po 214774 ' Method of Processing Character or Pictorial Inmage Data' S5 The ..,
present invention relates to a nethod of conpressing the data of a (D'L)
character, *pictorial imge or the like (hereinafter referred to as -
character) and, nore particularly, to a nethod of processing character data
10 (such as Japanese text characters) by approximating the outline of a
character with a set of functional curves or straight lines, then storing
the outline-specifying information to conpregs-the anount of data, and

decodi ng the conpressed data to reproduce the characteg ,i diS
It is well known that binary data obtained by resolviﬁzid£§ﬁ£7 ter into

dots ‘has an extrenely high redundancy. |In order to reduce such redundancy,
t heFe have been proposed a variety of data conpression nethods heretofore.
20 ) One of the prior data conpression techniques is a so-called

outline method which conpressM¥ethnd affofrecessdagaChyrastertarning the
shape of a character in accordance pﬁghokggloghgtgeuaﬂg'storing t he
information reguired to speciTy the outline. 25 Th the process
of data conpression-carried out on the basis of such an outline nethod, two
known techni ques whi ch haveTheepresphbtyddvantithoselatesttai ghtethod of
(vector) approxi ' l.n _Fi e n = { ee + 2P | L.on
shown in Figure gEB@%@eEQQW% the d%ﬁé g%r§i§%€&?€ﬁe hp%%%é?ﬁ%??o%ﬁébg&&f
i'kﬂ§trated as the like (hereinafter referred to as character) and, more

particularly, to a method of processing character data

N 5 10 (such as Japanese text characters) by approximating the

~ outline of a character with a set of functional curves or
straight lines, then storing the outline-specifying
information to compress the amount of data, and decoding
the compressed data to reproduce the character image.

15 - It is well known that binary data obtained by
resolving a character into dots has an extremely high
redundancy. In.order to reduce such redundancy, there
have been proposed a variety of data compression methods
heretofore. _

20 One of the prior data compression techniques is
a so-called outline method which compresses the amount of
data by ascertaining the shape of a character in

K,) accordance with its outline and storing the information

~required to specify the outline.
25 In the process of data compression carried out
on the basis of such an outline method, two known

C

‘technigques which have been employed are those of straight
line (vector) approximation shown in Figure 1 and n-
degree curve approximation’shown in Figure 2.

36 The straight line approximation illustrated as
an example in Figure 1l is based on the technique
disclosed in .Japanese Patent Laid-Open nos. 149522/1979
and 79154/1980, according to which the data compression
is performed in such a manner that an outline 1 of a

35 <character plotted by a dotted line is first approximated



an exguple in Figure 1 is based on the techni que disclosed in Japanese

f ai d- Qpen nos. 149522/ 1979 and 79154/ 1980, according to which the
bression is performed in such a manner that an outline 1 of a 35
2r plotted by a dotted line is first approxi mated -2- with a set
of tmo di nensi onal vectors 2 represented by straight lines, and the
I nformation for specifying each vector-(position of initial point, length
and inclination, or horizontal and vertical conponents) is 5 stored to
serve as data. Another exanpl e of n-degree curve approximation illustrated
in Figure 2 iwitheansehodf comerdimgnsyornd pretens gppﬁpcaﬁentﬁdepanese

Patent Appl i catd H14Ab. 1 4464 60rP5N4 Lo EoiWerLon - 13POBERPRIngAESEATI g L0,

10. whi ch t he anoun IS S stosing, the oordlnates of a =

group of poi Nt&HPEg %&ﬁagﬁgd %ﬁlf@ iag ﬁ% u{??&E Nof"d character, and a

desired outl|rﬁtlsnammmmx|mnibdrﬂzmntalsemeWentﬂegleeompbnenebenﬁﬁts 3

whi ch connect ession. 15 It is a feature
o %é§50%1%9p$é9$ébase§392

of data conpr on such outline nethods that, when
reproduci ng a charact erAnokiter byx ampbei af nhdegvepresees appEOoxX heabbona

variety of scplg,d@cioLs ﬁarrpg?up@tﬁl 1€ prd 'ﬁaeha&peeﬁﬂffdeaﬁsgethx

i nterpol ation or conversj 20 vector scale factor. In such prior
met hods as t HFEES §ftht Rk %%Bvé" Japanese Patent Application No.

116160/1980 (Laid-Open no. 39963/1982), according to
10 which the amount of data is compressed by storing the

1

- f

coordinates of a group of points P established suitably
on the outline of a charapter, and a desired outline is

C

approximated with a set of n-degree curve elements 3
which connect (n + 1) points in succession.

15 It is a feature of data compression systems
based on such outline methods that, when reproducing a
character image by decoding the compressed data thereof a
variety of scale factors can be obtained in the
reproduced image by interpolation or "conversion of a

20 vector scale factor.

In such prior methods as those mentioned above,
however, there is a basic disadvantage that an optimal
result is not guaranteed with regard to the smoothness of
the outline (continuity in inclination of the outline), A

25 as is obvious from the example of Figure 1 where the
inclination angles § of the line segments at the terminal

C

-
—

points P of the individual vectors are discontinuous, and
also from the example of Figure 2 in which the
inclination angles § of the left and right line segments
30 on the two sides of each connecting point Pc of the n-
degree curves 3 are discontinuous. |
In contrast therewith, the outline of a
character is generally-contlnuous itself and further has
such contour characteristics that its first-degree
35 derived function (the gradient of the outline) varies



however, there is a basic disadvantage that an optimal result is not _
guaranteed with regard to the snoot hness of the outline (continuity in.-~—
inclination of the outline), 25 as is obvious fromthe exanpl e of Figéﬁé%?
where the inclination angles 6 of the |line segnments at the term nal p&in

P of the individual vectors are discontinuous, and also fromthe exanple of
Figure 2 in which the inclination angles 6 of the left and right line
segnents 30 on the two sides of each connec®ing point Pc of the n- degree
curves 3 are-discontinuous. In contrast therewith, the outline of a
character is generally-continuous itself and _further has sucﬂ,conto

. r
ch%igcteristics et inususilys widdytde 85 cgdtigeqof useReoRELH éaﬁrQHaéﬁﬁ of
t he I_utIine_) var@@%? as-ﬁﬁe-;QQ@&b@@Qu%ht wrthohbtiemeﬁptlﬁnesfofOMbe
pecul i ar points sych as the intersections ongt in e
character and thé#Fﬁﬁﬁﬁﬁﬂ @R&skﬁF SSPFFSHS%RH%Cﬁ§aPé¥E§éﬂ% ggicﬁaﬁég I n
Japanese. 5 known asCoimegledn Japaneise.unavoi dabl e that these

conventional data COUPFGSSE%Bs%ﬁbgﬁ&%gQi%% &EsﬁnhggiﬁﬁﬁgﬂrQE?%”EhE!Eh as
difficulties in attaining satistactory conpresse ata tfaithful to the
origi nal charact @onyantiiasadndakias sompressdon Mmathadsyigiyg 5ésen&oigome

unnat ural ness (e.ptobdiewEHudhidsy diffidiildies dn tEiteadhddhgcatismagesry
reproduced on tr“%é%%?é%égdfﬂggl %%Eﬂﬁﬁ%ie%od%%%'original character
outline and also in accurately eliminating the
by 10 unnaturalness (e.g. discontinuity in contour) of the
— character images reproduced on the basis of such
compressed data. _ '
In an attempt to solve the problems mentioned
above, the present applicant has previously developed an
15 improved method disclosed in Patent Application No.
16884/1982 (Laid-Open No. 134745/1983).
However, the improved data compression method
still has the following disadvantages.
. (1) As a result of the attempt to approximate
20 the whole of the outline at once, discontinuous shapes
" are prone to be reproduced with a deviation from the
original outline at a point of connection between a
straight portion and a curvwed portion. In order to avoid
such drawbacks, a large number of sample points need to
25 be established with the requirement of division into many
polynomials to execute the approximation, so that the
amount of compressed data tends to be increased.
(2) Due to the necessity for complex
computations to obtain the compressed data to be stored,
30 a considerable period of time is required to produce the
compressed data.
The present invention seeks to provide an
improved outline data compressing method, and to provide
a character data processing method adapted to produce
35 satisfactory compressed data faithful to a character



In an attenpt to solve the problens nentioned above, the present applicant
erWH ously devel oped an 15 inproved nethod di scl osed i n Patent
%a ation No. 16884/1982 (Laid-Open No. 134745/1983). However, the

¢d data conpression nethod still has the follow ng dlsadvantages (1)
As a result of the attenpt to apprOX|nate 20 the whole of the outline at
once, discontinuous shapes are prone to be Teproduced with a deviation from
the original outline at a point of connection between a straight portion
and a curved r | reyhasksut @ i ge nunber of
sanpl e poi nt spérquae to %%%%sﬁ%%@é%e%%ﬁhmfhe reqw?%ﬁent of division
into many pol ViRMREESS]S deute the approxi mation, so that the anount of ..
conpressed data tends torke imesebbenl. fyP)hdtieséeks heo neomsidé yafor conpl e

conput at i ons t obtain t ressed 3 derabl e
period of tinet |§r?% 45? qg f ggﬂﬁ%rggééﬁiga?f ghﬁﬁgppﬁgeﬁt
i nventi on seeksidho ¢HbW|cmmamesapoovedtGUthlﬁéduﬁtancbﬂp@%%%ﬁmﬁﬁnethod and

Lo provide a chgsAgaeroflat fe PLO in?ff‘goﬁeéh@ﬁ'af‘é’é‘@éf?dmﬁ@lprﬁ@duce 35
satisfactory conpressed data ait har act er - outline

despite taking |ess ti-nel® %QN&RE%PWh@”%Bﬂ%?e%%%ﬁ§d%?aPIQ%bd?n@ent|on
further seeks ¢@aPiOvéfleddta processing method which, in. the mode of

reproducing a character image by decoding the compressed
10 data, is capable of faithfully reproducing the character
at any of various scale factors to obtain a desired \
character image with a smooth outline. ' \/

