-1- A DATA | NPUT APPARATUS FOR A DATA PROCESSI NG DEVI CE The present

i nvention relates generally to a data input apparatus for a data processing
device, i.e. one which is omfine, and nore particufarly to one capabl e of
recogni zing a hand-witten character such as a distorted hand-wr

character and the |ike. A known hand-witten character recognl :htb&§£3;7<j
operates according to a rule in which shapes of a single hand-witten
'stroke are sorted to several tens of typhgal shapes (fundamental strokes)
and the shape of a character is described as the conbi nation of the (
above- mentioned typical shapeaTaThNPuTs APPARATUS_tFexpl et matching nethod.
The tenplet hand-witten chagapheh PROCERISING piRileed requires the
preparation of many rul es and™RInas—of fundanment al strokes in order to cope
with the possible deformations of hand-witten characters such as
continuously witten characters, distorted hand-witten characters and the

l'i ke, which requir C d ar vol une,
character dictionary dﬁ%ﬁ%@%@é? igté? Qgﬂéfﬁkfg tghémﬁ’gﬁ&m tten
character rechbptvti BRPAERKYE, TPReaudete BTOCE gﬁ@é& 45 vddifer &80 8P&cific
witing condigyiats Sdicdhasidde awabenr-of partokasaadg theonei tapgtdedef of a
hand- witten character. It is frequently observed that these witing
conditions annoy the users and it is therefore desired to alleviate the :
writing condi recognizing’-a Hand-wrifbenatharacbtért suchraseat i nvention to

provide a dat g3 BBy & HUri-Hr 1N EH CREr4EERYCahaCLABCYExEEN! | Oned

A known hand-written character recognition
method operates according to a rule in which shapes
‘of a single hand-written stroke are sorted to several
tens of typical shapes (fundamental strokes) aﬁd the
shape of a character is described as the combination
of the above-mentioned typical shapes. This is
" called a templet matching method.

The templet hand-written character recognition
method requires the preparation of many rules and
kinds of fundamental strokes in order to cope with
the possible deformations of hand-written characters i
such as continuously written characters, distorted - L
hand-written characters and the dike, which require a
large amount of time to recognize and a large volunme,
character dictionary data base.:

Also according to this known hand-written
character recognition method, the users are forced to
adhere to specific writing conditions such as the
number of strokes and the writing order of a hand-
written character. It is frequently observed that
these writing conditions annoy the users and it is
therefore desired to alleviate the writing
conditions.



defects encountered with the prior art. Mre specifically, it is an aim of
the present invention 5 to. provide a data input apparatus which is powerful
in the recognition of distorted hand-witten characters. It is another aim
of the present invention to provide a data2input apparatus mhich can

recogni ze a hand-witten character in a relatively short tine | t
is still another Etnlbfatgenﬁrékeh%mlﬂﬂeﬁb@oﬂr?BeEFoipﬁﬁnﬁiﬁﬁt§°|HEBYlde a

appar atus bases PRpat! aﬁﬁaﬂeﬁs n&hﬂéhacaﬁaﬁéﬁevar thesabové-neéhtlioned
suitable for recoghl zin nd- mwlttgﬁﬁc aracte and synbol s having many

di stdfted p@?f?ﬁﬁ§ eﬁEE%PBPﬁgdtUiFhe eBEAPT |ﬁ Ation, there is provided
an 15 apparatus Merei Spatifigalizyy it #sdahaajmoogsthegpresent, invention

appar at u t

¥ bduce 51 oEP BRPYIAR & B8FRLBRE: ARPREAEHE ¥hibh:Rs pbharead dn TS 1€
conpri si ng: recdghitianl of disterted bangewrjttenachayagbersgat a 20
representative of yg § a&ﬁﬁ%ﬁét“ﬁih}ﬁ? Eﬂeapfébbhﬁgiﬂﬁéﬂti&nsﬁbdp&@bﬂde a

tablet; a data converting circuit_ for rece t t f
generating datacippnti ApPAratus| Whish GaFaL;ESSBiFGnF gaeag aé&@ﬁ o
gggh'gga;gsgﬁﬁgagﬁéi EB”Brfeﬁ?ti%hQ laagifftiharacher data as command sets
e confi atio a.different c t
dat a |ngpud|ng tr &t 4§ B&kidnaRo QQSFeEéPon %ﬁﬁaRHg?agﬁdibﬁggﬁl gﬁggﬁwgads
Zu?-sgroke ggbelgenarahtaglnputuappauaMHsthdsad bheaBQimhaedGmamtdﬂ@maonary
ata base ans.for rati t 10k t
dat a basedngﬁafﬁ88b9%$§§F§ aﬁ?agﬁggib3%h§hg%sgggyggga??%&ghﬁgib a?gﬁ#gfen
di ctionary waikteascharactersund: symbods hayingcmany disterted,pertians.o
the 35 character ﬂlEbkaﬁﬁbytﬂﬁkﬁebE&%s@%%”%n%@ﬂti%ﬁ@|tﬁéfﬂ‘ﬂ% vided an

stroke data for se ectlng sub-stro data havi selectln ons
def i ned18y ARPATARLEC or dopatting gnﬁ%\?e rjfcet'er

dictionary dpparatus mw:g o@ai-ambeswooms@mm eboalhaald-m;mterms:trlpt on
connect ed to h%let to produce electronic data corresponding to the
textual content thereof and comprising:
a data tablet and a tablet pen generating dot data
20 representative of a character written on a writing area of said
data tablet;
a data converting circuit for receiving said dot data and
for generating corresponding line element data therefrom;
a character dictionary data base memory for storing
; 25 character data as command sets each expressing the
St configuration of a different character the character data
including tracing commands, selection commands, and checking
commands;
sub-stroke data generating circuit connected to the
30 character dictionary data base means for generating sub-stroke
data by tracing the line element data based on the character
tracing commands derived from the character dictionary data
v base means;
sub-stroke data selecting circuit connected to the
35 character dictionary data base means and supplied with the sub-
stroke data for selecting sub-stroke data having selecting
conditions defined by the character selection commands derived
from the character dictionary data base means; and
sub-stroke data evaluating circuit connected to the



-3- character dictionary data base neans and the sub-stroke data sel ecting
means for evaluating the simlarity of the hand- witten character by: .
checking the simlarity of the sel ected sub-stroke data of the hand-witten
character in accordance 5 with the chag acter checking conmands derived from
the character dictionary data base neans. These and other features and
advant sharacterhdjottiondry deetd iasevnéarzse anpd ke tsub-stroke| datva ng

det al | SLiEAG e SHPIACIlg AP L FRN ad {169 S£7hd ThEL UNCt! o0 10

th the acco nyl ng raw ngs, 1In nce nurrer S are usgd
to repwsdditen mhmﬁ:er by rehegking tthe rsimielm #f \khesselected is a

di agrargucg_stﬁeo DAL 'tﬂé‘ﬁfdﬁ@%i@ié&?‘@:ﬂ@ﬂ@f’ :BY #cc gent of an

appar at accor gqto t he 151€i{esent I nvent| on; IS a ow chart to
whi &h he, chatagher, cheg ng FORRANAE tw%m aﬁlr% taheacwmctewgnem
dat a tmcamnaﬁy:laatwsﬁhe rmddm;.present | nvent lon; Fig. 3 is a flow chart

to which ref nce e.an 20 ex theo at i on of
sub-stroke d I'&‘i ﬁ"lta’?ﬁmg ttu{%secﬁtf 41 r&%%%t fe%%t?ﬁﬁse#g 4 is
a fl owisvention wiikh besfapmmw:ln ﬁmrﬁaﬂalomiugpdatmihgdt he operation of

a SUb %Ware schemat I C éﬂ% éu% %h{lag lgél?] e"‘1 L%WS&V\?%Ction

t‘\érthr &) paconpanying drawings, tin "ﬂl-’t@énllk‘hv%ﬂf¢wc¢espect i vel y;
and Fi giumealls e aiged i €9 PéPrdsént SEhé Nsiie! @t ”éﬂﬂiiﬂa ﬁ&f‘t’@r ihoﬁhef a
hand-witten stroke to

several views. _ : -

Fig. 1 is a diagram of the operational functional blocks
managed by an embodiment of an apparatus accordxng to the

