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METHOD OF STORI NG CHARACTERS AND PHOTO TYPESETTI NG APPARAEZ#

The present invention relates to a nethod of storing characters (which term .
includes letters and figures), and to a photo-typesetting apparatus which ‘
proj ects characters on to a sensitive nmaterial using a cathode-ray tube
(CRT),_taser/scanner or other flying 10 spot character imaging

device. In recent years, photo-typesetting machi nes enploying a CRT and

phot o-typesetting nachi nes enpl oying a | aser/scanner have been devel oped

and have been wi dely used due to the application of advanced 15 ﬁl

el ectroni cs technol ogy,....Lhe teachnical .assi t esulting in the present

I nvention, is to che§§FV°§e§Fo§d§315§e“@ﬁ%bgggggsﬂgﬁd yet maintain a high
quality. . Generally, ho - khg characters consists of
digitising a character PRYED T RE eI T RE éig?A%QEEabl ibed in detail in due
course with reference to Figure 2.. To obtain characters of high quality,
therefore, they nust be digitised or divided into a great many dots, which
contradicts the requhecpeebeher iaRearkivn epnadusi 18 ahaeaticy W th

reduced nenory 25 capacity). Fromthe standpoint of quality,

f urt her noseorihgr ehasactpesedwaikchniteatn dncimdelse leitzeraf anlde charact er

that is to be reproduced relying upon 2 a predeterm ned nunber of dots.
When char fitgeresdfi and to a photo-typesetting apparatus which

o~ projects characters on to a sensitive material using a Q}

N~ cathode-ray tube (CRT), laser/scanner or other flying

10 spbt character imaging device.
| In receﬂt years, photo-typesetting machines
employing a CRT and photo-typesetting‘machines
employing a laser/scanner have-been developed and have
been widely used due to the appligétion of advanced

15 electronics technology. The ﬁechnical assignﬁent,

| resulting in the present inyention, is to cheaply

reproduce the characters and yet maintain a high

quality. Generally, however, the systém for storing

characters consists of digitising a characier to store

20 it; as described in detail in due course with reference
to Figure 2. To obtain characters of high quality,
therefore, they must be d;gitised or divided into a
great many dots, which contradicts the requirement for
cﬁeaply reproducing characters (with reduced memory

25 capacity). From tﬁe sténdpoint of quality,
furthermore, there is imposed a limitation on the size

of the character that is to be reproduced relying upon
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various sizes are requirted, characters with different nunbers of dots nust

be prepared. In the Japanese | anguage, furthernore, there exists up tofte N

t housand 5 .

in several

not practicable and various systens for conpressing the data have been

proposed to cope with the inconveni ence. Bn nost of 10 t hese systens,

however, the characters are divided into a predetern ned nunber of dots,

and the dots are GoRFEsetsFmingd arumer Af B9 ent Hher fharapkeieoPéd

depengdi-ng upon the si,ze of ,the character i ch_contradicts, the_requijenent
o L5688 Hin dieretint

for ré&ducing the r@FfdQpsisizes arg, yeguired, Gharac

+ charactrers in a single size, and characters are ofte
sizes. Therefore, to store the characters which are digiti

§ET et

storing the characters risn (;tpeaoftor m . of tbzeei%reosa%xjeid?e fr_1i rgifé)lg?‘?uramlen this

system however, AR %Y appﬁmﬁ%&ﬁe

raight

i's prepared based,upar : te eter pined. s
connecti on points]?ﬁgﬂﬁﬁﬁa furth%QQ&?ﬁzt?gfgktaf?%gg gg 3 @Qn thSusand

points) o

IS

8h-the data

scal e whew char acifay fterd AMIY sIngleasdzRGI BAAt ERAFEHLedBdatBeogUahi LY
deteriorates. Conversely, when an attenpt is nade to obtain |arge 25

characters whil e RRigd dimigeddtiagh sigals.t yThekefapeyntooktdgeatha be stored
I ncreases proportionately to offset the neaning of data conpression.
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~characters which are digitised is not practicable and
various systems for compressing the'data have been
proposed to cope with the inconvenience. In most of
these systems, however, the characters are divided into
a predetefmined number-of dots, and the dots are
compressed. Therefore, different data must be stored
depending upon the size of the éﬁaracter, which
contradicts the rgquirement for reducing the memory
capagity.

Another system consists of storing the
charaéters in the form of their outline or contour. 1In
this system, however, curves are approximated to
straight lines. When the data is prepared based upon
characters of a predetermined size,.connection points
(bending points) of straight liﬁes appear on an
enlarged scale when characters of a larger size are
being treated, and the q;ality deteriorates.
Conversely, when an attempt is made to obtain large
characters while maintaining high quality,.the amount
of data to be stored increases proportionately to

offset the meaning of data compression.

3

pear on an enl arged



An object of the present invention is to solve the above- ment i oned

-probl eass and to provide a nethod of storing characters based upon reduced
anmounfis )gf . data without a deterioration in the quality, jrrespective of a ¥

change\iy nmagnification factor. 5

According to one aspect of the

present invention, a nmethod of storing characters conprising the steps of
dividing the contours of a character gt suitable positions to form contour
el ements, enploying at |least a start point, an end point and a reference
point suited for reproducing a contour elenent, as contour elenent data—10
each contour elenent, which points dictate a curve of n-th degree 4
suited for approAnnebjeat ofathe mresentr intention is doasalue \ihe abave-he nunber of
.points depends on the degree of the function, and successively storing said
cont our BesHened piehlems andite pravideus nethodhal steripg chasacters
According tg a second aspect of fhe present inyentjon, a photo-typesetting
e h ot el I

for
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4 _
suited for reproducing a contour element, as contour element data

for each cohtour eléxhent, which points dictate a curve of n-th
degree suited for approximating said contour element to a curve, and
the number of points depends on the degree of the funection, an;l
_suc_:cessively storing said contour element data to store contours of
characters.

