HANDWRI TTEN KEYBOARDLESS- ENTRY COVPUTER SYSTEM The present i nve& Q)r% ioa
rel ates generally to a keyboardl ess input systemto a conputer, and when -
conbined with a central processing unit, to a keyboardl ess-entry conputer
system - More particularly, the preseht-invention relates to an -
information storage, mani pul ation and transfer device on which text, data,
conput er conmands and functions can be entered by witing al phanuneric or
any other characters and synbols by hand with a penlike stylus on an

| nput/ Qut put (1/0) screen. In a preferred enbodi nent the 1/0O-screen

i ncludes a transparent touch screen incorporated over a substantially flat
out put displ ay. The present invention in its preferred enbodinent is a
sel f-cont ai ned conput er system but can al so function as a peripheral to a
host conputer. Large anounts of information and sophisticated applications*

software are now avail abl e on conventional keyboard conputers. = The
utility of this information and of application software could be greatly
increased if text and data could be entered and applications software

mani pul ated by writing in gaiwRTetEN XERBOHRDEESSENTNY %mﬁnahyﬁépl ay.
Thus, there is a need to alToOW the UtTTiTy oOf conmputer technotogy to be

extended for use by non-keyboard oriented individuals. There is also a
need for a portable conmputer systemthat is Iightweight, reli- able,
accurate, inexpensive and permts use while standing or wal king. One way
to reduce expense and size and increase utility is to enploy a keyboardl ess
entry system such as a touch screen. However, this type of input devi ce

does not easily allow accgﬁ@tlﬁeg V\ﬁlilngg?ésimu}eﬂtgglﬁt@rgfﬁ) CBI 8 gﬁgﬁ(}g’er

with high resolution in a manner l'iar and natural to"t .
Many positioni ng {FBERRTISSER P EafPuRNtas e Adovhile foRb{Bed Sttty 8ntantsabl the o
posi tion sensing propeésiingCuid 08y . a E&?Bﬁﬂd&bb%&nﬁ?ﬁ&mﬁ@ﬂt&ﬂ e¥BtdaR | NCl UtiBre

’ Lt d | ude: hani cal , -
ol eotrostatic. clR8artOragRer (it BRORTRF: CveBbET AP LakRaer i drepmacpe  C
desire in this swébeagé.smamiﬂ@weim sndstransfer nlevice @ phishi bext f davaj ting
w th pen or penC'Jo}nQ%e‘}aQSxﬁmand?@né’rfﬂQL@fUn'sscﬂ 8% MrleYed by wBELLAR" PAPET

only leaves a tr en actually 1 n contact
' alphanumeric or any other characters and symbols by hand with a

penlike stylus on an Input/Output (I/0) screen. In a preferred
embodiment the I/0 screen includes a transparent touch screen
incorporated over a substantially flat output display. The
present invention in its preferred embodiment is a self-contained
computer system but can also function as a peripheral to a host
computer.

Large amounts of information and sophisticated _
applications software are now available on conventional keyboard CL“
comﬁuters. The utility of this information and of application
software could be greatly increased if text and data could be




Many of these technologies require an additional "pen down" sensor which is
awkward to use in many conmercial pens. Another problemis witing angie
--.a pen leaves the-same trail . independent of witing angle. Many of these
technologles have t he position detector di spl.aged fromthe pen tip,. so pen
angl e causés erroneous- di spl acenents. ~Beyond these general probl ens; ~each

n (=) d an. |
technol ogy has numer ougnegheanbAd Spp2idadi ﬁgv\%e’?f'%ggﬁﬁ‘} Ipt e é‘ Q%R.&q&yé':}z?ea

wei ght, shape and whether it needs to.be p or wre
witing surface transpalrmicfaslsrmoﬂhrsssy 84 eclflat atidpblet h@hudy theke is a .

phy5|cal contact is neede as:o t ressure transmtted through -
over | ayi ig -sheet's of pape t("’ anﬁggﬁ 'L}Srﬁg¥ H cemPYteroRehR AT A E’ése’f“tﬁ"ded'

vi ewi ig”’and processi ngfhanse BiHALRe Ploarlf SE{ERcb@MN A 616009 TS 5 2Ny,
optical, magnetic or solid-state electronic storage means to store data.

