘a{se”%'h bedR e ¥ BBpreingide & wilhey ™,
i ncreasi ngpt hejedy ?ﬁﬁm ﬁemﬁdjto[tﬁé EMﬁé ¥l Fig! ‘fOﬁ Mo stidkBabrmed 2

value [err] 1 has been und), then lerr] is the smallest adjusted val ue
that is Iargerbytsoamep&loq}atedﬂYOBny sasammmalsawoueﬂaasmmm ng an

i ndex val ue greater.tha ve bee searche n grray V 10/
which are gr effewm'ﬂ’ é’PP é@%’"ﬁ ﬁf%ﬁ{m’@e ‘FQfeﬁ’ 8ﬂ°’1¥1e adj ust ed
val ue of the \gidup élndfm&%ﬁ&ed/m nerit$ Y4 ahtd Y& WiNbe\BirFof theynds the
val ue in the parenthesis rr], to the nearest grid position and -
S is the scal anaihbtréatr r] 1 and the adj usted value of [err] is equal to:

15

~ Once the characters of the typefacé have been analyzed, to
determine visual eomponents which form the character and the priority of
2 importance of the components, the typeface is adjusted to minimize the visual
degradation of the typeface. The frame coordinates are adjusted in order of
importance, as dictéted by the priority of the visual components determined "/
during the process of analysis of the charact_er; and are adjusted by three
processes, referred 1o as the horizontal, vertical and diagonal adjustment I
S processes. The horizontal adjustment procéss adjusts the X coordinates of the
frame points describing each character and the vertical adjustment process
 adjusts the Y coordinates of the frame points. The diagonal adjustment process
adjusts the frame pom!s forming tb_e diagonal strokes in the character.

K ¢ - As will be apparent from the. following description, the adjustment
- ofthe characters of the typeface is optimized when ali three processes are



[err] Once the adjusted value, [err], has been conputed, at block 565, 20
the corresponding bit value which indicates that the value has been
adjusted, [err] is set to one-and at block 570, k.is .set to equal the val ue
[err] which sets the index k to the index _of the value in V that is next

| owest iw™ priority. If [err]is equal to=-4 then the adj ust ment process is

conpl et e_because there js no,va ' t ks | aTg err]
s not eé‘a'ual to yge,de{ogg{hm 853?5%%%@)1%@5“ uﬁ@ahf&ﬁﬁg?lj. gle%rﬁtplﬁ’é%eﬁg?so@% 545
and proceeds in Belpgﬁafﬁﬁpgh@jm iR€dnjuActiAWith dther methods ofadjtstment and
completion of the N''mted diVvergence process, array A contains the adjusted
val ues of the valstilbimprove the visual/characietistics 0b thesghampterstatahf tyRefacenow be
described referring to the 30 flow chart depicted in Fig. 12. In the

hori zontal adjustnment process, the thickness of the X strokes is an

| nportant visgal element. adiusith@ftiprocess willfirst Y& 8esdribed.! n gnesses
of all the X Strokes in tﬁ??{‘/’gé aceﬁl\ursghgl lg’bal |y adj usted (adjusted

relative to all hofAzohtaltadistmentiprodess; thp ddtabwidthoofithecharagter.the thicknessasps
anong the stroke thicknesses are naintained {hereby regularigin e
strokes. Pref er alof gtrakes withinog eharacter & @@éﬁl‘%*ﬁ éﬁ@&? gs B%?tﬁgt“%wg'ex and Y
stroke 5 t hi ckn es. of kAR, I s used
to gl obally adj uffrsg%@"%"g%agl?g%pﬁ?%ﬁ%gsasagssbﬂ\ﬁ\ﬁgylﬁeaﬁ?st gﬂgﬁﬁngofgﬂiﬂcknesses
are input to arr 3yatsresAhataié teslifablewprésarve nagnitude and the priority is

set. according to the frequency each stroke thickness occurs In the
typeface. Ond® the X stroke thicknesses are globally adjusted, the highest

10\—priority visual conponent he X nAi , 4 :

t hi cknesses of the st r_oke;}erﬂqp%slﬁépﬂngﬁagﬁds@g@ pﬁé‘%ﬁggﬂcﬁya{sﬁ%&a%eard&%r e,
at block 420. th ' Ad,thatmEs pixel, pesitiors t T friayee

adj usted, which ?giser %@ﬁﬁgsr“gﬁg%?%%%éngﬁt pl(,)‘f Phe X main sty_r eet
strokes within ezcbomplished byrsimfly rounding the coordirgite value lte: the reate8gtidar e

adjusted locally, with respect to the total w dth of the charac . The
gl obal adj ust nentPosiion.n Simpigpynding praseats Y@@QW&?H@?W"%B@E‘W{%

character to @it g BhdeSrobleftis dEaGF WREF tvd dittBieRt codrdinkite values, no matter
how close in distance, will be rounded to different grid positions for certain
scales. Inconsistent convergence occurs when two different coordinate
values round to the same grid position at a given scale and to a different grid
position at a smaller scale. This is visually undesirable because the visual

20 differences should decrease as the scale decreases.

To avoid these problems, an innovative process, hereinafter
referred to as the limited divergence process, is used to adjust off-grid
coordinate values and off grid distances. The limited divergence process

2  adjusts the values in the order of decreasing priority 5o that the adjustment of
the higher priority values influence the adjustment of the lower priority values.

Referring to Figs. i1a and 11b, the limited divergence process is
herein described. At block 500, an array V of n elements is formed containing

0 the values to be adjustad. The number of elements in the array, n, is equal to
the number of values to be adjusted. The values are organized in the array in



Since the width of a character is an inportant visual feature, It is
desirable to maintain the original width of the character. The wdth of the
character conprises the thicknesses of strokes and the X white space. Thus
to maintain the original wdth of the character, any distortion In total

wi dt h caused by the adjustnent of the-@8rokes is absorbed by adjusti ng t he
X white space. For exanple, If the stroke thickness as adjusted incr

the total wi dt hthefordecotincreasing valuescAt blogk 506, asacend prray: Piis fmﬁéﬁgég in

der t te f he 25
FiTst scal oq by carrapmones 1 Say Y ArRCERTR shE oYy droef T e bRBIEY 0 |
cal cul at ed aCCOEG P%&ﬁn&ﬁé {Ha\rid Bty Stk o tHb valsb in V[i). The priority of the
[err] - 31 - ere dth" is the total original character

wi dth, "Stroke' ialueds dbpmqaosum the nurnber ofi timescbe ¥slug pcsursdn thegroupet and
"V\hite Is the total oriagi

white space Ps ﬂ'ﬁbﬁsaa’hﬁﬁﬁé Qrerp 8‘ Yﬂ\égﬁ' ?’?ﬂ Yﬁi‘ﬁesd\"v@? aﬁﬂﬁé“?ffg@gggﬁhe% ri bed
above in order ﬁ.gg.gksé &]rﬁ}ﬂ{??tﬂﬁblﬁ 515Ca firdiQrfdly B bfn dletlahisds Space

wi thin each cha t hi esses of the strokes are globally
determned, 10 fornted. aldmaw,mmwélumameamadmyafaratsem zero.oRece aivalen t he

character is determned . locally. At bl ock 415, th | acenent of
strokes, that iVilisadusied tb@)Pﬂ‘E’%smd'f‘Gé"Q¥ FBF&@’ SWQP geHtoL0e, @I’?&ﬂcgéggr i s

o TELY et gD Wy R ! Sendld e‘?’fé‘;‘ﬁ“é“s"“f‘%r FReEfemoRls BERLT okes

n street S
[err] and [ ey ] axway ¥5andsepriiains theyadjusted ¥aluefoe [err] and
strokes[err]and {err] are separated by X white space W2, the relative u

| ocation of stroke [err] would be at the far |eft of the character and the

relative location of stro rEde ' _ ' igckness .
of stroke [err] plus the éﬁ?'&& %‘%%ﬂ%&gg}'f gh#ngoﬁfg#‘%ipg% {hﬁﬁé
relative |ocati Q) v aht@6htaird thd indax lofltHecvailigwhosepriofity is iimatiiatehplondr ust ed
t hi ckness of stroke [err] the adjusted X white space [err] the adj usted
than the priority of the value currently being adjusted. The element of the array
5 1 which_eorrespo'nds to the lowest priority value contains a value equal to -1 to

indicate that there are no lower priority values.

In order for the process to work accurately, the smallest value
must be adjusted first. Therefore at block 530 the priority of the smallest value
2 s set to the highest prioﬁty. At block 535, the smallest value is adjusted
according to the following equation: . ' NV

Al0)= R (V[0] * S)

2 WhereRisa rounding function which simply rounds the value to the nearest

~ grid position and § is the scale of the typeface. B [0] is set o 1 1o indicate that
the first element, which is the smallest value of all the values in the array V, has
been adjusted. The index for the array, k Is set to 1{0]. 1{0] contains the index
which points 1o the next lowest value (V[K]) in priority.



20 "thickness of stroke [err] and the adjusted X white space [err]. After
the X white space has been conputed and the adjustnent of the frane points
of 'the X main street strokes.is conplete, referring to Fig. 12, 25 bl ock
425, the frame points which formthe strokes not on X nain street are

adj ust ed..»The weak strokes and overl appi ng 5t4%Kes ‘whi ch did not make it on

main stréeet are aligned wi i-g? %@gﬁé@é@?&g%ﬁ%ﬁ%ﬁ%ﬁ@@&e ﬁ%éﬁﬁiyﬁr

side is conputed given the ckness of the stro The
strokes are adj ussetto equad keli. A séarch Isthén initiatechstaing atasayelsmentBimd and

referred to as the 3D, relative adjustment process" Referring Fig. 13a,
| ocations [err] ceRMtindng Py degreasing t Wﬂﬂé@?f@'ﬁyrﬁpﬁ"yr&f'ﬂtepi‘ﬁ- ﬁ‘ilg"ﬁ err]

Identify the - t ' ' ' | and
[err] identifies ?'ﬁ% T“&c%a{ﬁgﬁ& gwgicu%r(}{[&p %a@gﬁavﬁ?%%db\%!s&nw&& {@éﬁst% h{aﬁgé m a
stroke. The redatthgs VEK]i ASbIIEK 550)r9S $6t30 isqual&kseI. | A selrols isrigitiatet Skartingeat' | as
an exanple. First, it is determned which side or segnent which forns the

stroke [err] is oanayejement B(rikangcastinging 8y increasing the dndexiaf agay B yatil B(rl=1

ot Tocati ons [ orrdrtm MEePIRAER FROKRLTs 1 HasTepd BRS) En G oS S
locations [err] agdilistéd Valdé that i ¥RRYer thanAAK]C fr=RCalF siBMehisNalray B Havthg dmhe

di stance between [err] and [err] i's nuch shorter than the distance between
[err] and [err]. index wdiue greatdrdhan ldayebepn seambedanghnnvalppinearay¥ 10 the

cl osest main reet, side and is j usted rel atiye to the segnent at
| ogation [er rf& of W 'ﬁiamﬁ P@’é{wgﬁ‘@g”wﬁ#ﬂﬁ\‘%ﬂ-am usted using the
foltow ng equation: [err] 25 where R represents the function of rounding

the value to the nearest grid point [err] is the adjusted value of[err] and
[err] is the scale factor Hesmwthen théadjasigdualie obthelvatmtrfkdiss i dentified by

i st hnces between agj usted mai n stMELY ARHCRUSMORRIRE} eoy mad ncal ning ¢ he
relative di stancoyngrj HGEH WG WhichFburds'thé $81u8Mithe parenthesis, (VIK] - VIm])
15 *.8), to the nearest grid position and S is the scale. If ren, B[r] = 1 and the
adjusted value of V[k] is equal to: .
Alkj=A[m] + R{(A[r] - A[m}) * (V[K] - V[m]) / (V]1] - V[m]))

. Once the adjusted value, Alk], has been computed, at block 565,
2 the corresponding bit value which indicates that the value ha# been adjusted,
" B(k), is set to one and at block 570, k is set to equal the valué | [K] which sets
' the index k to the index of the value in V that is next lowest in priority. If i[k] is -
equal to -1' then the adjustment process fs complete becéuse there is no value
in V that is lower in priority. It ) [k} is not equal to -1, the process continues
2 again at starting block 545 and proceeds in a loop from blocks 545 to 575 until
Ilk]=-1. At the completion of the limited divergence process, array A contains
the adjusted values of the values stored in V.