According to a second gspect of fhe present invention, a
photo-typesetting apparatus cdmprising a character memory which
stores characters relying upon the sets of contour element data , : o/
consisting of at least start point, end point and a reference point
suited for reproducing contour elements that are obtained by
dividing contours of characters at suitable positions, whiech points
dictate a curve of n-th degree syited for approximating said contour
element to a curve, and the number of pbints depehds on the degree
of thé function; an operation circuit which calculates desired co-
ordinates on the contour elements relying upon the contour element
data read from the character memory; and a circuit for controlling

the turning on and off of an electron beam or light beam and for
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controlling a deflecting quantity based upon the results operated by the
eperation circuit. In.order that the invention may be nore readily ~
~understood, it will now be described, by way of exanple only, with 5 (ig;}
reference to the acconpanying drawings, in which:- Figure 1 is a diag /
illustrating a method of interpolating a curve; Figure 2 is a diagram-
illustrating a nornalised X.Y grid with the contour of a Chinese character
[err] [ei] superinposed 10 thereon; Figure‘34is a bl ock di agram show ng
maj or—~portions of an appartus for storing characters which is equipped with
a bubhfer nenory for one scanning line according to an enbodi nent of the

present inventi Qaﬁtrﬁﬁ(i)?g a deflectiﬁg?ﬁﬁifnﬁ%%ﬁeal% gﬁ@qregmtg’{ry;fcegated b

illustrates a nmetho galning c e wth™a counter; |gurey5is
a bl ock di agrammd dpgepatioRakeiicwst.equi pped with a contour data menory for
one character (or nore characters). The invention will be described bel ow

in detail with 2 0 refelrnsrder that thebinliewtivn ME9VBe mdrkh@adiigwi ngs. First,
the principle of the invention will be illustrated bel ow in conjunction
with Figure 1. umderstogd,eitewill inonebei deserttied, chnwayt ef ekampleooaty,i withe
formof data relating to the contour or 25 5 outline of the character.
Unl i ke the pbi otefgrence to the accompanying drawings, in which:-

Figure 1 is a diagram illustrating a method of

1
\

'\’; interpolating a curve;
Figure' 2isa dia.gram illustrating a normalised X+Y grid
witﬁ the contour of a Chinese character "ij(" [eil Superimposed
10 thereon§ | o
Figure 3 is a blockl diagram showing méjor portibns of an
appartus for storing characters which is equipped with a buffer
memory. for one scanning line according to an embodiment of the
present invention: '
15 Figure 4 is a block diagram which illustrates a method of
L gai.ning' coincidence with a counter; and
Figure 5 is a bloek di.agram of the apparatus equipped with
a contour data 'memory for one charactér (or more characters).
The invention will be described below in detail with
20 reference to an embodiment shown in the drawings.
First, the principie of the invention will be illustrated
be'low in conjunctioﬁ with Fi-gure. 1.
In the present invention, the character is stored in the

form of data relating to the contour or -

25



however, curved contours are not approxi mated by straight |ines, buf curves

are apprQxi mated by curves. Nanmely, fromthe stored data a curve is

obt ai
appro

the stored data. Curved contours 2
magni fication. Therefore, the qualfity of the 10

whi ch 5 . approximates to the curve of the contour.-

Curves

ting to contours of characters can then be reproduced based upon

re given by curves irrespective of the
characters is not

o of | age TARB i SHE (HRRAIGAD s Rl Bt k9 (000 2 %108 ¢

e

€ ragni rication.

urther, even contours-—

having a Larae, erf%di &{?r@édaﬁgn‘@dirse.a@ree nPRPLPPrERIGAtRY Byrves. As conpaxdd

i nes,

with the prior.
the data nRged il

art, in which approximtion is by straight
RS tiGhRd,| Il eaidved afdus ebprdiiiistediaye cdrivdss assuned

that a part (hereinafter referred to as a contour elenent) . of the contour
of a char xanf¥ly, SEroft UENE sthedd i datderotedvey isebbtenrnoedlwhicho

Figure 1 and which is given by a function f(x).

I f the function f(x) is a

geadr at i c dppreidiomatdes Yd (the ammveéefpdm fdadtqumyi fugdves- or di nat es of at
| east three points on the contour elenent 1 are clarified, and the contour
el enent 1 aggprdd mtiorgr tedcdntaut s hatdh@racters can ghepn®de with the
three points on the contour elenent:1 bein% clarified, values on the
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contour elr@pnaduced Pased HRAN é’c’ﬁj ﬁ"r?rt%’e

contours are given by curves irrespective of the

magnification. Therefore, the quality of the

characters is not deteriorated and the characters can
be reproduced relying upon a single kind of data

irrespective of the maénification. Further, even

contours having a large radius of curvature are

approximated by curves. Aé compared with the érior
art, in which approximation is by straight.lines, the
data need be stored in greatly reduced amounts.

| Here, it is aésumed'that a part (hereinafte;
referred to as a contour element) of the contour of a
character. is a curve which is denoted by reference 1 in
Figure 1 and which is given ﬁy a function f(x). If the
fuﬁction f(x) is a quadratic functién, it (£(x)) can be
specified provided_coéordépates of at least thrée |
points on the contour element 1.are ciarified, and the
contour element 1 can be determined by calculation. |
Further, Qith the three points on the contouf element 1
being clarified, values on the contour element 1 can be

calculated in the same manner by the interpolation

& ¥ey the interpol ation

)

a
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met hod.” Nanely, when the contour elenent is given by the function f(x
an n-th degree, the function f(x) can be found or co-ordinates on th¢
contour el ement can be calculated by the interpolation nethod, provi co-
5 © ordinates of (n + 1) points on the contour elenent are clarified.
Rel ying upon the above-mentioned principle, a curved contour of a character
is transforned into a function of the n-té degree, which function
represents 10 the curve or another curve that approxi mates to the
curve. Further, asetheddat@umhlyh wbpnethetcontrut wanant inelyen &Y
spech)ed a co-ordinate of the start point of the curve, a co-ording% of
the end point of the fungbiendf{®) -ofi)an cheklB3RUTRAitNE sfunction x)

corresponding to the degree of the fungtions, and.these co-ordinat d
refer ence poi nts &@® BeofRdsOX HEoTRRdingt e c?fhgdlﬁ QSR .eqleﬁna i C%Q‘ '
exanple of Figure 1, | i ch the function f Iepr i N t

e: ement 1 is assuPBd?HoREALE RN BRT cl?ﬁ%%?ﬁégrﬁl%erﬁe %’8}%&, %}Ac}gr#ﬁr&”

el enent 1_can be reptod d_by,si - StQld L | . b
Storing 25 co-or di RETE SFeEne PR FPLY S dled WE Chehly Michiond e

point [err], and @Qagﬁgggg?diate reference point [err]. 25 :
As nentioned above, e contour elenment can be calculated fromthe data of .

