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"“A Method for Conpressing Character or Pictorial |nmage Daﬁ'\\??%% 'B'r'esent
I nvention relates to a nethod of conpressing character or pictorial data by
stori ng‘ | i ne specifying information of the character, pictorial inage or
the |i kgV10 It is well .known that binary data. determ ned by
subj ecting a character to dot-deconposijtion entails a very high degree of
redundancy. In this respect, various data conpression nethods have 9
her et of ore been proposed for decreasing such redundancy. One 15 exanpl &~
of these nethods is a so-called outline nmethod wherein the shape of a
character is grasped by its outline, and information for specifying the
outline is stored thereby conpressing the quantity of data stored. For
conpressi ng data acter Methdd furciCompind seei npetGhoadact €0 ovect or

approxi mati ng net hod as i”‘?itcrt%tre: 1i n | QuUrg, e O @an m order curve
appr oxi mati ng net ho&ﬁ%—weg—rn-ﬂé-%re—rk—mh-ead' ' y been proposed.

The veétor approximating nmethod illustrated in Figure 1 corresponds to

t hose di sclosed in Japanese Patent Laid-open No. 25 149522/1979 (U.S. P.
4,254, 468) and Japanese Patent Lai d-open No. 79154/1980, In such a vector
approxi mating met hddeaRrenenti ieention aeletesiter &rmethes ok OmArAST8&t ed by a
dot t ?]9__ | ij@ﬁa#&c?él‘p_r@ﬁi R efkind t h_a&.aseﬁ}y okt brpngli mrtsi@éli'ilsp\eeﬁtfgﬁggl and
specified,inforpatio position of startin oint, ..Length an '

i ncl i nat i BOrBR ‘&S‘rrﬁgn §q‘iaﬁa?1ttﬁ"i’ ZRistaria n'é“”\ér cht € lfections) for the

respeqi ve vectorslitsis well known that binary data determined by
. subjecting a character to dot-decomposition entails a very high
o degree of redundancy.
In this respect, various data compression methods have
heretofore been proposed for decreasing such redundancy. One
15 example of these methods is a so-called outline method wherein the
- shape of a character is grasped by its oﬁtline, and information for
specifying the oufline is stored thereby compressing the quantity of
data stored.
For compressing data according to such outline method, a
20 vector approximating method as illustrated in Figure 1, or an m-
order curve approximating method as illustrated in Figure 2 has
already been prqposed.
The veector approximating method illustrated in Figure 1
corresbonds to those disclosed in Japanese Patent Laid-open No.
25 149522/1979 (U.S.P. 4,254,468) and Japanese Patent Laid-open No.
' 79154/1980. )
In such a vector approximating method an outline 1 of an
. arbitrary character indicated by a dotted line is approximated with
a set of two-dimensional vectors 2, and specified information
30 (position of starting point, length and i.nclination, or components
in horizontal and vertical directions) for the re spective vectors is
stored as data, whereby data compression becomes possible.
The m-order curve approximating method illustrated in
Figure 2 has already been described by the applicant in Japanese
35 Patent Application No. 116,160/1980 and G/B/ 2,115,657.



stored as data, whiereby data conpression becones possible. The nmorder

curve approxinmdting method illustrated in Figure 2 has already been
descri bed by the applicant in Japanese 35 Patent Application No.

116, 160/ 1980 and G B/ 2, 115, 657.

2 This morder curve approximting

met hod conpression of a quantity of data is achieved by storing coordinat es
of a group of points P suitably establish@d on the outline of a character,

and at ¥he sane tine, approximating a desired outline by neans of a set of

5 morder curve elenents 3 connectin m+ 1) .of arhitrar ' ith one

anot her. These outlin 'H%t“b'%'aﬁbrcé'gggﬁpﬁ%‘f'ﬂ?ﬁ}én%g'fghgﬂ%oﬁgﬁg%a\%ﬁe#&
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oy
guaranteed in respect of snoothness 15 ofglthe outline (continuity in
i nclination Oret#nPtPgtd ine). More specifically, for instance, the

i nclination of segnerthkese nytlivie ndatai eowpression methods elaveusuchnghgiomwhes P of
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methods can cope with the reproduction of character images of
various scale factors.

' On the other hand, however, these conveniional data
compression outline methods involve an essential disadvantage in
that the optimum result is not guaranteed in respect of smoothness
of the outline (continuity in inclination of the outline). More
specifically, for instance, the ineclination of segments involving
either each terminal outline points P of the vectors in Figure 1, or
earh central connecting points P, of the m-order curves 3 in Figure
Z is inevitably discontinuous.

In this respect, an outline of a character is generally
such that not only the outline itself is continuous but, also the
primary derived function (inclination of outline) as well as the
secondary derived function (rate of change in inelination) thereof
vary continuously, if peculiar points such as intersecting portions
of lines constituting a character, or extreme ends of so-called
breaks corresponding to "hane" in Chinese or katakana character are
excluded. For this reason, conventional data compressing outline
methods cannot provide a faithful character outline, and
unnaturalness (discontinuity in inclination) of a character image
reproduced on the basis of such data cannot completely be removed.