15 present invention; :

Fig. 2 is a flow chart to which reference will be made in
explaining the operation of a line element data tracing circuit
used in the present invention; ' '

.Fig. 3 is a flow chart to which reference will be made in

20 explaining the operation of a sub-stroke data selecting circuit
used in the present invention; _

Fig. 4 is a flow chart to which reference will be made in
explaining the operation of a sub-stroke data checking circuit

used in the present invention;



line el ement data. An enbodi ment of an-apparatus according to the present
inventi.on will hereinafter be described with reference to the attached
drawi ngs. Fig. 1 shows an overall arrangenent of an apparatus according to
the present invention. A hand-witten character input circuit 1 converts a
hand-witten stroke to dot data. Though not shown, the hand-witten
character input circuit 1 includes a data t abl et haV|ng a tablet pen in
whi ch a character is WW|tten mnthln a sqt T e WW|t|ng area defined on the

data.'tabl et by the blet e dot data hand-witten stroke
deri8d fromthe ha 55?%?4aﬁﬂﬂ£¥§ ate uﬁ%gcﬁﬁwerted to

line elenent.deupﬂhﬁnathuzhtnﬂrwrﬁtﬁenubhuraetersnecﬂgﬂitimnelenent dat a
converting i lidcetaNdela Pi£IBhE" i BRER 0D LAONIN Anledpe L bR Lod d9a2

line element d menory 3 his case, the'dot data for the
hand-written stroke Figsh®aim ﬁ@m&éﬂtﬂg@%m mge Iml ues at specific

sanpl i ng poi nt %mfiﬂ:mad ithe LsHRits it B a Mthd Wil Seen € rake dgd 2 Of

the hand-witt (ﬂgi i ch have data el ements such as | ength, direction,
starting point &+e like. Referring to Figs. 6Ato 6D, this
process will now be explained in greater detail. As illustrated in Fig. 6A,
the data tablet of the input circuit 1 I ncl udes ei ght quantization grids

101 to 108, inclusive, which are arranged as radially extending |ines,
spaced at regul ar amgnembodiuentuQ£ & om a common point of origin 0. It

shoul d be understood that guHfatis WEEEFdiig|tdeenhée pébdprused with
betiir reSU|tSinvé%tion wfil hereinafter be described with '
' reference to the attached drawings.

Fig. 1 shows an overall arrangement of an

apparatus according to the present invention.

A hand-written character input circuit 1
converts a hand-written stroke to dot data. Though
not shown, the hand-written character input circuit 1
includes a data tablet having a tablet pen in which a
character is written within a square writing area
defined on the data tablet by the tablet pen.

The dot data for the hand-written stroke derived
from the hand-written character input circuit 1 is

o converted to line element data by a dot data for
hand-written stroke/line element data converting
circuit 2 under predetermined conditions and is then
fed to a line element data buffer memory 3. In this
case, the dot data for the hand-written stroke is the
data }epresenting coordinate values at specific
sampling points and the line element data is the time
sequential data of the hand-written stroke which have
data elements such as length, direction, starting
point coordinates and the like.

Referring to Figs. 6A to 6D, this process will
now be explained in greater detail. As illustrated
in Fig. 6A, the data tablet of the input circuit 1



Assum ng that the stroke of the data tablet pen or. stylus wites a stroke
109, as shown in Fig. 6B, then wherever the stroke crosses one of the-grids
a dot signal will be produced with known coordinates, thereby producing a
data stream 110 of dot coordi nates as shown in Fig. 6C. Referring nowto
Fig, 6D, the input stroke dot data is analyzed in the foll ow ng manner by
the circuit 2. At first, the origin O of the grid 100 is placed on a
pen-down point A and then the dot data is sequentially checked to
determine if the differential value gf_the stroke at any point i ndi cat eg§
that its slope is the sane-as one of -the grid lines 101 to 108, inclusive, -

i . e. whet hefniudéd éigne!iqeipefiatich grias 161resaiog, with one of the
grid lines., In the ex | e given, at |nt_E5é£e flffe_en& al val ue

Pndi cat es MCKIRIYEm WRIGH iTe afrangéd as FadlaLivi sxtenalng | ine segment
fromA to Bimespospaceddatisregelar nenghtarnintietvalshefrbieaci rcuit 2

mat hemat i c : hegOrLol f_of the, gLy 4 e_Doj B and

conti nues ?%%M%ﬁ%iégﬁﬁeﬁ?%cé%g§£QHé?eaf%eé#gggagggﬂ?ﬁggrggbgé det erm ned
that the dithat cntgreaternunbercofclinesscouldshemsedgwith| ine 8 of the

grid, and as&eEékNBesultss elghe1ér Pings{ 0 C becones another line el enent
data In this manner | I nés. A-B

line el ement daI%?sﬂpéﬁgssﬁPErtﬁ?cftﬁ&%?sgﬁg%ggb&gggiggggﬂ igggﬁrg aset o
invention ierfstybusmreitysaarstgokesnoas &s shpwasin FigneeéBharacter by
us 0.2 L hdR RRRUAr EnBSHEERS" cERRURRoRICoF SHRCRIRpCRTTNE 0 20
plurality olotisitgnakneill be produced with known coordinates, o’
thereby producing a data stream 110 of dot
coordinates as shown in Fig. 6C.
. Referring now to Fig. 6D, the input stroke dot
data is analyzed in the following manner by the
circuit 2. At first, the origin O of the grid 100
is placed on a pen~down point A, and then the dot
data is sequentially checked to determine if the
differential value of the stroke at any point
indicates that its slope is the same as one of the
grid lines 101 to 108, inclusive, i.e. whether or not
the stroke at that point is parallel with one of the
grid iines. 1In the example given, at point B the e
differential value indicates parallelism with grid -/
line 101, and accordingly, the line segment from A to
B is recognized as one line element data. '
Then the circuit 2 mathematically places the
origin of the grid 100 on the point B and continues
the checking process. Thereafter, at point C, it is
determined that the differential value indicates
parallelism with grid line 8 of the grid, and
accordingly, the line from B to C becomes another
line element data. 1In this manné: the lines A-B, B-
¢, C-D, D-E and E~-F become a set of line element
data. . ' ' '
- A character dictionary data base 4 used in this
invention is fundamentally arranged so as to express



data and stored in the line el enent data buffer nenory 3. Then, the
character dictionary data base 4 supplies the command data of its character
dictionary to a line element data tracing circuit 5. The line element data
tracing circuit 5 utilizes the data elenments of the |ine elenment data such
as the length, the direction and the starting point coordinates to select

| ine el-enent data which satisfies the tracing condition of the input
hand-written stroke described by the tracing condition command in the
character dictionary, thus generating sub-stroke data of a sub- stroke

for méd of h | ; |
of of more | n?ﬁggahigf g&fg%%hgdgt@raé;ﬂ%gﬁagﬁgﬁdOfas!gl%k%ﬁbﬁ data

whi ch satisfy t R8¢ acing con 1 dre genera t hese plurality of
sub- st roke dat acemwandppndecs cbegking sompmraddang &€ OB-ing circuit 6. The

deri ved from the. LipEoE] o e Seh get g i ot
raci ng ci | nd._s t -strok
data which sati§F§°¥ﬁei§eFQPFF eao RiPiEﬁuﬁ@égiybg% §§%Fh§1§§F§%fFons oxe
colrma{lddl_n t he alh_eaaahar' storiedoda theéalineaedehenthdatabbufifer: data t hus
sel ected is suppli tQ a swh-st e ! = fgoke
data eval uati ngﬁgfn‘? i§'8 ?&%&'vgglﬁt ﬁg‘gsg:%légclé?eg&gﬁg-%g{r kga%aatsmsﬂ%r“ed in
the sub stroke euppliesi Shencommand dakacefcids charagter; | f@Pm st roke

Check command dep, ed o o iy ahos . Rur h
the sub-stroke &3eRent;datd H’&i"&ﬁirt?‘ﬁlﬁﬁ 8‘}%’%“}% téglﬁﬁsr'fam rg;wsr
check on the whelementishofoate dinmulelameiteslata sudhaskdhe lengdhdance
-7-\wtha tOtakﬁg qffﬁééﬁﬁﬁ”§%3<€H£“§¥¥¥tfﬁajﬁﬂﬂﬂﬂiéﬁbrdinates to
select line element data which satisfies the tracing
condition of the input hand-written stroke described

by the tracing condition command in the character
dictionary, thus generating sub-stroke data of a sub-
stroke formed of more than one line element data. A
plurality of sub-stroke data which satisfy the

tracing condition are gehéfated and these plurality

of sub-stroke data are supplied to a sub stroke data
selecting circuit 6.