the contour elenent by eithgeifingi ogohuerei absveimentiesed hatinehpksern

v curved contour of a character is transformed into a
N~ function of the n-th degree, which function represents
10 the curve or énother curve that apﬁroximates to the -

curve. Further, as the data which represents thg

- function, there are specified a co-ordinate of the:
start point of the curve, a co-ordinate of tﬂe end
point of the curve and (n - 1) reference points

15 corresponding to the degree of.the functions, and these

co-ordinates and reference points are stored as the
data of a contour element. In the example of Figure 1,
\.; in which the function f£(x) representing the contour
element 1 is assumed to be a quadratic function, the
20 contour element 1 can be reproduced by simply storing
three co-ordinates, i.e. by storing a co-ordinate of
the start point (xg, f(xoli, a co-ordinate of the end
point (xz, f(xz)), and an intermediate reference point
(%, £(x,)).
25 As mentioned above, the contour element can
be calculated from the data of the contour element by

either finding functions of curves that represent



"7 contour elements, or by the interpolation nethod. Wth the method in

whi ¢t ghe functlons are found and the cal cul ations are effected, however,

. the ended periods of tinme are required for finding the functlons 5 -
4?5 met hod i s not advantageous when hi gh speed outputs are required.

Even In the |nterpolat|on nethod peration nust. be carried out responsive

to the degree, which, however, ot so cunbersone as flndlrg t he ]
functions. e er pol ca ating the
contours can %I%l%% P%tdgf‘ggrpo 2?3@&9 °i ?&?ﬁ%ﬁl ﬁ%ﬁ rpolatlon

met hod by ‘i—ﬁgrlﬁ’QGEOdeiﬁ wﬂEHgtﬂQefEng'Q%KQrar%ha.eoﬁﬂaeéx?glt&}\té on met hod ;@‘
Ai tken can be relatively sinply handled. According to this nethod, the

equati on afabéghatib@iecadd effectdd, MIwEFEPA Ath Silleddlss | nt er pol at i on
(linear interpolation) using a I near equatlon is carried out repetitively.

First, a veéubod#itefpbimeedrbyraqaireadglior! FNRAiAG tRassesct heREIh two

points [err] and [err] (i =1, 2, 3, ... n), is found according to the 20
fdlow ng 9or nthés fethpdi is riot 23dvantagedinerwhen Visigle spdet pol ated by a
quadratic function which passes through three points [err} (i =2, 3, n) is

found acco?efPigts cr¥peredrizRing Beemuim the imterpolation

method, operation must be carried out responsive to the

degree, which, however, is not so cumbersome as finding

i
~—

the functions. Examples of interpolation methods for v/
10 calculating the contours can be divided into
interpolation method by Aitken, interpolation method by
Lagrange, etc. Among~them, however, the interpolation
method of Aitken can be relatively éimply handled.
According to this method, the equation of high degree
15 | is not prepared, but the interpolation (linear
interpolation) using a linear equation is carriéd out
repetitively. = First, a value interpolated by a
straight 1ine that passes through two points Xq and X Q‘/
(i =1, 2, 3, ... n), is found according to the
20 following formula: |
£(x/x5, %) = (fi i X = ifﬁg; :i :_:
i=1,2, ... n. |
Then, a value interpolated by a quadratic function
which passes through three points Xgr Xyr Xg (i =2, 3,

«e« n) is. found according to the following formula:



< . ) . l ) ___. _\
[err]:i =2, 3, ... n. Wen the function f(x) has a higher degree, tfi® ")}
val ue of degree is increased |like a value interpolated by a cubic eq

Whi ch passes ‘'t hrough poeints [err] (i =3, 4, ... n), like a value
i nterpol ated by a biquadratic equation which passes through points [err]
(i =4, 57 ... etc. In the foregoing was_ nentioned the principle of the-:

nmet hod of st-oring and reproducing charad ers according to the present

i nvention. Precisely speaking, however, the contours of characters can be
encoded accordlng to the pro/;dure ment i oned belpw. Firslig (fyﬁ ar c;ef 1€ x
scarmed by a flying spot %/Jeen Kt F i T ube‘b-y )\/I i ]e Ftx
into a set of dots of a suitable number. The df glt ed result 93 t%en
corrected fromthe standpoj i of flesign 4o forma correct shape. Contours
of the digitised character are extracted and divided into contour elenents.
Wiere the contour is divi dedehntReCBahotior! E(ENIKasvd lhithadetRighdegd

dependi ng upon a point of inflection where a straight |line changes into a
curve or where atleervalwdarfededre® bs sinaredded ilNike ceparlaieng .upon a
position where the increnment in the scanning direction is inverted,
dependi ng. upon timterp®lated by a cubic equation which passes through .
points.xoi Xy0 X0 Xy (i =3, 4, ... n), like a value
v interpolated by a biquadratic equation which passes
through pdints Xgr Xyr Xps xé, x; (i =4, 5, ... n),
etc. '

In the foregoing was mentioned the principle
of the method of stofing and reproducing characters
according to the present invention. Preciseiy
speaking, however, the contours of characters can be
encoded accoréing to the procedure mentioned below.