According to the present invention there is provided, a
method of compressing character or pictorial image data which
compresses a quantity of data by storing outline specifying
information of said character, pictorial image or the like,
comprising:

actors.
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such that not only the outline itself is continuous but, also the primry
derjsed function (inclination of outline) as well as the secondary derived
f uy pn (rate of change in inclination) thereof vary continuously, if

ar points such as intersecting portions 25 of lines constituting a
character, or extrene ends of so-cadlled breaks corresponding to "hane" in
Chi nese or katakana character are excluded. For this reason, conventji-onal
data conpressing outljne methods cannot provide a_ faithful charact &
outline, and @8nak ufistesdepdi sEARNTHBIPG ithel Rytling i 6f) sefda character

| mage cBOrdctRE OPHERFHidINihAge bastife OfkeSiiCliefiid df CorIRBokAIMRI-ChREY be renoved.
Accorgi_ nq% t? the present invention there is provided, a nethod of

corrpres% r‘ia ?ﬁ"fﬁfacter or pictorial inage data which conpresses a quantity
of data by st asi agseetdhdnstegpecplititimg | sifidr patline ddtcad dethafact er,

I & OL{ [ e grith | Kep o] i : [ t ep,
8e§5§ar m(ﬁ%kﬁgf@’?ﬁepbh I ?'vndeér%o 1 g%lddﬁégea?tdg?,a[bq ggg?ﬁ%‘l@“% n(%f;én r ltohe like in
t er rs°B¢ ®Pekogonal X- and Y-coordi nates; as a second step, splitting said
outline into assat tRird stepoCkabbivildihy ELER] bt anyesife [6F rsh_ia_nd_ [err] are
start EJncg(Fend_ p?l nts OL arm_ one block; as a third step  subdividing each of
any oR withy () 5 As brea paints By (i sallidsoi Whereit Ex? iR~ where 1 = 2
to (n1), 1y, oliteimihat n) of -seknenlts SjgmewtiereSi = 1vfee(® 4 13; knldo (n - 1); and

10 as a fourth step, computing for each segment S; a constant

o-; corresponding to 1/6 a value of second derivative of the third
order curve passing through the start point Pi(x,,yj) of the segment . \J
at the start point; and
storing for each segment the constant"i and coordinate
15 values (x; : y;): where i =1 to n, of the .points P; defining the
segments S; as the outline data corresponding to said blocks.
A preferred embodiment of the invention will now be
described with reference to the accorﬁpanying drawings, wherein:
Figures 1 and 2 are diagrams which each illustrate a
20 general sketch of a conventional data compressing method according
to the "outline" method;
Figure 3 is a diagram illustrating the relationship
between a character outline and blocks B on X- and Y-coordinates;
Figure 4 is a diagram illustrating the relationship
25 between any one block B and a segment S; on X- and Y-éoordinates; U
Figure 5 is a diagram showing an example of a preferred
data memory format utilised in case of effecting a method according
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10 as a‘fourth step, conmputing for each segnent Si a constant
[err] corresponiding to 1/6 a value of second derivative of the third orgem
curve passi'ng through the start point [err] of the segnent at the start'
point; and storing for each segnent the constant [err] and coordi nate 1F
values (xi : yi): wherei =1 to n, of the points Pi defining the segnents
Si as the outline data corresponding to said bk ocks. A preferred enbodi nent
of the »nvention will now be described with reference to the acconpanyi ng
drawi ngs, wherein: Figures 1 and 2 are diagranms which each illustrate a 20
gener al sketch Oftoat]fé)rb\feglémomﬂerﬂﬁhﬂ corrpr essing nmethod according to the.

s oA o S i St SR B R

bet ween a char acter outli coordrnates gure
is adiagramill tﬁdamqﬂe rfgortMermhamgomsmqsy%atabwv@éhew éﬂ@O‘kﬁ‘B%kt%thﬁd

a segnent Si on n Ss; Figure 5 is a diagramshow ng an
exanpl e of apref ?é}gdn‘fegﬁ?r@r’méﬁ&fornat utilised in c of eff etlnga
FelRtiansy

met hod accordihg 30 35 Figure Th‘é previent ilystnating, 2 ‘QSb wee

schematic view i skl 3oht@nd sPBEtpRCehantdtes arenl ¢ for deternining nemmry
data by a nethod according to the present invention; and
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5 Figure 7 is an view illustrating a relationship between a

magg® font and an output character area. 10 15 20 25 30 35 ° 5 The net hod’
of qg% present invention is applied to row and colum matri x-form bi nary
chavdct er data supplied from for exanple, 'a scanner or the like. 'In

anot her exanpl e, the nethod the invention is applied to coded character
5 data which can specify ar and colum matri x-fornmed dot pattern ard

. . - . . . g
o6 SR SRR S BAIRR A B g B
TS Ech R e (ERSe ot 56 Ay CAIPADAED' ade 3B {8 YL ne b

cearaekampdd,d AL LhiPTot e POKECT STHhOaRE tRk2CRIGHb1d) the method of
the present i nvention. 15 20
the method of the invention is applied to coded character
data which can specify a row and column ma%rix-formed'dot
pattern and which may be in-accordance with any method.
Namely, for instance, a character imége is subjected

to dot-decomposition in row -and column matrix-form by means

of raster scanning of a scanner to determine bit pattern

v
data, and such bit pattern data are supplied as original
character data which come to be objects to be processed in
the method of the present invention.

\



In the nethod according to the present invention, first, a processing of
outline extracti'on is effected, as the first data processing step, on ths
af oresaid original data supplied, and positions of the outline on X- andf
Y-coordinates are determned. In this case, outline extraction from suck_=x
original data which can specify original data being dot-deconposed in the
aforeSakg»rom/and colum matrix-formor bi® patterns being dot-deconposed
in the row and col um gRt LiX-{: kS 0LES r @il :a dot
position at which biﬂa?? gg?aﬁggg§%s%é§afﬁéﬁ§oe§hgﬁ§e§%gggﬁée 2%%%6%§Bd

dots change from gfrst0 alﬁreéeééﬁﬁ?HAE b8tifnel BxtPEcEIYNOLsCRFEERted, as
direction. If the data relating to The position of the outline 15 t hus

extracted are thetpaesiwBtCchatanpsbeesE¥nghetepsi bhokheOhtbResail brd gdhaX
and Y-coordinates, such data are sufficient for the nmethod according to the
present inventiondabd §beplidéd, hand ngodiyidiPeo6f thbobagdimey ohe X4+t anidzed.
Therefore, the data nay be stored in any such suitable 20 manner t hat
X-, Y-coordi bat e Yeteordinatescarefdétermesedpecti ve outline dots are
stored in accordance with table type manner, that bit datum correspondi ng
to the outline positiolnithisocasepnoutliinercextracyias from spchherligimal
manner. 25 Then, a second data processing _for making the outline
specified in the @brecvhighfcant speotfysoriginal datapbepngcretpdesomposed
practi ced.