The sub-stroke data selecting circuit 6 receives
the sub-stroke data groups derived from the line
element data tracing circuit 5 and selects sub-stroke
data which satisfy the selecting condition described
by the selection command in the character dictionary
data base 4. The sub-stroke data thus selected is
supplied to a sub-stroke data buffer memory 7.

‘A sub-stroke data evaluating circuit 8 receives
the sélected sub-stroke data stored in the sub stroke
data buffer memory 7 and checks the similarity of
sub-stroke data in accordance with the contents
described by a partial similarity check command
derived from the character dictionary data base 4.
Further, the sub-stroke data evaluating circuit 8
carries out a total similarity check on the whole of
the partial sub-strokes to be checked in accordance



the evaluated result to a character recognition and evaluation circuit 9.
The operation of the line elenent data tracing circuit 5 will be described
next with reference to flow chart formng Fig. 2. The term"traci ng" nmeans
to trace the line elenment data of the hand-witten pattern base on the
desecribed tracing conditions inherent to each character of the character
database dictionary 4. Referring to Fig. 2, followng the Start of the
oper-ation, the reading position of the present character dictionary is
stored at step 21, and the next diCtqugry command is read in at step 22
The reading position is actually a poi'nter for the dictionary data base*4. -

Nanel y, each.i4 3 c t LS QW Llise abl et pen,
al | characté#é%g?aﬁgﬁg%ﬁggg %?gg%grEﬁ%?gbgéépgég'sggeqﬁrpﬁﬁﬁfgread out from
the dictionthe evaluakedaresultptesdseharapterargepgnisiomandat abase has a

plurality ofvapamBiénseigchiti 9.necessary to indicate the readout position
of the dictionar Next e roytipe goes to the,decision step 23, in which
it is deternined¥aﬁe?ﬁﬁragi°ﬂo?¥thgedggpfoﬁngeeﬁnﬁﬁﬁﬁ &ﬁa§ ad inis the
traci ng consbncuitfStWwldli bei descyibednesti witht refferense g command as
represent ed a t 23 he,r OUfsl €4 LSmE B inbﬁ .S case, let it
be assuned Fgéy - efégggP grééﬁn%ﬁd' grgbgPe ggggrl edhgﬁﬁfhcing

condition ake tracecthe iins edsmentodata pf thejbendrwrdktemat the
dictionary sRetBPH baskhen! tRei GeseeiBRadtaacing’ eonaitdons a YES at step

ORI TR i T SR S Y
next dictionary 4. ' o _ - o’

Referring to Fig.'z, following the Start of the

operation, the reading position of the present

character dictiohary is sto:ed_at'step_ZI,_ahd the

next dictionafy command is fead_in at-étep 22. The

reading position is ;btually a pointer for the

dictionary data base 4. Namely, each time when a

pattern (chqtacter) is written by a tablet pen, all

character daﬁa in the_character databasg are

sequeﬁtially read out from the dictionary for

evaluation. Because each character of the database

has a plufality of command sets it is necessary to

indicate the readout position of the dictionary. _
Next, the rcutiné goes to the decision step 23, b

in which it is determined whethe:_dr not the

dictionary command thus_réad ih &s,the tracing

command. If the_diqticn;ry command is not the

tracing command'as'repreSented by a NO at step 23,

the routine is ended. In this case, let it be

assumed that in the tracing command there are -

described a tracing coﬁdition and a tracing stop

condition.  ' : : S _
If it is determined that the dictionary command

is the tracing'command';s_:epresgnted.by a YES at

step 23, the routine proceeds to step 24, whereat the

line element data stored in the line element data

buffer memory 3 is read out therefrom. In the next



-8 - decision step 25, it i.s determ ned whether or not the |ine el enent
data thus read out satisfies the tracing condition of the tracing comand.
If the line element data does not satisfy the tracing condition as
represented by a NO at step 25, the routine returns to the step 24 and the
st eps 22 and 25 are repeatedly executed. If there is no line elenent data
to be réad out under the condition that the |line el enent data does not
satisfy the tracing condition, the routine is ended by a proper ending
processing. If, on the other hand the | iige el enent data satisfies the

t raci™g condltlon as represented by a YES at step 25, the routine proceeds

to step 26. é@psfén sBepshe|t iB0igoastetndhddnehethért be nott the | ine

I t dat f
Starting So:"‘m Thre, aiensntotnte, chiforaddcstt, pafingiipobhefrafifg ¢ 0
buf fer memory leonastgondofnthemﬁcw commapdown)Xfnthegddney a
T Croprocessor ¢78hede08Rta SUEkDfor ShribPgorRl £2dcily EBaattaent crent

data are seqgue y rea repeat 't né el,enment data
satisfies the taacragresﬂatedohy #nNOhétnE%FPs?ép 293 FRHtFP&blng st op

point data i s sigeGéns! ’&o“&h& ggep. 2h”ahheth60BtEme2d ai-xdt 26 aveps 27 and
28, the starting point _informatio

h | t h
final |ine eIenﬁﬁPeB§F§1XhF§ﬁ°§§Fasfl5? gﬁ&’?r&§|ﬁgpgg %iﬁ% |§'s?o$eg in
a tracing stop @atattbnber readodubutihdernther gonditdont Ithad:orttl'l@wtlime t he

tracing start pgjghopf GLUR! hgdsPHOECLaRRURLY LHAC tiie 5N LRHsRIGRET 1 Lhe

‘tracing stop po METOF prOV| stroke dat'a. In
‘theinext step 3thetreukdpe dBth@#&r?YbénﬂEﬁ@er G PTAGERSING oyt i ne

proceeds to the nextyg¢eci QBeSbQ&e%lhaha,dWeSImﬁnesmmiht idatias
satisfies the tracing condition as represented by a
YES at step 25, the routine proceeds to step 26.

In step 26, the starting point coordinate of the
initial line element data, which satisfies the
tracing condition, is stored in a tracing starting
point information buffer memory as a tracing start
point. This buffer memory is assigned in a work RAM
(not shown) managed by a microprocessor (not shown).

Further, at steps 27 and 28, the line element
data are sequentially read out repeatedly while the

_ line element data satisfies the tracing condition.

LJI In the next step 29, the tracing stop point data is
stored. In this case, in the loop formed of the
steps 27 and 28, the starting pd&nt information of
the line element data next to the final line element
data which satisfies the tracing condition is stored
in a tracing stop point information buffer memory.
Thus, the content of the tracing start point
information buffer memory and the content stored in
the tracing stop point information buffer memory
provide sub-stroke data.