First, a character is scanned by a flying
spot or taken into picture by a vidicon to digitise it
into a set of dots of a suitable number. The digitised
result is then corrected from the standpoint of design
to form a correct shape. IContours:of the digitised
character are extracted and divided into contour
elements. Where the contour is divided into contour

 elements will be determinéd depending upon a point of
inflection where a straight line changes into a curve
or where a curve changes into a straight line,

depending upon a position where the increment in the

scanning direction is inverted, depending upon the



degree of a function that represents a curve to which the contour el enent

shoul

el enefitig/Bhoul d be approxi mated. However, when the degree of a 5 .

funct

-Be approxi mated, or dependi ng upon the degree to which the contour

Is too great, or when the start point and the end point of the

contour” el ement are too close to eggh other, attention should be given to
the fact that an increased anobunt of data rnust be stored. Therefore, the

best met hogi%g?gbsgﬁ Leurdd€ fén HN Wi dYordfs a curvhd WdliAg die contour,

and findin

ues on the contour using suitable reference points to find-a

correl ati oneK@! @bm¥Sut CeldiRePt AsHoerd WO RippHox i st et ernmined for  ys
every contour elenent is then stored. The order of storing the data has a

15

cldseenidi ad | wpoh ot hd ed expt dw dtm fwhpt clll uhiengrapitiqurt edrertentishe set up

of hardware of an output device. Nanely, in a CRT or a |laser scanner, in

general , thshaohbd doe cappeeeimapeddudienen.uwhen the ddarnae @f eam or

| aser beam on and off while performng the raster scanning. 20 I n

thi% case, furceiertisnteragrents IR | Hrerstart ek Mg diheand of f
.relying upon the following three nethods: A A co-o'rgi nat e whi ch has been

cal cul at ed PRERMBEPCE FHGGPRIHOUR L ePENS RTLHECS
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tinmes W th %ggﬁﬁ){ggéaﬂém%‘gf Lé%pglg‘;?& héao s,%iémi_.angt bt%aarg an\!]en they are

increased amount of data must be stored. Therefore,

the best method consists of, first, arbitrarily v/

dividing the contour, and finding values on the contour
using suitable reference points to find a correlation
relative to the practical contour..

- The data determined for every contour element
is then stored. The order of storing the data has a
close relation to the method of producing output or to
the setup of hardware of an output de_vice._ Namely, in
a CRT or a laser scanner, in general, the characters
are reproduced by turning the electron beam or laser
beam on and off while performing the raster scanning.
In this case, the electron beam or the laser beam can
be turned on and off relying upon the following three
methods:

A. A co-ordinate which has been caLculated
beforehand to turn on and turn off the beam is compared
at all times with the présent position of the'scanning
beam. Whe_n they are in agreement, the beam is tufned

on or off.

—~—



10 B. A shift register for one scanning line or a line buffer is proy-
to wite signals at positions for turning the beamon and off, and t
shift register is shifted or the content of the line buffer is read
out in synchronismw th the scanning of the scanning line to formvi
signals. C. A buffer nmenory having a capacity of one character is prepared,
contours reproducing the character are wliGten on to the buffer nmenory, and
the 10 - content is read out .in synchronismw th the scanni ng of
scanning line, as in B abov, th fwifh viemis tiyfes onko ssenning HrRo@TA
intowpractice, the contour- el ements nmust be stored accordi nga to the,

scanni ng order ofastimsmiPREfencks REPYiRedehh oy e tHonts at Posdiions

el enents whi-ch intersect a scanni.ng |ine nust | be, reproduced .

i rrespect : ve of therstar g %P%Ie?‘ga’f‘no?h%" a%g}f'ofa'ﬁ]eﬁ%etsr%&g%c,retgﬁes ter
contour elenments may be.stored j.n any order_pr.gvi h@ifﬂm fs one
char agter are ﬁroﬁﬁc%ﬁ?féﬂgr@f o%’]é? T nffc-hrgt c%%t%% gﬁg}% e 3§%gded
according:to the neth OUE $+1,0 rofl {Hd I8 hown
in Figure 2 are s?%%eggaﬁ%%}ghe%ﬁpﬁ ?%ghoidagr g?@%ﬁ?%ﬁe%gb%}%w Nar%g;

Figure 2 shows, by;uay:+8f e6XAMPl&ecdsgig@isy enl arged version of Chinese
superi nposed 25 on a grid or matrix of horizontal and vertical |ines.

Each character that is recogded ivuf fayainshery Showirg o | chpadartiy @it aineand
vgrt ical resolutions are '

: character is prepared; contours reproducing the
-/ -

éharacter are written on to the buffer memory, and the
10 content is read out in synchronism with the scanniﬂg of
scanning line, as in B above, to form video signals.
To put the method A into practice, the
contour eléments must be stored according to the
scanning order of scanning lines. In the method B, the
15 contour elements which intersect a scanning line must
all be reproduced irrespective of the scanning order.
In the case of the method C, the contour elementé may
A ' be stored in any order provided the contours of one
character are produced. Therefore, if the contours are
20 deéoded according to the method A, the contours of a
character digitised as shown in Figure 2 are stored
according to the order mgptioned below.
'Namely,‘ Figure 2 shows, by Viay of example, a
greatly enlarged version of Chinese B superimposed
25 " on a grid or matrix of horizontal and vertical lines.
Each character that is recorded is located on such a

grid. Horizontal and vertical resolutions are



indicated to be the sane in Figure 2, but this is not necessary. The
char%zggy may be of any kind (al phabetical characters, nunerals, Japanesg
char a rs, character width, etc., in addition to 5 ' _Chi nese '
characters). Each character is also considered to include a "white. space"
about the character. The line in ige grid shown in Figure 2 may be
represented (nunbered) by the X and Y co-ordinates of a Cartesian

co- or di na&'sdggégeﬁngégfggpt?gegm thergbldels, bur cHBY be designated by

the co-ordin near est tersection of a horizontal and

verti cal hEE@ssI@?.le@ﬁén@ﬁ&rﬂ@ﬁéfcﬂéyeﬂéeoﬁfaﬁ@ekﬂﬂdraCter zone is @gf
designated X = 0 and the horizontal edge is designated Y = 0. 15

Whien a chasdgh&bet 86680 aRathet&hsnenemabalapgt @spanese shown in Figure 2, is
to be digitally encoded, it nust first be plotted on to the grid in such a
way that ahbruakees,othXractie¥ aricithepreésent éd addihiegets. As shown in
Figure 2, the outlines of the 20 character [err] are plotted by
choosi ng Chénekesebaragtersdet i Bachorhesasherhésgpige cappideredese points
may thus- be represented by its X. Y co-ordinates, where X and Y are

i nt eger s. tpt insludgepef'whatepsparsl cabgutokBecrhaiatterne - i.e. digitally

encode - the 25 ' cHaracLer ﬁé Iishinﬁ alliothheie gqior 'Qates,

preferably in sone SPFeldR S dquERTITIA BTGB, FtRETEharR¥er i s di vi ded

'nto represénted,(numberéd) by the X and Y co-ordinates of a ¢ 7

Cartesian co-ordinate set. Any point within the grid o/

10 may be designated by the co-ordinates (X-Y) of the
nearest intersection of a horizontal and vertical line.
The left-most veftical edge of the character zone is
designated X = 0 and the horizontal edge is designated
Y = 0.

