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15 "A Method for Conpressing Characfél\*3¢3é) rEhI | mage
Data". 10 The present invention relates to a nethod of

co essing character or pictorial data by storing outline specifying
inﬁgépation of the character, pictorial imge or the like. It is well known
th bi nary data determ ned by subjeEting a character to dot-deconposition
entails a very high 15 degree of redundancy. In this respect, variousgdata
conpressi on net hods have heretof ore been proposed for decreasing sucH(~
redundancy. One exanple of these nethods is a so-called outline nethod
wherein the shape of a character is grasped by its outline, and information
for 20 specifying the outline is stored thereby conpressing the quantity
of data stored. For conpressing data according to such outline nethod, a
vector approximating nethod as illustrated in Figure 1, or an m order .
curse approxi mat inyg MetHedl fer iComist & 85 eAgi Ohkrguter2ohas 25 already been

proposed. The vector appr .xitmatj ng thod.illystrated in Figure 1 .
corresponds to these—dﬁ—s-ef-e%eeﬁ#%—agﬁ%%&-g—w et 4 e-open No. 149522/ 1979
(U.S.P. 4,254,468) and Japanese Patent Laid-open No. 79154/1980. 30

In such a vector approximating nethod an outline 1 of an arbitrary
character indicated by a dotted line is approximted wth a set of

t wo- di nensi onal. vectors 2, and specified information (position of starting

poiypt, |ength arghel peédemt idRntyn @erERRBE(E & methed icfosdmbreadathgverti cal

dlrectlggg%cgor the res ecilve vectors ,is.35 stpfed as ckufb“n?ereby dat a =

edata by storing outline Spect

coqpr e§ &t ofes PO B
- information of the character, pictorial image or the like.

It is well known that binary data determined by

subjecting a character to dot-decomposition entails a very high
15 degree of redundancy. _ '

In this respect, various data com-preSsion methods have
heretofore been proposed for 'decreasing' such redundancy. One
example of these methods is a so-called outline method wherein the
shape of a character is grasped by its outline, and information for

20 specifying the outline is stored thereby compressing the gquantity of
data stored.
' For compressing data according to such outline method, a
vector approximating method as illustrated in Figure 1, or an m-
. order curve approximating method as illustrated in Figure 2 has
25 already been proposed. '

The vector approximating method illustrated in Figure 1
corresponds to those disclos‘éd in Japanese Patent Laid-open No.
149522/1979 (U.S.P. 4,254,468) and Japanese Patent Laid-open No.
79154/1980. .

30 In suech 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
(position of starting point, length and inclinaticn, or components
in horizontal and vertical directions) for the respective vectors is
35 stored as data, whereby data compression becomes possible.




al ready been descri bed by the applicant in Japanese Patent Application

116, 160/ 1980 and G B. 2,115,657. This morder curve approxi mating netho
conpression of a 5 quantity of data is achieved by storing coordinates of a“
group of points P suitably established on the outline of a character, and
at the same tinme, approximting a desired outl3ne by neans of a set of

m or der{_gurve el ements 3 connecting (m+ 1) of arbitrary points with one
anot her. 10 Theie'outli e data conpressiqn nethods. have SL&C% t.hat
when interpol ation processMigToP et SIVEc BBPTREMAH IS oREFIEE LSAERtSH 4N
vector is carrie®igute dh hasnpireasigd bden adésmrilede fogr dbe eapplieayg, inhdepeatelleds
can cope with th | fy.ch | fa V4| scal e
factors. 15 Bt ERE %#qt%gp%rmeoﬁ ﬁgﬁ’f}fﬁﬁﬂ%ﬁgﬁ?’_?h%@%’%@ﬁ%m i onal data
conpressi on outline net hodBhisyoender gurye fpprprimatingmethodponaressiap efhe

optimum resul tgi s;uraﬁtiti%taaa@@dsi HcRi@SBEChy Qft oFiROhhRSiRatds 0fCa OpidupNRf

2 The morder curve, approximating nethod illustrated in Figure 2 has @

(continuity in inclination of the outline). Nore ecifically, [for

i nstance, the i n@%Rk oﬁ"’dPLEVeéﬁﬁﬂlésheﬁvBPvm‘Fg°2‘6]S‘g‘éi?‘Lér ‘%5{5&”135* Athet

outline points Ptaé sdnte VeReOrspproximaping dl desiredasdtlinenby ahecrenonta say of

points Pc of the morder curves 3 I0,Fi €8 J Pl i Ll scond :
In this respect, 'g:loroﬁ(flciur{geo?eleg‘-e@hgﬁa‘é%eﬁtgnéggﬁe{gl\‘I%/ﬁgt%ﬁp%rﬁaggﬁégwgﬁﬁy
the outline itselonej gnotdent i nuous but, also the 25 prinmary derived

function (ingyination of pQul bRGIne@ate!comPressidh MEORVYM Ahaved8hdr/ @Fat when
fun@.'f/' on (rate of change 1n inclination) thereof vary conti nuousl

. , I f
pectliar points d0EeFPlatinnepronessing poriqadmsiactor cdnversion P"°°es);"‘g of a

vector is carried out on compressed data for a character image, the
methods can cope with the reproduction of character images of
various scale factors.

15 On the other hand, however, these conventional 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 ineclination of the outline). More
specifically, for instanece, the inclination of segments involvin'g

20 either each terminal outline points P of the vectors in Figure 1, or
each central conneecting points Pc of the m-order curves 3 in Figure
2 is inevitably discontinuous.