In the next step 30, the next dictionary command
is read in and the routine proceeds to the next
decision step 31. 1In decision step 31, it is
determined whether or not the next dictionary command



det erm ned whether or not the next dictionary conmand -9- is the tracing
command. |If the dictionary conmand is the tracing command, as represented
by a YES at step 31, the tracing stop point information stored in the
buffer nenory at step 29 is cancelled at step 33 and the routine returns
to step 28. If the next dictionarygcomuand is not the tracing comand, as
represented by a NO at step 31, the routine proceeds to the next decision

step 32. ibnthetRrating icomiRiri )i EEl thetdit onaey ¢chmmawatigictionary 7~

command ig,the tracing stop condition, _If if .s d mned.that the gext
dicti onar?fh o%‘\mg'q%%r?&m tﬁsaﬁﬁ%ﬁeﬁii%rﬁft? ?)#ﬁé a%trifi?%sent_e_d %5 &
NO at st epl32thehdramitichopipoint dnfdmatiomstored cinotbey i s changed !
at step 3 e'iﬁﬂ% ’ o t o ro4lt | proceeds to--
step 22. ﬁr‘lltt?hégjgbove--m%%&égﬁe%%icﬁﬁlﬁ%tairfajlc%n o%#le_r%itqf&on accepts
the multi fphex@eutine xetarnme ko ishkap Afve If the\cnextti pi'exed tracing is

not needegj dthirdrP coinatil 135 ot tife ARdditly Abhhamd SXagraci ng can be
applied to a sub-stro@haw ng two different tramgg conditigns.-- For- .
exanpl e, FEPLRFaNRed Y AMNY PedheR My %?%c‘é%%‘,: P PEPCPEEEer " 7" is

consi der e¢cathe Jext Aevision rstep 2. 7"'In stép3Bubksisokes of "-" and
"I, and i Jhe ehal ed Q‘%ESQ 'QQ!E %m roke of "7",
mul ti pl exd[ertaeg:l%nig 1 sq&e%ﬂer%(ff 'Sl’l!lé\eé)(r;ﬁ%ra [ Oné%%"a%#é S é roﬁ‘g&dat a-

sel ecti ng ig the ttaqing stop qonditiome EEcit big determinmedw with

reference giaed gd | ikt i dt { ShdRYP Iodiuland iFEAGEERE £Pa&lifig 3, fol | ow ng
the Start of the operation, the next di ctlonarlxocggrrgggb-gg <I’;ead I n at.\sjep

41, and t REAR AR AR TPEIRERES] DY a
the reading position of the character dictionary is

changed at step 34 to the same condition-as at step -
21 and the routine proceeds to step 22. T

- In the above-mentioned embodiment the tracing
operation accepts the multiplexed tracing as
described above. If the multiplexed tracing is not
needed, the steps 31 and 33-can be omitted. _
Multiplex tracing can be applied to a sub-stroke
having two different tracing conditions.~ For o
example, during thegchafacter determining process,
the character /" is considered as a single sub-
stroke of "/%, or two sub-strokes of "-*% and "/", and
if the character "7/" is considered as a single sub- ot
stroke of "7/", multiplex tracing is required. -

The operation of the sub-stroke data selecting o
circuit 6 (see Fig. 1) will be described hereinbelow
with reference to the flow chart forming Fig. 3.

Referring to Fig. 3, following the Start of the -
operation, the next dictionary command is read in at -
step 41, and the routine proceeds to the next ‘
decision step 42.  In step 42, it is determined
whether or not the dictionary command thus read in is
the selection command. If the dictionary command is
the selection command, as represented by a YES at




decision step 42. In step 42 , it is determ ned whether or not the
dictionary command thus read in is the sel ection command. |f the dictionary
connand is the selection conmmand, as represented by“a YES at -10- step
42, eﬁﬂoutine proceeds to step 43. If on the other hand it is deternined
that the'dictionary command is not the sel ection command, as represented by
a NO at step 42, the processing is ended. In the selectlon command t here
are desctibed the data sel ection command, which indicates the tracing start
p0|nt?9nd the tracing stop point |nfornat 8n used to sel ect the sub-stroke
data t0 be selected, a sort conmand for T€&Yarrangi ng the sub-stroke data

sel ected and an p C ugt.,s a sub
stroke data to %egé $%ve§h EPﬁgig E@Q@FQ?% Q?ogiéé %ésul gt% ep 43,
the tracing staethewi hand:t dp psudatgamdned thets thes digkd onary |nstructed
by the data sel gghnaRaC9STRBE the EedWckion’Rdniatid|Odsl RepRedEdn (0 step

44, I n step 44, the sub-stroke data thus read i,n are re-arranged in

accordance withP¥h8 §9rPtcGﬁﬁﬂnGzanGhFhPr§Gﬁs§FP8késd§Pgeﬁequ|red by the
out put sel ecti on conganthes setlection donmand theréhare descrdbed ¢hedata is

rocessing is cHAEA SpEcSIoh, Aommanal RB by 1RiGatet, che WA,
circuit 8 (see Btgrtlpowntlané tthec tracing skope poriatc dnfeormadkiarow chart
formng Fig. 4. ugﬁﬁeig 31t the ﬁubf-gltlr%waa@&etg %ret shddtadpqy ation,

In step 51, the next dictiqgnary comuand bﬁ read 1n. t he next deci sion

step- 52, it is SOF& ﬁ’PH’@G“ﬂh@PIFeFeﬁPrFG‘F R Fhe isybs Ff- % hus
' selected and an output selection command which

instructs as to the sub stroke data to be derived on
the basis of the sorted results.

In step 43, the tracing start point/stop point
data of the sub-stroke data instructed by the data
selection command are read in, and the routine
proceeds to step 44. In step 44, the sub-stroke data
thus read in are re-arranged in accordance with the
sort command and the sub-stroke data required by the
output selection command is selected at step 45.
Then, the selected data is stored in the sub-stroke
data buffer memory 7 (see Fig. 1) and the processing
is ended. |

The operation of the sub-stroke data evaluating
circuit 8 (see Fig. 1) will be described with
reference to the flow chart forﬁ&ng Fig. 4.

Referring to Fig. 4, following the Start of the
operation, in step 51, the next dictionary command is
read in. In the next decision step 52, it is
determined whether or not the dictiocnary command thus
3 read in is a partial similarity check command. If it

is determined that the dictionary command is a
partial similarity check command, as represented by a
YES at step 52, the routine proceeds to step 53. 1In
step 53, the sub-stroke data is read in from the sub-
stroke data buffer memory 7 (see Fig. 1). If on the
other hand it is determined that the dictionary




read inis a partial simlarity check -command. - If (it is determ ned that the
dictionary command is a partial simlarity check command, as represented by
a YES at step 52, the routine proceeds to step 53. In step 53, the
sub-stroke data is read in fromthe sub- stroke data buffer nmenory 7 (see
Fig. 1). If on the other hand it is determ ned that the dictionary

command is not a partial simlarity check conmand, as represented by a NO
at step 52, the processing is ended. In the partial simlarity check _
comand there is described partial simlarity check processing data s

si mul t aneously, so that in the partr&ﬂ'5|n1lar|ty check processing at step.
54, the sub- stroé; dat a thus regd._in.,i pr ess in .accordance with the

partial sifiPFEapd, is,Bof B r}g %é’%’lﬁ’m &Fresult is
stored. Parepzesentedaibyt w Nocat Isgepasﬂge *meplpmdmmq dld ows. Each

character I inSe f Kal d 0 | nprove
t he recognkélgﬁngpgghqb pﬁgQ§§§t=#§ﬁﬁ§%&% %EFP%k T&ch
character isecdeseribed pastiad @imidasdtyr M Wﬁifﬂgsm‘bﬁ rokes. If a

partial si gihaithheoudlly, ¥o that iinsiene %ﬁ%ﬁs gINEIWAR_AH a certain
| evel , the C%?nltlon rocess for the rest of Q aro %:IS of no use, so

t hat the rS at;gtep; 54, { 3)thY® character
dat abase. taaﬂhdnndﬁ priotiessed tﬁteawdrdim aritty thempenrtisl read in, and

o detor m SAALIAEARY, Chedkd pietedtia” dilte" By Hhied i€, 1 07 21 PP PO 1T

sinmlari tyevnésnt@@nmlu fiﬁ storefs eRamtdal tﬂaitmitmirfa(t di ctionary

command i scheRkiig?lcati Be @gﬁmﬁwwqm@s aS BN @pESEEY 2 YES s

step 56, the K:%lxjntﬂr serdetou nas él%zzsatﬁ%y of sub-strokes. " In order
to improve the recognition speed of the system, hand-
written strokes of each character are divided into
two or three or more groups of sub-strokes. If a-
partial similarity check for the first group does not
exceed a certain level, the recognition process for
the rest of the groups is of no use, so that the
recognition process shifts to the next character of
the character database.