in the aforesaid row and column matrix-form or bit patterns
being dot-decomposed in the row and column matrix-form is
10 processed by determining a dot position at which binary
data corresponding to the respective decomposed dots change
érom "0" to "1" or from "1" to "0" in the row or column
direction.
If the data relating to the position of the outline
15 ~ thus extracted are the oneé which can specify the positions
. of the outline on X- and Y-coordinates, such data are
sufficient for the method according to the present invention
and the data having any type of storage may be utilized.
N4 Therefore, the data may be stored in any such suitable
20 manner that X~, Y-coordinate data in respect of the rés-
pective outline dots are stored in accordance with table
“type manner, that bit datum corresponding to the outline
position is stored on a frame memory as "1", or the like
manner;
25 Then, a second data processing for making the outline

specified in the aforesaid first process to be a set of

blocks B is practiced.



Nanely, in the second process, point P is established on the outline, and

- thﬁiaw‘line is split in the interval of a single-valued function involving
x (& direction ... The sane shall apply hereinafter.) as the variahl e,
whereby 5 sui tabl e bl ocks B are determ netd, respectively. In this case,
the establishment of the aforedaid blocks B can generally be processed by
extracting an optional interval _in which X-cqordinate val

f th “
respect i ve Nemedposiar e ssefond seFPeesss BRLAENE PﬁcFé&Egigﬁgﬁgcrgaséflo

nonot onously as bl ock B. _As a nore, specifi t hod .establ i,shi bl ock
5" héito Ghe s A4 EhecoHBUARoLS AP RPuthRaiBR ety ot §f 3,

q q . ch X . ) .

th”i’af;?l °4—?w%§13:%%Laéﬁ‘re%tgs?ﬁéa‘?#{r‘é‘%i%%' 4oTrgl, BIFHRIGPRLI A S on @
ereafter, .t e '

i1 FE Sl (SO ARe b EER ) (AR PHe RakdabT8 Qe Ry T 1T B Care

‘;;ﬁab'g Q%%ls%'ﬁlaobéfﬂsoé] %Jg& a&§ﬁfﬁih¥a,Oe.teg'gae%i%ehyt. by the break-points

wheréby I'nt erval's spl by e respective 20 br eak-points (P or P)

may be enplyyag, éssﬁep'eﬁéseﬁtaﬁfiaﬁﬁahfebr- tRey sifpRlesaBANbIGCRE each
bl ock B thus established 1s in that each block B corresponds to a set of

poi nt § 1@ ReerdudANly P9é NpSotesbed SEgnagtrattingi aacbptiopadl unm direc- 25
tion ... The sane shall apply hereinafter.) turn-on or '
interval in which X-coordinate values of the respective

decomposed dots on a series of outline increase or decrease
10 monotonously as block B. _ \_)
As a more specific method for establishing blocks B,
thefé is proposed such a method wherein as illustrated in
Fig.}5, decomposed dots in which X-coordinate values of the
decomposed dots on a series of outlines come to be extreme
15 wvalues are determined; thereafter, the decomposed dots
corresponding to the extreme values are utilized as initial
break-points P, and further second break-points P' are
established suitably on the respective outlines split by
the break-points P, whereby intervals split by the respective
20 break-points (P or P') may be employed as the blocks B,
respectively.
Physical meaning of each block B thus established is
in that each block B corresponds to a set of points making
bright points to be scanned in Y-direction (column direc-
25 tion ... The same shall apply hereinafter.) turn-on or
turn-off in case of interpreting the data compressed in

accordance with the method of the present invention to



turn-off in case-of interpreting the data conpressed in accordance with the

scanni ng type character display unit such as cathode ray tube or the |iK®g

met hod of the present invention to reproduce character inage on a ra i

A met hod according to the present inventian is the one for specifying the |
outline of-a whole character as a 5 set, of plural blocks B determ ned by
means of the above described second proceSs. And in the present invention,

a third process fpéﬁé&f‘;@rcﬁﬁgé{&g ﬁﬁy?gr@n }%Qfogéénﬁih§;g¥?ﬁ 10

plurality of segne

err] as a pretreatnent for determ ning

cal ly coded data QUF£SEOPANEpILy thipid! S6kR & 102 Phcaé| £89- thbE- of thedlike.

typical graphical

representation’indicating a rel ati onshi p” between any one

of the bl ocks B deter m pednéfhdd tacdsn &Had IS CERd o PESERES i AGENtREGNS €9 MRHE
[err] on X- and Y-coordinates wherein points [err] and [err] are 15

start point- and ente BNtspecEeid VitHe .olblthey , of Na tdikol8i cHapaotassasaa
indicated in Fig. 4, any one of the blocks Bis delimted with (n - 2) of
break- points [ersdt wergplural blockKs) B detéxmilsdriby neeg¢ns-of) thé sbgwents

[err] where i

=1to(n- 1), 20 and P and Pi+l are start and end

poi nts of the segiegeriked |secaxphpndocass, in respect of each block B. In

this case, after

all, if the aforesaid break point Pi has been established

on a character outlindrbrivsthe@ugsent invention, a third process for

oy
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further spliting any one of the blocks B into a plurality
of_segments S:.L as a pretreatment for determining specifi-
cally coded data corresponding to the blocks B is practiced.
Fig. & is a 'typical graphical representation |
indi%ating a relationship between any one of the blocks B

determined in the aforesaid second process and the ségment

S; on X- and Y-coordinates wherein points 'Pl and P, are

étart point and end point, respectively.