2 . In this respeect, an outline of a character is generally
such that not only the outline itself is continuous but, also the

25 primary derived function (inclination of outline) as well as the
secondary derived function (rate of change in inclination) thereof
vary continuously, if peculiar points such as intersecting portions
of lines constituting a charaéter, or extreme ends of so-called
breaks corresponding to "hane" in Chinese or katakana character are

30 excluded. For this reasoh, conventional data compressing outline
methods cannot prow}ide 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 -

35 method of compressing character or pictorial image data by storing



of lines constituting a character, or extrene ends of so-called breaks
esponding to "hane" in Chinese or katakana character are_,30 excluded. .

. this reason, conventional data conpressing outline nethods cannot

provide a faithful character outline, and unnatural ness (discontinuity

in inclination) of a character inmage reproduced on the basis of such data

cannot conpletely be renoved. Accqrding to the present invention there.is

provi ded, a 35 nethod of corrpress?i ng character or pictorial image da{g by

storing 3 outline specifying information of the character, pictorial

| B0y fHind Bekitiing SRTBERNIBA: 0O Sne dpnkideter SR o PN HAGEGET 1N
aracter pictorira € or in terms of

ort hﬂgq)dake,xcomwsngﬁ coor di nat es; as a second step, splitting said outline

into a set Ofasb|QClﬁrs[tefét]ed/\hela@Esm}nﬁﬂg aﬂﬁiéeforduﬁne ape shadt and end

oi nts of any hird ste d|v din ch of any one of
gal dcﬁﬁ)"a"ﬁf*bcl?écwrfﬂ trplage ?f tﬁ’reeHlkep’(S’l K '§“§3|° vﬁrtth%%'?ﬂ'ldgna?ﬁ (X|y [err]i)
wiser B-goordihaites{n - 1), to obtain (n - 1) segnents Si: wherei =1to (n -

D and as 3 fourLhesheret SO} U a5 Al EITE IR 5 2 set of

coefficients an mor curve: [err]
[ err ploskssihg tll?haugnhem Pst and Hpine spar{ @nd) epd peioks odi dngegnent

one block;
as a third step, subdividing each of any one of said .
10 bloeks with (n - 2)'break—points P; with cqordinates (x; @ yp: o
where i = 2 to (n - 1), to obtain (n - 1) segments S;: where i =1
to (n - 1); and

as a fourth step, compﬁting for each said segments S; a

set of coefficients A; it where j = 1 to m, in respect of an m-order
15 curve:
. m :
. . J (1)
= . . . - X:J)°  eeeee \
£, 000 =y; ¢+ jzl Ag,q - %)

passing through the start point P; (x; ; y;) of each said segment
20 S;; and
storing the set of coefficients A; i,j and coordinate values
(%; : y;): where i = 1 to n, of the start points P; defining each Gl
segment 3;, as the outline data corresponding to said blocks. A _
A preferred. embodiment of the invention will now be
. 25 described with reference to the accompanying drawings, wherein:
Figures 1 and 2 are diagrams which each illustrate a
general sketeh of a conventional data compressing method according
to the "outline™ method; _
Figure 3 is a diagram illustrating the relationship
30 Dbetween a character outline and blocks B on X- and Y-coordinates;
Fi_gur'e 4 is a diagram illustrating the relationship
between any one block B and a segment S; on X- and Y-coordinates;

Figure 5 is a diagram showing an example of a preferred

35



20 § and storing the set of coefficients [err] and coordi nate val ues

[err]: where'i = 1 to n, of the start points [err]defining each segnent
[err], as the outline data corresponding to said blocks. A preferred iy ,:!
enbodi nrent of the invention will now be 25,described with reference to the

acconpanyi ng draw ngs, wherein: Figures 1 and 2 are diagrans whi ch each
illustrate a general sketch of a conventional data conpressing nethod
accordig to the "outline" method; Figure 3 is4a diagramillustrating the
relationship 30 between a character outline and bl ocks B on X- and _
Y-coordinates; Fiqure 4 is a_diagramillustrating the relationship between
any one bl ock B af@t& memessh{orpalytitiseg,in ?36?)0?& Seting g r@ﬁ}l@%apgorgmg
di agram showi ng ate ethanpreseiit tmventia;red 35 data nmenmory format utilised

in case of effecting a nethod_ acgqr di t he present. invention: Figure
is a schematic viewill usté}ﬁflf%g&és c%%gp?'ﬁ(?%ﬁcoHgﬁﬁe@é‘ﬁﬁ%'? 8 &8P§§ngg'i°ﬁ‘§?
menory data by a msample {ocodatienginiogt nemoryprdatendy i anmathiodnaceordifg cior ¢he

is an viewill tB@éger}lg fhv ?,l:%ﬂ,tni.oMi p between a master font and an output
character area.” 10 15 20 2§ 0" " o ) . .
Figure 7 is an view illustrating a relationship between a

master font and an output character area.
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35 The met hod of the present invention is applied to row and col um
“u;ix-forn1binary character data supplied from for exanple, -a. scanner
“the like. In another exanple, the nethod of the invention is applied
0 ‘coded character 5 data which can specify a row and col um matri x-forned
dot pattern and which may be in accordance with any nethod. Nanely, for

i nstance, a character imge5s subjected to dot-deconposition in row and

I i X~ f f I f d i
o1 1 pafhB: Heir Rl Be oG BoeRenf . pRPPEHARGAP S BRI STh A SP*he ori gi ]
' ] [ t hod of
AR ER T R S AT b {Raty SRhEAGRel CalESRERETINES bkl T TG g Lo

 BrPESaRRY o N Udiiihed |65 tnd PIRECSSIATaAbLAUL idiawfly action | s

ecte as the Tirst data processing step, on the atdredaid original data

SYRE! m@tho@N® P Hd 1 e ALidA 6 QUALLTSe8Ntd c8BEA° cha¥atdy:di nates are

determned. In this case, outline ‘extraction_f rom such original data which
CastsPeRiEY eaEndispdcid} a hedwda i@t cSEGRAPAS L i kD Fotemed Hosai d row and

colum matrix-formor Bit patterns -
pattern and which may be in accordance with any method.