In the next step 55, the next dictionary command
is read in, and the routine proceeds to the next -
decision step 56. 1In decision step 56, it is
determined whether or not the next dictionary command
is a partial similarity check command. If it is
determined that the next dictionary command is a
partial similarity check command, as represented by a
YES at step 56, the routine returns to step 53. If
on the other hand it is determined that the next
dictionary command is not a partial similarity check
command, as represented by a NO at step 56, fhe . ’
routine proceeds to step 57. If the content of the
next dictionary command is a total similarity check
command, the checked results derived from the =~
processing loop formed of steps 53 to 56 are totally
checked together, then at step 57, the total
similarity check processing for the respective sub-



on the other hand it is determned that-the next dictionary command i s not
a partial simlarity check command, as represented by a NO at step 56, the
routi ne proceeds to stop 57. If the content of the next di ctionary comand
is atotal simlarity check command, the checked results derived fromthe
proce55|hg | oop formed of steps 53 to 56 are totally checked t oget her, then
at step 57, the total simlarity check processing for the respective sub-
_12- stroke data stored at step 54 is executed. In the next step 58, the
totali checked result is evaluated and fggd_to the character recognition
and evaluation circuit 9 (see Fig. 1). Théen, the operation is ended. As

described abovestgbkeChataCkebrdal at! Beipe Qhasas&aeu%at | og@' gplase 4 are
sequentially chec

ed for qne ggp a&éen char acter 3 ttached w th
eval uat ed val ucB8e¥kdStRP Ofar totaddy, checked %PFH Fh Bpe¥aluptedation
poi nt is sel ect afdage@htocCtheacharacter te&abhﬁtﬁenogn&eﬁaluahda&ﬁe hand-
witten charact g t I e =dot .chain |ine
shows t he C|rcu§§rgpgﬁbh és ?ﬁ oﬁ?tltﬂ% &4 ?g%%P§f29?§§§ }%'ognition
circuit using tended.e data. Wiile this recognition circuit iifelf I s not
directly related 1o hgeqglspiiped Abovies E'i@.S%Warh@{:‘iﬂ-t hﬂ'i‘:a i RHeOMES
consi derably advantageous frothp&ggoggéélon speed nit3F50|nt ThIS type of
character recogRPpragtex &r ATE] SRS A¥n ed g, 1.
As shown in Fi gfet, ohbehdw-d&titthw charactervandt alttabwaewwm t he

fand-weitten chgigsbikelWaaub S the BrAHLEE: Loltd Wiacid G

\od the best evaluation point is selected as the
character code finally recognized to be the haqd-
written character. ‘

In Fig. 1 the block outlined by a one—dotlchain
line shows the circuit elements which constitute a
template type recognition circuit using templaﬁe
data. While this recognition circuit itself is not
directly related to the elements of the presenﬁ
invention, it becomes considerably advantageoué from
a recognition speed standpoint. This type of |
character recognition circuit will be describeq with
reference to Fig. 1. .
. As shown in Fig. 1, the dot data for a hand-
[\ written stroke from the hand-written character input
' circuit 1 is converted to the line element data by
the input dot data for hand-written st:oke/liné
elemeht data converting circuit 2, and is then stored
in the line element data buffer memory 3. Fur#her,
the line element data stored in the line element data
buffer memory 3 is converted to template data Iy a
v line element data/template data converting circuit 11
and is then stored in a template data buffer memory
12. In the template data there is described the
shape of dot for line element data corresponding to a
single hand-written stroke (sometzmes double hand-
vwritten strokes or more). _

I
|
!

!
|
|



the input dot data for hand-witten stroke/line elenment data converting
circuit 2, and is then stored in the line el enent data buffer nenory 3.
Further, the line elenent data stored in the |ine elenent data buffer
menory 3 is converted to tenplate data by a line elenment data/tenpl ate data
converting circuit 11 and is then stored in a tenplate data buffer nenory
12. 'In the tenplate data there is described the shape of dot for line

el enent data corresponding to a single hand-witten stroke (sonetines
doubl e hand- witten strokes or mor&3= -13- When the tenplate data <3

/2
derived fromthe_tenpl.a data buf 2is s lied o a tenpl ate
dat a eval uating n‘& mqlmtse é‘r%]r?ets’é%/ﬁérﬁ?% |‘§'P$ t@haracter
dicti onarydatmlmﬁfeiamemorymtmasckmppﬂtied dicta dremplais ddese 4 and
conpares t {ﬂna scribed in the
character %%Jtll o%éi\?@ %&a c?:(t a. hen é;{]hé %ﬁ#fm]ﬂga eval uati ng
circuit 13ﬂ§ﬂqﬂﬂﬁ§;Qhﬂ?&ﬁkﬂluﬁiﬁt tepplate datatfrom kheniti on and
eVa'Uat'ondﬂdriéﬁeﬁ9didﬁldnu (dﬁth Biﬁet¢”3ndﬂéb éedeﬁﬁé'bes the

typi cal sh of ot, for e eng a corres to . the single
hands v | £ 1 SRRERAE AT, Wltﬁea“;ﬁﬂj %%%ﬁ'& SapeR: s snal
as conpar ed.xwtu-te idhmracter | dichionnatyn tempmlake tdmdl crhmaryheTher efore,

t he recogni [ creased with
ease as cor‘r"tpéa ﬁ“ﬁ\ N%%}Je Eﬁlr%#e r‘gc%ftﬁ‘h‘g c?re%l{ﬁ?t formed of the
circuit bl mat@tesl Feanlly ko the gharackex m%sn itjorrandt her hand, this
tenpl ate t%l@‘aﬁmpmﬁdﬁt @) Clir ﬁl?@sacébé,amt@&plﬂtéhat it is not,

effective Tled Y sgtqéété%{ﬁfcai‘aé}?a;‘%'éé CheBEECESE S BEN 2S ~

element data corresponding to the single hand-written
stroke and the data amount of the dictionary thereof
is small as compared with the line element data _
tracing type dictionary. Therefore, the recognition
speed of this recognition circuit can be increased
with ease as compared with the aforementioned
recognition circuit formed of the circuit blocks 5 to
8 using the line element data. 'On'the'other hand,
this template type of recognition circuit has a
disadvantage in that it is not effective for
recognizing distorted hand—written characters such as
continuously written character and so on. ;}

In order to accept distorted hand-written
characters in this template systzm, it is proposed
that the whole possible shapes of strokes written by
the single hand-written stroke as template data have
to be stored, or the continuously hand-written stroke
is cut in accordance with a certain rule to describe
the cut-out sub-strokes as the combination of the
fundamental template data. But these methods are
both not advantageous from a processing speed
standpoint. On the other hand, the recognition
circuit formed of the circuit elements 5 to 8
utilizes the line element data whose amount is 1arger
than that of the template so that it is not



continuously witten character '‘and so on. In order to accept distorted
hand-witten characters in this tenplate system it is proposed that the
whol e possi bl e shapes of strokes witten by the single hand-witten stroke
as tenplate data have to be stored, or the continuously hand-witten stroke
is cut in accordance with a certain rule to describe the cut-out
sub-strokes as the conbination of the fundanental tenplate data. But these
nmet hods are both not advantageous from a processing speed standpoint. On
the qQther hand, the recognition circuit formed of the circuit elements 5 to
8 utilizes the line elenent data whose afdfifit is |arger than that of the
tenplate so that it advant

' t - 14- f |t d

standpoi nt but  PAYABYAIROUR, F5oB, A PP Ao spesd S5ansRint, it g

di storted char adnstead fisbmpireopowerfullawdthe respectnito aontiimuouss havi ng

conpl enment ary fﬁphugi?t%EQeﬁ?EBBQQQtEQsPSe wherein the recognition circuit
e da [

using the tenpla a as s input 1s driven to recognize a character
having a conparati ve®@f bo&h of ther charpsteroresognitdom gixeuits

L enont (ot a e Aoving? CERPIEnentary FedturSaERY Soariined Hl Uhd 1 | "¢
| | | Z

v o0 e’ whersinkihe, tecognition Birculs: Seline Whs’ tetrdRke

character recogdataoasaliitls yipultetsudrivenc des iréecognizena ahgarantiex or med

of the conbi natj ho s oL ' | t s shown
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ut i |Ues a cont the cbarastexcregcognitieon circuit formed of the

4 circuit elements 5 to 8 using the line element data
as the input thereof is employed to recognize a
character having a large distorted portion, then it
is possible to increase the character recognition
ability.