Namely, in the third process, as indicated in Fig. 4,
any one of the blocks B is delimited witﬁ {n - 2) of. break-
points Pi (xi : yi) where i = 2 to (n - 1) to determine
(n - 1) of segments S [Pi : Pi+1] whére 1 =1 to (n - 1),
and Pi and Py +1 are start and end pointé bf -the segment Si,
respectively, in réspect of each block B.

In this case., after ai],l, if the aforesaid break point
P; has been established on a character outline corresponding
to the block B, it is satisfactory as is also apparent from
Fig. & so that the number and space for the establishment
are generally arbitrary so far as they are within a range

where whose character image reproducibility is allowable.
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to the block B, it is satisfactory as is al so apparent from25 Fig. 4 so
t hat; t he nunber and space for the establishnent are generally arbitrary so
far they are within a rapge where whose character inmage reproduei-bility

1s owabl e. However, situations for establishing the block B and the

segnent Si processed in the gbove described second and third processes are
Char act BOWSHEE & 51 SoADRE ct by e s e hLEREAT L LR, BAREN & BRE. pr osint f

| PR IR S RAOTTS PR L EAS BERERSIP BT SEP AP g ShRose bl ocks B
ot R R (4 ¢ e EefhetOEE BREHELRe irecsaei g i ough each
A, el aomefeanibil dhy (e BReCRRERRLE-CRAERN T LT

AC&%E-&U Sd 't ly alle LACLNGE UsScOFa thi eed | ¥ReCpBbERGIteRhvkAkibn Where i = 1
n°- an I tom

to , j = In the segnent Si“of the interval (xi. to X +l

) have BRHEWHIWS|dbkifedt Tk ST fheesréSeRECORUAEOrY hAavenihadet hod, a
y-coordi nate 10 value in a range [err] corresponding to any one block B

canlle e g3fiert Yok i U espéc oot hprebereedqmethods( ¥pr Furthernore, it
beconmes possible to approxi nmate the
establishing these blocks B and the segments Si as mentioned
hereinbefore.
Meanwhile, when attention is paid to Fig. &, besides \_)

an m-order curve passing through each start point Pi(xi : yi)
of (n - 1) of the aforesaid segments Si is imagined, the
curve is specified by the following equation:

m

| . - %]
fi (X) = Yi + jil Ai,j (x xi) ooooo (l)

Accordingly, if all the values of effective coefficient

A where i = 1 to (n =-1), and j = 1 to m, in the segment

i.j
S; of the interval (xi,to Xi+1) have previously been
determined in accordance with any method, a y-coordinate
valué'in a range_(xl.- xn) corresponding to any one.block B
can be successively computed from the above eéuation (1).
Furthermore, it becomes po§§ible to approximate the
y-coordinate.value thus computed as y-coordinate value of a
desired character outline in the aforesaid range (x1 to xn)
of block B.

In the following description, an embodiment wherein

each segment Si_is made to be approximated by means of the

following third-order curve where m = 3:



y-coordi nate val ue thus conputed as y-coordinate value of a desired
character outline in the aforesaid range ([err] to [err]) 15 of bl ock B,
In the follow ng description, an enbodi nent wherein each segnent [err] isééga
made to be approxi mated by neans of the fellow ng third-order curve where™n¥
=3 0. JERR] 5 wll be described. Now, in the case where m= 3, three
unknomnkﬁoeffici- ents J[err] and [err] exigﬂ I n respect of each segnent

Si. As aseesult, 3 (n g 11xpf=qfknp ccegfli [gnts exi st with respect to

any one of the bl ocks Bl consi st g of2(n - 1?1 O of the aforesaid

segnents Si. Accordingly, in the case where thesaforesaid unknown
coefficients required for approxiﬁﬁt?gg‘%hé ﬁbhracter outline in any one

bl ock B have been determ ned beforehand, 3 (n -_1) of relational

expressions are needed, even if amy 45 (x nekhpa I s adopted. Meant.i.ne,(249n
outline of character, pictorial imageror the tike possesses, as nentioned
already, the follow ng general properties such that (1) the outline itself
i$ natural | yScontwilbouss desexidsed?2) primary derived function 20 of the
outline (inclination of the outline) varies continu- ously, and (3)
secondary derived fundiawn In the ¢ase¢ where m = 3, three unknown coeffici-

ents bi' < and di exist in respect of each segment Si'
As a result, 3 (n - 1) of unknown coefficients exist with
lrespect to any one of the blocks B consisting of (n - 1)
10 of the aforesaid segments S, . |
Accprdingly, in the case where the aforesaid unknown
cnefficients required for approximating the character
outline in any one block B have been determined beforehand,
3 (n - 1) of relational expressions are needed, even if any
15 method is adopted.