VO

e F

Accordingly the present invention provides a
method of processing character or pictorial image data to
15 specify the outline of the character or pictorial image
developed on x- and y- coordindtes so that the encoded
data may be subsequently decoded to reproduce the
‘original character or pictorial image, said method
comprising: sblitting said outline into blocks each
20 - defined by a univalent  function involving x as a
variable: computing, for each of said blocks, a plurality
of vectors which extend sequentially along the outline of
the character or pictorial image and are so established .
as to be of the maximum possible length consistent with
25 the requirement that the deviation between each vector
and said outline is maintained to be less than a
predetermined allowable error; and treating as a straight

aC

C

line any outline portion with a vector longer than a
predetermined threshold and encoding said portion by a
30 code adapted for a straight line, while treating as a
' curve any outline portion with a vector shorter than said
predetermined threshold and encoding said portion by
segmental polynomial approximation.
Some embodiments of the invention will now be
35 described by way of example with reference to the



character data processing nethod capable of achieving a 5 high data
conpression rate in addition to accurate storage of the contours of a P
character ‘outline. The invention further seeks to provide a character dat&gF
processi ng net hod which, in the node of reproducing a character inmage by “~-
decodinﬁﬁihe conmpressed 10 data, is capable of faithfully reproducing the
character at any of various scale factors to gbtain a desired character

image with a snmooth outline. Accordingly the present invention provides a

nmet hod of processing character or pictorial imge data to 15 specify the

outline of the chagagbRpaflyiRhCHPENRhgkmage devel oped on x- and y-
coouginates, o (hat (e Encoded Caley ayD5 PHPSERLel] afe et duon
conprising: splittbagedaod dhel pnkornbotbioeksetheth; 20 defined by a

uni val ent function invoIvingnggﬁ?g%Vfgiéﬂ%;5wcgﬁg¥gi mi {iérqﬁhﬁg ﬁ?ﬂéﬁf

bl ocks, a plurality of vectors™w extend sequentially alo he out
of the charactes opnfpidstaraatordige tadthie tovestd®ns shed as to be of the

maxi num possi bl e Iength consgshepe WM i getribesr QUK ENBYATY Nt l e split
devi ati on between each vector and salgéoutane S nalfégtn d to, be |ess
t

than a predeterm ndBtal Pbaaks e ofeT 4RAdt PEaR| HEL U3 URGHOM i ne any
outline portion w fhvelvesgox asongevathabla;predeterm ned threshold and

Cregting e & ourve any outi | hEESrT; Shennineblyeaibh e foreis (e ling
predet er mi ned 10r espprdxdmat&aopdi ng said portion by segnental pol ynoni al
apRroxi mati on. Figure 6 is a block diagram of an embodiment
contrived to carry out discrimination between a straight
portion and a curved portion of an odtline according to
this inventiong
15 Figure 7 illustrates the result of such
discrimination executed by the method of this invention;
Figure 8 plots the process of computing the
“inclination at each of outline points by the methoad of
this inventiong )
20 Figure 9 shows how sample points are determined
in this inventions
_ Figure 10 shows an exemplary format for storage
L of block data;
Figure 11 illustrates how block data are stored
- 25 according to this inventions;

Figure 12 is a block diagram of an exemplary
constitution for carrying out rebroduction of block data
according to this invention ; and

Figure 13 is a timing chart showing the

30 operation performed in Figure 12.

The method of data processing, with wi.ich this
invention is concerned, will now be summarised with
reference to the flow chart shown in Figure 3.

An input character image is resolved into dots

35 1in the form of an x-y matrix (30), and the outline of the



Sone enbodi nents of the invention will now be 35 described by way of

mle wWith reference to the - 5 - acconpanying drawi ngs. Figures 1 and

{g§xtrate data conpressi on based on the prior outline nmethod; Figure 3

_i.gﬂOM/chart summari sing the nethod 5 of data according to this

invention; Figure 4 illustrates an exenplary outline split into blocks each

defined by a univalent function involving x as a variable; Figure 5

graphically shows a straight Iine 10 approxi mation; Figure 6 is a bl ock

di agram of an enbodj nent contyjived to carry, out discrimpation between a

st rai ght port?QﬁF%ﬁﬁF%i%%?Q%dt%B$t?%ﬁogYeinéuFFFHQCBEEOE hg tHhemi s

ijnventi on; 15the extra%tebd Fdxgwiawéhid Ia:ﬁixrcﬁe_tmaté@ W?ShﬂitFﬁigN.Cglir?e o
iscrimnation execute t he et ho i hvention:, Fiqure of s the
process of cohputihy %%esyq'}]g i'ﬁ% ri‘%ﬂ Qﬁa%atﬁe o?o%hﬁ?rﬁ%l p%%ﬁ’t%tb?ﬁt#:e :
met hod of thigadmweantion;fon the outline Fiepome9 shalbehovhzmng e points
are determn i {s | t¢oy  Fi tﬁﬂgm§' ry. format for

st orage O][B bﬁglci%%t?g? %?gﬁ?e(%%i | Iﬁt%?aaéﬁe}s ow %‘?%c@( at aéair/se stored

processed for discrimination between straight portions

and curved portions in accordance with the lengths of the
individual vectors (33), and the split points of the
curved portion are determined togethEr with the

s

10 intersection angle of the mutually adjacent vectors (34).
A/
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25 according to.this invention; Figure 12 is a bl ock diagramof an

exenpl ary constitution for carrying out reproduction of block data (%ED,
according to this invention ; and Figure 13 is a timng chart show ng

30 operatijon performed in Figure 12. The nethod of data processing, with
whi ch tHis invention is concerned, will now-b2 summarised with reference to
the flow chart shown in Figure 3. An input character imge is resolved into
dots 35 in the formof an x-y matrix (30), and the outline of the - 6-
character inmage thhe shagkeved kheewutainedsedhkentibofrrebpopdtingctedthadt|ine
I's approximated with straight-line vectors in such- a manner that the
positional devi at istradgh¢éapbriéonoisf represendetll bye albheoodegregapbéynonaal
an al l owabl e error (32). The approxi mated outline is processed for

di scrimnation beﬂﬂeénlétwhﬁéﬁttgérﬁhéag afd tber ouglpoet seament gervedance
with the I engths of the individual vectors (33), and the split points of
the curved porti oRCRF&Ngeter FgeGuryg8: REF thPrh iEh8PPOCKAFEFCECYLER &ngl e

of the nutua%ly a%h%%%nhyvgcgg%%lggg%'p}grgg %§d§8r§2 pelynomial (n = 2,

3). The curve approximation is carried out by first

-computing the inclination at each of the outline points

%J forming the outline (35), and then computing an n-~degree
i,; _ polynomial on the basis of such inclination and the
10 coordinates of the two ends of the segment which is to
be approximated with a curve. Subsequently, with
) extension of the said segment, a computation is executed
to define a sample segment in such a manner that its
length becomes maximal within a range Qhere tﬁe ' .
15 deviation between the ocutline and the n-~-degree poly-
nomial for approximating the said segment is maintained
LJj to be smaller than the allowable error, and the two ends
AR of the said segment are determined as sample points (36).
‘u e

Sample segments posterior thereto are defined -

20 .sequentially.in the same way as the above and, after
obtaining an n-degree polynomial for approximating each
of such sample segments, a first-degree derived function
of each n-degree polynomiai is found to compute the
inclination atain at each outline point (37). Then a

25 sample point is determined in the same manner as the
foregoing on the basis of the newly computed inclination

at each outline point and the coordinate values thereof,



*Vhe shape of the outline segnment corresponding to the straight

fI\i s represented by an n-degree polynomal (n = 1) while the shape of
i ne segnent corres- ponding to the curved portion is approxi mted
with™e 5 curve by a single or plural n-degree polynomal (n =2, 3). The
curve approximtion is carried out by fi st conputing the inclination at
each of the outline points formng the outline (35), and then conputing an

n -degree polynom al ‘'on the basis of such inclination and the 10 _
coor di nat es ofnghan RodegaFs o PoyeoFdGie MO Lthifa theul Fhd-he R diing ed

with a curve. ,Subsequently, with extension af the sajd.se nt, a.

conput ation i §'5e>?85\g’t“§&dt 0‘3(§§I:"i nér?’zf scgr?dﬁfg'cé‘?dﬂ’éntaqa‘*%%mén t hat “J
its | ength becggnes xi_mal w.thin.a.r e re t eviati bet weer
the outiine a get RECTEEES & lgﬁoﬁlar}o%q’%ls %&ag'ﬁﬁr%ﬂ@neaﬁnﬁ%%%ﬁ <53(ay|~5d’

segment is. mai ' bg s s |d £kl &, e 5§§L- t wo
ends of the SE?%Q?ES%EQ%%'a?Q gg{dggm%%%gsl%?gan& e pol nttg IE%%ISO ar%pgl}g
segnent s gpOSt gl Qe REHEHE e iRNiiNRI t2 rea fRRAUCHdHdt iV BlRISANE Way
as the above and, after obtaining an n-degree polynomal for approxinmating
each of such gawal erscgtRted in fddgiendeyferiate &l dakdad@mepitrach
n-degree polynomal is found to conpute the inclination again at each
outline point 1pAgestlddstant® betsean eheoiintitiisldetnst Meretinal tdod reane

manner as the foregoing on the basis of the newy conputed inclination
in its x-direction (40). The compressed data of the

-
-

character outline thus stored are decoded dispersively

(¢

10 by a plurality of decoders (41), and the desired
character outline is reproduced on the. basis of the
results of such decoding (42).

Hereinafter the data processing peréormed in each
step will be described in detail.

15 [Image input (30)]

A chafacter or pictorial image is resolved_into X-y
matrix dots through raster scanning by means of a scanner
or the like, and bit pattern data acquired therefrom is o~
fed as original character data to be processed. \wf

20 [Outline extraction (31)]

The outline is obtained by detecting dot positions
(outline points) where the binary data corresponding to
the image-resolved dots chénge from "0" to "1" or from
"1" to "0" in the x- or y-direction. The outline thus

25 obtained is split into blocks each defined by a univalent
function involving X as a variable, whereby a set of

blocks are specified.



at each outline point and the coordi nate val ues thereof, and an n-degree
pol ynom al nore faithful to the outline is conputed (38). The coefficie i~
and the degrees in the n-degree pol ynoni al thus obtained are encoded (3g§§i$)
Furthernore, in order to achieve efficient reproduction 5 of the M
character™outline thereafter, respective br dckK data are stored in sequence
fromthe bl ock having the | ongest distance between the initial and term nal
points in its x-direction (40). The conpressed data of the character
outline thus stored ar&idecdddd ldisyprateisvdbw the oulnl imeplextalaicttedoffron
decoders (41), and the desired character outline is reproduced on the basis
of the results of thelshdgesdiery data) reselaedafinge hy dats i dodssiing
perFormed in each step will be described in detail. 15 &éna e input

(30)] A charact er S®Li§ dindo anivadga ti-Suneddrpeplrris Xeps ﬁ’%@“@éﬁ’g

t hrough raster sc&nning Ry .megns,.of a scanner or the like,” and bit pattern
data acquired ther&PfonPi's ¥ed®ad <ori gi nal character data to be processed.