Namely, for'instance,_a character image is subjécted
to dot-decomposition in row -and column matrix-form by means )
of raster scanning of a scanner to determine bit pattern
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.

-



bei ng dot-deconposed in the row and col um matrix-formis 10 processed by
détermning a dot- position at which binary data corresponding to the .
respective deconposed dots change from"0" to "1" or. from"1" to "0" in :
the row or colum direction. If the data relating to the position of the
outline 15 thus extracted are the ones wgich can specify the positions
of the dutline on X- and Y-coordi nates, such data are sufficient for the

met hod Redording to t heapasehiethod Ridcoraany tee Wl priewdny idiven tien pf
storage may be utilized. Therefore, the data may be stored i n any such

sui tabl e 20 manfitksthad Yroc¥ssimgliofabatddne iextravdon dfs tdffdéeted, as
pective outline dots are stored in accordance with table type manner, that
bit datum correspbhei figrst Ghtaoprocessing iStep, onstthecdforesdider iginal
as " 1", or the, like manner. 25 ‘Then, a second data processing for
maki ng the outl i ndatpesgippddedn and posidions O stheposdddne ®meXa ard of
bl ocks B is practiced. Nanely, in the second process, point P is
establ i shed 8n t h&-8Rerdinatesdaree datermiaeds split in the interval of a

si ngl e-val ued function_involving x (row_direction ... The sanme shall_ ap f
hereinafter.) as the viRi &BRS, cﬂﬁ@neﬁytélne extragtdon foem sugh °r191na

determ ned, respe vel n this case, the establjshnent, of qh foresaid
bl 0ks B can gonciaFhywLchy 6BB. S Ch ve RELGITRLy Aaka0 e A R o 560
WhKCh X—coordlnatgnvgkgegfgiegggdr%%%p%%hygolumn matrix-form or bit patterns
\ g 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 decoﬁbosed_ddts change

/
from "0" to "1" or_ from "1" to "0" in the row or column

~ .

direction.
If the data relating to the position éf.the éutline
15 ' thus extracted are the ongs which can specify the positions
. of the outline on X- and &—coordinates, such data are
sufficient for the method according to the present invention
&J. and the data having any type of storage may be ;tilized.
Therefore, the data may be stored in any such-suitable
20 manner that X-, Y-coordinate data in respect of the res-
pective outline dots are stored in accordance with-table
type manner, that bit datuq 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.



Zﬁg\gosed dots on a series of outline increase or decrease 10

ﬁisbonously as block B. As a nore specific method for establishing blocks .
‘here is proposed such a nethod wherein as illustrated in Fig. 3, '

deconposed dots in which X-coordinate values of the deconposed dots on a

series of outlines conme to be ext.fne 15 val ues are determ ned,

" thereafter, the deconposed dots corresponding to the extrene values ar e

utilized as iNamely, bireatheoienond processy tpeintcRohd estaklpsheds P

establ i shed suitably on the respective outlines split by the break- p0|nts

P, wher oy the eutdlinepland she feutlinrcisvepbit inpthekipterval (efor P')

may be enployed as the_ bl ocks, B, respectively, Physical peaning of each

bl ock B& ﬁiﬁ’g]@s‘t‘@iQ%eﬁP'}%tJr‘?P IO RERG X o RO ‘EbF?EEb%ﬁds -tolB®set of

poi nt's nakln ri.g ts to be scanned jn Y-direction coI m direc- 25
Pron . ens soand” andly Beneinafiana ar e (FRELABbe. (HPRESEY i n case of

d h hod of h
reent Gl Kk 4%%5%%1%%"%%#’;0?%%&%@ ebM T acter scanni ng
type Chafacti{nng;.}sgacvau“'t so%%ga% e w&eafa L0g; & gfm met hod

according to SEHt- 4 nventT e one Tor speC| yrng t l'i ne of
0L AR, o, et bt g spEvaA Y mor o
process ji{lerval in whlch X—coordlnate values of the respective
decomposed dots on a series of outline increase or decrease ;‘f
10 monotonously as block B. |
As a more specific method for establishing blocks B,
ther% is proposed such a method wherein as illustrated in
Fig.l3. decomposed dots in which X-coordinate values of the
" decomposed dots on a series of outlines come to be extreme
15 values 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 E;;

the break-points P, whereby intervals split by the respective .
20 break-poihts (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 #o 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



~

further spliting-any. one of the blocks Binto a plurality of segnents S. as &
a‘pretreatnment for determ ning specifi- 10 "cally coded data :-'

corresponding to the blocks Bis practiced. Fig. &is a typical graphical
representation indicating a relationship between any one of the blocks B
determ ned in the aforesaid second process gand the segnent S. on X- and
Y-coordjmates wherein points P and P are 15 start point and end point,
respect hwel y. Nangleprodacehehaltact et diage oas a tdistrireddantiing typainy one
of the blocks Bis delimted with (n - 2) of break- points P. (xi :yY)
where i =2 to (n chbharacteet display( mnitlsuwh sagcathodemdy tubecrer ithe 1like.
to (n - 1), 20 and Pi and[err]are start and end points of the segnent

Si, respectively, in reshemetbpbdecacrordisig Bo then presentdaventtion is|the

if the aforesaid break point Pi_ has been established on a character outline
corresponding to PRe BPscRPRCcifying $he sutdddey ofs 3 ¥hale, characher faem