The horizontal adjustment will nbw be described referring to the
0 flow chart depicted in Fig. 12. In the horizontal adjustment process, the
thickness of the X strokes is an important visual element. Therefore at block



non-mai n street strokes and naster coordinates and main street strokes.
Thus, the scale factor for the present adjustnent calculation is equal to:
[err] [err] Wherein[err] and[err] are respectively the value and adjusted
value of the location of the closest X.main street stroke side on the one
side of the segnent to be adjusted, ‘[@pr'} and [err] are respectively the
val ue and adjusted value of the 30 Ilocationof the Vis the closest Xgmin
street stroke siqgo, fid thidknedb&dst aii thE XtroREOINERL typRrdlE agfauyﬁééﬁgld@ggds IS the

scal e of the tyQ?e{I.'?&ﬁe - .3?i - ce the coordinates ) segnent
of the stroke, NIFiysied 'ﬁPg&Fﬂ"e%%'@"fﬂ“r‘P‘ Sypafage); s9-thaysize nelationsbipai nat es
01;]. t Ee ot he][ Sﬁgmno theef strdke thickrivisses| avé fviaitr)ltal‘iieﬁ therBby vegoldtising Bd ﬁﬁﬁ&yﬂl ng to
t hi ckness of t : oba adj ysted. . us., in the
present exanpl eﬁgéwbﬁg%@gf%@ﬁ%gaﬂfd&éﬂ g‘*ﬂ?’ﬂé‘ g“[grﬂd Xi stroke ¢ e

adj ust ed t hitkndkjckngssesof the tvprisce. REhe localidivergente plocessi ig usédto bl 430,
after the non- Xag@btthetX gﬁ.&k,sgﬁ&[ggsg‘gr@hﬂghw%kattpﬁgm%g%fge?q@pg{s%nat es of

mast er segments whi S@ dig not, 10 " form strokes and i nat es
which did not f8PFRY Yo Xrersofjreraasino,maonityde, and the priarity je sataceordinade di nat e
is aligned wit htheizeqienmecssch segkethickadss abcufs ifthe typefaeg! Stroke and the

di stance is rounded to the nearest grid position. The segnment of an X main

street stroke which is cl t NRiakitds L | |
determ ned. Referring to Fig. 'Ré;;* ‘f'ramgteer coosrsgél)ﬁgétjga?ﬁe'ﬁr#‘ﬁ?%é%gﬁe gpgg%‘st to
t he segnent 30 | pderty sisuptcomporientydheXgnain etreet| iscEdjusted. r The thickngssedjofst ed

(o], e’ Seal otedsiiakes Sno% el sifast hayi bonadtted: Inerefars; & Hesk2atnecX e
the segnents at g@ﬁagka&wﬁm 1565t hélh %iraﬂfsrtrgkéﬂkﬁsatﬂﬁﬁ&. viich gég&friﬁné’i

bl ock 435, Fig. ter all the master coordinates have been

;i(dj usted, the sl thecrelative placemesnt 6f the X mainsireet strokesowithinieacht eharadtert ar e not
15 The white distances are adjusted locally, with respect to' the total
“width of the character. The global adjusiment of the X main street stroke
thickness may cause the character 1o either ihcréasé or decrease in tolal width.
Since the width of a character Is an |t'n'p"onani visual feature, it is desirable to
| maintain the original width of the character. The width of the character comprises
20 the thicknesses of strokes and the X white space. Thus to maintain- the
original width of the eh'aracter..any” distortion in total width caused by the
adjustment of the strokes is absorbed by adju#tlng the X white space. For O
example, If the stroke thickness as ad]uste'dlneréase the total width of the
character, the total X while space is decreased in order o compensate for the
25 Increass In width. The X whie space s first scaled by a white space scale
~ factor. 'fhe white space scale laciot Is calculated according to the following
equation: - '

0 * Width - Stroke’
' White



mast er coordi nates) are adjusted. The slave coordinates are proportionately
adjusted relative to the two adj acent master coordinates wth respect to
the frane. For exanple, referring to Fig. 13b, slave coordinate X1 is
adjusted relative to master coordi nates X0.and X2 which are cl osest or

adj acent.to the 30 sl ave coordinate [err} Mespectively in the cl ockw se and

o7 'The. o ave coor oYhsrar e b ARG bR habdr i kS AP LGS |

[err] Wiere [err] giroke hckAsises bAdK maineRePand™Mehif* isheretanerighsal kawtile and
[err]. 10 The vertical adjustnent process is perforned on the

frame of the charaéP8¢e.t o adjust the Y coordinate values of the frane
points. In the vertical adjustnment process the upper and | ower vertical
extrenes of each character (that is the tops and bottons of character) with

respect to the gntire typef Jng scaledOwhitkcspade ithen adjustedusirigthe lisited al
feature. Therefore it is desirable to 15 mai ntai n the hei ght of each

character and the WiMergense pragess desrribed abavihinprderdo presesie thesymmetyof the
typeface. It has begn f ol J ops and bottons of the
characters are vi s§§P|‘Iy'?¢ana{'f’l gnsr?ghé]“@mﬁ'?ﬁga?lagggéﬁtg}'bottoms of ot her '
characters of the typeface. For exanple, the top of nbst upper case

characters are located In the sane regj on. Simlarly, the tops of nost of
the 20 |ower case char act efAthgugh thedhicknesses elibe stipkess argigiobally determingdso

b f dth [ A I I f.ch t.ypi cal |
align with t o AEEYuBRRETolIP ecahéh oipbieRRaE WG BCEahant 4", O Y
i1 Nustrated in Fi gdefetminb@dodahp. Al blobie4 18, 1 placernstt of fie stidRes thdt ithb dfme
case "b" is a local extrene for that portion of the character. The top

extreme of the charpaintee! thestrokes withineeach gharacten is simplyl daterminad aasardingtot i on
"B i's someuhat | n WLROPRRY Kbl sraRE. EBFRrarfil JERErstecet forspied Y £iat
case character *0" .dg. oG YEDE,! O8lx Adhd' % BB Nind 50663 X 2Kk, 'sRE RILSGH
invention utili_zes 1.2 374 5o 12 34 _
. separated by X white space W, and strokes X -X, and X,-X, are separated by
. X white space W,, the relative location of stroke X,-X, would be at the far left
of the character and the relative location of stroke X,-X, would be equal to
the adjusted thickness of stroke X,-X, plus the adjusted X white space W,.
Similarly, the relative location of stroke X3 would be equal to the sum of the
. adjusted thickness of stroke X1, the adjusted X white spaée W1, the adjusted
2  thickness of stroke X -X, and the adjusted X white space W2.

After the X white space has beén computed and the adjustment of
| the frame points of the X main street strokes is complete, referring to Fig. 12,

S block 4_25.th§ frame points which form the strokes not on X main street are
adjusted. The weak strokes and overlapping strokes which did not make it on
main street are aligned with the closest main street side and the other side is
computed given the globally adjusted thickness of the stroke. The strokes are
adjusted according to the following process hereinafter referred o as the

X “relative adjustment process". Relerrfng to Fig. 13a, locations X4-X5, X1-X3
and Xg-X1p, identify strokes on X main street, Xo-X2 and X7-Xg identify the



- 30 the above observations with respect to the vertical alignnment of the
characters in the typeface. The top and bottom extrenmes of the character
are eval uat ed - 35 - separately. Therefore any adjustnments perforned are
perfornmed relative to like data; e.g. a to; segnent of a character is
adjusted relative only to the top extremed2of other characters in the._

typeface and a &F ﬁg kS A ' L t.o
t he bottom ext rgﬁr‘é'ge%(rﬁ'ﬁo e;%%:ﬁ%'r‘ggt% E?(sﬁﬁ?%gmk ﬁae%%%g@gsqwg%@gr *
Eoissi b{,\,ﬁ ahY r‘emﬂhﬁfﬂﬁdﬁ madt-lu?'dﬂﬂ fdrivca strakel mndmanf 'wdm]wmﬁﬁtescr i bed
: . ; v . . |
of the. har at cPDORFS ABSLIRAT YAt SHRKP T KRS 8B RpbIes sk 1 PEOITBD. ¢ ho
h t in the: ) ? di nat
Fegt ons. o ol UNISRARER G saghibr ARERTRISR} Biolexr R Bbfiet I e sp Tl T 101 ©

of all the char iééyrﬁémdfﬁ_s\rbﬁaWmﬁﬂﬁetrbétﬁ-'l'hihfbrb.qmmNﬁéﬂ%xﬂhﬂeﬂfﬁ erm ned
by exam ning the coordi nate values where the top extrenes of the

char act ers occufistange batweanthe sgompals at lacations Xz ang X5 and dhe/distaneeli nat e

{ho" consecut 1 vePeashiif Radthe G AT BEMdnt Xp iR By Brfpaldl 'S clvhe S U1 o
apart. Thus if groth FigO13H, O GistaAle Between XgUdX ik MllthishoABrthad then t he
predet erm ned di stance apart from an%_aot her top extrene, a cluster

conpri si ng one distansethetween X5 and Xzd Therefare, the sidg¢ads the segmant closestdo
predeterm n distance indicative of .a cluster should be | arge engugh to
cause 20 tHe nifeFipsest man siaet siggand is %d‘%?ffﬁ'%w?g‘bﬂ\?ﬁeﬂgﬁepgﬁ@%?g for .. .
exanpl e, -the t oxgQls WPRRIn RABEsEEY REXTH.SXE s Bdudied Lising tie BlidWhg C! uster .\J
Preferably the g(rgedeﬂt‘%r m'nnée%d disstan’g% (ri:gy Be e\nﬁlt’hi n ?'aangﬁeb %f&\ga ue within
-the range of .O@Quation:01 of the sum of the ascender height and descender

hei ght of the typeface. Mst coordinates representing the top extremes of
the characters lie within a 25 smal |l quantity of clusters. At block 652,

some of the top clusters are thengd Lo de 1 @ ' rtant top clusters. The
HEEPIRGLEaD ¢ 888

I nportant clusters are subsequen _ ref erence points for
adjusting th@® vertical coordinates of the characters. A top

where R represents the function of rounding the value to the nearest grid point,
Xg' is the adjusted value of Xg and Ssg is the scale factor between the
segments at locations identitied by Xs and Xg. The scale factor functions to
proportionality adjust the distances between adjusted main street strokes
20 thereby maintaining the relative dis_tances between main street strokes and
non-main street strokes and master coordinates and main street strokes. Thus, \.J

the scale factor for the present adjustment calculation is equal to:

Ssg= (Xa'=-X=) * S
s | " e

Wherein Xs and Xs' are respectively the value and adjusted value of the
location of the closest X main street stroke side on the one side of the segment
. to be adjusted, Xg and Xg' afe respecti_Vély the value and adjusted value of the
3 location of the V is the closest X main street stroke side on the bthar side of
segment to be adjusted and S is the scale of the typeface.



30 cluster is an inportant top cluster if: (1) it is the extrene top
cluster of all the clusters or (2) the nunber of top extrenmes which
conprise the cluster is greater - 36 - than or equal to a predeterm ned
percentage of the total nunber of top extreme which 'identify the tops of
the characters and contain a predeterm ned_jm ni rum percentage of the nunber
of top extremes found in the largest or m “inportant top cluster.
Preferably an inportant cluster nust contain 10 to 20 % of the total 5
number of top extremes andmde theesbrddatesmf B fitspsegnient of thib stroid, in the

t in the | t ot | uster. At bl ocks 655 657, the |
Vertical ext r omeryeRst suambia oo Ascaciusted s Saeaminias pLingrotndspspment 8fihe

| uat ed to . deternine,t : . : i t
ol ustors. The | udtBke . Ao, Bla fiidtleq Sbtaiaff o fitknedfof B HLRT AN

to determne tge asshuglau{ikﬁag'nﬁaé?m thepredent beampls, X7 isaiqualtodheadjostedve Y
coordi nate val ues of bottom extrerres wherein no two consecutive Y

coor di nat e val uevaiuecofrXgrminus she adjystedithicknasseidheisti@kface apart. The
predet erm ned distance used to determine if two bottomextrenes 15 are
part of the sane cluster is preferably a value within the range of .005 to

.01 of the sumof the asceghghing%galti o6l 155 BIRERAS0, dier tel norFXimainistaett he
above guidelines for formng clusters, nost Y coordi nates val ues

correspondi ng t o stivkedate adjusted, thermastef cadrdinales of mastes segments whiohrgid pot
nunber of clusters.

clusters are ¥bt JoAD %&WS@E&N B\?F@?tﬁgqbrlg'?‘c s %W%ﬁ?‘tfgﬁ htﬁg@ Sgé}hérﬁg]t er
1) it is they@yh i RalchOtnabie? bSSrdmbteAb aiidrud valtH b idsest segient bF

nunber of bottom extrenes Ich conprise the cluster is greater than or
equal to a predetar Ximaint spreststrokegnd tive distancedis sdundediethegiearest grid position.

extrenes and the cluster contai ns,aﬁ?redet ﬁrm' neq ‘2;'5 'n{hrmm er cent age of
the nunber of botThe-segmantatan X Mmainsirept siwoke 4% 8?95%% 8iMANSt ant bott om

Sumber of | bt t om erdRstR P fst Adlproingtt ARG 13 S 130 mgbter bodidiiard KBS D18
extrenes in tiw |assReto the'sbgment atddcation X8 of main street strokerXeXs.hThusypor t ant

top and inportant bottom clusters are forned,
adjusted value of Xg is equal to:

X¢' = X5’ + R((Xs-X5)S59)

20 Where Xg'is the adjusted value of Xs. The scale factor Ssg is again used
U - because Xg is located between the segments at locations Xs and Xg of strokes
" ~ Xa-Xs and Xg-X10

At block 435; Fig. 12, after all the master coordinates have been
25 adjusted, the slave coordinates (i.e., those frame coordinates that are not X
master coordinates) are adjusted. The slave coordinates are proportionately
adjusted relative to the two adjacent master coordinates with respect to the
frame. For example, referring to Fig. 13b, slave coordinate X1 is adjusted
relative to master coordinates Xp and X2 which are closest or adjacent to the
30 slave coordinate X1 respectively in the clockwise and counter clockwise



the Y master segnents can be analyzed to determne if the Y coordi nates of
t he - 37 - * C L M S * the nmaster segnents can be adjusted using
the Y alignnment adjustnment process. In order for a Y master segnent be
adjusted using the Y alignnment process, the segnent nust: (1) be black
convex and He within an inportant clusta¥ -of the same type or (2) be the
top extreme segment or bottomextreme 5 segnent of the character. Ay
segnent is bl addirection/aleng the ¥rame. The egjustedvaius afthe slawe coordinale Xeise and t he
segnent has an "o‘ut " color direction or If the segment Is a bottom extrene
or local bottofRPene and has an "in"color. An exanple of a 10 segnent
which I's black convex is the top extrene of the character "0". The

al i gnnment of black convex segnments |Is a distinctive visual feature of the
characters that is desirable to prX¥gesXod+ I THX2'BIXp)k convex segnment nust

also be within a cluster of the 15 sar;e ype. Thus bottom segnent nust lie
wi thin an irﬁ)ortant bottom cl uster and "a&leL&egnent nust lie within an
i‘mportant top cluster. A segment is a tof %t nt if it has an "out" col or.
Simlarly, a segnent is a bottomsegnent if the segnment has an "in" color.
20 The Y alignnment adjustnent process perforns g rel ative adjustnent

of the Y coor diWhemsXg',0Xz) aesthewadjusted valses0f mastercanndinates Xoand Xz nt al
al i gnnent anong the characters in the typeface, for exanple the height of
characters, when such a difference can be accurately expressed using the

avai |l abl e rgsol ution of i: Bﬁ% i & dﬁ'ﬂ rdniee

di fferencesﬁSMen the 25 reso dﬁ?éﬁlﬁ ec\(g*rrégm?oo c,pgfa}?@té. g{agr ocegfsth?akes
into account t heharstér tb agjustetyY codrdinatesvaiued df tenframs points: sindhie vbgicalane
type vertically align into the sanme regions. Referring to the flow chart

Fig. 16, the Y adiysimeatRropessdibe ypapn wer yeriical @xtzemes etieach charagier 700,
LD Loy o0t Ao eyt Ao S it 4
considered {0 be an important visual feature. Therefore it is desirable to -

15 maintain the height of each character and the vertical relationships among the
characters in the typeface. It has been found that, in generai. the tops and
bottoms of the characters are visually in alignment with tops and bottoms of
other characters of the typeface. For example, the top of most upper case
characters are located in the same region. Similarly, the tops of most of the

2 lowercase charécters are located in the same region. It has also been found
that in many cases the local extremes of ch_éractérs typically align with the -

extremes of other characters of the typeface. This is illustrated in Fig. 14. The ~
top of the circular portion 600 of the lower case *b" is a local extreme for that
portion of the character. The top extreme of the character "b" is at the top of the
2 long vertical portion 605. It can also be seen that the top local extreme 600 in
the character "b" is somewhat in vertical alignment with the top extreme of the

lower case character "o" 615.