- Meantime, an outline of character, pictorial image or
the like possesses, as.mentioned already,'the following
general prop;rties such that (1) the outline itself is

4 naturally continuous, besides (2) primary derived function

20 of the outline (inclination of the outline) varies continu-
ously, and (3) secondary derived function of the outline
(rate of change of the inclination) also.varies continu-
ously.
Under the circumstances, in thé method according to
25 the present invention, attention is paid to the several
properties (1) - (3) involved in the outline of a character,

pictorial image or the like, besides such attention is



(rate of change of the inclination) also varies continu- ously. Under the
Ci st ances, in the nmethod according to 25 the present invention,
at tion is paid to the several properties (1) - (3) involved in the
outl'ine of a character, pictori?l i mge or t'’he like, besides such attention
IS al so paid to such a fact™That these several properties can afford
sone &lddieaid ato aadh expfasti dhatr ehesiecd exerédds prdyssk talew ecaflane! vy~ t he
following three relational expressions: [ERR] are given as a conditi orsfly
whi ch afffoatjsuentof ichs egebat $0481 expeeskioms reguirsd isfy the aforesaid
properties (1) - (3), respectively, in the aforesaid optional one
br eak dasianibest dbover. t hi s case, the nunber of break-points [err] is, as
menti oned above, (n - 2) in total in case of i = 2 - (n - 1) 15 so t hat
after all, Namely, dheffqklewingathegpr 68dpéAonadn ep@r@ARSHERS: from t he
aforesaid properties of character outline. Furthernore, for exanple, the
follow ng three reIationaJ(foresshons; 20 [ERR]- 25

i?-

s i-1 (X)) = %

Fopt (k) = £ (k) )} L. (3)

i
" = . ” R
£,3" (x5) = £, (x;)
are given as a condition by which the adjacent two segments ' \~)

10 S and Si satisfy the aforesaid properties (1) - (3),

i~1
respectively, in the aforesaid optional one break-point
Py (xi : yi).
In this case,  the number of break-points Pi is, as
mentioned above, (n = 2) in total in caseof i = 2 - (n - 1)
15 so that after all,. 3 (n - 2) of relational expressions can

be obtained from the aforesaid properties of character

outline.
Furthermore;’for example, the following three
. ' relational expressions; |
20
£ (x3) =¥,
fl"' (xl) - Cllll (xl) | (4)

fn-l " (xn) = cn m (xn)

25



points [err] "and [err], and points J[err] [err] and [err], respectiv
are given as a boundary condi- tion at, the start point P1 and the end p
Pn in the block B. As described above, it is arranged that 3 (n - 1) in
total of relational expressions are givempn the basis of the properties of

char act ér outlln%hggd 2 bgﬁgdar ndi_t gﬁng%gﬁbig o}ggr Q&Qaggggso%aggg%g

B. Cbns%ﬁuently, as e ove eous equatrons

conposed of thes I ve thes 1) sets
unrkrﬁown coef fici gn?éggﬁ i;o]%\}nsg 1:'e[lér %Z'C%I‘B be d rm necdjpé angiS %ne3§ofm-|2(5n
thereof is as fo lOWBFEEEFE, %%ipég%§4%ﬂ§aqgréﬂghy@$qgsog Bgﬁn359§e§6591—

[err] is as fol |l ofsi
tion at the start point Py and the end point Pn in the

12 where [err] (x)"and [err] (x) are third-order equations passing through

5 block B. -
As described above, it is arranged that
3 (n-1)in total
of relational expressions are given on the basis of the
properties of character outline and a boundary condition
L/‘ 10 at the both ends of block B.

Consequently, as mentioned above, when simultaneous
equations being composed of these expressions are solved,
the. aforesaid (n -~ 1) sets of unknown coefficients bi’ c;

and di can be determined, and-the solution thereof is as

follows:

et
(91

bi = (Yi+1-- yi)(hi_f hi (ci+l + Zci)

c; = 30i ..... (5)
\/ . - 4y = (o34, - 03)/h;
20 .where
Oi = (Bi bt hi by O‘i+l)/ai ----- (6)'

and value of the aforesaid,qi is as follows:

ro, = B /o,
. 2 3



‘{-ERR] Accordingly, values of unknown coefficients [err] and [err] have
pF usly been conputed fromthe aforesaid equation (5) as a forth data
pr sing step, and the coefficients thus conputed as well as coordimates
[err of points Pi defining resgective seghents [err] are stored as
conpressed, coded data correspon 5ng to the aforesaid blocks B. O course,
I nterpretagioe qfa.these conr epsed daga,, feat,is, reproduction of the.-:
char act er Fﬁageqi§ praéfﬁged 26’%' by bb%fa}T%g val ues of [err] (x) itwdthe
equation (2) in respe@ of (3)e segmgnts [erg] corresponding to arbitrary
x-coordi nata values-1n'tMs Qﬁébfpghmhloht nar’ Bacdr mi ned by neans of
val ues i-i accordance wth the aforesaid operation is the 25 one in
whi ch the aytki rehiitself is not only continuous, but also prinmary derived
function (ifclination of the outline) as well as secondary derived function

(rate of cpange ,of 14 t i_ngl i na#jon) of the aforesaid outline change
gange (hi ﬂ-hﬂs . /g0

Bontinu- ously So such’an outplt hg nore approximate to a natura
character inmage can be obtained. Fig. 5is a viewfor illustrating one
exanple ofag § - ehert &j,_dqav® qpnory format which is utilized in case of
practicing the met o& according to the present invention
By = (rjyy — ¥3)/hy .
(2) _ - - _
8775 = By Bi1/ (x50 = %3)
(3) _ (2) _ A (2) _
10 S o e N LA FE R T U

Accordingly, vaiues of unknown

coefficients bj, ¢j and d4dj
have previously been computed from the aforesaid equation

(5) as a forth data processing step, and the coefficients
i ~ thus computed as well as coordinates (xi : yi) of points
P defining respective segments S; are stored as compressed,
coded data corresponding to the aforesaid blocks B. |

Of course, interpretation of these compréssed data,
that iﬁ, reproduction of the chara;ter image is pfacticed (,)
20 by operating values of £, (x) in the equation (2) in respect
of the segments"si corresponding to arbitrary x-coordinate
values. | .