Il lustrative of this bbesd &eraztpoirsable corputeant s#sﬁﬁg tha¥ is0 lmmamy\kneah-
di scl oses a portable eLgft ronic bcook confi ured rQvi de seLect ive

by page call-up of |arGe dmpunts of ﬂnedipteﬁ Tafs mAFE Jiagy ¥Rt e c?ﬁaadﬂgaer

solid-state screen. Th£Kinel ergmdwepbedi-aende leﬂpéxm% BHEI 1GANLRRLGR e MSES
an insertabl e hol ographic card, which may contain several hundred pages  of

text in digital form Welkify ﬁﬁltr? stRtuye kexhesrdleumentryrisystevi cuch as a

however , does not all gy ReW or e entered, or
mani pul ated. In U S, Patent ii‘ gﬁé‘y%%\zﬁ’?%ﬁé SICECTRY S5hRE E8PF TS o

systemis disclosed \Ahemlerrrplms aacxsﬁueddetaeﬁled%utdamrﬁecQSSeA\iEFmMe( RAM

for its primary nenory, This patent, which discloses a conventi onal
keyboard for data entrfl‘a"les’m withohighy e HIRI A BapRAt HBEeh diet famiiiar

stogage and transm ssi gy ¥ehed ta3SeHellseas an LED di spl ay and -vari ous
| nput / Qut put (1/0O connectors. U -S. Patent 3,487,731 to Frankdiscl oses a

means. of. converti.ng handwriti n@WtBO@Wapamgrtedhmalctgheem bhezae@etofmeet the
corrpui\e/r system _The xdé glrgmen d °¥e&| on_is. on gﬁltt

mat chi-ng and does not € any Coi At Egrsﬁt’t? SF%V"tgeb?ﬁl‘bﬁ 5@ n°(3‘°§y Pat ent
hb 11 491, 960 to BFOMﬂE§§UﬁtﬁaIuﬂ1&Hd¥§lﬁQQQﬂrements 1nclude accuracy, resolution’ and
' speed The technolog;es include mechanlcal, electrcseatzc,
electromagnetic, acoust;c, optlcal, and inertial. The deszre
in this system is to have 1ts use as similar as posslole to
writing with pen or pencil on paper. One problem is proximity
-~ a’ pen on paper only leaves a trail when'actuall§ in contact.
Many of'these'technoloQies reduire'an'additional "pen down"
- sensor wh;ch is awkward to use ‘in many commerc;al pens
kcf P Another problem is writing angle = a pen leaves the same trail
independent of wrzting angle Many of these technologzes have -
'the posit;on detector d:splaced from the pen t;p, so pen angle
causes erroneous displacements.- Beyond these general problems,
each technology hasinumerous advantages and disadvantages in"
(1)-tne pen: - size,“weight, shape'andﬁwhether-it needs to'be
powered and/or wired, and (2) the:writing.surface:
: tranSparency,_smoothness, "feel", and Whetner_or not physicai
contact is needed‘(as'opposed'totpressure transmitted through

. overlaying sheets of paper). -



synbol .recognition systemin which an array of imge Points, in the formof °
a.raster .line sanpling, is converted into segnent- oriented lists -which are
fTltered and conpressed to obtain topologic features which are then '
anal yzed yth a logic tree decision nmechagism . -4- US. Patent No. _
- 4,:262; 281 to Buckle et al. discloses a handwriting recognition dévice. The
dlsclosed enbodiment is for use with a_host c¢onputer and does. not enploy

coi nci dent di-spl ay technold@fmPeF £ BELETROPRBIPY 49¥1%RH 15 VARYIRTaMYonk
~discloses a text .gidesBgndPRALat MountiNss ' 229 MAlBAt a RSk O M€ &ifcy

paper as-a nmediumfor the. entering of editing functions and requires: a~
conventional keyberfigalormagnetiapen tscAjdoitatexelectireniPatonaged means 969 to

WAng shows a dual ] evel, pattern recqgniti Th s . desi
for use with an opS |caFagﬁst§12§ﬁ’fraq% %QP&%S”%JT]SEB %‘%7 % 6£skféb’étrry et
al . discloses an g) 8t k03 COPiRubLAE M m&ewm;dtme%yaawkﬁmeyem&emwth
Wit ng stylus. The di'sclosed enbodi nent does not ‘claimto have the speed

or accuracy to enb®f¥e chafitiguyec: &9 Mﬂéﬁt%ﬁleFE%‘(ﬁgnFﬁm PAgEi $3ldmuP F i or

- art which disclos or e n d C | rge
amount s of vari ouggrf%/)ep(?;sﬂg’%@storéﬁg ?olri%i'a F}é)&ril éllingﬁ'ggi %%}4 gaflea%t’s

4,218,760 to Levysorh,dﬂl-lsi:Stél&ﬁ:rbenLaim pEsEhr3ed kbS8 mdrr Kni thé dmdiptaml ..