The vertical adjustment process of the present invention utilizes
3  the above observations with respect to the vertical alignment of the characters
in the typeface. The top and bottom extremes of the character are evaluated



the extrene top coordinate value, It the cluster Is a top cluster, or the
extrenme - 38 - bottom coordinate value of the cluster, N the cluster is
a' bottomcluster. At block 705, YIMPT is rounded to the nearest grid
posi:tion to produce YI MPT. At block 710. t di stance "d" between the
segnent in the inportant cluster and YINPT s determ ned. At block 715, the
| i mited di~vergence process is used to ust_ the distance d. The val ues

of all the distark®parately. Eﬁfmaﬁhédlﬁitw Reriogmed.arp %ﬁ"‘"gﬁ@@’%{ﬂﬁ’aﬁﬂe

correspondi ng VI A

order that the V:VEQL-?a Lag?éﬁ o'ﬁgh%&gr?o Jﬁﬁ#@‘éﬁ%u&b g’%ﬁé °3§§?i d
after adj ustnent exﬁ@mbh@ﬁ&hi?&ar&d%&smdtwmaaémdomﬁee mebfaf t he
segnent |s conmputed. If the segment is a top segnent 20 t adjusted Y

coor di nat e val ue charastpris admstp relyuvelcrnlx odhe bgiiem exiremas pbothemmgmerﬁtm t he

adjusted Y coqdipate aI u rr ow chart
of Fig. 17 wl %]r ﬁﬁ%\ﬁyﬁg acp lferrﬁ‘f p@ﬁ?'é‘?cédf sﬁbfﬁ%&'ﬁ@%g‘ﬁﬁﬁg@?gﬁ usters
[err] and [err] th?nﬁ\Gﬁtt pibtese desbRtyd Buldw Whiéhtdiﬁﬁsﬁiwse@ﬁﬂé‘hl ®ith g v] and
[err] are top inportant clusters. Assune, for t urposes of illustration,
the top segnent wégicns tefineddydhe axtremes ofithe cbaflaoﬁef%mfdm typelaget om segnent of
each stroke has an "in" color. Strokes [err] and [err] contain segments
whi ch are black convex and [err] and [err] are 20 strokes on Y main

street. At block 665, the S 18] at'BiSek 65D i’?@"%ﬁd M:
adj usted using the Iim'te(ﬁﬂl '\;/dgﬁgen e process. Prefera the Y {) es are

cle |y adj Ut echre evaluated todelahametthoN@ocdlnatbeegngqmmlustm' vitiere Itha367
hew~dal ues of "d" the di stance between a se nent to be adl ust ed u5| n the Y

aI i gnment  pr ocesé‘mﬁﬂ"ﬂcﬂ‘ﬁé"qmm-éqp exema L?%P'é?het‘-‘r?é' the,typal
are globally adj ugsegd léﬁlsms% étbmlﬁ&fibgkgﬁnéiﬁ?ﬁﬁe &%ﬁﬁatet%e&%e?d’d

bottom extrenes are a I nmpor VI Sua ar ac

therefore, at bl Qﬁkt&ﬁenwmwgmahaammf &nd balcilaingthd distadcerbetwedrenes
of the character are adjusted usi ng‘bdhe Y al ;énrrent process. If the Y

segnents are par ttheff @M’ﬂ%‘ﬂé’aﬁ{eﬁe pster iscaysat of consecktiveY copdinate values
15 wherein no two consecutive Y coordinate values are more than a

predetermined distanpe apart. Thus if a Y coordinate value of a top extreme is
more than the predetermined distance apart from any other top extreme, a
cluster comprising one top extreme is formed at that Y coordinate value. The
predetermined distance indicative of a cluster should be large enough to cause
2 the majority top extremes in a certain region reflecting, for example, the top of
\./ upper case characters to be part of a single cluster. Preferably the
' prédetermiped distance may be within range of value within the range of .005
to .01 bf the sufn of the ascender height and descender height of the typeface.
Most coordinates representing the top extremes of the characters lie within a
&S small quantity of clusters. |

At block 652, some of the top clusters are then identified as
important top clusters. The important clusters are subsequently utilized as the
reference points for adjusting the vertical coordinates of the characters. A top

2  cluster is an important top cluster if: (1) it is the extreme top cluster of all the
clusters or (2) the number of top extremes which comprise the cluster is greater



30 |I's adjusted according to the adjusted thickness of the stroke. For
exanple, referring to Fig. 18, the bottomextrene segnent, Y. is - 39 -
adjusted to cluster [err] using the Y alignnent process. The ot her segnent
[err] of the stroke is adjusted according to the adjusted thickness of the
stroke. Similarly the top extreme segme¥t=[err] of stroke [err] is adjusted

st ed 5 - ackiangy agoeuo apredppiine PRy TReR SuRg o iRt SFb oftbeEs. |
coor di nates of wWhkh iadtin(l 1558 b BharaBiRFad Gorisln wprGdateinifed miimams | I cet

Is adjusted. A e segnents of Y main street strokes which are

bl ack convex aedrcbhﬁbébfmdmbmpexlrmeefoundinm largest or most impertast ust ed
10 wusing the st roke

al i gnnent process. At block 675, if a_se E
wgs adj gst ed bziomlt!ﬁﬁ'grﬁf@fﬂ@b‘! fa impatiant S'E&ﬂbﬁ!‘:\mw Fé?‘gg&g@’ot ??‘Bﬁ'e is
. : _ : : T Tt th
2d) Ust od o1 Be. Pmpel §Pp Rufinetiri e elsr S8R50 Kot viEndEof op ttpmetin 1€

tthe stroke is rmﬂuwmbhm ng the adjusted thickness of the stroke to
the adjusted Y coordinate value of the Y aligned stroke. Simlarly if the
adj usted side is above the other side of the stroke, the stroke is adjusted

Cpordinat e value. of t ho ANBKEHE A8 aPh 87, B ' SeblcalLimmAbUIAT o ;|
Fig. 18, Segm%r&ﬁﬁés){of% bdrs it typlach dré bvallated to detelmhing kheciatiorx and

Wi thin inmportant c er of the sane type [err]. Therefore the Y frane
coor di nat e 10f iclustersgnekthie importantibottanjclusters. The slysters:are determinas4sing

20 et ea" acbor dhe gime pasess et we st dehitite i Ton e d, ABGRITpubEl |
main street stk ‘§§tO&r &ng%dltjlgé Z&;.dd?tiﬁ%? VBfed of botichn 8RAsiRes WhéreR i fvd he Y

whi te space needs be ock 680, those white spaces between
the adj usted Yconégtutive Yedoordinanl values areimory thanaaipfodetermined dlistande st r okes

are adjusted, ngn.YTan ue%efee%icneedid?stafrilérest}seg %’1 tl'.lthgm?iXe if two bottom extremes
15 are part of the same cluster is preferably a value within the range of .005 to .01 -
of the sum of the ascender height and descender height. _Following the above
gdid‘elines for forming clusters, most Y coordinates values corresponding to the

bottom extremas of characters lie within a small number of clusters.

20 At block 657, the important bottom clusters are determined. A
bottom cluster is an imponant.bottom cluster if: (1) it is the extreme bottom G
cluster of all the clusters or (2) the number of bbttom extremes which comprise |
~ the clbster'is greater than or equal to a predetémined percentage of the total
number of the bottom extremes and thé cluster contains a predetermined
25  minimum percentage of the number of bottom extremes found in the largest or
| most important botiom cluster. Preferably an important cluster contains 10 to 20
% of the total number of botiom extremes and at least 20 to 30 % of the number
" of bottom extremes in the largest bohom cluster. '

k1) | Once the important top and important bottom clusters are formed,
the Y master segments can be analyzed to determine if the Y coordinates of the



multiplying the white space by the white scale factor which is equal to:

- 40 - [err] 5 Were [err] is the original total Y distance fromthe
bottomto the top of the character, Stroke' is the total thickness of the
adj usted strokes and White-I's'the total original Y. \Wite space. 10

The scaled Y white space is then adjustedjil-ocally, using the limted

di vergence process described earlier in this docunent. However, it is
necessary to scdhe master segmentsdantbe adjusied ysingrthe salignmenbadjustment adj ust t he

kes. |f nb f ' b f i itions,
Then N+ 1 i 1 cPIOBERs0n BISE 57 anE sl Se gt he sehydierl s tro Y fariient | 010
space are neededprpeeds? el segent'Mmust: {N'tcbladN convBe and W 'witkin epamponantt t he

| argest Y white space are adjusted because the largest Y space is visually
the | east sensi t¢insieief the sametypeion (2)ibedhe foprextresne segmentior boltem|extremet whi t e

space will then pe e I fference of the total Y distance and the
sum of the a?us&@@%ﬂ)‘?&%h%@sses and Y white 20 space. At bl ock
685, the strokes on. Y nmain street which could not be adjusted by Y

alignment are adjusted relative to the adjusted strokes and Y white space,
using the rel ative adj ust Asegmentisblack fonvex ibitis alop axirempprionattopocunent .

Thus, In the exa . ' oL ¥ I 5 i's
adj usted. First %k&es%‘e)%ﬁﬁgﬁghgﬁ'Fu%st%ns%Er%%ﬁhpﬁ'%@#ﬁéﬁé@hﬁe [err]
or Y7, |s cl osespotigm 8aréime btocasl batiom extremetandthas lan “int colbfii An example of at he
di stance between [err] and [err] is conmpared to the di stance between [err]

ang{d; err]. B¥ausegmen which g senvhxs the.lopjexiame of the chatactess 'Oy ThR t he
di th b ' ' b
ol gned rel at i veol e Bf bl Bhvaf'sbpmelidls 't ifiel Wero e 0 |

[err] characters that Is desirable to preserve.

The black convex segment must aiso be within a cluster of the

—— [,

15 same type. Thus bottom segment must lie within an imponint_ bottom cluster'and S
| a top segment must lie within an important top cluster. A segment is a top
segment if it has an "out” color. Similarly, a segment is a botiom segment if the
segment has an *in" color.

20 The Y alignment adjustment process peérforrns a relative adjustment of
the Y coordiriates to preserve the visual differences in horizontal alignment
among the characters in the typeface, for exan_lple the height lof characters,'
when such a difference can be accuratélv expressed using the available
resolution of the display device, and to eI‘iminate’the differences when the

25 resolution becomes too coarse. The process takes into account the fact that
most extremes and local extremes of the same type vertically align into the
same regions.

Referring lé thé tiow chart of Fig. 16, the Y alignment process will

herein be described. At biock 700, the important Y coordinate value YIMPT of
:!i the important cluster the segment lies within is determined. YIMPT is equal to
the extreme top coordinate value, it the cluster is a top cluster, or the extreme



- 41 - where [err] Is the adjusted value of segnent [err] and [err] is the
scal e between main street segnents [err] and [err]. The other side of
stroke [err] is adjusted by adding the adjusted thickness of the stroke to
the adjusted value of [err]. 5 Once all the strokes on Y main street are
adj usted, the segrrents of t he strokes whi38h did not make it on Y nmin

dj d b 17 bl 690, . th f
St 1 okes not o PoRgmeoetdnate Ve pihe chislasitine cRistaros's botiomcinier. AR =" ©
i mpor tant cl ust Sfocﬂf7o§h?1m folifded 18'tRe hbardsy ﬁ?ﬂinﬁ&'t&%&dﬂﬂe\ﬂm’wnmm

adj ust ment process. Sim y, at bl ock 691, segrments which formthe
ot her sides of Mblackr?dﬂemedtslam'd&WQMﬂwsﬂwmB\ﬁ\hémadqmm::bdlethndkness

of each stroke. C Y, nai n street S are
15 adjusted r eI@MPQJ [Jéiﬁ'ﬁé*ﬁé’é %&Mgnﬁgrﬁ&gpﬁ‘f‘@%@g"%§ ’5
relative ad ESt ﬁiﬂsﬁs fleUisiance @‘?ﬁe 9hlues BFalFthd Mstdnces ¥ %@ﬂ%egot a]E orm

bl ock 695, ter coordinates of Y master segnents
strokes are 20 sagmestsdd.belY aligred\anddbe corresponding YIMPH ulkem\iupultmd

t hi t | ust f th h t
the val | gniont 1aeipimted Aivafases brocesf B emirahin the GispaCRTtortRps AR R: ¢ he”
segnent |s adj usg geprhéia e/ Malntaifdtfaffd iabbirenY. APbIBCIET20, the 8j0kSY USi Ng

the relative adjustnment process. For exanple, master coor di nate [err] In
. Fi'g. 18 woul d bepozmmaiqjvabeoalheeqeomenblsmmpu\eﬂ] liithe segroent ds a topasgmest r eet

or “Terr] R B 2Pp iR ¥ Syl vehif plog B0 METHE. Wb haeBiNIERTT .

nearest grid pojdoniségiient/the sdfusiddey Escrtimaieciahieis eliuanbwlﬂmeetr strokes,J

sides 7 and 11, the two closest segments to [err]

Fig. 18 and the flow chaﬂ of Fig. 17 will now be -
ilustrate vertical adjusiment process. Clusters Yo-Y1 and Y3-Ys are botiom
15  imporiant clusters and clusters Yg-Yp, Yy z-Y.l‘é and Y17-Y1g are iop
lmponqm clusters. Assume, for the purposes of illustration, lhé fop segment of
each stroke has an "out" color and the botiom segmani of each stroke has an
*in" color. Strokes Y2-Y4, Y§-Y7, Y11-Y13 and Y15-Y16 conlain segments

which are black convex and Y2-Y4, Ye-Y7, Y11-Y13, and Y15-Y1 are

2 strokes on Y main streel.