20 [CUtIi@fl?ﬁgggp%hgﬁyga%%%%ggﬁg%%%kinghgéggéiined by detecting dot

positions (ou nary rresponding to the
| mage-resol ved dots change . f "9 to Lam ‘Gl a0’y :in the x- or
y-direction. The outliﬁg ?ﬁﬁg%ggég oébfaﬁnggkﬁékgﬁlFkrfhggtbﬁég%é each
defined by a univalp@ioxitatiicdN iis"pelrtoRthell a3th ¥AMLARID1IWHENCRYE Fe3@braf

so established as to be maximal in length within a range

~ where the deviation from the outline is maintained to be
10 smaller thah a predetermined allowable error.

Fig. 5 shows an exemplary straight line approxi-
matior executed in a block [Pl, Pn] with a set of
two-dimensional vectors 51 for a character outline 50
represented by a dotted line. The copnécting points Pl’

15 Pyy «cey Py_qr BEn of the individual vectors 51 are
stored as sample points in a sample point coordinate
storing part 60 which will be described later.

Lo _ [Discrimination between straight portion and curved
- portion of character outline (33)]

20 As mentioned already, the outline of a character
generally has straight portibns and curved portions.
According to the prior art which attempts to approximate
the entire outline at a time, a large number of sample
points need to be established in the vicinity of the

25 connecting points in the outline where straight portions

and curved portions are contiguously existent, and

further division into many approximate expressions is



bl ocks are specifi ed. Fig. 4 illustrates how the outline extracted from’
the'._'acter data resolved into x-y matrix dots is split into

gt - function bl ocks (each extending from"o" to "0"). 5 [ Straight
approximation (32)] In one block on the outline, straight |ine
approximation is perforned with a nultiplicity of vectors so established as
to be maxinmal in length within a range whEde-the deviation fromthe outline
is maintained to be 10 smal l er than a predeterm ned all owabl e error.

Fig. 5 shows an exenplary straight |ine approxi-- matior. executed in a

bl ock [err] wiR@cesseryofsq vidrak ndisivhewnyeefofatatends st enhpratease

outline 50 repfesent £6lg bin aaklaid @ss1# M9l e ThedeOnDest imot i dimpf€s$iod5
[err] of the indjvidual vectors 51 are stored as sanple points in a sanpl e

poi nt coordinaf%kgtoring part 60 which will be describéd |ater.
[ Di scrimnation between &mraigit ofothé onincumstianedspdescphbed ahevect the

outline (33] é?esen%tinvﬁtmtAQQ%@A rEafYr i §d¢ Pvtdidg: oo aefﬂ?{}ﬁ&f@.r

general |y has rarght™portions and curved portions. According to the grlor
art which attespeh dbsapprrteees bynéiseriménatingnketyegnt fhe, skrately

nuber of sanphgrPPAt SndCENe t CuPPe@SpaPLishedfi BheheutlLhai iy Sécdh@arde
Connet N0 DO 8 Bt Bk E UL hLn e OREcrs bt ObLcPOLLBES BBFaEHENCE)y tne
aforesaid straight line approximation, and then processing
- 10 the straight portion and the curved portion individually. .
Figure 6 is a block diagram of an exemplary system\/
designed to implement the discrimination between a straight
portion and a curvea portion of a character outline. In
this diagram, there are shown a sample point coordinate
15 storing part 60 for storing the sample points of each block
obtained by the straight line approximation (32); a
straight-portion threshold vector length establishing part
* 61 for establishing a threshold length L to discriminate a
vector; a curve split point threshold angle establishing
20 part 62 for establishing a threshold angle 8 to discriminate
a curve split point; a next sample point coordinate register
63 for'holding the coordinates (xj,y, Yj+3) of an (i + 1)th
sample point P;,,; a present sample point coordinate S
register 64 for holding the coordinates (xj, Y;) of an i-th
25 sample point P;j; a preceding sample point coordinate

30

35



the anount of data tends to i'ncrease resulting in an undesirable reducti

in the conpression-rate. In view of the circunstances described above, t

5 present invention has been contrived in order to elimnate such :
di sadvantages by discrinminating between the straight portion and the curved
portion-of the outline in accordance with the |engths of the respective
vectors obtained by the aforesaid straight |ine approximtion, and then
processing 10 t b ghtsppsti t C i ROEdd OPxd Ndi i dugl
Figure 6 is a bl glgi&id%%ga%sof%%nggigﬂng?agﬁesﬁ%%?n des%égngco“fb ?hﬁllgrrdé%tan
the discrimnati opi bahweedamoBér poulit POI{} 08 BEEtEr CLENSED PESTHPOPiNg Sart
character outline. In this di agram thetetare shown a sanpl e poi nt
coordinate 15 st66ifigr pesitpGOihgr tisé oveatot hbesgtipl & pof 4 ssafpbacdedhack
obt ai ned by the straight |ine approximtion (32); a straight-portion
threshol d vector Kepgtk; ggt abromhtihg pespediivercestainates neld thm eshel d
length L to discrimnate a vector; a curve split point threshold angle
establishing®20 pext sample RAiRb| FRAr&inaAte Weshoter ohdland ckhe present
discrimnate a curve split_ point; a, next sanple point coordinate register
63 for hol di ng t h#PERbY PR BsCPRFFinate Feg i EeT sbhipl 3P pHh HRE Prafton angle
present sanpl e point copordi nate gLster 64 for hol ding the coordinates .
Perty of “an' i <vh Ste g batf b ST Eomeebiin ot HRE S S TaR b b e

30 at the same point P|, from the respective coordinates held

further division into many approxi mate expressions is necessary, SO t%i?j
|

in the registers 63, 64 and 65; a vector length comparing
10 part 68 for comparing the vector léngth L established by
the part 61 with the vector length % coﬁputed by the part
66;.an angle comparing pgrt 69 for comparing the curve
split point threshold angle © éétablished b& the part 62
with the inter-vector angle 8|, computed by the part 67; a
15 straight line storing part 70 and a curve storing part 71
for respectively storing the segments of a straight
portion and a curved portion in accordance with the result
L of comparison performed by the vector length comparing
part 68; and a curve split point coordinate storing part
20 72 for storing the i-th saﬁple point P; as a curve split
when.the result of comparison is § > 6 in the angle
comparing part 69.
/fin the above embodimen%, the operation is performed
in the folldwing manner. First, a straight portion
25 threshold vector length L and a curve split point
threshold angle 6 are established in the parts 61 and 62,

respectively. Subsequently, initial point coordinates



35 __register 65 for holding the coordinates [err] an (i Ql)th sanpl e

poiﬂr perr]; a vector length conputing part 66 for conputing the vector
TengthW ferr] of a sanple segnent [err] fromthe respective coordi nates held
in the 5 next sanple point coordinate gister 63 and the present sanple

poi nt coordinate register-64; an inter-vecfor angle conputing part 67 for
conputing the inter-vector angle [err] at the sanme point [err] fromthe

respective coordinates_held in the r gistgr 63,tg4 anﬁogg; a.vector length
conparing 10 ©9Ipapre BEOFHr2EH 5??5% the vgﬁ?gr EngthPL e8P abINi shed by
the part 61 with the vect t r e rf~3m4¢ 06; an
angl e conparin%o%ﬁafn% ef%ﬁ°%§ﬁg ?%%_?heg§ﬂggé gSP¥tg%§P%? t %gghold angl e
e established t . X i t LRE 8r = or epberr :
conput ed by thgg%ggfnggé 5&%%Ste¥g§$éig%§ F?%g g?%%%ﬁgs%g?% ?% anL a curve

storing part 7dobpaihesecsityely storbagihhensegrepbatobampsbr gbdhk portion
and a curved portion in accordance with the result of conparison perforned

by the veBtor tesgiinseappegigtearcdf8itand dmpusgébipl kb pbikatncanedi nate
storing part 20 72 for storing the i-th sanple point [err] as a curve
split when theveesattlehgtbnpartbencosrfiting parthé6awbliehcwipdr brg part
69. /In the above enbodi ment, the operation is performed in the follow ng
manner. Firstdescxibedghatensti Thersthe sarmpdRopaipécropriéngtRsL and a

curve split point threshold angle [err] are established in the parts 61 and
62, stored in the next sample point coordinate register 63

are shifted to the present sample point coordinate ':; '
10 register 64, and next sample point coordinates are newly
stored in the register 63. Thereafter, the coordinétes
stored in the.present sample point coordinate register
64 are shifted to the preceding.sémplé point coordinate
register 65, and the coordinates in the next sample
15 point co&rdinaﬁe regiéteé.GB are shifted to the present
sample point coordinate register 64. And subsequently
the next sample point coordinates obtained from the
sample point coordinate storing part 60 are stored in L~
the régist'er 63.° hd