In this case, such outline determiﬁed by means of
values i accordance with the aforesaid operation is the
25 one in which the outline itself is not only continuous, but

also primary derived function (inclination of the outline)

as well as secondary derived function (rate of change of



as descri bed above wherein N is the nunber of break-points Pi existing in .
any one of blocks, XST and YST indicate X- and Y-coordinate val ues of start_égg
point Pl in any one block, 10 [err] and [err] are differences along X- = .

and Y-directions between two adjacent poipts [err] and [err], respectively,

and coordinates of an arbitrary break-point [err] are succe55|vely

speC|f|ed by means of these dif.ferences-.-4the data conpression nethod-as

Coatt e enes | ot bl EpdPanBibal ThETehs' AkSehfad Hibitae! Rhadbl Bhewrue
f-the ab h

coet 1 crents.ar e SHorLqea Fiabee ﬁ%%ﬁ?mé&gﬁg%e.ﬁ%esé??%&%aﬁg%%*%sc?2%453%

akl, as a prenlsenggu£§% ?KQLQQEQQQﬁmaﬁgeﬁaﬁeﬁgngﬁE iggFlved function of

t he aforesaid equation concer ni ng segnent |[err] is determned, it

i s expressed by the fopjowi B gguat 98y EERRI128sASaRingNSREUBRERDIR W ue
of the secondary derived function in the start point [érr] for segnent

[errl i's ag 5ol | oppeferrd® 4&EERI méMotPi SosRABERhiLR, iEChtli1liReline nafaisRs ¥ M
6ﬂua ron (©) practicing the method according to the present invention
% - as described above wherein N is the number of break-points
| P, existing in any one of blocks, XST and YST indicate X-
and Y-coordinate values of start point Py in any one block,
10 b; o and bs v are differences along X- and Y-directions
between two adjacent p01nts P and P -1’ respectively, ‘and
coordlnates of an arbitrary break-point P; are successively
specified by means of these differences.
The data compression method as mentioned above is the
15 one which relates to a method for storing coefficients bi'
. - cy and di as a part of compression data.
In view of. the above, another method in which data
ofher than the above described coefficients are stored will
\./ ' be described hereinbelow.
20 | First of all, as a premise of the explanation, when
secondary derived function of the aforesaid equation (2)

concerning each segment si,is determined, it is expressed

by the following equation:

25 fi" (X). = Zci + Gdi (x b xi) ..l-.. (7). .

As a consequence, a.value of the secondary derived

function in the start point P, (xi 3 yi) for segment Si is

as follows:



such a constant possessing the follow ng property being derived fromthe
af'oresaid equations (5) and (8): 5 [err] = 2[err]/6 = (val ue of
secondary derived function in the start point Pi of the segnment [err])L6.
Accordingly, in the other method according to the present invention, a

val ue of ai possessing such pregerty as nentioned above has previously been

conputed as the &0 _fourth data processing step, and the Qﬁ stant ai- thus
conput ed as Fyel | (%d A% MRPIEANMY of points [errf-defini S‘respect&i‘ve

of e Eﬁ%]ca?f%_ S%q?{xiéjcpf%ri{’ o i AEEEARR 48 SHURRIEN 4601 act | cod 15
.at | ] 1.d ' A d (2
"% roscrunh B Fohahant Besdisdd Tie ROl PATTRL POMEE T RebRE DTG (7

gien corresponding To ar X? cOOr dFnat e

val Ues gor s 0L o0 QU cld) Hibddid A4 TREY agd gesondary derived

functions of outli1ne vary continuously so that nat ural character

i gage is regroduced And ofNlid ¥k SIdBondd¥y YadeivBd! kenesgnigre the
aforesai d cgéffi ci é-n/?; a?céu utilized asr% he lt:orrpr.éssi on gat a. nCh one hand,

i n casenef sthet Pditit ! xd shersegniEh € ®1SY 261 ‘ai is stored, an additional
operation of the 25 dquation (5)” nust bk ‘executed in case of
i nterpreti ngceon@iengliygn idntthe oty imutdtbdhayeordingbto the

present invention, a value of o4 possessing such property
as mentioned above has previously been computed as the
10 fourth data proceséing step, and the cdnstant o4 thus '
computed as well as coordinates (xi : yi) of points P;-
defining respective segments si are stored és compressed,
coded data corresponding to the aforesaid blocks B.
Interpretation of these compressed data is practiced
15 by operating'values of fi (x) fiom.the aforésaid equations
(5) and (2) in respect:of the segments Si cofresponding to
arbitrary x-coordinate values. |
Of course, in also this case, primary and secondary
derived functions of outline vary continuously so that a
20 natural character image is reproduced and outputted simi-
larly as in the case ﬁhere the aforesaid coefficients are
utilized as the compression data.
On one hand, in case of the latter method where the
constant 03 is storea, an additiopal operation of the
25 equation (5) must be executed in case of interpreting

compression data as mentioned above.



Therefore, it is rnevitable that a period for repro- ducing character image .«
becones | onger ‘than that of the fornmer nmethod in which coefficients are
directly stored. On the other hand, however, it is sufficient to store only
5 one constant for the latter nmethod unLike-the former nethod which
requires..to store three coefficients. Hence, the latter nethod has been
furthegg:nproved as conpared with the for#®r nethod in view of data
. conpressdi bility. Fig. o,6.is.a schemail c, Vi | S [ S Cy -

TSR STSEEY (EF s LNeFYEAbIUSERRE! 20p8r £08SEBECrepPo

tional exanple for det t he” menory” data as descri ove wherein

reference numer al g8l (P SlENAl E5e 2 YellhedCiShFeP! EHahOrhaRdogOtHEN
~matrix-fornmed binary ta correspondinhg to two-di nehsional character inage.
The - scannéfo il SnAHSEIES i W bobhel ciénvsnatéeditegllyoktdbed.