: o/
At b_lock 665, the thicknesses of the Y strokes are _globally adjusted using

the limited divergence process. Preferably the Y strokes are globally adjusted
relative to the stroke_s of the typeface. At block 667, the values of "d" the
dista_nce p’etween a segment to be adjusted using the Y alignment process and

25 the YIMPT of the cluster the segment lies within, are globally adjusted using the
limited divergence process. The top and botiom extremes are an important visual
element of each character, therefore, at block 669 the segments which are the
top and bottom extremes of the character are adjusted using the Y alignment
process. If the Y segments are part of a stroke, the other segment of the stroke

30 is adjusted according to the adjusted thlcknass of the stroke. For example,
referring to Flg 18, the bottom extreme segment. Y, is




At block 697, any remaining Y master coordinates are adjusted relative to
the adjusted Y main street strokes using the relative adjustnent process. 5
Af bl ock 699, the Y slave coordi nates are adjusted. The Y slave coordinates
are adjusted relative to the two master_cgor di nates, which are adjacent to
t he sl ave7coordi nate with respect to the frame. The slave coordinates are

dj usted*~n th X sl di nat
P ovess. doscr | bod SRS B SR YooV £rgo Y signet Brogsen; A %sssfae@ss
the adjustment of yifgiRe rﬁfl?@(aqb'&a Qt%d'd%c&n’aﬁrghe"thezﬂci]&ﬁbd fHickn¥8s bf tha! stroke.

di rection have been desc wever, there are’inportant visual features
whi ch are not ori (SlrmhﬂylthetdpaenmmeanYhelolmkeahs]:‘MstﬁadaMGd)towmem

Shoul 0o TeSer G0 S ey Mie ik 0 @f%ﬂq@ssgzéaa%&%agoﬁ”
7L okes SUCh, 25 | R BPRIEDl SHAKTPikabd 8 b i, i ¥SobBile o

In order to insur ese res are preserve

frame coordi nat es trg toplind BorbMmExtreMeslareidjlisied)the Yanain stredtiiokdjastede al so
adjusted. 20 Referring to Fig. 19, at block 750, the diagonal lines are

ordered according to slope. A diagonal line is any line which is not a

hori zontal or al nost horlzo ert l'i ne.
At bl ock 755, groups are f %ﬁad‘hgg%ﬁ#g{s %ﬁﬁﬁ#@%@‘ﬁ% se in
angl e. The size OfpiddR@ohvex m.nknt.msoﬂr@ms@havmsamezbsehfwﬂuaea hat it
enconpasses a | arge nunber of diagonal segnents, but the fange shoul d not
be so smal | bl t usingtthe Yoaligopenbprogessacl ude t hose segnents that are

par\&l/'l el. Preferably the diagonal |ines are grouped in ranges which vary
from10 to 20 degrees. Most preferably the Iines are grouped together in 10

degree ranges. S0 4% Wilockler8!ir &38gmbhrord ARREWes'ddiRtedyy' Ot at ed SO
alngnmem the other segment which forms the stroke is adjusted according to
the adjusted thickness of the stroke. Thus, if the adjusted side is below the
15 other sidé of the stroke, the other side of the stroke is adjusted by adding the
adjusted thickness of the stroke o the adjusted Y coordinate value of the Y
aligned stroke. Similarly if the adjusted side is above the other side of the
stroke, the stroke is adjusted by subtracting adjusted thickness of the stroke

from the adjusted coordinate vaiue of the aligned stroke.

N\ - In the example illustrated in Fig. 18, segment Y13 of Y main street
: stroke Y11-Y13 is black convex and within important cluster of the same type
Y4 2—Y_14. Therefore the Y frame coordinate of the segment Y13 is adjusted

using the Y alignment adjustment process. The other segment which forms the
S stroke, Y11, is adjusted according to the adjusted thickness of the stroke.

The remaining Y main street strokes are adjusted using the Y
white space. Therefore the Y white space needs to be adjusted. At block 680,
| those white spaces between the adjusted Y main street strokes and unadjusted
X  main street strokes are adjusted. The Y white space is first scaled by
multiplying the white space by the white scale factor which is equal to:



vertical lines. To rotate the lines, the angles in each group are averaged
and each diagonal line in the group is rotated by the conpl enent of the
average angle of the group. The rotation of the diagonal segnents result in
vertical or 5 alnobst vertical segnents, fromwhich the diagonal strokes
can sinply be determ ned. At block 775,_the rotated di agonal segnents are
anal yzed to determne if the segnents form di agonal strokes. The '
requirenents for formng 10 the strokes are the sanme requirenents for-~
form ng X strokes discussed earlier; = loke is found where two
opposi ng segnents, the first segment havi E}“an "in" color and the second
segnment having an "out" color. vertically overlap for a distance sufficient
for the visual b isl e i agonal
st rokes havegbegﬁgﬁygmaﬁgfﬁdgfﬂﬁ%‘c’t%#?g’gmttﬂ?c tr‘n"e’-‘s‘ges o?ﬁtbﬁ'ehédi agonal
strokes are adj cisdracier, Bwoke'iis thectotab thickness: ot the adjustedsirokéscand Whitefietheed t o
as* "enpat hy adj ustnent”. _ln the enpat hy-adjustnent process, the thickness
of . t he di agonal '@Q‘Rﬂ@"!'@mﬂ)ﬁﬂ@&'to the stroke thicknesses of the X and Y
strokes to find a vertical or horizontal stroke 20 thickness that is close
to or equal to the diagonal stroke thickness. If a vertical or horizontal

stroke thi ess is-rﬁéq ' L str.ok I ckness, the, adj usted

t hi ckness of the di ago%a 'eé?r%ﬂgaiqbggéqjﬁgﬁm?@d{‘ﬁgeé@fﬁ ‘fé'ﬁ'qgh‘is'e(ljm of that
hori zontal or diesrgencd préceskcdescribbd arierGANMis Yoe@hent. i HEWBVeY, iiS 1910t
equal to a horizontal or vertical stroke thickness, the two cl osest

t hi ckness val JRCessaX tosscale. pplycthe Y iwhite,sparce ta be uged dn ardemtonadjust

di agonal stro t & es ngd | ess than, t he
di agonal str o@et %%r%’es?, ﬁa&éﬁ@g’ey %?)ﬁgé?rp% ;&‘6[] ﬁ‘i@é%@?@%‘ i Pc s of
the di agonal spasitionsathem Nitigwhitetspacébound the sidesoofi the strokes afid onfyl € I']

err] 5 e ID.i.,s the thickness of the diagonal stroke, TL is the cl osest
[st ro]k e Wi%r thu?e space are naeSe to posigon the gtrokes. All the Y white spaces

but the largest Y white space are adjusted because the largest Y space is

LI ]

C

‘visually the least sensitive to a change in dimension. By default, the
largest white space will then be equal té tﬁe difference of ihe total Y
distance and the sum of the adjusted stroke thicknesses a.nd Y white

20  space. | -

At block 685, the strokes on Y main street which could not be
adjustad by Y alignment are adjusted relative to the édiusled strokes and Y
white space, uslnb the relative adjustment process described earlier in this o/
" document. Thus, in the _examp(é shown in Fig. 18, ¥ main street stroke Yg-Y7
2 Is adjusied. First it Is determined that segment which forms the stroke, Yg or
Y7, is closest 1o an adjusted main street stroke. In this example, the distance
between Y11 end Y7 Is compared to the distance between Yg and Y4.
Because the distance between Yg and Y, is less than the distance than
between Y7 and Y11 the stroke side Ys will be aligned relative to stroke side
D Y4 uélng the following calculation:

Yg'=Y4' + R{(Yg - Y4) * S411)



t hi ckness less than TD, TR is the closest stroke thickness greater than TD,
and [err]. TR respectively are the adjusted thicknesses of TD, TL and TR
10 - The frame points are adjusted by displacing each segnent of
the-diagopgl stroke by one-half of the ampunt the stroke is adjusted,

[err]. However, the diagonal stroke cannot be nodified by sinply displacing
the segménts by [err]. The end points of 4he di agonal stroke nust be
adjusted in such a manner that the thicknesses of the adjusted adjacent

strokes 15 are rwhen ¥Xighisdhe hdjusted valub®f Begmentiy antESifiiis iecscaisbativebine
adj acent strokes, the franme points at the_intersection of the adjacent

stroke and the difadjd sifeetnegnientsa¥4sangd ¥11.aThe othenside af stEgked#. isadjustad by

adj acent stroke. | S ohS Al X | P FQl:

11 Setrat o, ¢ hdolBabs skuplgaiBliis sl s U IAER o Vg 510
812 and di ago;al stroke 814. Using the enpathy 20 adjustnment process, the
t hi ckness of diagonal stroke 812 is to be increased by an anobunt W

Therefore segnents 816 andOftalkthe strakds ah ¥ phain siedd \ara adjusted, the segents

| ocati ons shown as 820 and 822. . To nmi ntai n.the thickness of ,strokes 810,
frame point 824 i%t'ﬁﬁ‘mﬁﬁ'ﬁl‘:ﬂ %P?&m%‘?dt%ﬁwaﬁ%e%&m?&%edﬁ E‘egﬁ"&ted to
poi nt 832 Si m | ardauy . (ﬁ&g | r inf 25

poi nt 834 is adj ustet'j‘; ?’89?)?)}?'nt ﬁaggg%gg\ﬁgﬁ%?{rﬁ%s%k?g&a Ja'l?ss?'g 't o 840.
Each frame point whictaadieLblackiconvei andiwithinyan ifipertantolustér df tsersame typie, are

adj ustments performed can be broken down Into 4 cases, Case | |s the

adj ust ment ofl0a radjustedhusing thenY akgnment adivstmant prcass Bimilarly..a binck 881 utheed

Frams poi nt. connABOTRRNIEY lotynd B kighe ptihe 3Hpkes iF achd¥ alSbreli S, '
segnent that is nRAé abjusidd thicknuss ofl elétbstrokel S t he adj ustment of a point

preceded by a segnent that is not to be adjusted and foll owed by a segnent
that is to be adjusted. Case 3 is - 45 - the adjustnent of a point

bet ween segnments that are pqth.tg be adjusted, byt adjusted py different

amounts. Case 4 is the adj&&'?@‘r#%ﬁ‘ea' dhic M'mnjgﬁﬁﬂé%?gzmech are

both to be adjgust i 7 QeRiivey of the
st [@fusiie Foifive 'The ueUstEd Y ‘main straet strokes Uiy B tERiie

first case is ill in FIrg. 2la. Line
adjustment process.

_ Once all the strokes have been computed, at block 635, the Y
master coordinates of Y master segments which did not form strokes are
2 adjusted. If the Y master segment is black convex and within an important
k/ . cluster of the same type, the segment is adjusted using the Y alignment
; adjusted process. Othgrwise the Y master coordinate of the segment is
adjusted relative o the adjusted Y main street strokes using the relative
adjustment process. For example, master coordinate Y1g in Fig. 1b_ would be
S adjusted relative to Y11, the closest Y main street side using the following
equation:
Y10'=Y11' - R((Y11 -Y10) * §711)

Where Y11'is the adjusted value of Y1 1. R is a round-off function which

2  rounds the value to the nearest grid position and S711 is the scale between Y
main street strokes sides 7 and 11, the two closest segments to Y11.



represents the segnents of a diagonal stroke to be adjusted. Line segnent
855 is the adjacent segnent which is not to be adjusted. The frane point of
the stroke which requires adjustnent is identified at 860. In the present
exanple, line 850 is to be noved a distance d to adjust the diagonal

stroke. Therefore 10 franme point 860 nust be noved al ong segnment 855 to
point 870. By adjusting frame point 86 to 870 the thickness and —
orientation of the stroke forned by segnent 855 are preserved. The adjusted

Erom the framme poi nts. vt BIRGREE7oR mehained 3 pder Conrinetef a SaRBE 0
known val ues [ gdiitlveddthd djustbd tv@«asm shr8bf strokBs uaamwmmwsm ustiverie

cal cul ated using trigononetric functions. The |ength of the hypot enuse 875
of the triangl prdcessed by the vertices franme point- 860, new franme point 870
and point 880 is calculated according to the equation: 20 [err] Once AH 875
is calculat®d, the [err]and [err], which nust be added to the coordinates

of frame point 860 to d%%ﬁd&&%ﬁ{)@mﬁ Y”‘QiaVé &dﬁﬁfysddrg%ﬁ[sf%o T@E) ¢ sfave

cal cul ated according to equat 1 ons

Case 2, which psordingtesasie adjdstwrbmue@ltd theRtiwd nidstér. coordindtes, awhictsarent of a
poi nt preceded by a seq ment that is not to be adjusted and a segnent to be

agj usteg Segrediacendo @qulﬂﬂé"ﬂihdgmt%%rf@ﬂetmﬂ slave t o be
gd} ﬂgtgd al n tﬁ%égwg?grﬁ%g@}% inleiBeﬁ'gl n ﬁé{/v rom Plﬁ%)?,oér&ngfbts Js&&t he

angl es [erlld) afd ?ﬁéédsddd&hmﬁmhdpa .11@B. we can cal culate [err] which
i s equal [err ~[err] Terr] and [err] which are addedws/

to coordi nat e point 910 to result in adjusted point
A this point in the process the adjustment of frame coordinates in
the horizontal and vertical direction have been describéd. Howaever, there are
important visual features which are not oriented in the vertical or horizontal
15 direction which should be preserved in order to minimize degradation of the
character. For example, it is desirable to maintain the relative thicknesses of
| diagonal strokes such as the diagonal strokes in the letter "N" or the letter "W".
In order to insure that these important visual features are preserved, the frame
coordinates of the characters which form diagonal strokes are also adjusted.