Let us now consider the arrangement formed of
the combination of both of the character recognitio
circuits as shown in Fig. 1. :

Referring to Fig. 1, the character dictionary
data base 4 utilizes a control code attached to each
of the character data and described in the character
dictionary to determine which of the template data
evaluating circuit 13 using the template data stored
in the template buffer memory 12 and the evaluating
circuit formed of the circuit e%Fments 5 to 8 using
the line element data stored in the line element data
buffer memory 3 should be used. Then, the character
dictionary data base 4 supplies the contents of the
character dictionary to the evaluating circuits
(circuit groups) selected by the control code
described in the character dictionary and one of the
circuits (circuit groups) is selected to execute the
‘ processing. _

The processings shown in Figs. 2 to 4 will be
explained hereinbelow in conjunction with the
embodiment of the present invention. 1In this case,
let us assume that the line element data converted



of the character data and described in the character dictionary to
determ ne which of the tenplate data evaluating circuit 13 using the -
tenplate data stored in the tenplate buffer nmenory 12 and the eval uating
circuit formed of the circuit elements 5 to 8 using the line element data
stored in the line element data buffer menory 3 should be used. Then, the
character dictionary data base 4 supplies the contents of the character
dictionary to the evaluating circuits (circuit groups) selected by the _
control code described in the charachg_dictionary and one of the circugs
(circuit groups) is selected to execute the processing. The processings™

shown in Fiffon2th@ dnpiuk! abe exeboirapdchd fafickeyctencatinka | on vi th the

enmbodi nrent of t resent |nve tiaon. his ,case, |l et _us_gssune that the
line eIeneﬁPYdﬁgﬁ EBRV@rF 5°rfPSHFFH€1tﬁ69ts&SPkGJQ Nr the
hand- wri tteeleﬁentedhy.at benwep&ﬁ.néobid’ehatf @ ihe0ddesi tten stroke/line

Gi ecti on,  EDEPRRRESLA°gHh e, afntf, A% ectilhT HlFAHARAR, stV c
tabl et pen \:hp aﬁaruéng pbinneandbltbte pon)iitimr ptfeftpet rlr-eblluer\:e el enent data
i ncl udes Shéﬁnd?ﬁﬁnﬂﬁthSwﬁoBE'Qﬁeath &leSEB§|Ch@h§%h el he maxi mum

and m ni nunl coordl nate val ues in the or|z and verti'cal directions of
the input hbhhBevnelemeptsdagpc inciudes, fize data pf fBesssuned that the

circuits 5 éenfigaragibhcolfi thecchaRaictéai anas tnhowmdmuﬁ @andl are selected
Dy e o L R hERAER AT B, e BPHRRRALT AR " o1 o o
called "En ryertitathdivestions pfd itbel ipput bandewsitten stroke. o/
Furthermore, let it be assumed that the circuits 5 to
8 using the line element data as shown in Fig. 1 are
selected by the control code of the character
dictionary'dete base 4. The recognition operation-
for recognizing an input hand-written stroke of a so-
called "Ennyo" which forms one radical of a Chinese
character will be described with reference to Figs.
5A to 5D. Throughout Figs. 5A to 5C, the block shown
by a one dot chain line represents a square character
writing area defined on the tablet.
~For the input hand-written stroke, it is assumed
that the tracing command, the tracing condition and
the tracing stob command stored in the character v/
dictionary for recognizing an "Ennyo" character are
described as follows. :
(I) Tracing command
The tracing command is described to trace the
succeeding line.element data from the. present line
element data taken as the tracing start point.
(II) Tracing condition command
The tracing ccndition command is described to
trace the line element data if it is directed :
rightwardly regardless of the condition of the tablet
pen. | o
(III) Tracing stop condition command



character will be described.with reference to Figs. 5A to 5D. Throughout
Figs. 5A to 5C, the bl ock shown by a one dot chain |line represents a square
character witing area defined on the tablet. For the input hand-witten
stroke, it is assuned that the tracing conmand, the tracing condition and
the traci'ng stop command stored in the character dictionary for recognizing
an "Ennyo" character are described as follows. (1) Traci ng conmand The
tracing conmand is described to trace the succeeding line elenent data from
the present line elenent data taken as t#ek6#racing start point. (I1)

Tr aci condition conmand The tracing condition command is described to
trace the |ine el eneFhedtracing stop epnditionr commanddis degerdbeds of the

condition of thgot38bgt tR@Ntratlihy whahi LHetkORreOBBnlitions™éRAE  The
tracing stop conditjon conggggpls described to stoprghe tracgin en there

bed
are conditions ER®thaRd= i BEERK®; A8k BeAT tbe; EBtrPBHtPgF& B8 tion

of the witing efether wriitingnareacogdtheopenpnpacontdition appelest raci ng
start point is tggg%ed at a point Pl as shown in Fig. 5A, then three
hand-witten sub- fokes S1, S2 and S3 which can satisfy the above-
mentioned conditi onsIfr thebtzasgdugastartepolintoiist Rocatedi a§ dopeibf using

t he above-nenti gpegdat LRJ 5 60 Ndeggas : h L '
portions in Fig?QS%? %ﬁst igﬁcas ; Fgf i?@ggtﬂ¥eb ﬁgh?h%?i?gkﬂeggﬁgbf t he

| assu a
t hree hand-mwitFEﬁ°§&§-§PP0§33‘B§,ng“Eﬁ&“SE’BbF&&E@GYb he, abpvesi ng
processi ng sel eaentionednedfiditions are obtained as a result of the

Y _ tracing done by using the above-mentioned tracing
command as shown by the three bold line portions in
Fig. 5B. ‘

In this case, let it be assumed that for each of
the three hand-written sub-strokes 81, S2 and S3
obtained by the tracing processing selection command,
that the selecting condition command, sort command
and output selection command stored in the character
dictionary for the selection processing for the
"Ennyo"” character are described as follows:

(i) Selection command _

The selection command is described to execute
the processing in accordance with the following

kv/ ‘commands, thereby selecting the hand-written sub-
stroke. -

(ii) Selection condition cd;mand

The selection condition command is described to
select, from the hand-written sub-stroke obtained in
the immediately-preceding tracing processing, the
hand-written sub-stroke whose starting point is
located near the lower left portion of the square
writing area and whose stop point is located near the
lower right portion of the square writing area.

(iii) Sort command

The sort command is described to sequentially

sort the hand-written sub-strokes selected by the



that the selecting condition conmmand, ‘sort conmand and out put sel ection
command stored in the character dictionary for the selection processing for
t he "Ennyo" character are described as follows: (i) Selection conmand The
sel ection conmand is described to execute the processing in accordance with
the ¥oll owi ng commands, thereby selecting the hand-witten sub- stroke.

(ii) Selection condition command The sel ection condition command is
described to select, fromthe hand-whaften sub-stroke obtained in the

I mredi at el y-preceding tracing processing, the hand-witten sub-stroke whpse
starting poselectibacesoaditdan coamandein atcopdancen with! thedguare with ng
area and mhfgggéhgp point is |ocated near the |Iower right portion of the
square writi area. (iii) Sort command The sort command is described to
sequential ly soKiVﬁhe0h§n@tmﬁﬂﬂﬁsnigobcgmmonds sel ected by the -17- ;

sel ection conditigg sam&dsb&eee%hdémawat gst h%eﬂiswgato(' v) Qutput

sel ection co ut put. sel ection conmand i s. descri be sel ect the
| ongest hanﬁgggthgﬂ‘sﬁﬁ“§??&k@°?ﬂ6 kten, subrstroke £xemstheces which are
sel ected byhahd-stlittenngubestirokes whichndrendelectiedaby fthe her sorted by
22&2"%nff’ggiggséﬁgﬁ#%‘%‘i&@%ﬂaﬁaﬁe@“ﬁiﬁﬂi&fﬁf?&ﬁa&e SEoico S3. shown
by a bol d | 8rEetedr byokhenspirg. co@mand.obt ai ned. Further, the tracing and
sel ection under wnen the hand-written sub-strokes are selected
by the above-mentioned selection command, the hand- .
written sub-stroke S3, shown by a bold line portion o/
in Fig. 5¢, is obtained. '

Further, the tracing and selection under
different conditions for the "Ennyo" Character are
carried out in accordance with the dictionary command
for the "Ennyo" character. Then, a hand written sub-
stroke S4 by a bold line portion in Fig. SD is
obtained by similar process1ng.