The Levy and Kriakides et .al . patents pertain to electronic dic- tionaries,

whi | e the Lai ne  pBReaRt BF%%I’d’ségsﬁrfpﬁb&@r%‘?ﬁ?QBF@‘t%FéWs|“6‘1’r°¥‘e’hﬂw&€f"t%tem '

- None of these devigas.4i fchOSQ {DQ 4192 0lxed 1h el t 80 NRWE thd akhS. -
‘Patents 4,071, 691, 4,129,747, 4, 8,539, 4, 293, 734, 4, 302 011, 4, 353, 552, _

4,371,746 and 4, 48091k tnoaIWI 1 Ralnilﬁapperdev}ps. \)mwpees. Figielsodst Grllow new

hi h t t ouch di scl Th ferred '.
B 4 Y ey L e 2L e I A

resolution to allow handw i te3.Chadeitt 8f0T6560gNid AglirdVidnelestnis ady} are
desi gned for ot her purposes. U.S. -Patent 4,318,096 to .Pepper o/
_ collection system- is disclosed which employs a solid state Ran-

14
) dom Access Memory (RAM) for its primary memory This. patent
- which discloses a conventional keyhoard for data entry, is'dia_ln
rected'to.a'hand-held portable-data-storage'and transmission
system, as well as an LED display and various Input/Output -
(I/O) connectors R _ _

- U S. Patent 3, 487, 731 to Frank discloses a means of
"converting handwriting into: character data through ‘the use. of a
| computer system ~ The disclosed invention is based on matrix -‘
g'pattern matching and does not employ any co;ncident display __\—) _'

e technology ‘ ' -
| vU.s. Patent No. 4, 491,960 to Brown shows a handwritten
' symbol'recognition system in which an array of imageuPoints, in _;
the £orm of a raster line- sampling, ‘is converted into segment-
) oriented lists which are £iltered and compressed to- obtain

:topologic features which are then analyzed wzth a logic tree

decision mechanism.



-5: tedaches the use of a conductive stylus. The '096 patent pertains to
gr aphi c_ deS| gn and allows lLine width and line intensity to vary by applying
pressure_ ‘on the stylus with the results displayed on a conventional CRT
screen. Patent 3,699,439 to Turner and U.S. Patent 4,055,726 to
Turner et aI gcl oses two methods for el ectreni e position sensing through
the use of a probe ‘The invention in its various aspects is defined in the

appended clai ms to. which referepoe shemldnaow b npsle. toAB,pg,g]f e%_eeaq discloses

enbodi ment of the invention which is described in’nore deta
reference t-0 the draw ﬁgbamnpttmgeaomuue deevybear dihes i sxlwped cimbsyishe™ is
whi ch has the ability to _recognjse and di sg y Handwitten %nbol and

cause. \the conputer to &PEPTSy VEDht® &FRBSCTPUHE, 2PR YRRS pej e 6%@&&?&““‘: '

editing functions pur su@gg,latyotggl,,{dleg Synbol s, qui ckly, easily and at -
reasonabl e cost. This preferred enbodl ment includes a conput er- housing with

a flat display panel on which aULFsePaha)t Now | 4.#75wR3% ta Vary[Rasmsdonk hasclaa'ses
capabllltytorecognlse dwr IenSansvvr tter he_ pa
S e aPRaT &y ifites T3 AP Gebga i he wre of

Styl'us and convert thefh 9" di Spra

Editing Functions wi t hpkgés usgas)@mmnsmzakhevuﬁﬁarangndy Bty E@CdHiba8! and
conpl exi ty for the ‘user. Once the keyboardl.ess, portable conputer is

| oaded with the desi reHeWWHat?WeaﬁtP’&ﬂpFﬂP&PFén@rséf’FmPé‘tt#fﬁf efnke*¥ton
and software can be used and reﬁ%"”?ﬁ@e&@d"%ﬂ‘%‘é& {gqﬁlnrlgkgovgkglééaloievelr
he

know edge reI ated to state-of e-art conplier's or. ot ta source
ease- of -use of the |nppattmhmed:maytmbntdwete:p.parrau@ysmhaimmsimdﬂfbhﬂge '
of the conputer for keyboard oriented individuals. Its portability also’