Referring to F'lg.' 19. at block 750, the diagonal lines are ordered o/
according to slope. A diagonal line is any line which is not a horizontal or
almost horizontal line or a vertical or almost vertical line. -At block 755, groups
are formed of diagonals which are relatively close in angle. The size of the -
2 range of the group should not be too big that it encompasses a large number of
diagonal segments, but the range should not be so small but that the groups
only include those segments that are paraliel. Preferably the diagonal lines are
grouped in ranges which vary from 10 to 20 degrees. Most preferably the lines
are grouped together in 10 degree ranges. '



915,. are cal cul ated using the foll ow ng equations: 10
[err] [err] Fig. 21c illustrates case 3, the adjustnent of a point between
two segments that are both to be adjusted, but adjusted by different
anounts. 15 Referring to Fi'g. 21 ¢, frame point 925 is to be adjusted to
point 93Q in order to adjust segnent 935 & 4B stance do and to adj ust
segnent Q40 a distance [err]. In order to calculate the adjusted coordi nate
930 two sets of cal cul ati oAtblaclke7¢G; the diagonal lines arecrotat¢dse thahtheyfappear as
945 where the framg

| cul ated to deterpnine thegreti dj ust ed poi nt
poi it 905 15 a caRaalJappoTe rowisdhe fabs. e hodles Biaedh ordhp wh R, | e

940 to be adjuste ol : [ f: '

adj usted, line 93%‘@%%2@&@? blgzrug lggé%g? gﬁe ??)A‘glgtﬁ‘eeﬁﬁtntggaab grea(g:gnd

t heoretical adj usamsgle pbiheigréip) Thecrotzition oh thef diagonapsegmentfesult inaverticad 0P
calculation, that is, a franme point is preceded by a |line 940 not to be '
adj ust ed f ol | oedaifpstverical 59%3@‘&'ﬂ%!“z!ﬂ?‘hhs‘f‘éﬂ'aﬂ%i"ﬁ'&m%q%ﬂw.'y B%e points
925, 950, 945 25 %B&Tiﬁfg forma paral aogram therefore the adjusted point
930 is equal to: ? g rr] 30 Case 4 Is a point preceded and
sucteeded by lines in which both lines are adjusted by the sanme anount.
Referring to Fig. 21 d control point 970 is preceded by line 975 and -

fol l owed by |ine 980. Bot hAt biack 378 the iotated diagopal segments areanalyged id aced a

di stance d. Theref,gre,. control point 970 t adjuste nt

[err] and [err] tgeqf@g'ﬁ?? rt}f%s qﬂitst{ggn ﬂﬁpﬁﬁagggﬁe%gﬁhg '%ggﬁghngﬁgg%inﬂg t he

fol 1 ow ng equ%: Ofhe strBkéd are the same requirements for forming X stfokés Hi8austed atiier;t he

t hi\ckness of the diagonal stroke and TD is the adjusted thi ckness of the

di agonal stroke athds aestroke isfduficbwhgredwo opposingrsegmerits,dne finstbségreent having he

character. ) , : .
. an "in" color and the second segment having an “out” color, vertically o_verlap

for a distance sufficient for the visual definition of the stroke.

15 ‘Once the diagonal strokes have been determined, at block 780
the thicknesses of the diagonal strokes are adjusted. This is performed using a
pmcesé herein referred to as "empathy adjustment®. In the empathy adjustment
process, the thickness of the diagonal stroke is compared to the stroke
thicknesses of the X and Y strokes to find a vertical or horizontal stroke
2 thickness thai is close to or equal to the diagonal stroke thickness. If a vertical
o or horizontal stroke thickness is equal to the diagonal stroke thickness, the
| adjusted thickness of the diagonal stroke is equal to the adjusted thickness of
that hoﬁzontal or vertical stroke. If the diagonal stroke thickness is not equal to
a horizontal or vertical stroke thickness, the two closest thickness values, the
25 closest thickness value greater than the diagonal stroke thickness and the
closest thickness value less than the diagonal stroke thicknéss. are used to
compute the adjusted thickness of the diagonal stroke according to the
following equation: |



[err] is simlarly determ ned by the follow ng equation: [err] [err] 15
Once the diagonal adjustnent process is conplete the frame points
representing each of the characters are adjusted and the control points for
each character are adjusted accordi ng +04adj usted frame points using the-
l'i near transformations described earlier in this docunent. 20

The i nvention has been descri bed in'r.Fgo bl N ok, .*vith the preferred _,
i i 7RI ot :

enbodi nent. Numerous alternatives, vari ations and uses-w ||
be apparent to those skilled in the arf. iyght of the foregoing

description. For exanple, the horizontalgrmytical and diagonal adjustnent
processes mgy be used independently, in conjunction with one another or in

25 conjunction with other adjustnent processes. Sinilarly, the process of
anal yzing the mad'tllalstmmlmeﬁmlh‘d@gomﬂstfnlpﬂ)ﬁidathwmﬁc@%ﬁmnents may

he. procosses “%%#@%&”%”*B%ﬁ I8 oo a8 e afvel e RO o1 T

scal e can be exgp WWW’F teth6 ‘adjusfeatniekis8es BETO ML ah@ IR, " € i nput
of the 30 scale or exanpl e, &e process of anal yzing the characters of

the typeface to determ ne the inportant visual corrponents may be a separate
process which is - 48 - execut ed onc for an&(%ﬂtlﬁéaf ac The ouL ut data

‘generated My be st ored The fRMe,PRIRIS AP %'SE&M
wh f
enever neces%&@sequ' rgﬁ%g%@ lfaﬁ%f ﬁ@éﬁé@m&r&k&ﬂ%&ﬁ%ﬁ%ﬁk ”t 0

~conmputation tinme ecause € anal ySI'sS process 1Is exec nI Yy

once for any giHoweves, e diagonﬂMoWbmﬁotbﬁ modified byrsimpty duswaangma may then
be used in conjunction with the horizontal, vertical and di agonal

adj ust ment pr osegmentstby 142 (eI FH@%JPGM‘WH@B&G@Q’GKGHW@%n scal e.

If the typefac ] from
the anal ysi s p%gyg‘f?oﬂggdgg @?PM@Q&%S@? §4g§°ﬁt"3d%ﬁ?ﬁ%&m%@‘8 Rt al ,
vertical ang digagfiaiainéd. Ut STBEK topreseves i thiekrkBB6x of the Abjadentistrores, 10
typeface for that scale.

the frame points at the mtersectnon of the adjacent stroke and the diagonal

stroke are displaced along a segment of the adjacent stroke. This is illustrated

in Fig. 20. For purposes of illustration, the letter N is broken down into 3

strokes, X strokes 810, 812 and diagonal stroke 814. Using the empathy

2 adjustment process, the thickness of diagonal stroke 812 is to be increased by
an amount W. Therefore segments 816 and 818 are each displaced by the
amount W/2 to locations shown as 820 and 822. To maintain the thickness of
. strokes 810, frame point 824 is adjusted to point 826 and frame point 830 is W,
adjusted to point 832. Similarly, to preserve the thickness of stroke 812, frame

25 point 834 i; adjusted to point 836 and frame point 838 is adjusted to 840.

Each frame point is adjusted individually. The type of frame point
- adjustments performed can be broken down into 4 cases. Case 1is the
adjustment of a frame point which is preceded by a segment to be adj;:sted and
2  followed by segment that is not to be adjusted. In other words, the frame point
connects a first segment that is to be adjusted 10 a second segment that is not to
be adjusted. Case 2 is the adjustment of a point preceded by a segment that is
not to be adjusted and foliowed by a segment that is to be adjusted. Case 3is



* C L M S * CLA M 1. A nmethod for mnimsing the visual
degradation of digital typefaces wherein a typeface is generated for a
particul ar scal e and each character of the typeface is described in a
format using control points conprising X-Y coordinate pairs, said nethod
conprising the steps of: forming a frame fo#3each character from said
control peints, said frame represented by a plurality of frane points

conpri si ng X- Y- c 3 ediustment,efi& pointhetwesrn 85L5 thatare betio ke adjustes, bybon
and havin det ' : ] ' ' L RS W] [ g oints
based on tﬁeir c?ig |n%@?ﬁgﬁéﬁ'ﬁ%ﬂv&eﬂgﬁﬁgpﬁg%ﬂ@mﬁ?'c co?r%)nr !Ose
each character, gagmentswhichsars®oliid beyadjustéd bypdhetsamelardumte poi nts and

identified as X strokes; determ ning horizontal strokes which conprise each
character, said horizontal strokes fornmed by a plurality of frame points

B0 nts Tor each charact or 1 SRRy oLfhe 18 casf BIGRARKGE P 28D <o
X strokes bei ng qaprgsdrsithesehhRntscdtlal diddondl §tikbit® Be abfisiet g.gdatéet'ﬁﬁfdin{ gsr der

of visual inportance to the Character, said strokes being adjuste
accordi ng to pri istheadjacenisegmentwbichisnot o be dfjustede iThe dramelpwint ohthe

20 ust men; 1 egui AP WOGR FRsuinF BRkelant el at 880-cleaBe RFRSR e@ERANg ¢ he
\;I)Mo?tn[]s of the eacljng 886 &b He méVbd B disancs 81! adjustiné diagshal Stroke.! Pherbfofd™®
Y 10 frame point 860 must be moved along segment 855 to point 870. By adjusting
frame point 860 to 870 the thickness and orientation of the stroke formed by
segment 855 are preserved.

The adjusted control point 870 is determined according to the
15 following process. From the frame points we can determine the angles a1 and
a2. Using the known values a1,a2 and the distance d, the new point 870 can
be calculated using trigonometric functions. The length of the hypotenuse 875
of the triangle formed by the vertices frame point 860, new frame point 870 and
point 880 is calculated according to the equation:
o . B eeeD

Once AH 875 is calculated, the AX and AY, which must be added 1o the
coordinates of frame point 860 to determine the adjusted coordinate 870, are
25 calculated according to the following equations:

AX = AH * cos(a2)
AY = AH * sin(a2)

) ' Case 2, which is the case illustrated in Fig 21b, is the adjustment
of a point preceded by a segment that is not to be adjusted and a segment 1o be
adjusted. Segment 900 identifies the diagonal segment that is to be adjusted a



whi ch do not forma stroke, said adjustnent dependent on preserving the

wi dth of the character and the thicknesses of adjusted X strokes; adjusting
the Y coordinates of the frame points for each character of the typeface
representative of Y strokes, said Y_skgo_kes being oriented in the

hori zont al - 50 - *»C L M * direction and prioritised in
order of visual inportance to the character, said strokes being adj us@ed

accordi ng to @iganpé doTheadjdeencsegmiehto051s Ut toce adjusted.mithegresent | over
priority strokes ils depepdm%é#e t%@ﬁégﬁﬁéh%ﬂ;@ gils%?q?éat
priority stre@xample wsagan e _ iR G-

characters of, the t. fac g .gnnment of the Y strokes;
and adj usti ng'ﬁ%#@%@?ﬁ%n%ln@éégiﬁékﬁ?52@3;')?)4'nts whi ch do not form a
stroke, said adjustnment dependent on presegving the height of the
character and. the thicknesses arﬁHt-he—he-r—i—ze-F)rt al alignnent of the

adj ust ed sgrokes; whereby the irrpo'rtanii“(@‘%naﬂ‘ features of the characters
of the typeface are mai ntained thereby mnimsing the visual degradation of

compr 1 51 ng: _ dBRAAAY- M alfcheiRd zo BERB Hoint €10 & A incacisted BRR o1
are oriented o156 clicafettlsing frRCloliGvAng equatidrist okes formed by a plurality
of frame points; adjusting the frame points of each character of the

typeface representative of the diagonal strokes, said adjustnent
dependent10 on preserving the AXmgjhkteqs(al)

AY = - AH * sin(a1)

Fig. 21c illustrates case 3, the adjustment of a point between two
segments that are both to be adjusted, but adjusted by different amounts.

15 Referring to Fig. 21c, frame point 925 is to be adjusted to point 930 in order to
adjust segment 935 a distance d0 and to adjust segment 940 a distance d1. In
order tb calculate the adjusted coordinate 930_ti~o -gets of calculations are
performed. AX{ and AY1 are first calculated to determine théoretical adjusted

~ point 845 where the frame point 925 is a case 1 segment, that is, a frame point

20 preceded by line 940 to be adjusted, a distance d1, followed by a. linel not to be
adjusted, line 935. AX2 and AY2 are calculated to determine a second
theoretical adjusted point 950 wherein the frame point 925 is a case 2
calculation, that is, a frame point is preceded by a line 940 not to be adjusted
followed by a line 835 to be adjusted a distance d0. The points 925, 950, 945

25 and 930 form a paralielogram; therefore the adjusted point 930 is equal to:

X'=X+AX1 +AX2
Y'sY+AY] +AY2

K ¢ ) Case 4isa poiht preceded and succeeded by lines in which both
lines are adjusted by the same'amount. Rat_érring to Fig. 21d control point 970
is preceded by iine 975 and followed by line 980. Both line 975 and line 980



t hi cknesses and locations of the adjusted X and Y strokes. 3.

The nethod of claimi1 wherein the franme is fornmed in such a manner that
there is a straight |ine segnent for every horizontal tangent, vertical
tangent, straight |ine segnent, tangent of gu(; i nfl ection point and tangents
at a slope discontinuity, said segments connected by strai ght segments. 4.

The nethed of cl gréuispladbePs Wstancee Tifdr6%Bre, ebnifs pbint STWmubihe adjusted by
coordinates of the frane. points - 51 - *C L M S

representative of MnamauntAXENIAY tocresuthia adjusted paint 885e Thisfig iagtjevatusing
strokes as strong ﬁées r“okes if the ratio of the length of the stroke and
the thickness of tH PHIN8 q¥aat er t han or equal to a predeterm ned

amount indicative of a strong stroke; const Igue b AN X main street®
conprising non- horizontally overl appizng= s.us:g_&ugkes, prioritised in
order of lengthg said X main street Indicat iS#e(esf- &«lgh priority visual
conponents of a character; globally adjusting the thicknesses of the X

strokes of the typeface relative to all strokes of the typeface thereby

reguiarising the tRigiRss &n iddBssorihé lsRBnaI AbIPLAd DY e ey afid zont al

direction X white space occurs betwee rokes on naln reet, said

white space bei ng phickeessiobthatdidgonabstiokd and & 1ahdue are determingd frotncthe framver ve
the total width of the character; adjusting the coordinates of the X main
street strokes suctPfthmehard@er.ocati on of the strokes relative to

0

— AY is similarly determined by the following equation:

. * sin(al)
sin(a2-a 1)

15 Once the diagonal adjustment process is complete the frame
points representing each of the characters are adjusted and the contro! points
for each character are adjusted according to adjusted frame points using the

linear transformations described earlier in this document.

p. 0 The invention has been described in conjunction with the
. preferred embodiment. Numerous alternatives, modifications, variations and
| uses will be apparent to those skilled in the art in light of the foregoing

desd"iption. For example, the horizontal, vertical and diagonal adjustment
processes may be used independently, in conjunction with one another or in

Z conjunction with other adjustment processes. Similarly, the process of
analyzing the character and determining the important visual componeénts may
-ba used with other adjustment processes not described herein. In addition, the
processes or portions of processes that do not require the input of the scale
can be executed independently of those processes that require input of the