15 | When a character, such as the Chinese
character »Ks shown in Figure 2, is to be digitally
encoded, it must first be plotted on to the grid in
such a way that all values of X and Y are represented
as integers. As shown in Figure 2, the outlines of the

o

20 character "ﬂkﬂ are plotted by choosing the closest
intersection points on the grid. Each of these poihts
may thus be represented by its X.Y co—-ordinates, where
X and Y are integers. It is, therefore, possible to
~completely define ~ i.e. digitally encode - the

25 character by listing all of these co-ordinates,

preferably in some ordered sequence.

In Figure 2, the character is divided into



12 100 x 100 dots. Here, let it be assumed that the aforenentioned- data -
has been corrected (design has been corrected), contour elenents have begl
determ ned, data has. been determined for each contour elenent, and the 5 ‘
scanning i s effected fromthe left toward the right, and fromthe upper
direction toward the lower direction. In this case, " " in the upper

portion of the character [err] is scannedl2first, in Figure 2. Therefore,
contour el enents %g 21 %2, 23 of [err]. are, 10 - stored in the order

of 20. 21, 22 and'®9 %c48P4PRESt o BREeschfhi b BF daFswred cEhRE nkei nes.

el the Scanni g s W Sa0oq el B chont o B askaend ol (1S o,

character necessari y Ccrosses the conto

whi ch corresponds o2 rbld@ e@YOVEondSur e1emBRLL RLGY 89@%8%%%%%%9&%%% %%%ghat

n
the contour elenents are stored 1n the formof parrs.

contour elements phst bRehi GatePalihed Toth@hbnasoHE8RECch &YeRD; LHE &5
poi nt- of the contour elenent 20 and the contour elenent 22 are stored 20

simul tanebusly. |scthaihar égoefigectba Febhodnel 18ker LB8gachatAGt £{§ht,
according to the present invention has been described. Below, in
conjunction with Bndufeem3thé apgeb, dhneekhopl toward fhetIowgpesetting
apparatus, which 25 has a nenory devicg to store characters that have
been encoded by t Bdrgssienneninobbiisscaseng” nBt indthendppsr cpoxichbardast t he

contents to print the wll be 3
R P the g%aracter nKe is scanned, first, in Figure 2.

~ Therefore, contour elements 20, 21, 22,'23 of."\" are

10 stored in the order of 20, 21, 22 and 23 according to
the scanning ordér of écanning lines. Namely, the
scaﬁning line which crosses the contour at an end of
the character necessarily crosses the contour element
on the opposite side which cérresponds to the above-

15 mentioned contour element, so that the Eontour
elements are stored in_the form of pairs. However,
when the contour elements of the first pair are short

K_; : | as denoted by 20, the end point of the contour element
20 and the céntour elemeﬁt 22 are stored

20 simultaneou#iy. |

In the foregoihg, the méthod of storing
.characters according to the present invention has been
described. Below, in consuncfion with Figures 3, 4 and
5, an example of a photp-typesetting apparatus, which
25' has a memory device to store characters that have been

encoded by the above-mentioned storing method, and

which decodes the contents to print them, will be



s constructed to be adapted to the aforenmenti oned nethods of A B
an of 5 turning the el ectron beamor |aser beamon and -off. In
these figures, the conmon el enents are denoted by the sane reference
nunerals. That is, reference numerld 31 denotes an input device which
i'ndicates a character that is to be printed, 32 denotes a first decoder
mﬂich 10 descrﬁmﬁbdesdthe data such as the address storing the data of the
character as instructe t he evice 31, m nlflcatlon of character,
and position of charfEdwres oa'be4 ﬁf’f‘%t o d LIPS HFATS character nenory
whi ch stores the data of chagact .ﬁeiglégk

?Lorgn?nt|;%Rﬁf%ﬁ?ﬁ??mfﬁﬁﬁﬁ] enotes a secoﬁ% deco&%r whi ch decodes
e data of ,a i
co-or di nat%‘% BESE L?arﬁgae{f‘gi‘gﬁen jé&%ébﬁoega&@% el FREQE B33 into

t pornt, an end point and a ref'erence poi nt of
cant our 3\%&'9@%@@:& NBeHYh f bf af & S&r B YoROand of £WhiTah stores
t he nagnlflcatld% contraction) of character decoded by the first decoder
32, 36 dengi&se ar{dusds OPEi@tdStimhr €Lémenbs Cr euddngledowathess of cont our
co-ordi nat es decoded by t he second decoder 34.by the nagnification stored
in the magaahecaéfeneneeonymdbals. TSR, BY, deference comenal ddta menory
whi ch stores the operation results of the first operation circuit 36, 38

mhz:§§§crlb6d Figures 3, 4 and 5 illustrate photo- typesetting apparatus
ifc

denot es a demoresgahi hepebudeeicenvbhckoipdicates a character -

that is to be printed, 32 denotes a flrst decoder which oy

10 decodes the data such as the address storing the data
of the character as instructed by the input device 31,
magnification of.character, and pqéition of character '
to be printed,;33 denétes a character memory Whiéh
stores the data oflcharécters reiying upon the

15 - aforementiohed storing method, 34 denotes a second

. decoder which decodes the data of a desired character

read from the character meﬁory 33 into co-ordinates of
a start point, an end point and.a reference point of . v
contour element, 35 denotes a magnificétion memory

20 which stores the magnificatidn (contraction) of |
character decoded by the first decoder 32, 36 denotes a
first operation circuit which multiplies values of
contour co-ordinates decoded by Eﬁe second decoder 34
by the magnification sfored in the magnification memory

25 35, 37 déhotes a cqntour data memory which stores the
operation results of the fi;st operafion circuit 36, 38

denotes a scanning line counter which counts the

o



14 nunber "of scanning |ines produced by the CRT or |aser scanner, 39
denotes a second operation circuit which reads the data of the conto