allgws it to be used i 15D A% CREI s IBMFU®ERti ngs in which portabl e

keyboard computers are awkward,yd.f bhestld 40824 @39556 Rla2tiOodiSG et al. discloses -
For exarple, a multiplicity of -6- bl ank, ful ly or partly.compl<eted -

f orns \u@y be stored i nanhelmreampéccom;snethrem;)sglay IandaertMpsysaﬂe;n with
"sheets" of patient dat L2, ean be 1store,gl_rl| c%angrrt)?gtﬂ% ng ar t bl ﬁ‘lm to
conputer, called up by "5 Fih%s 8" 48 % he T HUFS &S TRICE s S TR A “Fef v ant
A have the speed or accuracy to enable handur;tten character
recognltlon .
| Add;t;onal prlor art whlch dlscloses portable elec-
tronic devzces that prov1de large amounts of various types of
_Istored 1n£crmatzon 1nclude U S. Patents 4,218,760 to Levy,
4,4115,486. to La;ne,-and 3 932 859 to Kr1akide _3 _l. The
Levy and_Kr;ak;des et al. patents pertain to eleetronic_dic-'
tionaties, while the Laine patent d;scloses'a programmable
televisien reminderISystem None of these devices disclose the
“use of a handwr;tten input o ' |
In U.S. Patents 4 071 691 4,129,747, 4,198,539,
4,293,734, 4,302, 011 4,353, 552 4,371,746 and 4,430,917 to
' W1111am Pepper, Jr. var;ous.methods'or machlne-human interfaces_'
dsing fihgef touch afe.disclesed The preferred'embodiments in"-
each of these invent;ons lack suff;cient speed and resolutzon tc

_ allow handwr1tten character recognltlon w;th a stylus and are

designed for other purposes. U.S. Patent 4,318,096 to Pepper



data, such as bl ood pressure, tenperature, etc., can then be entered
hanually with a stylus. These corrected or expanded forns can then be
.down-1| oaded into a- central'conputer mengr ¥._ The requirenents of the . -
“position sensing.i:nput tech- .nology are accuracy (Point to Point),
~resolution (absolute position) and speed (Points per unit tine) to -
adequately define the witten Stroke for recognition analysis. For the..
recogni tion apparatus and nethods presently used, as described bel ow, the .
- present miniiumrequirenents are: accuracy of 0.125nm (0. 005 inch), '
resol ution of 0.375mm"(0.015 inch) and speed of .150 Points per second..
This accuracy allows .a 6nn1(1/4") high witing line with over 10 raM/lnput

Poi nts al ong %ef‘ﬁ 9 spr%]:ﬁs%tg ﬁkg&%t%e st gs.r_eso gyl tgg%/fkdggrtains

positioning o I's ‘on-a prese l'ay of 640
pi xels to 225mm geaphichdes)ign andThblwebtt!epENﬁl't endijdae Buepslty. §pUNAT0| nt s

For 2 rapi dly wy biiiiag! Gyt e bhomel H1aceiine iy B At RYedOén Whe

pr.esent i nventron I'ses. a transparent “I.nput-.sc user. vgrl tes-

re
al phanuneric cﬁonﬁswnéhaF%t%fSe%r sy%ol%’tﬁﬁtt%’é”rﬁ'}at t%c’?“@@ﬁr

character is rﬁeessembsesins Y &hfﬁs’tﬁhefalPQwéBosaHutw m&thodsi £6en | nput With
pen on paper. _Once the discrete al. F and ot her_characters or -

synbol s are c<ﬁ+ﬁF'é‘E°é‘i°t?f§9't PR PR e 8885 dt B Faxt or corrput-e-'r.
commands that can be disgliayedtizm tn dits- vqmlays aepecys As defiipeditinonhe hat i s

preferably bengalhydd1g: 4R 9"tk f 1d2RMlaciCERRILARGS BeldRie ver e entered.
The enmbodi ment®?8FL0 COHpri ses a pattern recognition al gorlthm whi ch al I'ows
%k}ﬁhﬁ

the translation of anyAvwﬂelfFE#chabQi’éﬂeﬂ of ayentdgrpwhidehi i80gr aphs and

scientific sy Ql:?ibe'd“h? &Qgpaléﬁ"nt g&fow with réferehBe AoDEd ideubiigs presenily
preferred enmbodi nent, eyboar dl ess _conputer is con