25 Fig. 4 _so that the nunber_ and_ space for the establishnment are

general |y arBi t r aSfts8%s RLUR3L; hdpckse Bydekiermined iy Jeans Rfoddhe 1Ahe er

i mage reproduci bilLi t\é i ?Pﬁalt | owabl_e. However, situations-for establishing
the bl ock B and t H8SE&] S8COPA,PEOSEFS-n the above described second and

Compr obsi bi 111y of thoRCHathoElR HAPRORC iMSARreehzy Dy titd MChare for
according to the- RLELREL LRYER:hENan Nohdl & £€ UM B1o¥ks H19 P Hlurality
e al so To g met OCE or

i nventors have nma e invént1on in respect of preferre
4 of segments Si as a pretreatment for determining specifi-

Pl

10 cally coded data corresponding to the blocks B is practiced.
Fig. & 1is a typical graphical representation
indi%ating a relationship between any one of the blocks B
determined in thé aforesaid second process and the segment
¢§i on X~ andEY-coordinates wherein points P, and P are
15 start point and end point, respectively.

- ' Namely, in the third process, as indicated in Fig. 4,
any one of the blocks B is delimited.with {n - 2) of break-
points gi(gi :fyi) yhere i=2to (n - 1) to determine
(n - 1) of segments-S; [P; : P;,;] where i =1 to (n - 1),

20 and P, and P,;,1 are start and end pointé of the segment si,
respectively, in réspect of eacﬁ block B.
In this case, after all, 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
25 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.



lishing these blocks B and the segnents S. as nentioned 1
¢ynbefore. 10 Meanwhi [ e, when attention is paid to Fig. 4,
T des an morder curve passing through each start point Plerr] of (n - 1)
of 'the aforesaid segnents [err] -is inmagined, the curve is specified by the
foll owi ng equation: [err].. ( 15 [err] i Accordingly,
if all the values of effective coefficient [err]Jwherei - 1 to (n.- 1),. and
j = 1 to rHowevehe sitpahioss Hortastabhlishang( thet blgck B apdve previgusly |
been [err] determ ned in accordance with any nethod, a y-coordinate 20
val uethe segmenfe §x progegsedrirsphrdrhgveodarprahedhseerns RaAr] can be
successj vely conputed fromthe above equation (1). Furtherpore, it becones
possi?ﬂ%?q(P%ﬂﬁﬂiﬁﬁ#ﬁﬂ%ﬁt%@P?IE%BFdf%ﬁF@r§aﬁﬁérFHB§ EaRBEEAY as
y-coar di,nate val ue of a desired charagteﬁ outfline. in hhe af oresai d range

wFg

([erry %ﬁ?nceCHPQFCEQW@fef§P?+%Q?%I? §BERFHEFoft2t8n enbodi nent
$or| STt Y (ne hFUISq RFdoRdLng, B8PLRY! PRpEeng) 1 iFaRT 8.1 N0

In this connection, the present inventors have made

also the invention in respect of preferred methods for
establishing these blocks B and the segments Si as mentierd
hereinbefore. ) LJ
10 Meanwhile, when attention is paid to Fig. &4, 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:
. C m - _
15 £, (x) =y; + jil Ai,j (x = x.)- ... (1)
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 in#erval (xi tp xi+1) have previously been \"i
determined in accordance with any method, a y-coordinate

20 value in a range (xl - xn) corresponding to any one block B
can be successively computed from the above equation (1).
Furthermore, it becomes-po;gible to approximate the
y-coordinate value thus computed as y-coordinate value of a
desired character outline in the aforesaid range (x1 to xn)

25 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:



[err] 5 wIll be described. Now, in the case where m= 3, three unknown
coeffici- ents bi.., C and d[err] exist in respect of each segnent S As a .:
result, 3 (n - 1) of unknown coefficients exist with respect to any one of 4
the bl ocks B consisting of (n + 1) 10 of the aforesaid segnments Si.
Accordingly, in the case where the aforesaHg unknown coefficients required )
for apppoxi mating the character outline in‘dny one block B have been

determ hed beforehand, £3 (R)-=1y. of B¢l gkiongl)expressions are needed, even

if any 15 method is Hhdopted.”*Meanti ne, antoutline of character,

pictorial image or the |ike possesses s nment|@2ned already, the follow ng
general properties such that (1) thepu *iﬁexiiself Is naturally

continuous, besides (2) primary derived functiog 20 of the outline
(tnclination of the outline) varies dfn(Xnu-xghsly, and (3) secondary (2)
derived function of the outline (rate of change of the inclination) also
varies continu- ously. Under the circunstances, in the nmethod according to

25 the pr8sentWiklypridescribediion is paid to the several properties

(1) - (3) involved in the outline of a character, _pictorial inmage or the .

li ke, besides such att¥®#fi ohRikhe ca§avhare Ro=sdchtBregcunkpain reeffici-
eV Lol | onb A 8! LS8R, ClxtDE LR ALLZ0AL SXPLESH Rgmlnl ko

As a result, 3 (n - 1) of unknown coefficients exist with
~ respect to any one of the blocks B consisting of (n - 1)
iO of the aforesaid segments Si. '
Accqrdingly, in the case where the aforesaid unknown
 coefficients 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,lthe following
LJ. | ~ general prbperties such that (1) the outline itself is
' 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 inclinatidn) also varies continu-~
ously.
Under the circumstances, in the 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