K 4] seeie. For exam;.;le. the process of analyzing the characters of the typeface to

determine the important visual components may be a separate process which is



one another is determ ned according to the adjusted white space between
strokes; and adjusting the X coordinates of the frame points of the X
strokes not on X nmain street wherein the anount of adjustnent of the X
coordi nates is dependent upon the higher priority adjusted X strokes and
the X white space between the X main st48eet strokes. 5. The method of
claim 1 wherein the step of adjusting the X coordi nates of the frgar

poi nts whi ch dexecutedfiomcefer axtyrtypeface) The sutputadata)gemeraedahaybea storetf inad e ,
whi ch the closest side of a nain street stroke and roundi ngnthe coordi nate

val ue to the riglampedialg data jormat apq retdeved whenpuer RRCBRSAIY 1o penerpls the |
value to 1 AN | | _
Shest 1N Jbftacd TREldUEeaBEs the'Unoutt of Afdltitinting Rlquirkd Becdus8Te |

poi nts - representative o OoKes conpri ses:

t he thi cknessarmalysi¥ pobess i¥ exbtuléd anlgfonts fortanygiverctypetacd.i VEhe outpltioft he
strokes of the typeface thereby regularising the thicknesses of the Y
strokes; i dentthe@nalysisiprocess:mayhen b used i gonjungtiopwith the hofzontak i o of . t he

| ength of the Stroke . 4 D | r a
predet er m ned ‘Zﬁ‘?ﬁ%;?" ?@%ﬁ?@é&%ﬁgﬁ‘s‘%’%ﬁggﬁ ﬁéﬁ%&ectﬁﬁ&@ﬁﬁﬁ?{mé@ﬁe Y main
street conpri sfopd giveR-scaR! tif thaltypefareds kb adjisted te adotKesdcal fife samé or i t i sed
in order of length, said Y main street indicative of high priority visual
conponent s of eutputdrom ther analysispraocess-may be mitievegrand usegd again withthe cl ust er
horizontal, vertical and diagonal adjustment processes to generate an adjusted

10 typeface for that scale.



conprising a set of consecutive Y coordinate val ues of top extrenes of
characters of the typeface wherein no two consecutive Y coordinate
values are nore than' a predetern ned di st ance apart; formmg at 1 east
one bottom extreme cluster conprising a 48t—of conj nat e
val ues of the bottom extrenmes of the characters of lmm""mnam(i rein no
two consiecutive Y coordinate values are nore than a*pre elemn1ne = di st ance
apart; determ ning which top clusters argragMsrtant top clusters and which
bottom clusters are inportant bottomclusters, the inportance of the
clusters bei ng dependent on the nunber of extrenes which conprise each
cluster; ident}fying thomethbdnfqrsminynisingkthemhishatodegfadatloheQSt

one segment vvfufait@blcg@&fsee&%@% " Eybefade 18 Uiaedd] #r 0h 2"

i nportant cluster sane type; ust| coordi nates of
segnents of Y PaFhiculax: seadeand Fé ar@ﬂﬂa&ﬂercd?ﬁe%hsnctmﬁtﬂace aks

| mpor t ant C|US&&ﬁcﬁibéﬂeiﬁaﬁﬁféfﬁ&tbﬁsﬁn§'ébhﬁf&?nﬁoﬂﬁﬁﬁeéémﬁfféfh€ kbe Y
coordi nate of the oriz I OXI ma Y

coor di nat es of°°°r3£§g€e B%ﬁﬁ?'s%@ﬁaﬁ?g %?gcﬁ PBE?%&Egth?hgtFyﬁe?ﬁce; i f
one segnent of a Y nui fioshingt &t frlame sfoﬂj usdell [tharacter | Cliraiﬁntsa:.d

e LSRNl TR e P AR S 1

mai n street st¥eAme, PQ&DESaGPEPF#EﬁDQOK-Y mqml inetee pRixsdesridiptname
points forming a polygon and having determinable
U geometric relationships with said control points based on

their coordinates;

determining vertical strokes which comprise each
character, said strokes formed by a plurality of franme
points and identified as X strokes;

determining horizontal strokes which comprise
each character, said horizontal strokes formed by a
plurality of frame points and identified as Y strokes;

adjusting the X coordinates of the frame points
for each character of the typeface representative of X
strokes, said X strokes being oriented in the vertical
direction and prioritised in order of visual importance

_ to the character, said strokes being adjusted according
— to priority wherein the amount of adjustment of the lower

priority strokes is dependent upon the higher priority
strokes, said adjustment regularising the thicknesses of
the X strokes and preserving the width of the each
character; ' .

adjusting said X coordinates of the frame points
which do not form a stroke, said adjustment dependent on
preserving the width of the character and the thicknesses
of adjusted X strokes;

adjusting the Y coordinates of the frame points
for each character of the typeface representative of Y
.strokes, said Y strokes being oriented in the horizontal
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preserving the height of the character; adjusting the Y coordinates of the

Y main street strokes not adjusted according to ess, said
Y coordi nates adjusted relative to the adjusted q\»!llm “ﬂlmmlwmgkes
identifying those Y strokes not on Yurgign-street ch conprise *at | east

one segment. which is black convex and within the Y coordinate limts, _of an

I nportant cluster of the sane ty adjysting the Y coordinates of t
segments of fizecsien @and OHriPﬁthsg‘FréEt ‘W%% of cVhpuaR éa&m%amhif

%t hin atnhl nmear tﬁﬁg élhzflﬁée?eﬁ] shtds atrdkee byingcadjabtedmavicqrdicgss

erein e cqQor di nat e IS o) a | d th

pI’OXI mate Y gBo %aR’é%‘”Bft%tﬁﬁ?rgan&h‘F a&mq%htzzar te i gﬁ'gﬂg t°\>glpe acee i f

one segnent abwarY ;&tirarkld:m atrokesi is sdependeat aupost Shebthieknesges)nment

process, adJ_ %’[I nghéhe di 3’%%3%: sg?ﬁﬁg segr@%ﬁdacq& M%{&the
tin ? coor di

adj ust ed t hi CKkness of t r ok nates - of t
remai ni ng unpiiesersdng rl'dteeslm ights v@ftbhﬁhéhaﬁ?g!}ﬁﬁﬁ ofndhe fyreface

strokes: | degia ) HOIINORY A UINRimat WT AN Jifdel plarke whi ch are

bl ack convex and Wlthl n the Y cqor

nate limts of rtant cl er of
the sane type; adj us@dipsthiagy R ¥i ﬁngd&Pa}eﬁa nﬁ‘ﬁh%&'ﬁl_‘\es ﬁ%ﬁs
convex and Wiwhflich @b ingrfonm &l strokepl salld adjmstmenthdepgenderstt igmment

process vvhergr:n t he Y E:oo | nattfe{)%lé he %Iegr@ﬂé [ %hgq:r &(&t al Ly‘dal Lgped

with the pro
thicknesses and the horizontal alignment of the adjusted

strokes;

whereby the impértant visual features of the characters
of the typeface are maintained thereby minimising the
visual degradation of the _typeface.

2. The method according to «claim 1 further
comprising: | ' | '
determining diagonal strokes comprising each
character which are oriented in the diagonal direction,
said strokes formed by a plurality of framé points;
' | adjusting the frame points of each character of
the typeface representative of the diagonal strokes, said
adjustment dépendent on preserving the adjusted
thicknesses and locations of the adjusted X and Y \/
strokes. ' |

3. The method of claim 1 wherein the frame is formed
- in such a manner that there is a straight line segment
for every horizontal tangent, vertical tangent, straight
‘line ‘segment, tangent of an inflection point and tangents
at a slope discontinuity, said segments connected by
straight segments.

4. The method of claim 1 wherein the step of
adjusting the X coordinates of the frame points
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Y coordinates of other segnents of charact er s—ef—the-typeface;, and
adj usting the Y coordi nates of the remaining U[IMSt ed seﬁment s relative

to the adjusted Y main street strokes. 7. "ﬂmml ﬂmcl aim 1
"™ he steps of:

wherein the step of deternining verti 5al-st
I dentifykhg certain X coordinates of the frame points as X master
coordingtes if_the fra oint _ig ap extreme in,the horizontal direction or
if the frame pﬁ?ﬂ’fefgng‘ﬁatg?{ﬁ B5i gt sgrogepi femRLiRER Q‘%ﬁl ﬁﬁePg Qt$ertical or
al nost vertical side oide_ht_if'yéng &he Dﬁeﬁndcﬁm_gp@("ss&mrrg c)b_ostlrnheesiﬁs
those X coor di pabesakd@N'de Itk 2PedyfRObE tHA0El A Sind Kb "EInKcRRELE"
segnents, said master segments approximating a portion of the character
frame, sai d ne@fcthecgherke dsrgreatey £haw prcafualtosagpeaderprngned

extends in a uamaGftdenBiehtevei 8F ave¥rbhgséPokefuster coordinate for a
di stance such that each eng _oo%_ﬁt of thg(llne segnent, i s g‘q%redeterm ned
hori zontal distance awGPPPEEHFERBYf (3e® | BBAD f%"ﬁﬁe‘f h&MPESSING, BPRZAch
of the X nastchogigonthlly overlappingt strongf X shrokesgt priordyisedsin
correspondi ng e dir ' oL _tkRegr t CIIPIfepd] e he
direction of t gdggqr?g df%%gﬁgﬂ %?EPhé{ con ourgeggﬁggﬁ'ﬁtd&n ap‘% % ﬁigﬁ

i dentifyi ng sapwimrikyt visusdnermponentsypfigaanharactersl our if the
segment is identifi e@loﬁilﬁﬁ' Nga9uiseinhgd the! heniBkAeEses €6l OBhe X

identifying said X master segirents-as having .,an "out"_colqur if th ment

is identified ﬁ‘s‘rB&Pﬁg%ﬁiEhge&YPﬁfPEs Ve JF9 eBliof "i‘ﬁiﬁﬁi?% ﬁﬁ%

certain pairs eipéface! ethasenregalarising the thicknesses of the X
(%

strokes;

adjusting in the horizontal direction X white
space which occurs between X strokes on main street, said
white space being proportionately scaled and adjusted in
order to preserve the total width of the character;

adjusting the coordinates of the X main street
strokes such that the location of the strokes relative to
one another is determined according to the adjusted white
space between strokes; and

adjusting the X _cobrdinates of the frame points
of the X strokes not on X main street wherein the amount
of adjustment of the X coordinates is dependent upon the

\_ = higher priority adjusted X strokes and the X white space

between the X main street strokes.

5. The method of claim 1 wherein the step of
adjusting the X coordinates of the frame points which do
not form a stroke comprises aligning each X coordinate
which the closest side of a main street stroke and
rounding the coordinate value to the nearest grid
position. |

6. The method of claim' 1 wherein the step of
adjusting the Y coordinates of the frame points
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X strokes if two adjacent segnents vertical I th segrrent
is coloured "in" and the right segment *
is coloured "out", said segnents verticall y ov gﬂmmm |stance such
that the ratio of the | ength of verticsg overl m,m,s@mce between
the segments is greater than or equal to a predeterm'-ned aso I ndi catlve
of the visual recognition of _a stroke. 8. The nethod of cl almé

eps

wher ei n the"e%‘f%?)e“ﬁtﬁ%?e?%’ﬁlﬁﬁrﬂ&?$z‘3ﬁ’ﬁ&¥i§$$bkes conpri ses the

of : IddentlfyI ][lg ﬁer]'g@lcﬁbéllyorddjﬁé€5n@f tHe ffl@ﬂ%:ﬂ@é@éé affgﬂﬁ’étei

coordi nates if_the fr an ex i cal_ direction or

if the fram®PHes | g?%dgm?€§c%f rgtlpgggre gﬁ"re (?h ﬁ?‘ﬁ‘%r?ﬁont al
or al nost hdhectypefaceethereby fregud azris inde thef \ihnirRhedsese abpothie nat es
as those Y gpqudifaies not identified as Y master coordinates: formng Y

master segments, sald Y master segments apﬂr oxi mating a portion of the
character frame, saiidembtifyinggthet¥ strpkes as stmerig dhtstrokes tfgnent

whi ch ext endgnd f!ré’t:[bg@f eﬂd i&ﬁgtﬂlaecewnsweffa%ﬂe VeHBekREsSO di nate
until each end point of the line segnent 'S predet erm vertica

di stance awdji®r oRE¥ekes r dfe: G fyithen h@ dll?’&‘??mn? de 3mouRE o
segnents, isdicatieetopna ﬁroﬁ@estmépr segnents corresponding to the

oot o o L e T Bl A SR el BATR! Shrdde, BB a0 nblle 1o
segment s as vertically overlapping strong 'y strokes, prioritised in

order of length, said Y main street indicative of high
priority visual components of a character;

forming at least one top extreme cluster
comprising a set of consecutive Y coordinate values of
top extremes of characters of the typeface wherein no two
consecutive Y coordinate values are more than a
predetermined distance apart; '

forming at 1least one bottom extreme cluster
comprising a set of consecutive Y coordinate values of
the bottom extremes of the characters of the typeface
vherein no two consecutive Y coordinate values are more
than a predetermined distance apart;

determining which top clusters are important top
clusters and which bottom clusters are important bottom o/
clusters, the importance of the clusters being dependent
on the number of extremes which comprise each cluster;

identifying those Y main street - strokes which
comprise at least one segment ‘which is black convex and
within the Y coordinate limits of an important cluster of
the same type; | |

adjusting the Y coordinates of the segments of Y
main street strokes which are black convex and within an
important cluster of the same type by a Y alignment
process wherein the Y coordinate of the segment is
horizontally aligned with the proximate Y coordinates of

9



"in" colour if the segnent is identified as being in the leftward
direction; identifyi-ng said Y nmaster segnents as having an "out" colour if
the segnent is identified as being in the rightward direction; and
identifying certain pairs of*Y master sediemts as-Y strokes if two adjacent
segnment sghori zontal ly overlap and the upper segnent is coloured "in" and

t he | owgr - e * _ ' oured "out",

sai d segnents k?%?‘ie-zrorﬁe e)?tosveoﬁ atéglpialllr\lgc%()x.rs aOf(Sji s{ a%e?uag%'t hat the ratio
of the Iength of overl &f aRBe: eegmentin QL bat eedaine stymel: sstxokeecdser -
than O_rt_equal fraajaatswe?ﬂe maneg aﬁ!ﬂ&hltnﬁﬂg' Cﬁ];weTQI t %@iﬁé the Y
recognition of a str.oke. 9. e nmethod .of ¢ m ereln e
step of deter MOFH %%(ﬂfalth&rég}&t(ﬁﬁ%’%?%ﬁsﬁ%st%fth%rﬁqﬁﬁfdal-l
di agonal segnefthddknesisopet the etmpkeoups of di agonal segnents which are
relatively close in an ; [ 0 | nts by .t he
conpl enent of the aver?&?usﬁ’ég'g@ (%}&'[ ﬁé%%eplég’l?g]et %ﬁ'%[%e %ﬁ%&hzﬁité’et
segnents are a@g$rokiasat Said adjustmenticof ¥Yyvhitecspace gependentdiuppmal

mast er segnment $rageH e Helght idf it %ﬁq&rﬁus oppose one anot her
in direction a?d verticai‘éﬁgla one another and the ratio of the length

of vertical overlap an® Yetoreiinatesnef theg¥cmadn sideat
predeterm ned streokies Mbtcaddiwstéd t decotding €6CaIN Wldgnifent Pricdenss,10.
AN apparatussaf_ry cOordinate aé{ﬁ%te&”%gfgtive to the adjusted Y
main street strokes; -

identifying those Y strokes not on Y main street
which comprise at least one segment which is black convex
and within the Y coordinate 1limits of an important
cluster of the same type; :

adjusting the Y coordinates of the segments of Y
strokes not on Y main street which are black convex and
within an important cluster of the same type by the Y
alignment process wherein the Y coordinate of the segment
is horizontally aligned with the proximate Y coordinates
of other segments of characters of the typeface; _

if one segment of a Y stroke not on main street
is adjusted by the Y alignment process, adjusting the Y
coordinate of the other segment according to the adjusted
thickness of the stroke;