mani pul ati on AARPEI L85 ayﬂ&sv? CepTeBnTiesP n‘b"‘“ﬁuf?taﬁyﬁta%ﬁgyfrbg%ﬁ ts%r een and .
~associ ated el GKHiU.QEInyo ﬁémdsevmd atspd@y Cltindwri tren Mymbphe amd ¢ausgethe \o/ -

di spl ay screen ?ﬂ%/lélfglsl go;] a3nkd 3t te{mb%%aan@ iff%gpagaceé&%rxem %h?iﬁﬁe

means; artifict% n-recogdition software and editing . '
sof tware; and ﬁa.mbaionsr purEMABL gty@ﬂé#;ns symbodshaquickky, gaghlky and at. . A5

used herein, ")_l—@ar;q;%gltet gglscSynboI s’ are any synbol s ..
| . This preferred embodiment includes a computer housing with
a flat display panel on which a user may "write" with a stylus, and
_ has a capability to recogm.se Handwritten Symbols written on the
' panel with the Stylus and convert them to displayed Font Symbols,
'and/or to execute Editing Functions ‘with Editing Symbols, . o
all with a minimum of technical complexity for the user. Once the .
'keyboardless, portable computer is loaded with the desired '
: information and applications software, information and software can \v/ o
be ‘used and responded to without requiring skills or knowledge . '
related to state—of—the-art computers or other data source. The
ease—of-use of the input technology of the apparatus enhances the
utility of the computer for keyboard oriented ‘individuals.
_Its portability also allows it to be used in applications and "
settings in which portable keyboard computers are awkward, difficult
or imp,ossible _to use.. . " For example, a multiplicity of



capabl & of being handwitten and having conmunicative effect. By way of _
exanpl e, .and not limtation, nunbers, letters, "Kanji" (Japanese i deograns)
or -ot her l'anguage synbols, editing synbols and engineering, scientific,

archi tectwral @nd -mathematical synmbols are Handwitten Symbols. Cher
exanpl es of Handwritten Synbols are free-hand & awi ngs or signatures or

any other such witten informtion uniquely configured by a particular-
witer. Handwitten RABE sy aF Rerithe| wrneleted ifegnSyrayobs ftdakiinod the

bel ow). As used herei n,.+ER0L - " are cogputer-geperated sygbols which
are displayed in a pppeo étgg?%i%gp%’ﬁ{“e ‘(’:’)r‘{‘r"aalt.ﬁ.rH aB?“’\fgi/Q%T’ eﬁﬁ?ﬁ)%e'ﬁﬁfﬁéfn?- |

limtation; al phanunerdazasyaiales stasedhen My mSnobPoF ens! pdirSbRY @empiter,
nunerots font formats. Japanese or Chinese "ideograns"” may al so be Font .
Synbol s, as may be endidte&fli ¥Ry bYsinunses pe theapprsrampkes roupdsandcretevansr

ot her such characters.gatQt hgice%a i . s, jJicl ude any farm
whi ch can be stored and di spl ayed yO%g g%err%&?éf,Séléﬁgg,gtdé%drg\ﬁ'dgco? 2ape

or a house. As used hemgiemed awanukliiy iwigh Syrseglls. i Thasewskpbcfeioh @ftpaded
caret, horizontal line, short vertical line, long vertical line, etc.)

which is intended, whéPTPEcTYhiTDEY Pa GorB0adefeinto 8 FARTEEL GATDUERE REBOBY-
particul ar' Editing Function (dehinaghlebmies SEChe2Sot{tSQR! ( t _
delete text (horizontal .= -8- line) del.eteéa | et teerﬁo'%gﬁorts'%/rg%hgcg@"ﬁ %ee_ h _
or nove a nargi n (| ongotepyiare at¢yracy {Reilntsto Pdiaw)r emsedetia i(wiesolute -

operatfon, ‘such a5 by My BTV ERARRTR PG IR e| PH CALF crfmepnEb AepRiely desine

operation, such as by “‘way exanple an
del ete text, nove textthandrstdeat St+@ E6XirecognitionSeREL yihkMarBsELL i N
Funetions are |listed towards the end of the description below The - S
preferred enbodi ment d®C8IREHIBarRREESUE ANy me LA BFesanflEgntsdd. | anclesbeibed
descrijbed that includes,a.tr.ans ' ] _ Ssgreen that generates o