Funni ng over :a position of a scanning |ine nunber indicated by the scanning
li'ne counter 38 fromthe counter-data nenory 37 to calculate the
position of contour co-ordinates on the scanning |ine, 40 denotes a contour
co-ordinate menory which stores positiong of contour co-ordinates on the

5

scanning |lines cal cul at

ed b

second operatio circuit 39

t he 10 .
according to thdWrBer of %%%ﬂﬂ?‘ﬁ@,lh'iea o? Ecﬁgseén"r???lé'%girt 8t ®€ount er
whi ckcount s the present '

coi nci dence ci r ctfI™ Wi c
menory 40 with 't
whi ch produces t

tiqn of the scanning. heam .42 notes.a
Bl T S A b ol

t t ' | oL : 41 d
TREH e TR some i KR TV o peditigh ¢ o

denot es an unbl agKi §10s ddiin 1RSI BHd HumSé# Cltid i A PR Istalpl rg ank or

unbl ank of the
operatiagn 20
char act er

defl ecti on,

1
x

(O

Fl

10

15

20

25

CRT or the |aser scanner, 44 denotes a display position
lind Ceplintdy 38 rirom tHd dourdieitidaltas merisist t3oronhere the

is to be displayed upon receipt of a signal fromthe first
decoder 32, 45 dsatwkatee detie gudsitgian reflidontttuah aooitirddlng tielse c6REher t he.
defl ection of |aser scanner, or which detects the quantity of 25

and skGanfeing ckine,CHRI0 glenoties & coptenat congrddppte. memory

which stores positions of contour co-ordinates on the

scanning lines calculated by the second operation

circuit 39 according to the order of scanning, 41

denotes a scanning position counter which counts the .

preéent position of the scanning beam, 42 denotes a .

. coincidence circuit which compares the con of the

contour co-ordinate memory 40 with the content of the

scanning position counter 41 and which produces the

output when the two contents'are in agreement, 43

denotes an unblanking (or modulation) circuit which

controls

scanner,

the blank or uhblank of the CRT or the laser

44 denotes a display position operation

(control) circuit which calculates a position where the

character is to be displayed upon reéeipt of a signal

from the first decoder 32, 45 denotes a deflecting

circuit which controls the CRT or the deflection of

laser scanner, or which detects the quantity of

deflection, and 46 denotes a CRT or a laser typesetting

‘device.

In Figure 4, reference numeral 47 denotes a



I'n Fi guke 4, reference nuneral 47 denotes a 15 one-line buffer nmade up

of a/buNfer nmenory or a shift register having a capacity of one scanning ., .
| i neN\ Figure 5, reference nuneral 48 denotes an operation circuit having =
the functions of the first operation 5 circuit 36 and the second

operation circuit 39 of Figures 3 ﬁ d 4. The operation circuit 48 works to
multiply the contour data decoded € t he second decoder 34 by the

magni {1 catien. ,and, 19 £al.oyl 48 GOo0r dlpd £5 e pBLGoLhe sours cross

-On
the scannifig rence nuneral €S "a one-character-

menory havy0g; 8 CAPREY i Ng Ok QQEaQ{thJSE &RET 864~ Fng PIUOUT Spifal cul at ed Ly

the operation circuit 48 are witten into the nenory circuit where the

original cPpyagtes, ifefSERERIGRERedS] 48 denotes an opdrdtiprbove |
description, position for displaying character, magnification of character,

and cont outigoubt dhaaing tkecfahttians ubht Eitle UBLX$r Saparat ieomwper at i on _
circuits. The above cal cul ati ons, however, may be perforned using a single
op®ration circuit.3@0and the second opératientdimceiinsi? wf ed
photo-typesetting apparatus, the data of character, size of character, and
di spl ay poBigpses &randnts odTheCReFIAIN (He FHFud&IMedee 30 and are
decoded in the first_decoder 32 where address storing the character is sent

to the 25 Multiplyakhe: EPREBRE §283, da5PA°T PYt B® t BFEIRA JoRPIRT

34 by the magnification, and to calculate co-ordinates 17y
in which the contours cross the scanning lines. -

10 ' Reference numeral 49 denotes a one-character memnory
having a capacity of one or more characters. Contours
calculated by the operation circuit 48 are written into
the memory circuit wﬁere the original character is
reproduced.

15 h . -In the above-description, position for
displaying character, magnification of character, and
contour co-oréinates-were_all calculated using separate
operation circuits. The above calculations, however,
may be performed using a single operation circuit.

20 In the thus constructed photo-typesetting
apparatus, the data of character, size of character,
and aisplay-position, are }ntroduced through the input
device 31, and are decoded in the first decoder 32
where address storing the character is sent to the

25 character memory 33, data related to the size of
character ié sent to the'magnification memory 35, and

the data related to the display position is sent to the



character is sent to the magnification nmenory 35, and the data related to
the display position is sent to the- 16 di splay position operation o
{control) circuit 44. Then, the data of character is read responsive to t
address signal ‘'sent to the character nenory 33, and is sent to the first
operation:‘circuit 36 via decoder 34. The 5 first operation circuit 36
multiplies the data by a magnification (ééntraction) of character stored in
t he nagnificatioa,neao&y 35,,.and t he result(isnien& to.t he,contour ﬂata
memppy 37. On th8i5PRAY WPaRltiO%e ARRrateomn (FEnERELY SHFSYLBosPti ofinen:
operwarion (contr i Lt...44 _a o] LTl elg 35
are further sent%%% %%5ad8FI§§FF%§E%fr§Si?g2§ 5%%83$592% %é?%%%t%%gfgé t he

character will bg;di:sql awsd 3 eandeshhed ALY Wdhor 13 SGHYRIsbhiCo _
counter 38 counts the number of scanning l.ines responsive to the signals 15

fromthe deflectichg FHirGH bpbTatdds i@ cuaNBENGiA08LELQRrCYUNt efhdl counts
the present position of the beam Therefore, the contour data nenory 37
reads thg data ofi¢er! eweratdddnicivinilk GeOomMAtiphdescanei Agthi b ahat
corresponds to a counted val ue of the scanning 20 | ine counter 38
accordi ng to themagterf igfatsican dicoptabictiona)epf cbanactendstbeedetnnthe
operation circuit 39 cal culates the co-ordinate in which the contour

el ement crosses MagridHmatipen imenoyy the iandrihe aesed tmdshsentahg thads

the co-ordinate to the contour co-ordinate
v contour data memory 37. On the other hand, the data