. adjusting the Y coordinates of the remaining

unadjusted strokes relative to the adjusted Y main street
strokes;

U

identifying those Y segméuts which do not form a .
stroke which are black convex and within the Y coordinate
limits of an important cluster of the same type;

adjusting the Y coordinate of a segment which is
black convex and within an important cluster of the same

- type by the Y alignment process wherein the Y coordinate
of the segment is horizontally aligned with the proximate



degradation of digital typefaces wherein a typeftace—+s—generated-for a

particul ar scale and each character of the typef | Il bed in a
format using control points conprising X-Y coorl ﬁ Mmﬂﬂ IIL Ld appar at us
conprising: neans for formng a frame fsar -each - id control

goknts, Zaid frame represented by a plurality of franme points conprising

-Y coordinate pairs, said frame points fornng po on.and hayi NGwd

det er mi nabl _ngeﬁ%ﬂii‘-BaFEFat?%n%?‘ﬁé: V\F?ﬁmgg*‘ﬂ é&n Fg%%ﬁ&itﬁf"? b%ge%"
thehr CﬁOfdlh@b@Eﬁd&ﬁﬂ&h&(ﬂ determ ning vertical strokes which conprise
eac character, said. s S ¢Or ged - - uradd g sf, f rane
points and identifi _e(f% usggigﬁeol?gse; _gaﬁ89¥‘3?ﬁa‘é{*3r méﬁi n%; orlﬁéznéjén%é‘lq{g
strokes whi chnadjmwsitesd c segmentsac reiatiyed tori that ;adivsbeds ¥omadh by a

plurality of Jrai® g:l._irﬁ.;ks%sa.nd identified as Y strokes; nmeans for adjusting
the X coordinates of the trame points for each character of the typeface
representative of X strokes, said X strokes being oriented in the vertical

di _rgctitonkaneb.p_r i-ori t'.l?h%?d.ﬂdéthﬂdie&of)f olasiml i nwhéweire tthe hestodmr aft er

sai d strokes in ust e cardi,ng .o prlorjt i ' unt of

adj ust ment 01&33?1?&%} g p‘ﬁ’f)‘?afcig sﬁ?%&%s i‘fgs&%;eﬂb’égn%ﬁrﬁ%p%éﬁe i gher

pri orkl ty s'érokes, saiilexdiifyingnt cergalinr iXi sgorddnatesk of s&heofframe X

strokes an [ he : t @4 r{ipchpiSti n

S The Y e 48 ki Baltdt" dordihaAR! ff]lae&s SamEEPEANOTiAANST i Ng
extreme in the horizontal direction or if the frame point
is an end point of a line segment which is a vertical or
almost vertical side of the frame and identifying X slave
coordinates as those X coordinates identified as X master

coordinates;

U

forming X master segments, said master segments
approximating a portion of the character frame, said
master segments defined as a vertical line segment which
extends in a up and down direction away from an X master
coordinate for a distance such that each end point of the
line segment is a predetermined horizontal distance away
from the frame;

" identifying the direction of each of the X master
segments, the direction of the master segments
corresponding to the direction of the frame the segment )
approximates, the direction of the frame dictated by the
contour convention applied; |

identifying said X master segments as having an
"in®" colour if the segment is identified as being
oriented in the upward direction; '
identifying said X master segments as having an
"out" colour if the segment is identified as being
oriented in the downward direction;
| identif&ing certain pairs of X master segments as
X strokes if two adjacent segments vertically overlap'and
the left segment is coloured "in" and the right segment



frame points which do not forma stroké, sai d adj ustment dependent on
preserving the width of the character and the thicknesses of adjusted X

strokes; neans for adjusting the Y coordinates (ﬂ s for each
character of the typeface representati ve58f =Y st E" ":’W@Iﬂ fﬂ okes being
orlenteohnthe horlzontal direction and prioritised 1m orndes of visual

i nportarnce to § r.. hd % COI’dI to_the
priority vvherel n t am)un oﬁeaﬂj %tsaf'l eﬁse%g,{%ea‘%ggg i"?f) PB&QQ is
dependent ‘uponfPKe %hl%"l&m suchhethathsheprratioy oft r‘bhes lenqth of |
adj ust ment pregapeieant b@e&qlawhﬁdofthbhaﬁ%%éet s%%wak t RRe tlégﬁin%ﬁ%$aﬂg the

hori zontal ali 8Fment of the Y strokes; nmeans &s I ng~t
coordi nat es of SERBLEYae BAR nt Qrvvhﬁ%‘% nB? f & mepredetmenined  ampustnent

dependent on pinddctative! bF theokisahl! Fecognidibar oznd kkeokli,cknesses and
the horizontal alignnent of the adjusted strokes; whereby the inportant

vi sual features of the characters - 58 - * (C L M S * of the
t ypef ace are n&i.nt ai nefhehemelthodi niofi sclgimhelvi whekredagr tlet | stepfl bife

typef ace. detdhi ?B.B? ﬁoﬁz‘&h‘tﬁllab%;ﬂes“’@‘afnﬁ&'&sgg tggagﬁe g of:

determ ni ng hor| zonta es corrprl ng cérfainy
coordi nates of the fraddepsifyings qe#ﬁ%i@chmqndmwaofhetm affvapei nt

is an extrene paihkt% ety Cﬁasﬂefeeabﬁaiﬁateé §ipe thiedFrdd Noist 2afsels
point of a|ing.peaien WiCh [ereshof' 2entabgh 3"YY ol £O0LE' poide O
, is an end point of a line segment which is a horizontal
~ or almost horizontal side of the frame and identifying Y
slave coordinates as those Y coordinates not identified
as Y master coordinates:
forming Y master segments, said Y master segments
approximating a portion of the character frame, said
master segments defined as a horizontal line segment
which extends in a right and left direction away from a Y
master coordinate until each end point of the 1line
segment is a predetermined vertical distance away from
~the frame;
identifying the direction of the Y master
segments, the direction of the master segments
\_ : corresponding to the direction of the frame the segment
approximates, the direction of the frame dictated by the
contour convention applied;
identifying said Y master segments as having an
"in" colour if the segment is identified as being in the
leftward direction;.
identifying said Y master segments as having an
""out" colour if the segment is identified as being in the
rightward direction; and _
identifying certain 'pairs of Y master segments as
Y strokes if two adjacent segments horizontally overlap
and the upper segment is coloured "in" and the lower




identifying Y coordinates as Y slave coordinates if the Y coordinates are
not identified as Y master coordinates; neans for form ng Y naster
segments, said Y master segments approxi mati r‘ilﬂlﬂmmlm i e character
frame, said master segnents defined asgg hori nt whi ch
extends in a right and left direction away froma Y naster coordlnate until
each end point of the |line _segnent is a predeterm ned vertical dista

away from t heegpent; ieacolonrediehentdingaidt @egmentsn berizentaldyt er

Zegrretnts t][w\trﬁrlf faiﬁgt Eﬁ‘o:ths m%tt%c@ga@éntswaw q&@d ”Qh’fﬁﬁlot Q:ttf hﬁe f
irection o e fra e se nmat es i rection o e frame
dictated by 1$RIEBLE, t?’b% gﬁgl %&taﬁﬁgn?q%eqxﬂem?fﬁ?%egﬁ?d Y
mast er segneiss gsehagrngthan io¥ ecahual ito tlac pegdetérminedenambunt as
being in the di.kegi Lo n ' I ¥ ng g Y master
segnents as é\ %ﬁggﬁe"éﬁtﬁ’éopéﬁﬁ?f §FE§5‘5‘§8§§§tL¥sgi ﬁgﬁﬁzﬁ'ed as being in
the rightward dlrection and neans for identifying certain pairs of Y

TSt er Segmogis 4o mle SheekBA bE LYBinddhoCRHereifUNPARS BEEDZOBEA Y

overl ap and g segrrent I's col oure ower segnent is
col our ed oﬁetem BiRgs Qﬁﬁﬁ!‘élhGFFQBﬁFaFP?PBJ*ﬁPFaEBPnﬁt?-BF afdi st ance

such that the ratio ai'débinbeaﬂlhdﬁﬁgéham QEFﬂéﬂtthydsibﬁé(ie - 59 -
bet ween t he segnents i s greater th anodb# (ég redetermhne anount
i ndi cative of the viEG&® Pc oGP iR?n agpPaRe. ents which are

relatively close in angle;

rotating  each group of diagonal segments by the \)
complement of the average slope of the group such that
the diagonal segments are approximately vertical; '

identifying certain pairs of diagonal master
segments as diagonal strokes if the two segments oppose
one another in direction and vertically overlap one
another and the ratio of the length of vertical overlap
and the distance between segments is greater than a
predetermined amount indicative of the visual recognltion
of a stroke. '

10. An apparatus for  minimising the visual
degradation of digital typefaces wherein a typeface is
generated for a particular' scale and each character of W
the typeface is descr:l.hed in a format using control
points compr:.sing X-Y coordinate pairs, said apparatus
comprising:

means for forming a frame for each character from
said control points, said frame represented by a
plurality of frame points comprising X-Y coordinate
pairs, said frame points forming a polygon and having
determinable geometric relationships with said control
points based on their coordinates;

means for determining vertical strokes which
comprise each character, said strokes formed by a
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12. The apparatus of claim:- 11 wherein neans for determ ning vertical
strokes conprises: neans for identifying certain X coordinates of the frame
points as X master coordinates if the frame point is an extreme in the

hori zontal direction or if the franme pot &7 i-<s an end point of a line
segnent ®which is a vertical or alnost vertical side of the frame; neans for

the character PRuz3STRY br Whdhd BUHes ST Nl iied A of Bprdkans °"
segnent which extends means uforndelesyniningt horizoagalr cstrokes madtich

coordinate for cemﬁsﬁtswceaémbhh&ﬁbteéch <4 n@agzaitatfesuageﬁem ds @
pr edet er m ned S)OI’I Zontiﬁﬁagit ance avvay fromthe

i denti fying t h&¥di PecP t¥af offhane xPoints: apdneidentifitedi ramt iYon
of the master s&ywkelsy corresponding to the direction of the franme the

i f the f by.th t
convent i on appl f ed:  medient, £k, Fafuebife (&S, K.cedrfdigintc o HAR ng
an "in" colour friamehe Beéﬂmat fori deeacH i edha:abteng (nﬂ enthd | ty@ﬁawvard
direction; meagg séMI ey' Ie?k 3(% égr S§9 ﬁ a?tgggogg %@d.n pt”

colour if the se |s I dent i brlen
direction; nmeaR¥iest 1 Aiehni f"}?%gveé'ﬁﬁ-ﬁﬁﬂr I?%C‘bim)( nagt epriepibised adnx

st rokes |3j _ t}{\Do&dle&ﬁ%lﬁ VESGEAN Hmpetitianed Ity: ey !gi.etz@&d;etﬂﬂeéa%mﬁi?i@&t s
e T AR e CHESak LR R Weomi®Y wnebEh e moRR of
vertical overl| &f adjusmehtstam@dselmen bhiopttyestrokesyisadRpendantor
eq to a predely MEed nigher priority strokes, said adjustment
regularising the thicknesses of the X strokes and
preserving the width of the each character;
means for adjusting said the X coordinates of the
frame points which do not form a stroke, said adjustment
dependent on preserving the width of the character and
the thicknesses of adjusted X strokes;
means for adjusting the Y coordinates of the
frame points for each character of the typeface
representative of Y strokes, said Y strokes being
oriented in the horizontal direction and prioritised in
order of visual importance to the character, said strokes
U B being adjusted according to the priority wherein the
amount of adjustment of the lower priority strokes is
dependent upon the thicknesses of the higher priority
strokes, said adjustment preserving the heights of the
characters of the typeface and the horizontal alignment
of the Y strokes; and _
means for adjusting the Y coordinates of the
frame points which do not form a stroke, said adjustment
dependent on preserving the height of the character and
the thicknesses and the horizontal alignment of the
adjusted strokes;
whereby the important visual features of the characters



- 60 --* C L M S * anount i ndireative—of the vi sual
recognition of a stroke 13. The appar at us(i@ | aim 10 further

conprises: means for determ ning diagonal str ﬂmwjuuill"ﬂm ch character
d d by a

which are oriented in the diagonal d+rsgt+on,
plurality of frame points; means for adjusting the frane points of eagh

character of the typeface representative,of _t di ggonal, str,okes,
adj ust ment @fpehhen: tYRRIAGR cAK e ghpLRta NG, g‘ﬁ"?’?ﬁ n@é?é?"&ﬁ&gl o@éahlgons

of the adjustighal adehraddtdesof lthe typdfwcepparatus of claim 13 wherein
the nmeans for deternmning diagonal strokes conprises: neans for ordering
all diagonal segnents by slope; nmeans for formng groups of diagonal

segnents whildh are rEhetappayatussefi gladyl d0,mwherein the mears cfer group

of di agonal %%@S%&iEMf”mofést% fLége sl ope of the group

Tdent] yi ng cort arn BeARS SPT; AONEIEVERS o COFERIM L § SORRUTHERS SOF okes

e oo oy “SHETSEER RS ag ol tabecirc comamg 1E e emucr | o

di stance bet sgﬁ mBR ?’&fed'feea{’érg}{’ﬁaxeli%irﬁng?tié'l%\l/ﬁ%ﬁ'@g‘O %ﬂoiu#]tghe.

i ndi cative ffaméhpointsisl ancendgnipoint a@f a skitckesegient whithk ipparatus

of claim 10 Wff&ﬂtéfeo@aﬁm@{: horizontal side of the frame and
‘identifying Y cod_rdinates as Y slave coordinates if the Y
'coordinatés are not identified as Y master coordinates;