reflected light froma character imge pattern 63 being irradi ated by nmeans

of scanning lightof a8 diHe XM £ howdvat POitps subEiéfent dot scoed omlg
detector 64, and the signal detected is subjected to restoration sanpling,

wher eby desiged hin@rabritant afer deliervateer Réthod unlikef thenformenemethod
65 designates a nenory for once storing original binary data determned in
the scanner 61. Refitenmayunines ato GStakesi ghmeescaaffiiciantsic Benceel thert
wherein the aforesaid binary data supplied in accordance with online or

bat ch processi.ng kxtctestmetchad has deeen 2Burther otmprevigdt asogepRaredsyith
menory data to a conpressed data menory 67, and it is preferable that such
afithnetic contr dthedfarmer geethed | in cohev roft dataycapaRessiPaL et roni c

conput er. .
P Fig. .6 is a schematic view illustrating a construc-

~ 10 tional example for determining the memory data as descg}bed
above wherein reference.numeral 61 designates a scanner for
determining row and column matrix-formed binary data
corresponding to two-dimensional character image. The . .
séahﬁér.éllis.affénééé in such tﬁat transmitted light or

15 reflected light from a character image pattern 63 being
- -. irradiated by means of scanning light from,_for example, a
| flying-spot .tube 62 :is detected by a detector 64, and the

signal detected is subjected to restoration sampling, whereby

w : desired binary data. are determined.

. 20 | Reférence numeral 65 designates a memory for once
storing original binary data determined in the scanner 6l.
Reference numeral 66 desigq?tes an arithmetic control part
wherein the aforesaid binary data supplied in accordance
with onliné or batch processing are subjected to data

25 | ﬁroéessing to output desired memory data to a compressed
data memof& 67, and it is preferable that such arithmetic

control pért is generally constructed by means of electronic

computer.



| atter netho

f ont

ri nci pal processing order in the aforesaid arithnmetic control part 66
5/as follows. (1) Input of original binary data {2) Extraction of outline
' (3) Establishnent of block B (4) Establishment of segnent.. S
(5) Conputation of desired mendry data (6) Qutput of menory data As a

result of an exam nation where
conpressi on nethod .accordi ng, to

h resent invention.as_described —~
her ei nbef.oPZIASLRAY BRPIEF NG QTORE AL LN I EEAL] BFAERBEAS conmdsed
of 800 XtBOS. dotg:,[oéefo allo J@ae‘;ror wWith respect.to a desired character
[ matgecf’§1 XQsuled &3 FottO st as'corrpressi bilities 1.385 %15 and 0.75
% coul d be t ai | f r storing coefficients and the

(33" A e *ben&cgg{sglmﬂgw ddfa g

espectively. Next, such a case .in

whi ch char gter'#g¥§§} [ k&l e factors are reproduced on the basis
of nmenory 3 ) E‘ 0 t%fnn\gby t

GPNpr essi nq 3yet RAE A% R ek Igdhefore will be described hereunder.
Fig. 7 is an explanatory view indicating a relation- ship between a naster

71 coqnqse@gﬁhﬂiﬁghxgﬁteagigggmuﬁﬁngichafacter area 72 conposed of

f of ori'hg ¢

at a e character or pictorial inmage

GXQ dots wherein

10

15

20

(5) Computation of desired memory data

(6) Output of memory data

As a result of an examination wherein the character or
pictorial image data compression method according to the
present invention as described hereinbefore is applied to
oﬁe of Japanese characters ﬁs“ being composed of 800 x 800
dots, if allowable error with respect. to a desired characte;_
image is assumed to be 1 dot, data compressibilities 1.385 %
and 0.75 % could be oﬁtained in the former method for
storing coefficients and the latter method for storing
constant Gy respectivgly. }

Next, such a case in which character images of various
scale factors are reproduced on the basis of memory daia
obtained by the character or pictoriél image compressing .
method as mentioned hereinbefore wi;l be described hereunder.

Fig. 7 is an explanatory .view indicating a relation-

4

ship between a master font 71:composed of FXF -dots and an

" output character area 72 composed of GXG dots wherein

25

output character image is outputted to the master font 71

with scale factor of a G/F times. Accordingly, x-
coordinate value xc on the output character area 72

corresponds to xc/a on the master font 71.

B the character or 10 pictorial 1mage data
t



25 = output character imge is outputted to the master font 71 with scale
factor of a = G F tinmes. Accordingly, x- coordinate value Xc on the output
character area 72 corresponds to X c/a on the master font 71. 18 For
this reason, first, a segnment [err] which gonmes to be [ ERR] - on
the master font 71 is specified, and a value of [err] is determ ned from
the aforesaid equation (2) on the basis ofigenory data relating 5 to the

segnent Merr] thus specgified,. wher y- r.di nat erl.

character outline corr gg o%glir?g rteég%%“'co %tria{;e s[%g‘?%ﬁ%néi ﬁ;eﬂ:bét}i p%e%]&es to
character area 72,gap b LR The, c a | P, n
t he out put 10 c?%arg‘a}ct?'eg%a?g %‘Zeg:llsl'lf (;%rn rrellg{eb&{a %ruﬁét%é\g’f h%sevéa?%%ffge&

deter- mned fromghige za aj uat izon (#2) cgnst {
prioportionality (sngIGe ng'tﬁ%r bg) 9q§o tﬁat gfzdch(wrce/&)og'trﬁedcaiégerrlg‘glen%deifn]éonélf\;/\%?/s
proportional to tBagoreshed bglhtidno29i Bed the' daREE o ¥mexy e tLIrdI¥ting
--gcale factor. 15 Accordingly, even if it is in such a case where a
character hay ng &ol ahgekegmeat! 8an thiuat spleclilfd ed)amifdribyt JPgoaeEindted
oj the master font 71 is outputted, smoothness of the outline can be
mai nt ai ned. Furt healaeey doff ehenichaaiakiterobutild nee idoarresspomdiimg € X- to
t He present invention fr8m those of conventional m order