posi t ehal i nformati o%él en t@%n?gécs%gg Jﬁi}&g&sﬂt %%ug,regﬁ sagaﬁ's‘pla&f“’s'%‘f%@ﬁ :
mount ed physi cal | y -bgloou2stme (00pes ineh PLresul idhabs 20 F18mACIElo16&tcH)Sana

di spl ayed can be seen bel ow the input screen. The systemincludes a
conput er progranmed t 5P%8rAHi 1°8 Bointsresiserddal | AMisr anTiaon aitkave aSEmokgs") t 0

cal cul ate Stroke high wiiting line with over 10 raw input Poirits alofig a Stroke of a small
‘letter. ' The resolution .p_zuvides' positioning of the symbol to within two
 pixels on a present display of 640 pixels t§ 225nn.f9 inches). ihe o
speed permits_about 50 raw.input foints for a rapidly writtep
‘single letter (1/3 second).
One'embodiment.of thé present invention comprises a-
transpareht-input screen.. As the user_writes'#lphanumeric'or
'fifpther'characpers df symﬁols_on'the inpﬁg,screen, the character
*is~ﬁeprésgnted“as a sfream of Points eﬁulatiné_writien;iﬁpﬁf
i with pen.bn.bﬁper. Once the discrete alphanumeric and other.:'
characters or symbols are compléte,.they are-tfanslated into com-
'puterfﬁext §£ computer commands thaf'éan Se_displayed on a dis-
"pléy'scréen at:a'location_that_is_pfeferably beneafh the area
on_the inpﬁt,screen where'they.wére entered. Thé.embodiment
alsO“comprises a patté:n reéognition algofithm which.allows tﬁe
" translation of'anyiwrit£en character'or-symhol, such as

ideoéraphs ahd SCieptific_symbols; into-compﬁter text.



characteristics, and then conpare the Stroke characteristics with those
“stored in a dat abase i'n order to recognise the synbol drawn by the stylus.
~Key features of the. systemare: (A t ranspar ent position sensing -~
.sgbsys(ge (B) underlying display on which to mimic drawi ng of -sensed
positions and to show characters or syobpls; (C) neans to convert sensed
positions fi rst into pl otted Poi nts ‘and-then into recogni sed characters or

. synbol's; and (D) nmeans to "learn" to associ at ensanpefeicipui, RResthons with
a character or synbol.  The apparatus.can _be housed in a portable unit

_ having di mensi BREEeRFetoeBIRAMMERBO AMKBYLORTSHASH CORBBARY (ME6COR=16" x 4™) and
“a weight of upgg,abput Zf%yi%n( lﬁd%‘éﬁ%%de‘%w 16in %mt'i%;i‘ed '

‘power supply. -9- . Bri tion of t aw ngs e pre erre
enbodi nent of tplaeentl\mnbhosnmalni a:lma asseciaﬁeedelecmwcsiqsmcledbzyvemaynof
.exanmple with reference to t he draw ngs, in which 1 is.a schematic

system bl ock di®QgFStHms &nZ%r?‘Bﬁal?@r}Frgfr tdr’répb?%sséﬁ?g’l‘n\ﬁeﬁttiybﬁs fery. 2 is -a _

perspective Vi eWepy dd@abQUS] Bd EPHREBLEY ahbes%'i;@tb%s ebeppiilgapf the
system Fig. 2Ais an enl arged portion of Fig. 2, with parts removed.to °

show t he posit mngllirqalnae/mm:lqrp tstogeéhidmh ot turrie an@mdmneespf&ndre,he T
di spl ay screen. schenat.ic dia t vi ew of the input -

screen, stylus®® ng %1%555?61‘3"@3 F%%"ie%nf"&‘g %g%m f& f&23%% overal |l .schematic

- system bl ock di agr am of aghgsepBaeairis "ﬁand@ikeyxb@mbws el Ly GIRBYL£r
system according to the present invention;, Fig. 5 is . a schematic block

di agr am depi-ct |°H§a¥'1fﬁ3 qiﬁobemmmwif(}a{’aaw PRVING Ifommyai cARiRRtESeSEI T i ed by—
handwritten cha 5{ ierFEjl gg? E&&afgohs rgzgibgygrallt tt§y§t em bl ock -
g - sof a

di.agram depi ct i hier ar ch ware used to operate the system \J
Fig. 7is a ger'f«saj,i'ketdabhﬂe:ée duagq:&msofo:t heheharaarghege asyhbpasb| exditing.
‘recognition algorithm Fig 8A and 8B .together are a detailed bl ock

di agram of t he SYRPPES r?“F‘eEB%‘rﬂeFi”bﬁg'alsﬁ;bF‘i"?‘rﬁh"' architectural and

:mathemat*cal symbols are Handwr 1tten Symbols. . Other examples
- of - Fandwrltten SYﬂbols are’ free-hand drawings or s1gnatures or -
any other such wrltten information unlquely con£1aured by =a
'partlcular hrxter Pandwrltten Synbols may also 1ncluae '
. det;ng Symbols (defined below)