&”/ sent to the display posiiion operation (control)

10 circuit 44 and to the magnification memory 35 are
further sent to the deflecting circuit 45 and are so
deflected that the character will be displayed at a
desired position. The scanning line counter 38 counts
the number.of scaﬁqing lines responsive to the signals

15 . from the deflécting circuit 45; and the scanning

position counter 41 counts the present position of the

beam. Therefore, the contour data ﬁemory 37 reads the

-

\ : data of contour element which crosses the scanning line
. that corresponds to a counted value of the scanning
20 line countér 38 accordihg to the order of scanning
after évery éount, and the second operétion éifcuit 39
calculates the cb-ordinaté iﬁ which the contour element
crosses the scanning line by the interpolation method, -
and sends the co—ordinate to the contoﬁr co-ordinate
.25 memory.4b. Thereafter, the cémpariéon—coincidencé‘

circuit 42 compares the content of contour co-ordinate

memory 40 with the content of scanning position counter



cofpayes the content of contour co-ordinate nenory 40 with the content of.
scanmi ng position counter 17 41, and sends a siynal to the unbl anking
circuit 43 when the two contents are in agreenent, thereby to control the
bri ghtness of the el ectron beam ofl¥he CRT or of the |aser scanner. Thus,
as the first contour 5 . position is brought into agreenent, the

co- or di nat 81y nanfli sRn@ReaseauAprhgtri AeecuBRiaskingt abFcebhtbr el enent of
the pair of contour elenents is calcuylated. In the same, manner, another -
contour el WRsH thendvwooreairrEFefERt 1PhAPrEFBEEEs FRETARY *canni ng | i new’
are 10 al cul ated. . The above-pentioned o ationcis re ted
successiveF?P%Fﬁitﬁ ef%FéﬂB?ﬂﬁsﬁag%ngﬁ?iSggagﬁoggé%%?nﬁfne Rod t el yi ng upon
the above- genbleogd FELBR0sAanhBelni FlubNCagOLRETIEDBLE MOREG,R cONtour

el ement croSses a I5 scanning I'rne” was conpared w e present

pogi tion OboLliei8635a! BIoHERE 1288 hhPecnbnt) densecslgralnips 11 i sed as a
video signal. In the case 0f Figure equi pped wth the one-line buffer 47
havi ng a camdcht ¥hef seaaniagdNning tikbesebh8n6eher detit Surl NeMdrhéhet he 20
contour crosses the scanning line that is cal culated by the second

oper ati on oifr ¢niet pa9r slifogbdtbarweleimentsn isochieullanedbufinvrtie, and
shoul d thereafter be read out in synchronismw th the scanning of the
scanni ng same manner, another contour element, and contour

.szA\ menory 40. Thereafter, the conparison-coincidence circuit 42

element that crosses the next scanning line, are ;

10 - calculated. The above-mentioned qperation is repeated
successively.
In tﬁe foregoing was meﬁtioned a decoding s
méthod felying,uéon the above-mentioned method A, in
which the co-ordinate where.a contour element crosses a
15 " scanning line was compared wifh tﬁe present_éosition of
the scanﬁing beam, énd the coincidence signal.was

utilised as a video signal. 1In the case of Figure 4

equipped with the one-line buffer 47 having a capacity v

of ohe scanning line, the co-ordinate in which the

20 contour crosses the scanning line that is calculated by
the second operation circgit 39, should be written on
to the line buffer 47, and should@ thereafter be read
out in synchronism with tﬁé scanning of the scanning
lines to form video signals. 1In ﬁhe case of Figure 5

25 equipped with the 6ne—character memory 49 having a
capacity of one or more characters, the result of

calculation should be written on to the one-character

o



lines to formvideo signals. In the case of Figure 5 25 equi pped -+
st he one-character nenory 49 having a capacity of one or nore charactersg{
the result of calculation should be witten on to the one-character <
menory 49; and a video signal should be obtained when the contours of one
character -are all witten. |In the cases of Figures 4 and 5, there is no
definite order for storing the contour dBerments. 5 :

Al t hough the foregoi ng enbodi ment has dealt with "kanji" (Chinese
character), it WYTOHE YhviRd 3 nerdahSignddeshorideRei SRtaina@dprheanl e to

haraet f th I A di to th [ ti 10
descr bed above G DA Sis CRfd TRGOFSETa Pt baRel tLAtRo | OPrEDE
contours approXialed ded sy aTHRC5r fnalle 10Ukl huel 100t ofgLer i or ated
at any magni fication, and tthe data of a'single Kind only are required at

~any magni ficati gy Feddife tHeontdutCe1dtents., are approxi mated by
curves, reduced annuntS'oP,data are required as conpared with when curves

are apraexi mated by strai gl thicddh the ¥3regbhiNg: ehbodiment RaBEHBULOf
storing characters conprising the steps of
: with "kanji" (Chinese character), it will be obvious

that the present invention is applicable to characters

—

of any other language.
According to the present invention as

10 : described above, the characters and figures are stored
in the form of contours approximated to curves.
Therefore, the quality is not deteriorated at any
magnification, and the data of a single kipd only are
required at any magnification. Further, since curves

15 are approximated by curves, reduced amounts of data are
required as compared with when curves are aproximated

by straight lines.



dividing the contours of a character at suitable positions to form contour
el et s, enploying at least a start point, an end point and 5 a reference
poiZ’@?sui ted for reproducing a contour elenent, as contour elenent data for
each contour elenent,. which points dictate a curve of n-th degree suaited .
for approxi mating said contour elenent to a curve, and the nunber of points
depends on the degree of the function,;qnd successively storing said
contour elenent data to 10 store contours of characters. 2. A

met hod of storing characters according to claim11, wherein the contours. of
a character are divided at suitable positions to formparts of a curve &
the n-thoigamee for serving as 15 contour el enents. 3. A net hod of
storing Characters according to claim1, wherein said contour elenents of
sai d contlqurs are 4t meehod of storingactmrantens eamprisingothrestensaef cont our

el ements can appear in 20 the order to be reproduced, 4. A et hod
of reprodlividigg cther gonteurssebecghanacier Atgswidablg Pasitiensmte fofferei n points
on the contour elenents are_ cal culated based upon.,the contour, el enent data
that congiontour elpmeats.ae@pPlamneg Ataleash A ﬁf‘?'teﬁ?f“ﬁoi%‘t eﬁﬂd?q’@“&" nce poi nt

of contour elenments forned by.dividing the contours of aracter at

suitab¥e °p5§k?"|e(5‘ﬁ§, Paipy 1spite fﬁ’lfﬂrﬁ‘fﬂﬁflﬂé%ﬂlel%m%’ zf%d t her eby t he

contours bei.ng reprod ts0_oht ai Lgihal K i;gure. 5.