‘means for forming Y master segments, said Y
master segments approximating a portion of the character
frame, said master segments defined as a horizontal line
segment which extends in a right and left direction away
from a Y master coordinate until each end point of the
line segment is a predetermined vertical distance away
from the frame;

" means for identifying the direction of the Y
master segments, the direction of the master segments
corresponding to the direction of the frame the segment
approximates, the direction of the frame dictated by the
contour convention applied; _

" means for identifying said Y master segments as o/
having an "in" colour if the segment is identified as
being in the leftward direction;

‘means for identifying said Y master segments as
having an "out" colour if the segment is identified as
being in the rightward direction; and

means  for identifying certain pairs of Y master
segments as Y strokes if two adjacent segments
horizontally overlap and the upper segment is coloured
"in" and the lower segment is coloured "out", said
segments horizontally overlapping for a distance such
that the ratio of the length of overlap and the distance



formng frame forns the frame in such a manner that there is a straight
line segment for every horizontal tangent, vertical tangent, straight line
segnent, tangent of an rnflectlon p0| nt. g@d tangents at a sl ope

di scontinuity, L * said segnents
connectetl by strai ght S rrents The appar at us of claim10 wherein
t he neans for HGFU?PPngtgﬁe %Mﬁﬁ nakses grfeatier f tham porntegual to a

represent ati veppba¥tarndhed aneRntSShaitivel g l:ﬁh“b'ﬂs& 1Y r%%&gﬁ%&%ﬁkes

as strong X strgkes if the ratio of the length o estroe
t hi ckness of tf& 8; B&k® greater than or equal to a predeterm ned anount
indicative of a strong stroke; means for constructing an X main street

conpri si ng nonghori zontal | y_overl i ng.str Xsiro prlorltlse

or Elne)r of Igengt }11'9 *sai d iﬁggﬁ'ggﬁgi ngfca?f%&' oFt Pﬁ i Keane $P§ual
conmponent s ofde&emé,ninlgewerrtéaai "s&roglesbsbhprd.éjesstl ng the t hi cknesses
of the X strokes of th 5 ls k

thereby regularisin E‘e essglse%t(‘): % i X 8%1%&%‘#%%{ ?%I ng
in the horizonthe l'r’Q?%Q Bﬁlltﬁlhlitﬁa Xpm‘hﬂm c«nommteet uferthe sframes on
mein street, spbenehiikeanbaxregiendnd t8e0 hbﬂ%h%)i a&%&@ ahd ogdlﬂs kpd I N

coor di nat b5 of £ ¥%@t YPOIRY 48 Gt W RO oh & nbihe Eéé‘é‘éeas. WRiER dRoR
strokes rel ati verticaleoznalesti vettieali sddeaotottiengranelhe
means for forming X master segments, said master
N\ segments approximating a portion of the character frame,
said master segments defined as a vertical line segment
which extends in an up and down direction awvay from an X
master coordinate for a distance such that each end point
of the 1line segment is a predetermined horizontal
distance away from the frame; :
means for identifying the direction of each of
the X master segments, the direction of the master
segments corresponding to the direction of the frame the
segment approximates, the direction of the frame dictated
by the contour convention applied;
means for identifying said X master segments as
having an "in" colour if the segment is identified as
being oriented in the upward direction; _

- means for identifying said X master segments as
having an "out" colour if the segment is identified as
being oriented in the downward direction;

means for identifying certain pairs of X master
segnents as X strokes if two adjacent segments vertically
overlap and the left segment is coloured "in" and the
right eegment is coloured "out", said segments vertically
overlapping for a distance such that the ratio of the
length of vertical overlap and the distance between the
segments is gre'ater than or equal to a predetermined
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adj usted white space between strokes; and nean

coordi nates of the franme points of the X strokes reet
wherein the anount of adjustnent of the X coordi Hm ﬂgi HWt upon the
hi gher priority adJ usted X strokes afd®Ph& X whi t he X mai n

street strokes. The apparatus of claim 10 wherein the-neans far

adj usting thsméuf.eo taiehed vef otth:h@' muaw &béov;m%ao@p dfOTa fs%m wr oke
corrprl Ses neans [ gni ng each

coordi nate which the cl osest side of a rral n street strokes and round| ng the
coordinate vagye to the appagaituy of RQailm @0 fi.t&ther ‘comprdges:at us of

cl ai m 10 wherein the_neans f.or ust,i r
poi'nts representati v 3P5Yf§trr 6’%? %ﬁﬁ‘?ﬂq ggagﬁg’gﬁ‘ 5%5% ?&H&’?e*s&g‘?m. ng
t he thi ckneseashof chiaraétsnr okdsicl t&mty«peianbedel ini v&heo aﬂﬂagcml

strokes of t ce e | 3,
st rokes: meaﬁg F&@ﬂ’ ént%%ﬁng#ﬁﬁgé strokes a% :}%)Wokes I f the

rati o of thePPéngﬁH of the stroke to the thlckness of the stroke is greater
than a predeternm nedpazpgt opdi 4@djusCiny aHe I EREme! r poLnt8EHE eath

t t Y
strong Y ot rGReZackeroat (tin FYPEFAEE ERPFERgRRatike of phe, Gadiia™d
i ndi cative obtirokesyri saity adjustmentpoﬂepeadeﬁta aharpeeservingindheor
formng at 'S%%hs%'é% i dEldstls and locations of the adjusted X and

Y strokes.

14. The 'apparatus of claim 13 wherein the means for
determining diagonal strokes comprises:

means for ordering all diagonal segments by
slope;

means for forming groups of diagonal segments
which are relatively close in angle;

‘means for rotating each group ‘of diagbnal
segments by the complement of the average slope of the
group such that the diagonal seqments are approximately
vertical;

means for identifying certain pairs of diagonal
master segments as diagonal strokes if the two segments
oppose one another in direction and vertically overlap
one another and the ratio of the length of vertical
overlap and the distance between segments is greater than
a predetermined amount indicative of the visual
recognition of a stroke. '

15. The apparatus of claim 10 wherein the means for
forming frame forms the frame in such a manner that there
is a straight line segment for every horizontal tangent,
vertical i:angent, straight line segment, tangent of an
inflection pcinﬁ. and tangents at a s'iopé d-iscontinui‘l;y,



cluster conprising a set of consecutive Y coordinate values of top extrenes
of characters of the typeface wherein no two consﬂlmllrmm_n ﬂ ate

val ues are nore than a predeterm ned distance apa Ilfm, mm ng at

| east one bottom extrene cluster conprisi®tg~a set &f tonsedutisve*Y

- coordi nat-e val ues of the bottom extrenes of the characters of the typeface
wher ei N30 t Wsad@s sedneritsY coMtebted By’ Ftya3 ghte seymdnitan a

predeterm ned di stance apart; neans for “determ™ning which top clusters are
i nportant top clusters and which bottomclusters are inportant bottom
clusters, the l8port an@heofapperatustef Schaifg 1de Mhulin othé heaHgb eorof
extremes which i e cl yster. r identifying those_Y.main
street strokesaagq-grtg%%- 3&@9 * éooﬁﬂaﬁ{%é{ S - wh ?lm%or’rﬁf"r"g Sat
| east one segnEepresentative afk X ebtrokesndompriiisesizhe Y coordinate linits

of an inportant cluste a ' apRaf ' ' t

coordi ng}t)es of the seg%ee‘r%ltf“sst ro?m\s/ %leltﬁyis)ﬁ%’g? g?reo es%ﬂ”i%ég?% Eﬁggﬁgc%(nvex

and within an PkFoKeshiif|the gatio (o theclength 9f sthestyakenangd: shess

wher ei ntth$ Y tﬁ%&w .t ?f ftﬁﬁ W&ﬁ&tiﬁ P‘i‘@ahit%&t f&ﬂa’n a%ﬂrghl’éﬁtﬂ t?ot ke
roxi mate Y cogrdinates .0 er._se S characters o e.typeface;

ﬁeans for adju FFﬁ‘&WW‘%ﬁSP& g@cpﬁgv& ﬁ’g A EYTONE £EEGKGiing to the

adj usted thickness of wmeanst roforif constarpting of an Y X¥ai main eestreetke

i s adj ust ed bY cRmpris iy HIn-Hc23eontaTF over1apPling s2%ohle xY stbbkisSPace

bet ween Y
prioritised in order of 1length, said X main street
~ indicative of high priority visual components of a
character;

means for globally adjusting the thicknesses of
the X strokes of the typeface relative to all strokes of
the typeface thereby regularising the thicknesses of the
X strokes; ' : :

means for adjusting in the horizontal direction X
white space which occurs between X strokes on main
street, said white space being proportionately scaled and
adjusted in order to preserve the total width of the
character; '

means for adjusting the coordinates of the X main

U street strokes such that the location of the strokes

relative to one another is determined according to the
adjusted white space between strokes; and

means for adjusting the X coordinates of the
frame points of the X strokes not on X main street
wherein the amount of adjustment of the X coordinates is
dependent upon the higher priority adjusted X strokes and
the X white space between the X main street strokes.

17. The apparatus of claim 10 wherein the means for
adjusting the X coordinates of the frame points which do
not form a stroke comprises means for aligning each X



mai n street strokes, said adjustnment of Y white space dependent upon
preserving the height of the character; neans fc'mﬂﬂu'iﬂumﬂmm Y
coordinates of the Y nain street strok not aj* i, ltoaY

al i gnment process, said Y coordinates gaj Usted rel dtive o the adjusted Y

mai n street strokes; neans for identifying those Y strokes not on Y pain
street whi chceepfiinateawhliensthenelosgsensidei off asmhlinckteeerexstesnwd t hin

the Y coordi e i f [ cl r t S ; ns for
adj usting t h%g c"lo‘%)%%gegﬁ%f %és%%%t gg_tblﬁeY({s? r gggs no?"l%#‘ngﬁ?n
street whi chpesdtbpbnek convex and within an inportant cluster of the same

type by the Y alignnment process wherein the Y coordinate of the segnment is
horizontally aligned with the proxi nate_Y_ coordi nates of other segnents of

characters o}8the tyFBPaAPPARAINS (QF GpiBt 1Ry Wherein: Jhe)i meaRSoforhe
ot her segnmenadjageifgny tie t he addoridihdtisskness ahel hegsdmeke pofintae
segnent of a stroke nqQt on in,street is adjusted by the Y alignnent
process; neaﬁgpFGFeggFﬁyPnﬁfmes?re dCRARPELSEE t he - 64 - *
C L M S * renameang furljgioballiyr adgastdngt itle tthitknegsest o€ nain
St oke whi conelpe Ty PREpkEs 0, the tyBRleact ¥ el atIGRTH" Y Fhe'Beigesy’ ™ °
i nportant claft &heoftypefacerethepebynremlagisimausthegthhcknegsesdiofat e of
a segment  tphe Y strokes: _ '
means for identifying the Y strokes as strong Y ‘
strokes if the ratio of the length of the stroke to the v/
‘thickness of the stroke is greater than a predetermined
amount indicative of a strong stroke;
means for constructing an Y main street
comprising non-vertically overlapping strong Y strokes,
prioritised in order of 1length, said Y main street
indicative of high priority visual components of a
character; _
means for forming at least one top extreme
cluster comprising a set of consecutive Y coordinate
values of top extremes of characters of the typeface
wherein no two consecutive Y coordinate values are more
than a predetermined distance apart;
means for forming at least one bottom extreme
cluster comprising a set of consecutive Y coordinate
values of the bottom extremes of the characters of the

typeface wherein no two consecutive Y coordinate values
are more than a predetermined distance apart;

means for determining which top clusters are
important top clusters and which bottom clusters are
important bottom clusters, the importance of the clusters
being dependent on the number of extremes which comprise
each cluster; L

means for identifying those Y main street strokes



which is black convex and within an i nport ant cmWe by

the Y alignnent proeess wherein the Y coordi nat-gLﬂ"m"ﬂ"mﬂwn S
hori zontally aligned with the proxi mate g3c.oprd| N u gnent s of
characters of the typeface; and means for adjusting fhe'Y*ocrdrnates of

the remaining unadj usted segnments relative to the adjusted Y main street
strokesh49.  Which . comppise rat heasti anet segnent whichyrisldblack otonvext al

typefaces whermid asbthiwartd ely olcddiAinaref agepits dggcrafed xg%&%é"nt .
format using pai nts_substantially as herei nbefore destcribed with
’

reference to t%@%%%%lr%n afonkein-! gﬁﬁ%.’

means for adjusting the Y coordinates of the
segments of Y main street strokes which are black convex
and within an important cluster of the same type by a ¥
alignment process wherein the Y coordinate of the segment
is horizontally aligned with the proximate Y coordinates
of other segments of characters of the typeface;
means for adjusting the Y coordinate of the other
segment according to the adjusted thickness of the stroke
if one segment of a Y main street stroke is adjusted by a
1\, Y alignment process;
means for adjusting the Y white space between Y
main street strokes, said adjustment of Y white space
dependent upon preserving the height of the character;
means for adjusting the Y coordinates of the Y
main street strokes not adjusted according to a Y
alignment process, said Y coordinates adjusted relative
to the adjusted Y main street strokes;
means for identifying those Y strokes not on Y
main street which comprise at least one segment which is
black convex and within the Y coordinate 1limits of an
important cluster of the same type;
means for adjusting the Y coordinates of the
segments of Y strokes not on Y main street which are
black convex and within an important cluster of the same
type by the Y alignment process wherein the Y coordinate
of the segment is horizontally aligned with the proximate
Y coordinates of other segments of characters of the
.typeface; _
means for adjusting the Y coordinate of the other
segment according to the adjusted thickness of the stroke
if one segment of a Y stroke not on main street is
adjusted by the Y alignment process; _
means for adjusting the Y coordinates of the
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remaining unadjusted strokes relative to the adjusted‘gz?
main street strokes; :

means for identifying those Y segments which do
not form a stroke which are black convex and within the Y
coordinate limits of an important cluster of the same
type:;

_ means for adjusting the Y coordinate of a segment

- which is black convex and within an important cluster of
the same type by the Y alignment proceSS'wherein the Y
coordinate of the segment is horizontally aligned with
the proximate Y coordinates of other segments of
characters of the typeface; and

means for adjusting the Y coordinates of the
remaining unadjusted segments re;étive to the adjusted ¥
main street strokes. ;

19. " A method for minimising ﬁpe_visual degradation of
digital typefaces wherein each character of the typeface
is described in a format wusing control points
substantially as hereinbefore described with reference to
the accompanying drawings.