Nanel y, t he fol lowing three relational expressions: [err]" [err]
(#KQ err] are given as a condition by which the adjacent two segnents 10
gug-rr] and[err] satisfy the aforesaid properties (1) - (3), respectively,
he aforesaid optlona1 one break-point [err] In this case, the number of
break points [err] is, as nentioned1above (n- 2) intotal in case of i =
2 - (n- 1) 15 SO that after all 2) of relational _expressions
can be o@tleﬁ%é@lqu(ﬁﬁt-’n‘t‘-‘-’hf%rfe‘%‘éﬁ:dt}b?’bp%}f‘?féssﬁt’eﬁﬂ&rBEPBPrG&?Fl fen 5
Furthernore, in the nethod accordln to t he resent i nvention, for exanple,
the fol | GhERFd alie &f Jtheriaional sxpte 6ﬁgns[sﬁfzrlrsflrfs (4) [err] 25

where [er d rr] are third-order equations passing through points
P1, -P2, égaﬁﬁfh§?1 blnts [err] [err] and P, respectively, are given

Pn inthe s Ve, pd el “%o%?él wﬁai?%%%rggglgt‘ﬁee?& Pod

£y ) = £ (%)

£y x) =£.0 (x) ... (3)

Fh
~~
L]
o
L

”
£; Ax;)
are given as a condition by which the adjacent two segments

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

Si-1

respectively, in the aforesaid optional one break-point

P, (x5 2 y;).
In this case, the number of break-points P, is, as

mentioned above, (n - 2) in total incase of i =2 - (n - 1)

15 so that after all, é (n - 2) of relational expressions can

be obtained from the aforesaid properties of character

outline. e ' !
Furthermore, in the method according to the present

invention, for example, the following three relational

- 20 expressions;

£ (x3) =y,
] =™ (x) e (4)
.fn__l"l (x)) = Cnf (x,)
25 .



according to the present invention that 3 (n - 1) in total of relational
exXpressions are given on the basis of the properties of character outline _
and a boundary condition 10 at the both ends of block B. Consequently, ‘qu
as nentioned above, when sinultaneous equations being conposed of these
expressions are solved, the.aforesaid (n - sets of unknown coefficients

bi , C.‘ﬂmd [err] can be determ ned, and the solution thereof is as 15

fol l owssq err] [ ewhbkre C (x)(E}deQ (x‘)’“%&‘% ﬁlﬁfd—o&'%ﬂ@d@ﬁfoﬂé”'%ass:.ng
aforesaid [err] is as fotl o [err] 2 (3) [err] 13 [err]

[err] [err] [err] thﬁbﬁbh[pbﬁ.htEOP 5 and p[sger ra]ndAwrﬁhm I Pt
nmet hod according to the present ﬁven |on val ues of unknown co C|éh
[err] Pn—l and_Pn, respectlvely, are given as a boundary condi-

tion at the start point P, and the end point P in the

5 block B. .-

' As described above, it is arranged in the method
according to the present invention that 3 (n - 1) in total

of relational expressions are given on the basis of the

~ properties of character outline and a boundary condition
10 at the both ends of block B.
Consequently, as mentioned above, when simultaneous
rquations 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
15 follows:
by = Y54y - ¥g)/hy - by (05, + 20;)
k{/ c; = 30i N SHNPPPR (S)
20 where.
O'i = (Bi - hi * ci+l)/u-i cocee (6),

and value of the aforesaidgai is as follows:

o, = Bn/an
25 hy = X541~ %
2 (3)

w
i
]
= 2
et
o



have previously been -conputed fromthe aforesaid equation (5) As a forth i
d; processing step, and the coefficients 15 thus conputed as well as

c i nates (x[err] yi) of points [err] defining respective segnments|ecLr]
are stored as conpressed, 1 : 1 coded data
corresponding to the aforesaid blaggks B. O course, interpretation of these
conpressed dat ,_Ihcéiis,Arep ogu§tion of, the character image is practiced
20 by operdtii ng Vad ues®bfl (R3-1n"t Re-2GBaedon (2) in respect of;iﬁe
segnents S. correspondingzto aﬁgitrary x-coordi nate values. In this casSe,
such outline dgfermried py rednsS’ of valbes,in Bgc /d nge with the aforesaid

~operation is the 25 one in which“the outline itself is not only
continuous, by alsoyprimary derived function .(inclination of the outline)
as well as secdndary derived function (rate of change of 14 the

i nclination) of the aforesaid outline cpange continu- ously so that such an
out p3it being Mgr & aﬁapubic.i.];ra‘fehib a ll‘lﬂ.r.yréq’icjjar acter image can be obtained.
Fig. 5is aviewfor illustrating one exanple of a 5 preferred data
menory fornathﬂgﬂLiﬁ;t&i4iRe ﬂuCgfe of practicing the nethod according
to the present & nventi®m as dstri above wherein N is the nunber of

and Y- Goor di néie afiist of &t poi nt PL in any one biock, 10 [err]
are differencesggl ong X- and Y-directions S o
AT, = (Ai+1 - Ai)/(xi+2 - xi) y
" A o @@ - v
Accordingly, "in the method according to the present
invention, values of unknown coefficients bi’ cy and di
have previously been .computed from the aforesaid equation
(5) as a forth da;a processing step, and the coefficients
15 thus computed as well as coordinates (xi : yi) of points
. Pi defining respective segments Si are stored as compressed,
coded data corresponding to the aforesaid blocks B.
Of course, interpretation of these compressed data, )
that ié, reproduction of the character image is practiced
20 by operating values of £, (x) in the eqhation (2) in respect
of the segments Si corresponding to arbitrary x-coordinate
values. X
In thi{ case, such outline determined by means of
valucs in accordance with the aforesaid operation is the
25 6ne 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