20 The vector length computing part 66 computes a

vector length % = J?xi - xi+1)2 + {y; - y£+1)2 from the
coordinates (xi+l£ Y£+l) of the (i + 1)th sample point
P + 1 in the next sample éoint cobfdinate_register 63
and the coordinates (xj, yL) of the i-th sample point P
25 in the present saméle point coordinate register 64. The

vector length 2£ thus computed is compared by the vector

length comparing part 68 with the threshold length L



respectively. Subsequently, initial point coordinates of one block are

transferred fromthe sanple point coordinate storing part 60 to the nexts e
sanpl e point coordinate register 63. In this stage, since no coordinatg >

data is stored in the present sanple point 5 coordi nate register 64,

is inpossible to obtain the vector length in the conputing part 66 which

wi |l be described later. Then the sanple poirt=cdordi nates stored in the

next sanple point coordinate register 63 are shifted to the present sanple
ste

20,1, CO0TEIC Koy o974 308 B9 CATMRL S BRILERROEH, WA SR

newy stored in tRéregis erea es store

pregent sampl e poille6a0diaghe cLedhaieh0d AeLoRAL! CnkOwhiag Riesed ng

sanpl e poi nt coordinate register _ coordinates int ext éanple
15 _poi nt coor dichat 8egfght! §k: 63:ar € 1Shisf tedatr@elingsPaeserh iSRFP LB rRIbRL,
coordi nate register 64. "And subéequéﬁ#ly t he next sanpl e point "coordi nates
obt ai ned fromtheasanehe pebrEipaeed bdE &het Ahikgapathdb@eatenaiopedng t he
regi ster 63. 20 The vector |length conputing part 66 conputes a
vector lengtl® [ethpreodnetkestoaed nat ¢he] strhightt héngi stoklink gpampl 0.
point [err] in the next sanple point coordinate register 63 and the
coordi nat es [err] Inf thRecesehofadpl g poi fhe] segiens [x| i nxitdlpisszrgarded
sanpl e point coordinate register 64. The vector |ength kerr] t hus conput ed
i s conpared by th&Svécfyrved portion and then is stored temporarily until
U discrimination of the next segment. And if the next
segment is a straight portion, the coordinates of the
10 initial and terminal points of the preceding segment
[xi, xL+l] regarded as a curved portion are stored in

the curve storing part 71. 1In another'case where the
_ next segment is also a curved portion, the discrimination
is execuied continuously with respect to the follow%ng
15 segment ané, upon detection of a change from a curved
portion to a straight portion, the continuous segments
of the preceding curved portion are regarded as a single
s curved portion, and the coordinates of its initial and
terminal points are stored in the curve storing part 71.
20 [Outline splitting (34)] |
Meanwhile, in the inter-vector angle computing part
67, the respective coordinates (x;_;, ¥j_j)r (X{, ¥.),
(%, ¥/4;) of the sample points P/ _,, Py, B/, are
read out from the next sample point coordinate register
25 63, the present sample point coordinate register 64 and

the preceding sample point coordinate register 65, and

subsequently the inter-vector angle € (acute angle)



| ength conparing part 68 with the threshold length L previously

esta:gﬁ& ed by the straight-portion threshold vector |ength establishing
part And when [err] the segnent [err] is regarded as a straight
PORTING and the coordinates of the initial and term nal points 5

t her eof are stored in the straight |ine E%Drlng part 70. In the case of
[err] the segnent [err] is regarded as a curved portion and then is stored

segnent |5 aSBOFRI G ERBr1 Pohe REPEESHA nAPEsSgPLPngl 15005 PREEIERY, g
“terminal poi 9;sﬁ&fngs@sdpf.fcsﬁengngfgﬁggh-lagwangsg@regdwﬁhatﬁarved por ti on

are stored int urve storing case where the next -~
it

segnent is J:afav% ggﬁﬁd BPht! Qﬂr?EPSIQ' S65h B Bakkenph gspxgcut ed

continuously wt spec to the | ow ng~15 segnent and, upon

detection of pRe608A8eyl iAMAeCHAYEd6ROT L AAA (hed gheaigh4u1R06E gacht he
conti nuous segnents o¥ the precedi ng curved portion are regarded as a

singl e survedoppatison 88dethegrootHenshmplef potiati Bt ial regdriiedmasal
points are stored in the curve storing part 71. 20 [Qutline splitting
(34)] Meanwhal pewi quthe splet pe¢ntu whgke GQdennagepaare6tbanhe
respective coordinates Lerr] err] of the sanple points Lerr] are read out
fromthe nex$temedl énpthat ces¥edERALE p@gp§t§pogglnat335 PRéngr e3&/t sanpl e
poi nt coordinate register 64 and the precedi ng sanple p0|nt coordi nate

regi ster 65, 72nd

Since many.sample points are usually existent in | ::

10 the vicinity of such curve split point, it h2s been

customary that a long time is required for proeessing

the data to determine a desired approximate curve.

However, due to aivision.of the outline at the curve

split poxnt thus specified, a.curve approximation is
15 executed 1nd1v1dually for each of segments anterior and

posterior to the curve split point, hence expediting the

processiﬁg to shorten the time required and facilitating

the determination of the approximate curve.

¢

Fig. 7 illustrates an exeﬁplary character outline
20 obtained by processing the outline data of'Fig. 4 in the
aforesaid procedure from the straight line approximation
(32) through the outline splitting (34).
In the figure, a mark'"o" denotes an initial point
and a terminal point of each block; a mark "A" ¢-~notes a
25 sample point obtained by st;aight line approximation; and

a mark "e" denotes a curve split point. A straight



subsequently the inter-vector angle [err] (acute angle) shown in Fig. 5
i's conputed. The .angle [err] thus obtained is conpared by the angle 7
conparing part 69 with the curve split point threshold angle [err]
establ i shed previously in the part 62. And when the result of such 5
conpari,son is [err] the sanple point [err],g?%rggarded as a new curve s
poi nt, whose coordinates are than stored in e curve split point
coordinate storing part 72. Since nany sanple points are usually existent
in 10 the vicinity.of such [V | te,POL AL A e ry . that
along tinme is re%ﬁf%é% gﬁ 5F0§§§§ﬁ§%5tﬁ%'dg@%iﬁb%dg@%ﬁ%@ng°%Q§é§r?§dn”t
appr oxi nate curvey Vers..nd hywhsion of the outline at the curve
spl ¥ point thus gg?%%?‘%gthagggi%gqgﬁéfoxination is 15 execut ed

i ndi vidual l'y for geahxp%ftastq%eatfs idel 8hia®hodnd tP el iinal prntthE(_B(ngve split
poi nt, hence expediting the processing to shorten the tinme required and
facilitating the detergnnappedxdiatiagapheosutdtitec shepe bifgthé icbhpsi-edt es
an exenplary character outline 20 obt ai ned by processing the outline
data of Fig. 34 incursedf poesdiott pyocedmseoffr amdegeest pailghtrinlie (where
approxi mation (32) through the outline splitting (34). In the figure, a
mark "o" denotes &n=i Airt ilal 3poi theasadpxessinnsaprgodstesmiagdh ubiqeklya
mark [err] denotes a 25 sanpl e point obtained by straight 1ine )
appr oxi mat i on; an¥hgnnkhe cgorddnates 9ickreePopnite pofntheaisclipghions

thereat are specified. In this case, therefore, it is

S
' necessary first to obtain the inclination at each point

10 on the outline.
According to the present invention, the inclination
- at each of desired outline points is cémputed by
extracting a predetermined number of outline points
anterior and posterior to the aeéiréd outline point, and
15 finding.the respective inclinations of the line segments
which connect the desired outline point, whose inclina-

tion is to be computed, with the individual extracted

C

points.'
The process of computing the inclination at each
20 outline point according to this invention will now be
described in detail with reference to Fig. 8.
Fo; computing an inclination t1 at an initial point
Pl (outline point Ql) of a block [Pl’ Pn] on the outline
illustrated in Fig. 8 (a), first an arbitrary number of
25 outline points existing posterior to the initial point

Pl are extracted, then the respective inclinations of

the line segments between the initial point Py and the



portion is marked with [err], while a curved portion is not marked with any’
¥\ [ Conput ation of inclination at outline point (35)] In approximating
"t hef @) i né shape of the conputed 5 curved portion by nmeans of n-degree
Mials (where n =1, 2, 3), the expressions are determ ned uni quely
when the coordinates of. two points anq_f@e inclinations thereat are
specified. In this case, therefore, it is necessary first to obtain the
i nclination at each point 10 on the outline. According to the present -
i nvention, thendictidedl axatacted pdivesi apel compubedpoandsthe conputed by
extracting a predeterm ned nunber of outline points anterior and posterior
to the desireuinnﬁiﬁaﬁiqnﬂt&,a%nthSiniti$hd@m@nth%1rbSpe@mPveeﬁn@ninationsp
of the line segnents which connect the desired outline point, whose ol
i nclina- tion the thagies hptherespestive inelipytieonexefathedlpsents. The
process of conputing the inclination at each, 20 ._outlipe point _according
to this i nventI5EPsHYS 9XWFQEE?%%E??%&RP?rﬁﬁé$%jVlhither%?%gﬁhhﬁdto Fig. 8..
For conp%%ing aq§¥$clination [err] at an initial point P1 (outline point
QL) of a | ock- 9 on the outline illustrated in Fig. 8 (a), first an
arbitrary nunber of, 25 ' POL LL S. EXE S 4 p erjQf s initial
1 en e 0y AR Po £ L BAA M, PRSP Ls b IOR

point Pl are extracte espective 1nc ons 0 e

segment s bet ey NGed MU dd An RO fwdlo@PiAdCpoints, first the inclina-

tion my of a line segment Ql Qz and the inclination m,

of a line segment 6;_6; are computed. The segment A
10 inclinati.,n'm1 can be obtained from the coordinates'(xl,
yl) and (xz, yz) of the two points as
m1=z_2_;‘i—l‘
2 1
Meanwhile, the inclination m, is also obtainablé in ﬁhe
same manner.
15 ' On the basis of the segment inclinations my and m,,
the inclination t1 at the outline point Ql is determined ::,

by the equation

. tan m + tan m,
t1=tan( —3 )

The inclination at the terminal point can be determined
20 in the same manner.
For compuating an inclination t2 at the next outline
point Q, as shown in Fig. 8 (b), first a predetermined
- number of outline points existing anterior and posterior

to the point Q, are extracted, then the respective



-16 - individual extracted points are conputed, and the inclination t at.

the initial point Pl is conputed on the basis of the respective i
incl.inati ons of the line segnents by the expressions which will be nggmn
described 5 later. In an exenplary case of finding the inclination wt

extracti-on" of two outline points, first the inclina- tion [err] of a line
segnent QL 2 and the inclination [err] of_ﬂ-}ige segnent [err] are
conput ed. The segnent 10 inclination [err]” can be obtained fromthe

ncl i nati on [orr] i G % Shehe (T R AR e WU g | 0°
| nel i pat i on iR | i

Che-dutline poi nt ] Gz i aris (i e Stnaciod Bl 30, Bty
at the termnal poidd QA DeosiHBNed 2 thd BUNS RABHIFRIRES 15707

conputing an inclination t2 at the next2outline point [érr] as &hown in
Fig. 8 (b), first dbﬂgﬁﬁ&ﬁ(ﬂﬁéﬁg%idﬂﬂﬁber of outline points existing

anterior and posterior to the point [err] are extracted, then the
respective 5 For example, in the case of finding the inclination
with extraction of two points relative to the desired

outline point, one anterior point and one posterior

point are extracted with respect to the outline point Q,.

and thg inclination t, is determined by the following
10 equation:
tan ' m, + tan T m
£ = tan ( 1 2y
2 2

In such a case where the number of outline points

'extfactable is less than a designated value, a maximum

number of points selectabie within the designated range
_ 15 are extracted to compute the inclination.
&j. In the case of computing an inclination t3 at an

6utline point Q5 as shown in Fig. 8 (c), the designated
number of outline points are existent posterior and
anterior to the point Q3.- Therefore, the incli#ations