The hand-written sub-strokes S3 and S4 obtained
by the above-mentioned tracing and selection
operations are sequentially stored in the sub-stroke
data buffer memory 7 shown in Fig. 1 and are supplied
to the sub-stroke data evaluating circuit 8, in which
they are processed by the partial similarity check
command of the character dictionﬁry data base 4.

Then, the hand-written sub-strokes S3 and S4

'undergo the partial similarity check. In this case,
as the partial similarity check command, the ‘shape
evaluation command and the position evaluation
command for the "Ennyo" character are described as
follows. _ _

A. Partial similarity check command

The partial similarity check command is . *
described to check the partial similarity of the
hand-written sub-strokes S3 and S4 in accordance with



different conditions for the "Ennyo" character ar e carried out in
accordance with the dictionary command for the "Ennyo" character. Then, a
hand witten sub- stroke S4 by a bold line portion in Fig. 5D is obtained
by simlar processing. The hand-written sub-strokes S3 and S4 obtai ned by
t he above-nentioned tracing and sel ection operations are sequentially
stored in the sub-stroke data buffer nenory 7 shown in Fig. 1 and are
supplied to the sub-stroke data evaluating circuit -8, in which they are
proce%?ed by the partial simlarity check gommand of the character diction
ry.data base 4. Then, the hand-witten sub-strokes S3 and S4 undergo the

parti al S'”‘|af'ﬁﬂbfiﬁﬁ*en¢§ &é%érfﬁé& bﬁstﬁéesﬁéﬁé'é$a§h£tiéh'ty check
command, the shag eval uat t he gsigtlon eval.uati on conmmand

éon conngf
for the "Ennyo" and and  the Res Béﬁ“aSV§BF ncommande i o) sinilarity
check command The parBi al Shapeéaevayuabiocl command i s described to check

the parti al SIn]larlt¥h8f°§£§§€3§%§¥éhtLgngﬁg?§§£&o5§§t§§n %g?sétfgke

accordance with t he con € Shape eval i on conmnmand
and the positiorS4&vis usecbangubanndndpis Shebativelvaleng énnthed The

configuration of16 1G@aﬂn&1'aifacéybnstreks §4af€iﬁ?0b6ﬂ3ﬁ|ﬁﬁeﬁédfls
rel atively Iong % |tud|n dlrect|0£ The artlg g E% Eereof
LoGatednbave Fte sEaP PONGEN CTheLESARRASTRED, B

is | ocated abov
sub-stroke $4 nauhbehandﬁarﬁttdnlsubesgrakecsapmagdbadcbmphratévelyal

e o e Dol 4"k LB’ ISl Bl 08T Baibi Gt V. The
./ : polygon formed by the hand-written sub-stroke S4
only. '

The configuration of the hand-written sub-stroke
s3 is rectangular and is considerably long in the
horizontal direction. The horizontal length of the
polygon formed only by thé hand-written sub-stroke S3
is substantially equal to the real length of the
hand-written sub-stroke S3.

C. Position evaluation command

The stop point of'the_hand-written sub-stroke S4
is located near the starting point of the hand-
written sub-stroke S3.

As a total check command for collectively

—/ checking the results checked by the above-mentioned
items B and C, the total similar}ty check command and
the total similarity check execute a command for the
"Ennyo" character and are described as follows.

(1) Total similarity check command

The total similarity of the immediately-
precéding evaluated results is checked by using this
total similarity check command.

(2) Total'similarity check execute command

. ' The total similarity check execute command is
described to collectively evaluate the respective
evaluated results as a total similarity check result.

Abcotding to the above-mentioned p:ocessing, it
is determined whether the input hand-written stroke



S3 is rectangular and is considerably:long in the.horizontal direction. The
hori zontal |ength of the polygon fornmed only by the hand-witten sub-stroke
S3 s substantially equal to the real length of the hand-witten sub-stroke
S3. C Position eval uation conmand The stop point of the hand-witten
sub-stroke S4 is |located near the starting point of the hand- witten
sub-stroke S3. As a total check command for collectively checking the
results checked by the above-nentioned itens B and C, the total simlarity
check command and the total simlaritd®Theck execute a command for the

. : o
"Ennyo" act escrib as_follows. Total simlarity chieck ;
command Th?r %"#‘Fﬁfaﬂ"&} the 'ﬁg“?meo?ho{? té rEBPHY eval uat ed
resu:ts |s‘KIE§$Nﬁtiwelp;rtherdegt@eaofssﬂmiharitychetﬁﬁennthed (2) Totald
simlarity X ecut e comman
S descrlbegaﬁﬁkgﬁl %%gﬁéggn%@QJ @feiﬁﬁgérgé%%c %%xﬁﬁa ?ﬁé results as a
total sini|isideterminedeosand. tuecmhemk@ptnesmbtabeveunnhiedntq processi ng,
it is detergg Okfrcuitlgd- is identica
eéhmesf i—&)éowfeioﬂa&mvusiea%ﬁ &fr uitl§-

with the "Enn har cter or“not. Altern |vel%aﬁ£ g grei of simlarity
bet ween t he®h 1 akt erOBRORFRe; rﬁbﬁi L8R3t Bke i s
deternined'tuemhicmdchszkeﬂsreoubared withl eachtoft thechandet er recognition

and eval uat in Fig. 1. O course, all character data in
t he dlctloﬂgggbféﬁcéﬁéﬁf% th each of the hand- witten characters. Wen

the input the "E¥inen ainpntrthe TEnnyel character is checked
in accordance with the commands expressing the

“"Ennyo" character stored in the character dictionary
data base 4, it is possible to obtain the highest
evaiuation point. In this case, however, when the
input hand-written stroke of the “Ennyo" character is
considerably distorted, even if the above the ”Ennyo"
character is checked in accordance with the commands
for expressing the "Ennyo" character stored in the
character dictionary data base 4, the'evaluation
point thus obtained is not so'high{ In such case, it
is regarded that the inpﬁt hand-written stroke of the
"Ennyo" character cannot be recognized, and the
processing is ended. B

The character recognition end evaluation circuit g;;
9 functions to sequentially store evaluation results
for all of the character dictionary data base
relative to the hand-written pattern. After all of
the results are stored, the character code having the
best results is derived as a result of the
recognition process. Usually around ten or so
character codes must be stored with evaluation points
and the rest of the charecters in the character |
database do not need.to be etored because the level
of similarity with the hand-written character data
does not reech a predeternined level.

According to the present invention, as described
above, we have considered the importance.of sub~-

-



in accordance with the comrands expressing the "Ennyo" character stored in
the character dictionary data base 4, it is possible to obtain the highest
eval uati on point. In this case, however, when the input hand-witten
stroke of the "Ennyo" character is conS|derany distorted, even if the
above the " Ennyo char acter i s checked T#P%ccordance with the commands for

expressing the 0" charact tored in the,characier_diction dat a
base 4, the eﬁ'{?}%/ idas Pt %’adu'gr#ﬁ °§o‘h’3}ﬁ9 gFﬁmsgi’é case,
it is ,r egar de(ttdndpﬂ:l:nt ioPin tm'n:bb:lmaltehasaet&t of the kEan;lpbinltar acter
cann& be rec [ Th te

recognition a evgiﬁa | oné%]ﬁ)g% fﬁ%c?égsgg?gdée ﬁ%ﬁplﬁé‘?&y

eval uation redives disconvered tlm:cthe ahaml-ﬂttt‘-tenalyreksaibageSB&I ative

to the hand-wg %tﬁfh%%&iﬁb H-tﬁ'ia 'ﬁuﬁisﬁf‘skéﬁsﬁﬂso%ﬁeﬁiﬂr ﬁﬁic he
es

char act er COdW resu is I's deriyved i

recognition p uke the %w tten, stroke s, aﬁ'ﬁﬂ Ude!"nm{"ebe

SL oredtvmtg te\aiaﬁdmpfh ﬁud ¢ z}haweeﬁaﬁicthe ehatactbaubn]gtthe Carit

character da 0 ed to sibmlarity
wi th the hand- gf?@h‘aﬂ’ fﬂ'&?’%@a@ﬁd Eﬁ?eﬁé?éf%"ﬁ'@é | evel .