bet ween two adj acent points [err]and P respectively, and coordi nates

of an arbitrary break-poi'nt [err] are successively specified by nmeans of - A2
t hese differences.” The data conpression nethod as nentioned above is the '@‘

one which relates to a nethod for storing-oefficients b [err] and[err] as
a part of conpression data. In view of the above, another nethod in which
data ot ker than the above described coefficients are stored will be

descri Bgd her ei nbely.; 28 s nats i of ' einue
expl anati on, when sec-&rﬁgrlfa&lroin\)eﬁé ?r?c iaofnﬂllo saﬁaie%a‘%%%éaiec e%%%??%%ﬂ(%‘

concerning each SeHEY dfitHat Isucla® Bulgfit IHeiny HO¥E P rdWihde to a

foll ow ng equation: [érr] 25 As a consequence, a val ue of the secondary

derived function inatuialsioharap¥er iMageXican [ Idbtdainagdgnment [err] is as
fal | ows: 15 fi [err] = 2c[err] = constant ..... (8).

In this connection, [eril.i nS5tHis af sriesaifbredldhistirafing o cdxampbe sé£ird

passessing the followi ng property being derived fromthe aforesaid

equati ons (5)s and pr@ferred data memorly foiwaltuevhdicksdonuadizied iimdcase of

fynction in the start point [err] of the segnent S.)/6. Accordingly, a

vdl ue of ai possePsasticioy hepmethods aneerdimgl tehdhe IRreseny | bueentinen

conpuged as the . . .
- as described above wherein N is the number of break-points

. Py existing in any one of blocks, XST and YST indicate X-

\— and Y-coordinate values of start point P1 in any one block;'

10 Ai % and Ai' y are differences along X- and Y-directions

between two adjacent points P, and Pi_qs respectively, ‘and

j . coordinates 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'

- c; and di as a part of compression data.
In view of the above, another method in which data
L/ other 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: |

’s £." (x). = 2c; + 64; (x - x;) ' ceeee (M. .

As a consequence, a value of the secondary derived
function in the start point Py (x:.L : yi) for segment 5; is

as follows:



,/ fourth data processing step, and the constant ai t hus conputed as
‘1%?as coordinates (xi : yi) of points [err] defining respective segnents
[SF.' are stored as conpressed, coded data corresponding to the aforesaid
bl ocks B. Interpretation -of these conpressed data is practiced 15 by —
operating values of [err] (x) fromthe aforesaid equations (5) and (2) in
respect of the segnents [err] corresponding to arbitrary x-coordinate
val ues. O cougse, ({n)aksad his LaAstapfi Mry and secondary derdgyed 5
functions of - outlinelvary cdntinuously so that a 20 nafural charact®r

i mage is reprofhiceniandopwaritilci, S Min l@id YaiSrédshidceSaaceivhere)t he
aforesaid coefficients are utilized3das the conpression data. On one hand,

in case ofstdhech aitedneehned f&ﬂ@séiﬁ@ GEHS LRI 1dwind pSopbeE9dbedhg
addi ti onal operation of the 25 equation (5) nust be executed in Case of

I nt er pr etdexi wedpf 261 ehedalfo rasaihtdanaticatwves) and6(8herefore, it is
inevitable that a period for repro- ducing character inage becones |onger

t hanst hat of tde # o2epy6enet Hodlive wif decosfdrycidetsved efdheedbhy iat or ed.
On the other hahd, hoWever, it is sufficient to store only 5 one constant
for the |tdte estamwt hpoinhl Pleoft uhef aregmentetsidd i ch requires to store
three coefficients. Hence, "the. |atter nethod has been further inproved as
conpared with the fornmer nethod in view of data conpressibility. Fig. 6 is
a schematic view illustrating a construc- :

Accordingly, a value of o possessing such property ~}
as mentioned above has previously been computed as the o/
10 fourth data procesging step, and the constant o; thus
computed as well as coordinates (xi : yi) of points P,
defining respective segments Si are stored as compressed,
coded data corresponding to the aforesaid blocks B.
"'interpretatioﬁ-of'these compressed data is practiced
15 by operating values of fi (x) from tﬁe aforesaid equations
(5) and (2) in respect of the segments S; corresponding to
arbitrary x-coordinate values.
Of course, in also this case, primary and secondary NG
derived functions of outline Vary continuously so that a
20 natural character'image is reproduced and outputted simi-
larly as in the case where the aforesaid coefficients are
utilized as the compression data.
On one hand, in case of the latter method where the
constant o5 is stored, an additional operation of the

25 equation (5) must be executed in case of interpreting

compression data as mentioned above.



10 tional exanple for determning the nenory data as descri bed above -
wherein reference nuneral 61 designates a scanner for determ ning row and ()
colum matrix-formed binary data corresponding to two-di nensional charactaée .
i mage. The scanner 61 is arranged in such.that transmtted |ight or 15

reflected light froma character inmage pattern 63 being irradiated by neans
of scanAing light from for exanple, a fl¥6ng-spot tube 62.is det ect ed by a

her oby st rod bi nar PIERSEAAE RS et @%@iﬁfg e B

desi gnates a ne e d the
scalnger 61. Refgﬁiencﬁ] ﬂ%é{.}% dig%%énz%s an ?rgﬁ%algo{zﬁég}gf 3 Q
wherein the af or egginfh Digiainye &l afs 'é‘é’efﬁ@f&%éaé‘fé H‘if@c@i‘%'g‘c’oféd

bat ch processing are subjected to data 25 processing to outpul desired
”Frmry data to a g SRt APhdE Rivever, a¥ id serPieienabts sbstesorlly
Ithnetic control part is generally constructed by neans of electronic

conmputer. g Pri e *oni@aes fdi tHeldlatter fite tHod agl Tkl théntbites onéthdd
part 66 is as follows. (1) Input of original binary data (2) Extraction of

oltline 5 wHith dehnites tenitade Hinnde Bddff fsiabts shrkahce] the.

segnent [err] (5) Conputation of desired nenory data (6) CQutput of nenory

dat a latter method has been further improved as compared with
1

| the former method in view of data compressibility.