20 m , m,, M, and m4'of the line segments between the
outline point Q3 and the individual points are computed,
and the inclination ty at the outline point Q3 is
determined by the following eguation:

] tan—lmli- tan—lm24- tan

t; = tan ( )

1l e
m3 + tan m4A
L4




ind'@ dual extracted points are conputed, and the inclination t2 at the

’ fe) point @ is obtained therefrom 5 For exanple, in the case
\Livdi ng the inclination with extraction of two points relative to the
desired outline point, one anteiior poi g and one posterior point are ,
extracted with respect to the outllne nt Qand the inclination [err] is
determ ned by the follow ng 10 equation: [err] In such a case where the
nunber of out| ThaspoMith sequentdiile sdyaness aliong LheeAuHbknl RIS, a

maxi mum nunber of points.sel ect abI e WI thin the designated range 15 are
extracted to cEMFut@HHSATION Rt (SGFR B itfe s SOFCARMRY it dhe -
inclination t3 at an outI ne p0|3%§4 é*ras shown in Fig. 8 (c), the S
desi gnat ed nurrﬁ@?‘eopr&‘ftel ut’r? 5 &Xi stent posterior and anterior to

the point . Brér ’tlo e |fn(;sl Hgal gn%% 3na[(ge]rr] and [err] of the

| i ne segnents etmee Ciné& p0|n I ndi vi dual points are
conput ed, sand the i 5 n% At e (ngde N R ] Alia d & fef€r m ned
by the foI | ow ng equ tlhon Thus‘,D lh “sequenti a aadvance al ong the

outline pO'ntSeabBEoE”th”@UﬂMld@ y&%ﬂiﬂgoﬁﬁid§§}6%1ﬁ8¥3“36¥¥érh§he
defined by two points on the outline, and the deviation
between the approximate curve and the outline is ~
computed with respect to each outline point. ;’
10 Supposing now that the deviation in the approximate
curve segment being processed is smaller than an
allowable error, the procedure is advanced to the next
outline point to répeat the same processing, théreby
determiniﬁg'a sample segment where the deviation is the
15 ‘longest within the limit of an aliowable error, and thus
the entire outline is divided into sample segments. And

the-outline is approximated according to n-degree poly-

nomials by such sample segments.

@

Hereinafter the procedure of computing the
20 approximate curve of n-degree polynomials and the
- deviation will be described with reference to Fig. 9.
First, on the basis of the coordinate values stored
in the straight line stori;g part 70 and the curve
storing part 71, the segment to be approximated is
25 judged whether it is a straight portion or a curved
" portion. And when the segment is regarded as a straight

portion, linear (first degree) expressions representing



sanme procedure as the above. [Determ nation of sanple points (36)] 5

Upon conpl etion of computing the inclination at each of the outline pointss,
an approximate.curve is defined by two points on the outline, and the (ng
devi ati on between the approxi mate curve and the outline is conputed w 1)
respect - t0 each outline point. 10 P£05|ng now t hat the devi at

in the approxi mate curve segnent being proces €d is smaller than an

al l owabl e error, the procedure is advanced to the next outline point to

repeat the sanme processidiind REIL 0 AR Ml ML SAGRN gige 408
deviation is the 15 I"ongest wthin the [imt of an allowable error, and

thusthe entire owdrigifdds adididpbddd asamlle re@EmtEbed dther outline is
appFOX|nated according to n-degree poly- nomals by such sanple segments.

Herei nafter the procedwhenfthzomadrant tike &2 Curveah pordimat e the i Idfowing
n- degree polynom als and the deviation will be described with reference to
Fig. 9. First, onprHocedasies igf exeewmst.di nate val ues stored in the straight
line storing part 70 and the curve storing part 71, the segnent to be
approxi mated 9s 25 jad g -wetladr, S (Q3 )a dﬁﬂ%%@’bdﬁﬂ@ﬂoﬁ%%ﬂv@d
portion. And when the .segnent I.s regarded as _a straight portion, |inear
(first degree) exfh&sdidhs Seaples SAGUIRPE tq ke é’é’@’ﬁ?fﬁs d Pl ARRIFHIRALS

of its initial po'crllltrvaer?.sc%g?n}_::[u%defnsdeqei‘l%cn ia ly P Wl hI ab%a% 1 altbeedsalmaptleer

U, segment defined between the initial opoint S, (Ql) and a
i candidate sample point S, +1 (Qn). There are further
10 shown an outline point Qj designated by B; an inter-
section point C of an approximate curve 91 and a straight
line BQ 93 which orthogonally traverses a straight line
92 between‘the two ends of the'segment to be.aépfoximated
with a.cufve and passes th;ough the point B (QjJ; a
15 deviation BA in the x-direction between the outline 90
at the péint Qj and the approximate curve 91; a deviation
BC between the outline 90 and the approximate curve 91;
L«f and a deviatién BD in the y-direction between.the outline
90 and the approximaie curve 91. Since the n-degree
20 .polynomigl in the segment [Qi, Qzl determines a straight
line uniquely, an approximate curve of n-decgree '
polynomial is obtained from the next segment [Ql, Q3].
Hereinafter an examplé will be described in
.connection with the case of a cubic curve. An approxi-
25 mate curve f(x) of the above segment can be specified by

. introducing into the following third-degree eguation the

initial peint Si'(Ql), the inclinations tL and tn of the



When the segnent is a curved portion, the foll ow ng procedure is executed.
5 ' In Fig. 9 (a), [err] denotes an initial point of the i-th sanple
0 be processed. An approximte curve is conmputed sequentially with
/dat e sanpl e segnent defined between the initial point S (Ql) and a
candidate sanple point [err] There are-fu0Other 10 shown an outli ne
point [err] designated by B; an inter- section point *C of an approxi nmate

91 and traight i 93 whi h
Ctrarght |1 no OSELIAES S PREL L BoLhlictol PHE CBGnRELTb hEe o oR Bt oc

wi'th a curve apd, passes_through th j 1. - deviation BA in

t he x-directioﬂxbét%£ na?%e?%quYng ggég§°§%£§p%?ﬁ?&?g?F] and the e
approxi mate curve 91; a deviation BC between the outline 90 and the o
approxi mate curve 91; ang(Q)dgviatiop’ Bipkin kDF y-direction between the
outline 90 and the approxi mate crve 91. Sincé the n-degree 20

polynom al in the segnent [err] de#eéU1MRs-ax§lfaight | i ne uni quely, an
approxi mate curve of n-dearee polynom al is obtgined fromthe next segnent
[err] Herginafter -an exanple wil| #eddessribsg)in connection with the case

of a cubic curve. An approxi- 25 mate curve f(x) - of the above segnent
can be specified by intrbfugihp into the follow ng third-degree equation
the initial point Si (Q the inclinations t and [err] of the canci dat e
sanple point [err] and the cogigi natg. yalues [err] and [err] previously
conput ed. | n Lo -2t -t .
3 X T %y n s
€L = X, - X A
n L
2y, - y;)
£ o+ £ - n L
L n X - X!
a: = n |
- L (x - x.)z
n v

- Subsequently to finding the individual cogfficients
16 to detérmine the approxim&te curve f£(x) in the manner
- mentioned, a deviation ¢ between the approximate curve
f(x) and the outline is éomputed.
The deviation € is obtained at each of the outline —
points Qj (2<j<n-1) existing in the said segment. ~
15 In the figure, when finding the deviation e (= BC)
between the outline 90 and the approximaté curve 91, the
present invention expedites the processing by computing
the deviation € affinely. ’
Fig. 9(b) is an enlarged view of an error portion
20 between the outline 90 and the approximate curve 21 shown
o . in Fig. 9(a). Supposing now that a iine segment CA is

parallel with a straight line 92, the inclination m of



[err] [err] Subsequently to finding the individual coefficients 10 to
determ ne the approxi mate curve f(x) in the nmanner nmentioned, a deviati E
between the approxi mate curve f(x) and the outline is conputed. The (fED.
deviation_[err] is obtained at each of the outline points [err](2 < n '<.f -
1) existing in the said segnent. 15 In the figure, when finding the
deviation [err] (= BC) between the outline®Q and the approxi mate curve 91,
the present invention expedites the processing by conputing the deviation

ffinely. Fig._. 9G [ d i f bi :
betwken  ho out 1 Se%0q SaR “RE By o hnce e rros B S, Hlar 30 Shaye of

Suppdsi ng now thatepa |5k i$8eMNINeCA.S RMR,! gl WHe o3l PRlidd B (@2,
the i'nclinati on m of the line segnent CA I's considered to be equal td@d

that of the strai gilsthind@s92x Eheneyalerbhe thiet b?@&o&@.h&tteBc[\.&He] odi SARGRS
Ex and [err] fromthe approximate curve 91 in the x- and y-directions are

conput ed, wher eby x+=handeg-dddebtiodayiadiel eompaiteld,c sherebybtthienddsired
approximately as [err] If the approxi mte deviation e between the outline
90 and the approxceatietdonve ¢&n besphithdneghappaexidatelyl laswabl e error
the segnent is extended with the next outline point n+l determ ned

provisionally as a candi date sanpl g point, and an apprqgximte curve is
Z ———— X (when {(m| > 1)

N € = 1 EY (when |m| < 1)

If fhe approximate deviation € between the ocutline
90 and the approx%pate curve 91 is smaller than an
10  allowable error, the segment is extended with the next
outline point Qn+l determined'provisionally as a
candidate sample point, and an approximate curve i;
newly computed with respect to the segment (Ql, Qn+l) in
the same manner as the foregoing. Thus, the deviation ¢
s 15 is examined with respect to each of the entire outline
points Qj existing in the said segment.:
And when the deviation has exceeded the allowable
error at any outline point, the candidate sample.point
Q. immediately anterior thereto is selected as an
20 established sample point S{ 41+ SO that the i-th sample
segment [SL’ Si+l] iS determined.
Thereafter, by establishing the sample point S£+1