A phot o- Syt (TRRSHY P, e R Foredly ULARRE, wREH SIS AECS0I%, o7 s, |

char act ers (el 08 4RO8edrte Sifitéd 2br apPESkimating said contour element \J
to a curve, and the number of points depends on the degree of the

funetion, and succéssively storing said contour element data to

10 store contours of characters.

2. A method of storing characters according to claim 1,
wherein the contours of a character are divided at suitable
positions to form parts of a curve of the n-th degree for serving as

15 contour elements.

3. A method of storing characters according to claim 1, o/
wherein said contour elements of said contours are stored in
accordance with such an order that contour elements can appear in

20 the order to be reproduced.

4. A method §f reproducing characters stored in accordance
with claim 1, wherein points on the contour elements are calculated
based upon the contour element data that consist of the data of

25 start point, end point and reference point of contour elements

~ formed by dividing the contours of character at suitable positions,

| NN O O A



oi nt suit.ed for reproduci ng contour elenents that are obtained by divid{:h
tontours of characters-at suitable positions, which points dictate a cur

of n-th degree suited for approximating 10 said contour elenment to a curve,
and the nunber -of points depends on the degree of the function; an
operation circuit which cal cul ates desired co-ordi nates on the contour

el ements relying upon the contour el enent d&0%a read fromthe character
memory; and a circuit for controlling the turning on and off of an el ectron
beam_or |ight 15 beam and for controlling a deflecting quantity based upon

the results operat.ed e operatipn.circuit. 6, L -

bhot o typeset § E herein tHE TRt Reine, Feptaanesa tooeptain \neorieingt i s rmae
of an operatio ' Lt ' calculates a 20 co-ordinate in which the
contour el enen?hgllraz?ggléso%ieeﬁggénni ng line fornmed by the el ectron beam or by
the light beam and provision is made of a one-line buffer which has a
capacity of one scanning |line formed by the el ectron beamor by the |ight
beam and whi chsstores thg givtultypedperiacsbputatis @omprisiagiddharaktdri t. 25 7.
A phot o-typesetting apparatus according to claim5, 11111111 111111
1111111111151 1inemorg lwhiedr stionep charsetens irelyingcupwin tire setsr of icontanirr cui t

whi ch cal cul ates a co-ordinate in which the contour element crosses the
scanni ng |ine emment dgta teongistingc oérteleasts starbepointy enfiepdinyandeam

according to the order of scanni nfq. 5 .
\_ reference point suited for reproducing contour elements that are

_-- . ’ - - - - ;7 x—-.':.':\. .
el ement data consisting of at |east start point, end point and a refere@

obtained by dividing contours of characters at suitable positions,

which points dictate a curve of n-th degree suited for approximating
10 said contour element to a curve, and the number of points depends on

the degree of the function; an operati'on circuit which calculates

desired co-ordinates on the contour elements relying upon the

contour element data read from the character memory; and a circuit

for controlling the turning on and off of an electron beam or light
15 beam and for controlling a deflecting quantity based upon the

i results operated_by'the operation circuit.

6. . A photo-typesetting apparatus according to claim 5,
wherein pro{rision is made of an operation circuit which calculates a

20 co-ordinate in which the contour elemént crosses the scanning line
formed by the electron beam or by the light beam, and provision is
made of a one-line buffer which has a capacity of one scanning line
formed by the electron beam or by the light beam and which stores
the results operated By said oberation circuit.

25

7. A photo-typesetting apparatus according to claim 5,

NI



A phot o-typesetting apparatus according to claim5, wheréin

19 i s made of a nenory which has a capacity of one or nore

char eys, which wites contour elenments cal cul ated by said oper.ation
circuit; and which reproduces the state of the original 10 charactey. 9.

A photo-typesetting apparatus according to claim5, wherein provision is
made of an operation circuit which derpyes an equation of n-th degree that
represent contour elenent relying upon 15 said contour elenent data, and
whi ch cal cul ates a co-ordinate on the correspondi ng contour elenent relying
upon said equation of n-th degree. 10. A photo-typesetting appar aldis
accor di Nngwheréihaprovisiodlis Mmade dfMafdperation éizciRIWhdéh Wa10@RLas igON Circuit
which finds a co- ordinate on a contour el ement by interpolation nethod,
relyi ng ugs+orginatecimiwhich elhenesritotdiatelemeht crosses the pbtatming\imset ti ng
apparatus substantially as 25 hereinbefore described with reference to

Fi gures 3forMmedk by thé deftectedoeiertsombesmann thys light beam, according

to the oédet of scanning.

8. . A photo-typesetting apparatus according to claim 5,

C

wherein provision is made of a memory which has a capacity of one or
more characters, which writes contour elements calculated by said
operation circuit, and which r.epr'oduces the state of the original

10 character.

9. A photo-typesetting apparatus according to claim 5,
. wherein provision is made of an operation circuit which derives an
equation of n-th degree that represent contour element relying upon
15 said contour element data, and which calcuiates a co-ordinate on the
corresponding contour element relying upon said equation of n-th ' .

degree. _ o/

10. A photo-typesetting apparatus according to claim 5,
20 wherein provision is made of an operation cireuit whieh finds a co-
ordinate on a contour element by.interpolation method, relying upon

said eontour element data.

11. A photo-typesetting apparatus substantially as
25 hereinbefore described with reference to Figures 3, 4 or 5 of the

accompanying drawings.
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