: coordinate xc on the output character area 72 can be

determined.

| | | | The character image thus reproduced on the output
3K¢/ 10 character area 72'is formed by multiplying the value deter-
i mined from the aforesaid egquation (2) by a constant of
proportionality (scale factor a) so that such reproduced
image being always proportional to the master font is
.obﬁained irrespective of extent of the scale factor.
15 Accordingly, even if it is in such a -case where a character
- having a larger size than that of the character image
specified on the master font 71 is outputted, smoothness
of the outline can be maintained. ~ |
ku{ Furthermore, different points of the method according
20 to the'presént invention from those of conventional m-order
curve approximating method reside in that_the conventional
method utilizes only coofd%nate values of the points
established on a character ouéline'as whose memory data,
and.contemplates to approximate the outline by means of
25 the m-order curve specified by points of optionally

continuous (m + 1), whilst the method of the present

invention utilizes also additional information other than



A ve approximating nethod reside in that the conventional het hod utilizes.
ig%? y coordi nate values of the points established on a character outline as *
WoHse nmenory data, and contenplates to approximate the outline by neans of
the morder curve specified by points of optionally continuous (m +
1), whilst the nmethod of the present invention utilizes also additional
informati on ot her than 19 p¥ nt coordinate val ues, and contenpl ates-to
approximate an interval between optionally adjacent two points by nmedrts of
M or delpciliity codr st &1 981ukBS ahd Tt temsTiateoned aphebwambes is the one
which is determined to nake a 5 connecting condition for two segnents at
bot h .t lan einsemfanrbetbétnadpthoaal 1goiddj soast steat poi hispbgpetngs of
whose character inmage so that the nmethod according to the present invention
makes pdSsiHareidn cwepreducEnt BaddlkdbaGt ethe nefierebaid a8dfieioghdser to
whose desired character inmage 10 as nentioned above. Attention is drawn
t o our indeemditigpraid i tla¢ i oneNshiB8h08@S@etehined dto emékd 40 a net hod of

conpressing character or pictorial imge data enploying features described
Bn { hi sonpesitiingidandition for two segments at both the ends of

an arbitrary break-point consistent with properties of

whose character image so that the method according to the

present invention makes possible to reproduce the character

image which is far closer to whose desired character image O

10 .as mentioned above.
Attention is drawn to our copending application

No. 8508056 which is directed to a method of compressing
character or pictorial image data employing features

- described in this specification.



20 *CLAI V5. 1. ) A nmet hod of conpressing character or pictorial i"r_r'age ' .
dat a which conpresses a quantity of data by storing
information of said character, pictorial inage or ﬁlﬂl”"ﬂ'ﬂﬂﬁﬂ“ﬂlwl ng:

as a first step, deternmining the outline of said thdradte®, pictorial

image or. the like in ternms of orthogonal X- and Y-coordi nates; 10

as a sigond step, splitting said outline into2®& set of blocks [err]

where [rr] and [err] are start and end points of any one block; as a third
step, subdivi dim&:@of any one of said blocks with (n - 2) break-points

Pi (xi 7 yi): pe™3i= 2 to (n - 15 1), to obtain (n - 1) of segnments

Si: wherei =1to (n- 1); and as a fourth step, conputing for each

Segment . S 2 congtant Lerdln b B! fy bhirdeop, dopRhofiRF Ihlge dat
derivative of the third order curve passin hrou the poi n err

of the segnent avhidhe cOMMTESIRS| ﬁth&%HtEQOOf data bY stor g r?g‘ *‘5? sRR¢ifying
segnment the cgnsirF@emla@isn ¥R saPOr dharhetedml UsRetoRid]l [ imag®ebe ithe like, N,

of the points [er defining the segnents Si as the outline data

correspondi ng t o°¥RF 4 HBocks. 2. A method for conpressing character

or pictorial imge 25 dasaaadiesti seep, ndekarminihg witsr eonthNakuefof sesial d

constant [err] pl?asratclf'gr,f SHtQWaTglmaeéea& WeNike ih FSRhs %ot orthogonal X- and

Y-coordinates;

10 as a second step, splitting said outline into a set of
v blocks [P1 : Ppl:  where P, and P, are start and end points of any
one block;
as a third step, subdividing each of any one of said
blocks with (n - 2) break-points P; (x; : y;): where 1 =2 to (n -
15 1), to obtain (n - 1) of segments S;: where i =1 to (n - 1); and
as a fourth step, computing for each segment S; a constant
e’ corresponding to 1/6 a value of second derivative of the third
order curve passing through the start point P;(x,,y;) of the segment
at the start point; and
20 storing for each segment the constant-""i and coordinate
values (x; : y;): where i.= 1 to n, of the points P; defining the
segments S; as the outline data corresponding to said bloecks.

Y 2. A method for compressing character or pictorial image
25 data as claimed in claim 1, wherein value of said constant°’i has
the following relationship:

30 —
where o} = Bn/“n “
hy = %541 7 %
2 (3)

Bl=h1 - A 1
35



[ 3., A method of conpressing <€ ictorial .
a ding to claiml1, and substantially as hﬁ"f"r described, wth reference

e acconpanyi ng draw ngs.. 20 25 30 35

R

21
Bl = (Ai - Al_l) - hi—l - Bi_l/ai_l
= - .2 (3)
B = h . -
5 = -
a; = hl iy ,
ai=2(h1+hi)_h1/1-l
=-h h_ %/
%n T n-1 n-1 /%n-1
10 o8 = gy ¥/
(2) _ - -
87705 = By = 850/ (%545 = %)
(3) _ (20 @) -
R e S L R AP Bt S D
135 A -
3. A method of compressing character or pictorial data

according to claim 1, and substantially as herein deseribed, with
reference to the acecompanying drawings.
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