- as an initial point of the next sample segment,

subsequent sample segments are specified with seguential



newy conmputed with respect to the segnent [err] in the same manner as the
foregging. Thus, the deviation E 15 Is exam ned wth respect to each of
the got e outline points [err] existing in the said segnent. And when the
devi- on has exceeded the allowable error at any outline point, the
candisafe sanple point [err] immediatgly anterior thereto is selected as an
20 establ i shed sanple point [err] So that the i-th sanple segnent [err]

i s determ ned. Thereafter, by establishing t he sanpl e point berr] as an
initial poi néeberhhBaRaQR SAnPREPLEGRRAPESs ifs &GFefETSaRpPECEE fefts are
-specified mﬁt? seguenti al determ nation of sanple points in the sanme
procedure ast®fe2BB¥Se. In the exenplary case mentioned above, the process
is so carried out_th when._| eyLatli ha ce d he

al | owabl e error mf?h?%etﬁggﬁégsrgaéé?%aﬁgngg%%%g-gggﬁéﬁt%ﬁgrP?ofﬁg%

candi date safpl &, gL pL; (8 bagféhsft_eweamtﬁ@ BbviRerBhO el pagekgeededs an
est abl i shed sanp?e point to determ ne a sanple segnent. However, a nodified
proceduse maypbeaPXEGHLEE LPrdP withiahtAeMneRer chhdidateesampaedevi ation
has exceeded the allowable error, the candi date sanple point +| at the
monent is stoegfeheNPQ arQI¥ ) andhtheadaiidatieosampile podinite appreci at ed
wth respect to a cand dat B %anple segnent after several candi dat e sanpl e
poi nts (Q 1l5immebaBely. ahteAhdri theletdeisasiedecsed hserncesdtabld shed

sample point to determine a sample segmént.
However, a modified procedure may be executed in \o/
10 such a manner that, when the deviation has exceeded the
allowable error, the candidate sample point Qn+l at the
rmoment is stored temporarily, and the deviation € is
further appreciated with respect to a candidate sample

segment aftef-several candidate sample points (Qn+2,

13 Qn+3'

allowable error even after a predetermined number of

ee.). And if the deéviation still exceeds the

points, the said éoint Qn is selécted as an established
sample point to determine the sample segmeht.
.In the above case, when the allowable-error
20 condition is satisfied in the candidate sample segment
after several points, this segment is established as a
new sample segment [Ql, Qn]' and the aforementioned
appreciation is executed répeatedly while:advanéing the
sa~ple point therefrom. Due to such prelimiﬁary
25 recognition in advance, it becomes possible to further
.. reduce the number of sample segments, thereby incfeasing

~the data compression rate eventually.l



al l owabl e error even after a predeterm ned nunber of points, the said point

[err] is selected as an established sanple point to determ ne the sanple*
segnent. In the above case, when the allowabl e-error 20 condition | :)

satisfied in the candi date sanpl e segnent after several points, this
segment i's established as a new sanple ség nt [err], and the

af orenenti oned appreciation is executed™F ggétedly whi | e advanci ng the
sanpl e point therefrom Due to such prelimnary 25 recognition in
advance, it becomEBepossubhieidn 6firihelinzticestat oubtbine oposmupl €37) ]
segnents, thereby increasing the data conpression rate eventually.

[ Reconput ati.on of i ncl ¥heni bhe autbimeihas pbhws sb¢eT) jopheninateduritime has
t huS" been approximated with third-degree approximate curves_in a Plurallt
of sanple segnentEh%éépé€€¥§%I?PPF%%lﬂﬁt?l%Prb%$n%nc%oPH?ﬁ%}h§Yd? sample
sanpl e segnents and the degrees apd coefficignts the curves_t

approxi mat e the sSfprenrtighedpechee orgﬁea%nbﬁ%?in@°ﬁ%§a¢°9&&&%ﬁﬁﬁs of

d ced hi h | b d
[ Conputat 1 onSof i FOF| RACPEH BTSBERTT i Boriy 1985 ToP iR aTErAGEonte fof

those at a predetgﬁg1Q§QvQ ? ?ééf£§ﬁﬁ%§ AP ET L Qo PRs §ﬁé§%%cﬁréocéﬁfrom

desired outline point, re nmay e a cons1dera feren

the actual inclinggi aatlme vaswa of ,Raledbfl é&“ﬁféé‘é‘é&%o@é&%ﬂé rwcﬁPe\Hl?] e.
present invention contrived in order to attain nore faithful

approximation to tbeetet)i fRe BnéliSdtion obtalned in [Computation of
~ inclination at outline point (35)] is the average of
10 those at a predetermined number of points anterior and
posterior to the desired outline point, so that there
may be a considerable difference from the actual
inclination. 1In view of such circumstances, according
to the present invention contrived in oéder to attain
15 more faithful approximation to the outline, a fier*
degree derived function f'(x) of the approximate curve
f(x) in each sample segment is formed, and the
L{; inclination at each of the outline points in the sample
segment is computed again.
20 [Redetermination of sample points (38)]

On the basis of.the inclination at each outline
point and the coordinate values thereof obtained by the
data processing in [Recompuéation:qf inclinations at
outline points (37)], a sample segment is determined

25 while establishing the sample points again in the same

manner as in [Determination of sample points 36 ].

The sample points thus established are approximated in



-

degreg~derived function f'(x) of the approximate curve f(x) in each sanple
segy) is formed, and the inclination at each of the outline points in the
sanpN\&\ Jegnent i s conputed again. 20 [ Redet erm nati on of sanple points
(38)]" the basis of the inclination at each outline point- and the

coordi nate val ues thereof obtained by dhe €ata processing in [Reconputation
of inclinations at outline points (37)], a sanple segnent is determ ned 25
whil e establishing the sanple points again in the same manner as in

[ Det er mi nat i o#Ngf Sgdfplsanpdientseorent with aangpenesiimate muwrvwsstfin)i shed
are approximated in, t he sai d_sanple segnent with an approxi mate curve
f(x) which is¥ReF8 f& MRr@ fad thfalodo ithe outddd&ing (39)] The initial ...
poi nt coordi nates qf. the_respective 5 sanpl e segnents in the straight
and curved poi#PSﬁngE ﬁﬁg?jutline and the coefficients and degrees of the

approxi mate curve .al€ .enco and then _stare a set of .block data
aIrOIroanged separ at el %géé'ﬁ'%ﬁ%églﬂn&g\??‘ uaclooﬁpg'gfg,est ﬁ%r 3‘%\? FSRES Y conpr essed
data faighful g§Qp18 seqhlftshanhath rs@%%hgﬂ%'aﬁggcuige%h%ﬂ§t§ el red
exanpl e of one-bFock ggta storage format applied in carrying ou the

present inventh@nouklihBi SnlORKB! codRieskniisadan earees B Ly nal 15
poi nt -coordi nates of one block and the nunber of sanple

approximate curve f£(x) are encoded and then stored as a

set of block data arranged separately for the individual
blocks, thereby providing compressed data faithful to \o/
10 the character outline.

Fig. 10 shows a preferred example of one-block data
storage format applied in carrying out the present
invention.

In this format, a block header stores the terminal

15 point coordinates ofIQne block aﬁd the number of saﬁple
segments existing in one block; a segment header stores
the x- and y-coordinates of the initial point of one
sample segmen£ and the degree of an approximate curve
f(x); and segment information stores the coefficient of

20 the approximate curve f(x) specified by the above degree.

One sample segment data is formed of the segment
header and the segment information, and sample segment
data corresponding to the stored number of sample

‘ segments are ;rrayed sequentially to constitute one

25 block data.

[Storage of compressed_daté (40) ]

The block data encoded in conformity to the above



segnents existing in one block; a segnent header stores the x- and -
y:coordi nates of the initial point of one sanple segnent and the degree ©f _*
an approxi‘mate-.curve f(x); and segnent information stores the coefficie

of 20 I he approxi mate curve f(x) specified by the above degree. One
sanpl e segnent data is fornmed of the segnent header and the segnent
information, and sanple segnent data correggording to the stored nunber of
sanpl e segnents are arrayed sequentially to constitute one 25 bl ock

data. [St f d dat 40 Th | ock d d ;
cgn?orhitgr?getﬁe %%ggégsgg?o?ﬁﬁ?eér§g£?ﬁ?gﬁfgg§%¥a?%%yggggvgaﬁé£nh}9?%ﬁal
bl oek . R . f .

ui I be deacri bed Torar - gk Efkn; FEERCYERE PheBrodbl  F0B B Ehe MhLERLER

in the order of thgypyinethfeykenoth aege'ﬂﬁgdfpstéfpoaﬁggemetﬁedéfwua'

bl ock data. Fig. 11(a) i1llustrates an exenplary Japanese character [err]

where conpressed dstdrigyeibeenrobtagnesqiehbisErpech tRei Hga¥EdyYAl tRboCks
(nunber from 1 through 10 20 for explanation) of the character outline.

The data are storetlim@ Sefngehceedudredhfopn@edtdding ethér Esdivedbangesbcki e
(e.g. the block having the | ongest distance between the initial and
termnal points indabt®.x- direction). In Fig. 11(a), block 12 requires the
| ongest 15 decoding time, which is followed by block 10, block 16
Fig. 11(a) illustrates an exemplary Japanese
kv/ character "% " where éompressed data have been obtained
' with respect to individual blocks (number from 1 through
10 20 for expianation) of the charécter outline. The data
are stored in sequence from the one that regquires the
longest time (e.g. the block having thé longest distance
between the initial and terminal poinfs in the x~
.directioh). In Fig. 11(a), block 12 requires the'iongeét
15  decoding time, which is followed by block 10, block 16
"and so forth in sequence. And block 3 requires the
shortest decoding timé. Accordingly, the compressed
\_ data of the character outline obtained finally are
stored as a set of block data shown in Fig. 11(b).
20 [Dispérsive decoding (41)]

The procedure described hereinabove is concerned
with compression of the chéracter outline data. Now an
explanation will be given on how to reproduce the
original outline on the basis of the outline data

25 compressed by the afoiementioned data processing.