LN Fig. 6 is a schematic view illustrating a construc-

10 tional example for determining the memory data as descgibed
above wherein reference numeral 61 designates a scanner for
determining row and column matrix-formed binary data
corresponding to two-dimensional character image. The
scanner 61 is arranged in such that fransmitted 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
N : signal detected is subjected t; restoration sampling, whereby
desired binafy data are determined.
20 Reference numeral 65 designates a memory for once
storing original binary data determined in the scanner 61l.
Reference.numeral 66 design?tes an arithmetic control part
wherein the aforesaid binary data supplied in accordance
with oniine or batch processing are subjected to data
25 processing to output desired memory data to a compressed
data memory 6%, ana it is preferable that such arithmetic
control part is generally constructed by means of electronic

éomputer.



As #eresult of an exam nation wherein the character or 10  pictorial
#ﬁg'o.ta conpression nmethod according to the present inventioon as
de&@ri.ped hereinbefore is applied to one of Japanese characters [err]"
bei Nng-conposed of 800 x 800 dots,”if allowable error with respect to a
desired character image is assurtqd to be 1 dot, data conpressibilities
1.385 % 15 and 0.75 % could be obtained in the_fornmer nethod for storing
coefficients AFANHPIRREACHIIA 96FeE: 3R hiecBERFaffiflepF] thmetic o

respectively. Next, sgﬁ% a case_in which character images of various scale
factors ﬁﬂﬁ?ﬁ%kdﬁﬂﬂé % OWf-nenory data 20 obtained by the

character or pji.gtorjal . e compressi ng. nethod as nentioned herei nbefore
will be descr i(lt}éd _ @%Eg.oﬁ%?naisélgﬁr%xg?gﬂat ory view indicating a
relation- shi et n steref conposed of FXF dots and an out put
character aregiaz om&é&f (# ég«éﬁé%géﬁherein 25 out put character inage

S qQut putted t@)t'h%ﬁa s ute7§-<€%iac cgle factor of a = GF tines.

Accordi ngly, x- "coor e va on the output Character area 72

corresponds tqgf / EHRBISHBRSI € 0f 08bghdntCs, 18 For this reason, first,
a segnent [erg] which conmes to be [errJon thetmaster font 71 is specified,

and a‘val ue of(s9rrjcdnfpuiteiteidi el déoirébemendrgsaatiaequation (2) on the
basi s of .nenory data relating 5 to the segnent [err] thus specified,
wher eby y-coor(@)natcutput of memory data
As a result of an e#amination wherein the character or L‘f
10 pictorial image data compression method according to the
present invention as described hereinbefore is applied to
cne of Japanese characters ﬁs" being composed of 800 x 800
dots, if aliowable errér with respect to a desired characteg.
image.is aséumed to be 1 dot, data compressibilities 1.385 %
15 and 0.75 % could be obtained in the former method for
storing coefficients and the latter method for storing
constant ci; respectiyely.'
Next, such a case in which character images of various N
scale factors are reproduced on the basis of memory data
20 obtained by the character or pictorial image compressing
| method as mentioned hereinbefore will be described hereunder.
Fig. 7 is an explanatory view-indicating a relation-
‘'ship between a master font }l-composed of FXF dots and an
output character area 72 composed of GXG dots wherein
25 output charécter 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.



value [err] of the.character outline corresponding to X- coordinate X on
t he out put charaecter area 72 can be c determi ned. The character inage thus; |
reproduced on the output 10 character area 72 is fornmed by nultiplyingz
the value deter- mned fromthe aforesai d-«quation (2) by a constant of
proportionality (scale factor a) so that such reproduced i nage being al
proportional to the master font is.obtained8 rrespective of extent of
the-scale factor. 15 popcefidi dah¥onSVedzist, b %%ghﬁn%l%h_ WHIRIE MR 12
character having a larger size than that of the character % nage specified

on the master fonpe7,i g Qx;pabt edx,SNM0D8LNRAES mak tlel?e oMt i71e igAsdirified,
mai nt ai ned. FurthermoteT di Ff er et ﬁ@ints of the method accordi ng 20 to
the present invenah@nafvaniehegeyof =canvefti qxal/an dsddeteinifed from the
approxi mating method reside in tﬁﬁt the coftvenfional nethod utilizes only
coordi nat e val uesabbréesai@oeghatteohaliR) sbadthe basiasr aft memoutyl idatanxallatsimg
nmenory data, and contenplates to approxi mate the outline by neans of. 25

t he m order SurvetepehéfSegmbytpSEnthusfsppciﬁﬁaﬂhywhsmebwugusopmdinmte
whil st the nethod of the present T'nvention utilizes also additional

i Af or mati on ot hervahue y. 96 pbenchavactenacutiingecoramsposdiagpltat & to
approxi mate an interval %etmeen optionally adjacent two points by neans of
miorder curve. |nce@Eiinate Kpeonf Shesangpusidrhpsagter area 72 can be

determined.