According to ttliq#immhip rmngothoaclmntbbed'l‘hbsveun“khathecons| dered

the i”portancg:pm n,[s&wrfc vhidh ré %n?f#ﬁé 4hER1 KDY "TaRgloRlolik " St T Oke

fromthe stan an orrgin aracter or t sta poi nt of
character thatCakFRIAtien Processingonth® we have di scovered that the

hand-written stroke is a @i;eub sfreﬁas Qésahﬁtiﬁvhntabakesnare
el egents whi ch CONSH{d énd §on€‘ Sadhs' 454 i&s&meﬁ' BRhkicedgsave
with ease. '

Further, when a hand-written character is
recognized by using template data in which a single
hand-written stroke is represented as a typical,
simplified shape, to store much more typical shapes
is not advantageous from a recognition speed
standpoint. Further, although the employment of only
a template data processing system causes the
processing speed to be increased such a system cannot
be applied to recognize distorted characters.
According to the present invention, since the
template data processing system &nd the sub-stroke
dividing processing system are properly selected, it
is possible to obtain a data input

apparatus which is powerful for the
recognition of distorted characters and which is high
in recognition speed. '



succeeded in grasping the character on the basis of the original shape of
the el ements and the positional relationship among the el enents. Thus;

unlike the prior-art which requires a reIatlngéfLQng,ﬁﬂDunL—éﬁ—
cal cul ati on processing, the apparatus 23 =t he sent invention
recogni ze the continuous and distorted charact “tmmu‘ it her, when
a hand-written character is recogni £3AIME ysi na ‘“‘H“ whi ch a
single hand-witten stroke is represented as a typltaﬁ- §|npllf|ed shape,

to store nuch nore typlcal shapes is not. advantageous from'a recogniti ogs
a_te Iate data s

o ocesding. SA ARRRATES tﬂ%tp‘{' PEbEng §%€' GtPosLa8kncPedeRee S " oyst om
cannol &vH00! | Ee  SppSEREll “Befhs! g& £4e£0a" 26! SbapofiiCebihagato L he |

present nvention a a processrng system and the ' v
sub- f’édf( é’t €' 6fiCaStap1e¥ s "%f‘&ﬁu@é%i?l:tr?ﬂkﬁcﬁ‘i@a It is possible
to o taln ata 1 nput apparatus- 'S power or the recognition of

di st or t &gh-wdei

g €60tHei ﬁaxtﬁaizl BBntEnte‘EHGi‘ebfoﬂnapéﬁﬂﬁrisiiag. An
appar at us for |nput ing data to a data processing device e apparat us

bei ng oper at iy cddta €aHDEt and hantabded’ pehegefiekagingndat! aakat to produce
el ectronic data corresponding to the textual content thereof and

conpr i Srepresentcativebdt aacharatterecwrjttenconr at wedtdny dzrea of said
representative of a character witten on a witing area of said data

tabl et ;@dta tableta data converting circuit for receiving said dot data and
for generating correspondlng | ine el ement data therefrom a character

di k6 onary dat #1a%a ccomverying  cirguifgfor receiving said dot data and V

for generating corresponding line element data therefrom;

a character dictionary data base memory for storing
character data as command sets eecn expressing the
configuraticn.of a different charaCter.the character data

15 inclnding tracing commands, selection commands, and checking
commands ; | |
sub-stroke data generating circuiteconnected-to the
character dictionary data base means for generating sub-stroke
data by tracing the.line element data hasec'gn.the character Q;i
20 tracing commands derived from the character dictionary data
base means,

sub-stroke data selectinq circult connected to the
character dictionary data base means and supplied with the sub-
stroke data for selecting sub-stroke data having selecting

25 conditions defined by the character selection commands derived
from the character dictionary data base means; and

sub-stroke data evaluating circuit connected to the
_character dictionary data base means and the sub-stroke data

selecting means for evalueting the similarity of the hand-



G oremt “oharacter the charact o ar A 16 T e utl mg. L nmr ettty

s_eIJecf[ion commands, and checki ng commands; sub- strgke Im“ngmlﬁlmmm“'

circuit connected to the character dicti"o®%ry data base' m€ans fbr $

Eﬁez g i ubS: %ﬁﬁéﬁeﬁ%&é&%@%ﬁﬁ% Rétl&%i?ﬁi{tx?f%igﬁ FoRar§lrads

d ot gnary WRFTERRE afR R S e vt b RARRLEEY I AGcGRapAce”"
L ol Ao ta | Sfle SRS EOfingnial O86L1VEASE£Gh! ERE BlatlEter

character s conman character I ctlonary

base neans t ating circuit connected to the
dqf:?f’ic s G f da&és Pabé RuFhs:

charact er ta base means and the sub-stroke data sel ecting
means faog evaluating the simlarity of the hand- -22 - *C L
M S * witten character by checking the simlarity of the selected

sub-stroke glat a ofn tdspdpatusraééerdingreetelain agcwhdrein thehcharacter
character checking commands derived fromthe character dictionary data base

means. 5 2.seléetigpacommandscincdludeta selectingwhonditioheconmand,ecn
sel ecti on commands include a selecting condition comrmand, a sorting
conmand, ansbrtingteommandecahdganoeutput selectingecommapd; sang S“EGPFEr.
menory connected to the sub-stroke data 10 selecting neans for_staqring
sub- st r oke eemprigingfy; hytfer Eemesruﬁaneeﬁﬁﬁﬁusﬁ Egﬁnﬁnh'8§r°keAﬁata
apparatus according to claiml or 2, ein . th acte eckin
con@nds |H%?hﬂ€t§PSHﬁﬁ%nﬁngﬁa?FBFlﬁgnﬁHhasfg gﬁ Bo?P%FﬁEXanng&ation
command and stroke data eval uating neans uses the shape
eval uati on %%ﬂﬁﬁﬁén?o°89§FgaPﬁ Fﬂ@mgﬁépe of the selected sub-stroke data of
t he
3. An apparatus according to claim 1 or 2, wherein the
character checking commands include a shape evaluation command
15 and a positional evaluation command and wherein the sub-stroke
data evaluating means uses the shape evaluation command to
evaluate the shape of the selected sub-stroke data of the
written character and the positional evaluation command to
evaluate the positional relation of the selected sub-stroke

20 data of the written character.

4. An apparatus according to claim 2 or 3, wherein the
character checking commands include a partial checking command
and a total checking command, wherein the sub-stroke data

25 evaluating means, on the basis of the total checking command,
generates a final evaluation of the written character relative
to the character data stored in the character dictionary data
base means on the results of a partial evaluation using the

partial checking command.



witten character and the positional evaluati evaluate the
positional relation of the sel ected sub-stroke itten».
character. 4. An apparatus according to clai n{ﬂllgr mlmwﬂ“mt he
character checki ng commands i nclude & dair+¢i al Fngt coomend*and a total
checki ng command, wherein the sub- stroke data 25 eval uati ng neans, on the
basi s oP-t he &Bt éPPéﬁ‘é@PéFn&Ogomtngnéﬂiﬁe§°aafdm Processing of the
witten chgracter relative tg the character data stored in the character

di ct i on9PY1G%t SOPSEEUGERLs ag AxTangeqd o sperate substanhiadlyodesi ngrt.he

partial  che

for inpﬂﬁﬁﬁgbgg_f’aetmg%%&'ﬂ“&dpm}%g gqur&é\ﬁeggcgc 81’?%] Hft:: 5 ' Anl aﬁ%%{ag ;J?)
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