In order to perform fast'reproduction-of the

outline, the block data to be processed are transferred



uuuuuu

and so forth in sequence. And block 3 requires the shortest decoding tine.
tdi-ngly, the conpressed data of the character outline obtained finally
pred as a set of block data shown in Fig. 11(b). 20 [ Di spersive

g (41)] The procedure described herei nabove is concerned with _
conpressi on of the character outlin§12gga. Now an expl anation will be given
on how to reproduce the original outd "ne on the basis of the outline data
25 conpressed by the aforenmentioned data processing. In order_to perform
fast reprodfXIVHIFLhdo @ IR akHy Rhdecrierio e AR cdeiar e
transferre ., sequentially to a plurality of decoders, and any decoder
havi g comiPRia tRmrleaied che dtfleds ¢Ir el ShETEseSH e data. In .

e,

1 1 ANSRIR s e A | S Ll AR, L0 e e 00K o

a matter o ernc-" T _ : codi ng
the data ofeinydldfing idnd Sl WaleddiRtnidia, HEOGESOEL I for
reproduction of the oé*llng I's al'so rendere ong. erefore, in case the
bl ock sdat a cfnc ArlNg WRAOAIG itd NP lchdriogRs sefl Adddaq tASF QaOESE Bga State
10 where the correspondi ng decoder alone is still kept in operation

while all anedadecefeichddoH f dadyid indished tétaPrenessid@ess gl such
undesired state brings about a reduction in the operational efficiency of
t he decodensimeFdor hepgroduesdoal ofvailh g tdcione riencel s Seredered 5
phenonmenon, sequential data storage is perfornmed
long. Therefore, in case the block data of a long
decoding time is processed late; there occurs a state \u)
10 where the corresponding decoder alone is still kept in-
operation while all other decoders have already finiéhed
the processing. And such undesired state btings about a
reduction in the_oﬁerational efficiency of the decoderé,
For the purpose of avoiding occurrence of such a
15 phendmenén,_sequential data storage is performed
according to this invention in such a manner that the
compressed data of the block reqﬁiring the iongest
decoding time is first stored as mentioned above, and
the entire block data thus stored are processed by a
20 plurality of decoders, whereby a high processing
efficiency is ensured to acccmplish fast reproduction of
the character outline. _ |
The detailed proceduré will be described below with
reference to Figs. 12 and '2.
25 Fig. 12 is a block diagram of an exemplary

embodiment contrived to optimally carry out the outline

reproduction in the present invention. In the diagram,



according to this invention in such a manner that the conpressed data of .
the bl ock requiring the | ongest decoding tinme is first stored as nentiom%%}
abave, and the entire block data thus stored are processed by a 20 o
plurallty of decoders, whereby a high processing efficiency is ensured to-
acconpllsh f ast reproductlon of the character outline. The detailed
procedure will be described below with reperence to Figs. 12 and 13. 25

Fig. 12 is a block diagramof an exenplary enbodinent contrived to

optimally carry ouf the outljne reproduction.i he preseni_.jnvention.
Rt Gragram Y DPhetS et Lrbin S oRBP et ead le b TERTEY 1hab {ERT Lt 60 g

ndi Vi dual’ block daba,ig.Lhe, seauegge, of t@ﬁ?ﬁggugsagwfrqu'&f,g oL,

decedi ng the data of eac a geTetltor Seél ectimn €co e?tand

transferring the 9@&319£d5fo¥aggsoahﬂgktﬁae 8§LQ of é&@hebiéékora”ESPé¥t&32

for storing a desiréd scale tor utted froma Separate source;

decoder group 123;99npéiSi8feltiRgls QEcH862UEHE £95n§§@f9ﬂﬂglaget®§tq of
outline fromthe block data at a desired scale factor; a selector 124 fo

sel ecting a glecodene BDock iﬂhéﬁ@tdﬂﬁsaféﬁéﬁéeﬂaéb@rpﬂf\aﬁ@ﬁflIlgzoftbroétcbi’lfng
decoder group 123, and transfers the decoded outline inage data to a

one- char act er nenargesicedf socaleafactorhinputéednEnonya 19épdoatst svunget he
outline data fed fromthe .selector 124; and an output unit 126 for
printing or 15 2adéepbder nfgrcme tR3roemprishnghn-baits of deeodersi fer

kw/ reproducing the outline from the block data at a desired
) scale factor; a selector 124 for selecting a decoder,
10 which has finished the processing out of the decoder
group 123, and transfers the decoded outline image data
to a one-character memory therefrom; a'one-character
memory 125 for storing the outline data fed from the
.selector 124;-énd an output uﬁit 126 for printing or

15 .displaying the character on the basis of the outline
image data of one character completely stored in the
one-character memory 125.

ivf The above embodiment perfofms its operation in the
following manner.

20 The data stored in the compressed data memory 120
are transferred to the $elector 121 in a predetermined
sequence of the time léngth required for decoding omne
block (e.g. in the seguence of block 12, block 10, block
16 and so forth in Fig. 11). Then the seiector 121

25 sequentially selects the decoders out of the decoder

group 123 and further transfers the block data to the

selected decoders. Upon completion of such data transfer,



| mage. data of one character conpletely stored in the one-character nenory
125. above enbodi nent perfornms its operation in the follow ng manner.
20 The data stored in the conpressed data nenory 120 are
transiierred to the selector 121 in a predeterm ned sequence of the tine

| ength required for decodi ng one bl ock (e.%. I n the sequence of block 12,
bl ock 10, block 16 and so forth in FLg.‘Fi).‘Then the sel ector 121 25
sequentially selects the decoders out of the decoder group 123 and further
transfers the beech detedes shrarssl sepeddusddder ©f Wien cudrping icon tife such
data transfer, each decoder starts reproduction of the oqutline on the
basis of the bl begigard tthesbleck dataatdushaesadved andorthmiseadivored -~
separately in the scale factor nmenory 122. The sel ector 124 serves to ;

sel ect the decod@Ftsr dpid S§ores SEEF AReLYr dtedie FFde FfQtqFe memory
reproduction, and.trapsfers.the repr,gduced outline.i data to. the
one- char act er n@?rﬁry %@. sﬁ&fcggfog‘ez(ra REIVTS CSnpIes %’ee rdgeﬁrogdcﬁfct i on of

one O ok, S0 na ARk 013° gkl s e AR Ul gl

wher eby the 10 next oOne ck-is transfterre

13 is a timng ghart LERFRSENHAT reredRhRied RAeHy Nhadl@tLitd e
decoder group 123 shown in Fig. 12." In the chart: there are shown a tine

T of- transferphegchleabhesk mdabayl 12%.t hangelRtoderl Hbtihgl TorgAted
decoder; a tinme [err] of transferring the decoded out-

the reproduction of one block sends a command to the

selector 121 for transfer of block data, whereby the \*)
10 data of the next one block is transferred thereto.
Fig. 13.is_a timinglchart representing exemplary
processing states of the decoder group'123 shown in
Fig. 12. In the chart: there are shown a time Tl'of- -
traﬂ$ferring the block data from the selector 121 'to
15" each decoder; a time T, of transfefring the deéoded out-
line image data via the selector 124 to the one-character
memory 125; a time'T3 of decoding the block data in each
decoder; and a time ‘1‘4 of processing the one-character \u)
data.
20 After the data of n-blocks transferred to the
decoders 1 through n begin to be processed, the next
(n + 1)th block data is transferred to the decoder
having required ﬁhe shortest processing time (in this
example, decoder 3), and the successive data processing
25 is executed continuously.

Since the respective block data to be transferred

are arrayed in such a seéuence that the required



line image data via the selector 124 to the one-character nenory 125; a .

time [err] of decoding the block data in each decoder; and a tine [err] of" o,
processi ng the-one-character data. 20 After the data of n-blocks - G*ﬂ
transferred to the decoders 1 through n begin to be processed, the next (n —
+ 1)th-bBl'ock data is transferred to the deeggel havi ng required the

shortest processing time (in this exanple; coder 3), and the successive

data processing 25 i s executed. continuously._ Since the respective bl ock

data to be transfBFPEASEiBIatiBGeBerPmescHraduail¥nEROFREE RfcMERELPPEY
processing time begone graduaLIé,shgrtgr as Eentioned alread¥ the .

i ndi vi dual decodefSFEAAYY eFRENLPRLFFERRSSARGOERESASRE 5P BHA? RaPERfBFsing
al nost simultaneoysly.. It fallows that the decoders. stantjally
equally 5 mﬁthogﬁeaﬁﬁkﬁag?e?ﬁF ?%?Eaf%ﬁﬁ ?gmgﬁ s%ﬁﬁggggégﬂﬁﬁ? zeE#he

entire period of L red r ' a
Crepr Salct oy o1 SoPoREThRElehg odEaatkato e Ehrk R et O Ly cmneray

of 10  indisvi dughtBbaekanyennodueet by1theifecedeesSndbqueh®l@iminimize.
sequentially in the one-character nenory 125 to constitute conplete outline

i mage data -of onehehanagterpelddtbe demer edgahaeacEer 8ecoephgdured as in
the prior art by feeding the outline inage data fromthe one- 15
character nenory-&Bartotan datput. unit 126 such as a
’ [Reproduction of outline (42)]
7 As described above, the outline image data of
10 individual blocks reproduced by the decoders are stored
sequentially in the one-character memory 125 to
constitute complete outline image data of one character.
And the desired character is reproduced as in the prior
art by feeding ‘the outline image data from the one-
15 character memory 125 to an output unit 126 such as a
laser beam printer, CRT photocomposer or display device.
As a result of experimentally applying the above-
(s déscribed character data processing method of this
invention to a Japanese Ming-style hiragana character
- 20 "H cormposed of 800 x 800 dots, it has been verified
that a data compression rate of 1.21% is attainable with
one dot determined as an allowable error to a desired
character image. "
Although in the foregoing description a hiragana
25 character "% " has been explained as an example, it is

obvious that the same processing can be performed with

regard to any other character such as Chinese character,



-

| asey-~beam printer, CRT photoconposer or display device. As a result of
,u'ﬂ-ntally appl yi ng the above-- descri bed character data processing
@L)bf thHis invention to a Japanese M ng-styl e hiragana character 20
rrposed of 800 x 800 dots, it has been verified that a data
conpression rate of 1.21%is attainable with one dot determ ned as an
all owabl e error to a desired character bﬁadé. Al t hough in the foregoing

description a hiragana 25 character [err] has been expl ai ned as an

exanpl e, it is dinhaheticak hAragher RHCERSARY RuENVHELPRT FBRFES wi t h
regard to any other character such as Chinese character, - 30 -

al phabet i cal ~cH#RAES a9 thind 3 HA%W2FF ous narks, synbols and |ine N

dran ngs, TS, BCCGLD L ADE g bkl MLRATKPTEASD I5OLIORE]
conpr essi on r At A T CREre PR PRar | 2bt (2et T e R Baterr o o AR SR qual ity
character ©or piglolials i PoCs aiafa LS ERELECE CLAGCEMSothness 33£-aCLAI MS
character outliﬁe at a sufficiently high. compression
rate and further to realize fast reproduction of a
high-quality character or pictorial image at a desired

scale factor. o/



1. A nmet hod of processing character or-pictorial imge data to
specify the outline of the character tlmlllﬂ'l nuﬂ!ul! ge devel oped on x
and y- coordinates so that the encoded' . sequent |y decoded ey
reproduce the original character or pictorial inage, said nethod -
conprising: splitting said outline into bl ocks each defined by a unival ent
functioen involving x as a 10 variable: computing, for each of said bl ocks,
a plurality of vectors which extend sequentially along the outline! of the
character or pictorial imge and are so established as to be of the maxi num
possi bl e | ength ChAsMStent with the requirenent that the deviation between
each-vector -15 and said outline is maintained to be less than a

presterni ned all owabl e error; and treating as a straight line any outline
portion with a vketor |ongdrmehhndaopretiecessingdeharesher &Ml eiddiIng

sai d portion by amu%@d;eaadapbeﬂpéeif? thé F WPl i henet M lehddre@téngas a 20
curve any outline, portion with a_vector shorter than said 5edetern1ned
t hreshol d and5enEbgFﬂb‘§hiHmﬁsFtFSHeBQPgégﬂEn¥élaﬁ@l&ﬁoﬁ?%f Y &ki$fat i on.