' As used here;n, “Font Symbols" are computer-generated _.
symbols which are displayed ‘in a predetermlned font format. _Bg;
Qafiof.example'and not limitatién;'alphanumeric symbols may be |
FontTSymbols'aﬁd displayed in numerous font formats.:-Japanese; Q_) -
‘or Chinese fideogramsﬁ may also be Font Symbols, as-may be -
'enqineering, scientific,'mafhe@e:icalL;architectural br other
such chsrecters " Other exsmples of Font Syﬁbdls'inslude any —
form which can be’ stored and displayed by a computery e.g. , a
drawing of a car or a house. R

As used herein, an “Ed1t1ng Symbol" is a symbol (such
as a caret hcrizontal l;ne, short vertical . lxne, long vertical
-line, etc.) which is 1ntended when :ecognized to cause the___
csmputer'tOQexecute a particular Editing Funetion-(defined

below), such as insert test‘(garet), delete text (horizontal



Fig. 9iis a schematic bl ock diagramof the Stroke characterization

subrout.i ne. ' F_i g- 10 is a top plan view of a screen illustrating the
“inpitializing" of the database for Handw i tten gyrrbol s. Figs. 11A through
111- are a series of top plan-views of screens depl cting the operation of a
text editing system . ( J - 10- Figs. 12A
t hrough 12G are a seri.es of top pI an vi ews of screens depi cting the
operation of a data entry system Fig. 13 is a generalized bl ock di agram of
the Linus Editor. Detailed Description of the Preferred Enbodiments: Wth
reference now to the figures, V\:heI’EI n l.ike nuner- als indicate like- _
el ement s t hr oughout e\’s i ews nd._in w th reference
Fig. I—an overall #%’82 ‘ge 8 ?aam i’ f)% FEpTS etg:ﬁ id@r "FE &R, "% eyBo%ﬁr&I 8 glong
entry corrput er syst emrtOcdls ltepi,ctedist dtfewcraprkedntacive ekamplegstemis .
encased in a housing 12 | nduggtety AN kol pd RoMARARleddeREs o Bie

i ncludes a con- venti onal gener al” pur pose: m croconp

described in great eredd&ing [oPpeatdpppsnety as Pﬁmﬂ? phfexenRle Gﬁdl@tp%‘v’ﬁ‘ﬂéaﬁ’o

m croconputer 14 by figkktiscek, d@!'fl'eEé NG@xt 0ok éé:&gaﬁu s'uB@&!ItuS@r@&B. 18.  Ssome "
Stylus 16 (Fig. 2) is connected to the corrput LF}‘O wih wire 17

(Fig. 2). As styluPrigaryyfditiog Eypotipes acg, eiSt 8l ?‘ldy°8fthe

| ocat i ng signals repesgendtdbhvselol. a plurality of correspondl ng positional

coordinates are transii tted kg, i LQUPULShddhe oM OLOROUMM Bl L BPSolER0:

programed i n accordance wt nputer program cri ereln
recogni ze the streamystenodadi nrgv bﬁ ghﬁlcsibﬁdd*‘-h% Enqpiudes he SEansRATaNE fingugy

conput er menory. T%reépwham@qemgsosm%ﬂl Jiﬁfamaqwﬁ mabde&n@acced by &
corxespondi ng pluralit ghals to a displ aY SCreen

"o |
i nput - screen 18 and %Y ﬁﬁFaf“‘gcﬁ' ééﬁplziy sfEeefeneuntpd Phyal caldar B‘?l‘ii’efléﬁ Iinp“t

her ei nbel ow. Referrisiges®uch thag. a Thatiieter tEatSlil@WIls@lﬁﬁEch&ﬂ:theV@eeﬂ beldf the
keybo&pdl ess conputer system 10 ertinrg %‘%‘“ Satures, of_ the Jresen
r 10"

i nvention.” - Keyboar di?®85 *E5fbut e e(s)n CEPHST PHOBIGUST n5°12 |
which is a rect angulmpébeltheatbsdaﬁomg Ihmﬁnmgtiapnsi-mattaiqsssm aglcudate) §tiroke .