A
~ The character image thus reproduced on the output
10 character area 72'15 formed by multiplying the value deter-
mined from the aforesaid eqﬁation (2) by a constant of
proportionality (scale factor a) so that such reproduced
image being always proportional to the master font is
Bsgéihéd=irieéééétiﬁe’ofaéktént 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
\v; ' _ 0of the outline can .be maintained. |
Fﬁrtherﬁore, different points of the method according
20 to the present invention from those of conventional m-order
curve approximating method reéide in that the conventional
method utilizes only coord%nate values of the éoints
' established on a character outline 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



information is the one which is determned to make a 5 connecting

congectj on for two segnents at both the ends of an arbitrary break-point
cq@ent wi th properties of whose character imge so that the nethod
accRedi ng to the present invention nmakes possible to reproduce the
character image which is far closer to whose desired character inmage 10

as nentioned above. Attention isqdrawn to our copending application No
8508057 which is directed to a nmethod of conpressing character or pict#ri al

e BT B SR AR ey e B L 2 e e

data b f f t f th h t
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into a se n?{anQnQ' O%K"fa’lf% ond "Wy %ﬂ? °iE el re]rm% éttaét §d gnd points of

any one bl oc ep, su ng each one of said bIocks

wtg (n 'cgﬁnQEE?Kgp%@%ﬁﬁ err‘?’ Q%eféeggh‘éif r§r1:] BMT?{%)’E e@dé%é” )

to obthin segnents and a

fourth stgR, agBIRLhr)d Hraiqdind! biSP8EBhE With properties of

whose character image so that the method according to the )
present invention makes possible to reproduce the character o’
image which is far closer to whose desired chéﬁacter image
10 .as mentioned above.
Attention is drawn to our copending a@plication
No. 8508057 which is directed to a method of compressing

character or pictorial image data employing features

described in this specification.



sét‘ of coefficients [err]: where j =1to m in respect of an morder .
curve: mlerr] 20 passing through the start point [err] of each said L

segnent [err]: and storing the set of coe { Jgand coordinate ¢
val ues 25 [err] where i =1 ton, of th mumnll Iﬂ[ﬂ”“f def| ning each -
segnent Si, as the outline data correspondf ngt t & sdi d¥blbcks. 2. A

met hod f£or conpressing character or pictorial imge data 30 as clainmed in
.claim\l, wherein (n - 1) sets of coefficient2Qerr] and di relating to a

third order curve: flerr] (x) =vyi + bi (x xi) [err] 35 [err] 2 1 are
conputed in said fourth step; and the values of the coefficients bi, c[err]
and di thus conp te stored as the coefficient i ,j- 5 3. A

met hod for conpressing character or pi ctorial image data as clainmed in

claim 2, wherein,_sinul tane u %gtglgg {@p@ggﬁgn%a%&%ﬂ %})plétqnﬁf a}n;e?ous

equati ons obt ai néd from ara
condi tions at eadlatef blnstoﬂylg beetiikne pmemliwlm mfopmapcuhdofontéleorcnmcter,

boundary condlglgqlcg,tng;omaé@rgp RRé HPe, Vdhlprignpoints Plerr] and Pn in the
bl ock are solved in sard fourt
as a flrst step, determining the outline of said
character, pictorial image or the like in terms of orthogonal X- and
Y-coordinates;
_ as a second step, splitting said outline into a set of
N 10 blocks [P1 : P 1: where Py 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, with coordinates (x; : y;):
where i = 2 to {(n - 1), to obtain (n - 1) segments S;: where i = L
15 to (n - 1); and
as a fourth step, computmg for each said segments S; a
set of coefflclents A e where j = 1 to m, in respeet 6f an m- order

Lj
surve:

- J
N Ai,j (x xi)

(B}

20 £ )=yt
J
passing' through the start point Py (xi H yi) of each séid segment
Si; and

stormg the set of coefficients A; ;. and coordinate values .

: i,
25 (xi : yi). where i = 1 to n, of the start points Pi defining each

segment S;, as the outline data corresponding to said bloeks.

2. A method for compressing character or pictorial image data
30 as claimed in claim 1, wherein (n - 1) sets of coefficients bi’ Ci»
and d; relating to a third order curve: '

£, (x) =y, + by (x- x;)

. _ + c., (x - xi)2
] 3
+ d, (x - xi)



st ep,

al5 as claimed in claim 6, vvherelnthe

e ————————E

whereby said (n - 1) sets of the coef'f|C|ents [err], and di

are

eterm ned. 4. . . A meft hod for corrpreSS| H |ctor| al
r], and [err] have the, follow nggiel ati ons Am!ﬂ"gerr

A____rret hod

rr]

[err] where h = [err] and constant 25 5.
for conpressing character or pictorial data substantially as herei

descri bade dsnigutedf i egidefdurth hetepr aodp &g i vaduels afi 1tgs co8ffidtents

10

25

30

35

b;, e; and d; thus computed are stored as the coefficient
Ai,j'
3. A method for compressing character or pictorial image data

as claimed in claim 2, wherein simultaneous equation composed of 3
(n - 1) simultaneous equations obtained from three segment to
segment parameter continuity conditions at each of (n - 2) break-
points Py to Pn-1 and one or two boundary condition at both terminal
outline points P; and P, in the block are solved in said fourth

step, whereby said (n - 1) sets of the coefficients b, ¢;, and g;

i

‘are determined.

4. A method for compressing_ character or pictor'ial image data
as claimed in claim 6, wherein the values of the coefficients b;s
¢;, and d; have the, following relationship:

by = (547 = ¥3)/hy - 'hi (0j41 * 20;)
c; = 3oi v
d; = logyy = 03)/hy
where hi = Xigq T Xy and o; = constant.
5. A method for cc;mpressing character or pictorial &ata

substantiguy as herein described, with reference to the

accompanying drawings.

-,
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