2. A dat athaocehei eeodé dodh tac andyli g $obséquent 1y 2Fecoded etion t he

| 1 al | f t ' t | | .
Corr see: o vi af S edife Ehe] SEPHLIE Hia RIS VoL TE L B0 B0 AeildY smig,
curve split poinmethhdreompeisigiessplithingsseidoaudlineeimin Unlagks

adj acent vectorsegefe G6EfhEE bPaR én NLOS € MRS P A8 By & v ue; and
carrying out segnental polynoni al appEOX|nat|on I ndependent |y with regard

to_the outli 8 sERfbAPLeprcompHt jpRupton each of sapd Bl ogkie &imginft Hoh

according to clapin vectors which extend sequentially along the outline of

the character or pictorial image and are so established
as to be of the maximum possible length consistent with
the requirement that the deviation between each vector

15 &and said outline is maintained to be less than a
predetermined allowable error; and treating as a straight
line any outline portion with a veetor longer thana
predetermined threshold and encoding said portion by a
-code adapted for a straight line, while treating as a

20 curve any outline portion with a vector shorter than said
predetermined threshold and encoding said portion by
segmental polynomial approximation,

2. A data processing method according to claim 1,

95 wherein the polynomial approximation for treating the
outline portion as a curve comprises: dividing said
portion into a plurality of groups by designating curve
split points where the angles of intersection of the
mutually.adjacent vectors are greater than a predetermined

30 threshold value; and carrying out segmental polynomial
approximation independently with régard to the outline
segments of eacech group.

3. A data processing method according to claim 1
35 or 2, said method further comprising: after determination



35 @2, said nethod furtherdggﬂpLLgLﬂg;_ai%é%~deternination - 32 - of
an,ccﬂﬂbne segnent to be encodeéd by said segnental pol ynom al

appr aﬁy at i on, conputing i ncl i Ngge “m“““t“ “he two end points [err] of
sai d segnent and the codrdinate$“mm“““ d points of said 5 outline
segnent; then conputing an n-degﬂeeCpokyn6n1%I f(x) (wheren =1, 2, 3) to
approxi nate said segnment on the basis-o82said inclinations [err] and
coordi nates; and storing the coefficients and the degree of said n-degree

pol ynom al as outline data to specify said segnent. 10 4. A data
processi ng nefhafd eutbinenegment aton be encofednbynhsaidcFeaRerdAd [err] and

[err] are obpgipremiy 1CapBrbkifalti®n]Veoadatihg Nadlammadlnée tinckinati on .~
at each end glnt and 3 gred%tehn1n d ngnber of outline %5 0|Ats recedi ngw
and fol | owi ng et WoeRBGBPAN S Rd » DpI T TP LLiSLEDEPL BLY KBe e

incIinationscberd]pands[éle $1), (x,, ¥,Hafa thecesdi pginesholl saidrding
LuEt oL SUEITNR, b ) iy YOhRAT TSPy DR L BT Ra R, ) oo
f(x) (where n =1, 2, 3) to approximate said segment on
the basis of said inclinatidns tys ty and coordinates; and
storing the coefficients and the degree of said n-degree
polynomial as outline data to specify said segment.
10 )

- 4. A data processing method aceording to eclaim 3, \/
in which the inelinations t; and t,, are obtained by
computing the average of the respective inclination at
each end point and a predetermined number of outline

15 points preceding and following said end point, and

applying said averages, as the inclinations t; and t,.

5. A data processing method according to claim 3,
wherein said f(x) is expressed as
20
f(x) = y; + bj(x - x;)
+ ej(x - xi)2
- d;(x - xi)3

25 and the coefficients thereof are computed from the
following equations:

30 3 (n - Yi) - 2t; - t,
= X X
e; < n - =1
Xn - Xj

35



- 33 - [err] 5 6. A data processing nethod according to claim11. or
.2, said nethod further conpri sing: on of an outline . . .-
segnent to be encoded by said segnexumlmﬂﬁmummm"pproxi mat i on, conput \.gg
an n-degree polynom.al [err] (where f =%1,"2,"3)° td approximate the 10 <
shape of an outline segnent on the basis of inclinations [err]and tn at tHé

two end points of a certain fixed segnent. ggich is set in said outline
segnent and the coordi nates thereof; subsequently conputing, fromthe first

degree derived function [err] of said n-degree 15 polynomal [err], the
inclination at each of the entire outline points ex2§¥ent Widhin said

seghent, then conputing ag_n;degneg palynom al _f2(x) &yherezn =1, 2, 3) to
appt oxi mat e a segnent diffdrent ' he basis of
said inclination at each of the 20 od&hLi neXpai'nts and sai d coordi nates

thereof; and storing the coefficient and the degree of said n-degree

pol ynom al f2(x) as outline data to specify said segnent. 7. A dat a
processi ng mét héd accordiﬁgdP&acPéPﬁFf56P32§e§%°§an°H§ﬂH8§ farehaim 1
conprising: after detgaiidnmeittodofuanhert tompriedngnt atbebedenerniédabyosai d
segnent al pol ynomd al  approxi mation, .c { ith, e t of the
outline points ﬁ?{ﬁ?n°§ﬁlgéfggfﬁﬁﬁgﬁ gggﬁgn??egﬁkgrPgr§g?gef%g%§ﬂ? é
outline of a cepiodiymofn badd ap@ire x3Maddgms nicompiutti ngs agen-dagsaed outline

segment and an aRRLREWTAIC GUxIe(ARERENR=DY, aBPr @i Bt hppro2idaout khae

; 10 shape of an outline segment on the ‘basis of ineclinations

~ t, and t at the two end points of a certain fixed
segment which is set in said outline segment and the
coordinates thereof; subsequently computing, from the
first degree derived function qzl(x) of said n-degree

15 polynomial fl(x), the inelination at each of the entire
outline points existent within said segment, then
computing an n-degree polynomial fz(x) (where n = 1, 2,
3) to approximate a segment different from the foregoing
.segment on the basis of said inclination at each of the

20 outline points and said ecoordinates thereof; and storing
the coefficient and the degree of said n-degree

polynomial f,(x) as outline data to specify said segment.

1. A data processing method according to claim 1 or

25 2, said method further comprising: after determination of
an outline segment to be encoded by said segmental
polynomial approximation, computing, with respect to each
of the outline points within an established segment,-au
error {between the outline of a certain fixed said

30 segment which is set in said outline segment and an
approximate curve obtained by approximating said outline
with an n-degree polynomial; comparing said error‘x'with
an allowable value and, if the error }l is smaller than
said allowable value, extending said segment for renewal

35 thereof and repeating the computation and appreciation of



W t n- degree pol ynom al ; conp wi th an al |l owabl e val ue
and the error [err] is smaller O“II mlmm“ bl e val ue, extending
sai gnment for renewal 35 there Lrepeatimg the conputation and
appreci ati on of - 34 - 'said error [err] until the same exceeds said

al l owabl e val ue; and storing, as outline data to specify the extended

segnent, the coefficient and the degree'o§4aﬁ n- degree pol ynom al f(x)
(wherein n=1, 2, 3) for said segnent A data processing met hod
according to cIa| 7, wherein,t utat on of. s ernq rr] i .
execut ed by apBF(BH] REFPBNE a’:‘“fé? nﬁa%ﬁl gReheds ?ﬁgdl ﬁ(! ﬁ*%tebl an v@fsluaeﬁ
outline segmenahdasdoxiagg bsrbptaneeddamatnonspbeuﬁgemhehGXGamHﬁMe and t he~
R O rase s e, 0 thE® ke (11 intTahC khNBegheE0G h\sehxﬁn eglee i~
A dat a proceSS|n neth accor aim 5 sa| rther
conprising: spppivhagiadi d (&t |(wher25n| Ao lbl dokBledOR SeriidSeament.

uni val ent f nctlon involving x as a variable; then conputing encoded bl ock
data to SpeCIfé t he |nd|V|guaI bl ocks; subsegﬁe@tl¥ stgﬁi%gtthelblocb dat a

in an individuBrly readaft 834BnREPCRFSANENRSHNY BREREIA Mg ton& LBd My det

decodi ng tinme Wwhietle iand ha30 coumpetgitcidn W focesi d rexdwem:éhdimg:xamdﬂrednfby

decodi ng tine;aSBgogﬁhgtlogaQ| ng out the block data with regard to the

10 . € = m - where [m| > 1)
o/
9 _
. m° + 1
€ = 1 £y where |m| < 1)
15 |
m2 + 1
(in which m is the inelination of an outline segment; and
€y and €g are deviations between the outline and the
20 approximate'curve in the x- and y- directions, i}
respectively).
9. A data processing method according to claim 1 or }\J

2, said method further comprising: splitting said outline

25 1into bloecks each defined by a univalent funetion involving
X as a variable; then computing encoded block data to
specify the individual bloecks; subsequently storing the
block data in an individually readable manner with the
bloek requiring the longest -decoding time first and

30 subsequent bloecks in desecending order of decoding time;
and after reading ont the block data with regard to the
individual blocks, distributing said data sequentially to
a plurality of decoders so as to decode the same.

35



e

i‘ndi vi dual bl ocks, distributing sai-d-data seque ly to a plurality of
» decoders so as to decode the same. 35 g t A net hod of =
processi ng character or pictorial M\M\ ding to claim1 and (é’,}
substantially as herein described teflerdnce to the acconpanying —_
drawi ngs. 5 10 15 20 25 30 35 '

-

- 35 -
E\,\ 10. A method of processing character or pictorial
i image data according to claim 1 and substantially as
herein described with reference to the accompanying
drawings.,
5
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