a multi-line, . solid éﬂéqggieristics, and then compare the S;rokg characteristics w1th
those sﬁoréd in a database in order to recognise the symbol drawn_by_
'n-_ the stylus. - Key features of the system are: (A) transparent'
| position sensing subsystem; j(B) underiying:diéplay on which: to
mimic ‘drawing of sensed positions and to show characters or syﬁbois;
| (C) means to convert sensed positions'fifst into plotted Points and
then ian.recqgniséd charécters or symbols; and (D) means'to_
"learn" to associéte sensed input positipns with a character or
R _f ' sﬁmbol. " The épparatus can be.houséd in a portable unit having _
dimensions up to about 400mm by 400mm by 100mm (16" x 16" x 4") and
a weight of up to about 7 kilograms (15 pounds), with a self-

ontained power supply.



. _ . -11- display area 24. |nput screen 18‘_
is depicted in Fig.. 2A as be- ing positioned over display screen 20. .In
this exanpple, display screen 20 displays a plurality of horizontal Iines 25,
with thd foll owi ng i'ndicia: Name Address Biahdwitten entries are made above
each I'ine 25. .The di'stance or space between two |ines 25, denoted 26, is
used by the SYStffeleOpdUIBLL&E k:hé“xﬁ:taé}#ﬁs’ g5, and |ines 25 thenselves
serve as a reference axis or base Tirne. Below display area 24:-on top-
surface 22 is:a key input section 26 conprised of ‘a plurality of "Softkeys"
28. . Sof t keys 28 can be programed.by the .operatar, for._an urp , such as
to:enter conputer commngg_‘g R%}gﬁfér?mmgg%gﬁnﬁdggfﬁe éé‘f’%%%i%é‘ %gigre o
“store,” "recal Ipe gaBEritiRl ¢hemore hBtaddbYi Wy oBOEtdipie Wi avrbferteedwo
sw tch between different prograns or between nodes (e.g. data entry node °
and edit node). tHshevdwawiggs: kisyshdehare optional and are used to.
suppl enent the input obt a:.i.ned-l b.s EaQMﬂéttilggs&}ngmedltb%i;ec?i?gr%}nYLPS 16, used:

: . 5 oL . _

for witing innput data and3cormmands T n: i splay area So Is used to

activate the selgrleadoSnidniteys 2he phasddd Ghvermubheh 30 is positioned on the
side of housing 12 adjacent to Softkeys 28. A data ogt put aqr -peri heé‘%"lr :
connector 31 is located Git%the YhPePeriRgAtis yéewviohftei Py stde T8 een

18 can be a convgnl i.Q0ale RSk slhet st YP&HOUSELaRE €€N i N which a voltage is |
applied.to the s%&téé’ﬁ ed"bleng'sand_a s?tyl us detects the voltage at the touched
“location. The writing swRiftac2hiis antenlrsped crorthen ofi Big. t3:pMéth [Rpr§Eass,
coated with a thin, uniform. conductive | ayer. (presently, vac sited

‘i ndi um tin. oxi de¥emeVeE 19 FAPYHER® FRPLTLE oﬁ%lua%??%%‘?t.{r?lx?)%“(nng#gnsﬂog%%) are. -
used al ong the tywa.si deSedr and tHel widPRly sthéed.ef erence vol tage to W)
determne the "X" coordi nates- of the stylus gos’i tion and horizontal bus

bars. or Conducting . Fig. 3 is a.schemgt;g. iagrammatic view of the input

screen,_stflus"aqd.aéso;iatédfélectrohics; ”.. _
! 'Fig(lé is:an pverall'é;hématic systeﬁ block diagram éf -
thé-appafétusiqf;a keyboafdleés'enffj coﬁputér systém accbrding
: to.fhe.ﬁreséntuinvention; .'_ ; ' _
o ._ Fig..s is a schematiczﬁiock diagrém‘depicting‘thg'mové-
.f_meht'éf_dafa'within ﬁheléystem.when modified'ﬁy handWrittep char{_
acter# éndlﬁommands;i
| - Q:Figu 6 is an ovérall.s§stem'block-diagram deﬁicfing
"tﬁé hiefa#chfgdf software used toiop%ratg the éystem;_ | -
| . 'Fig. 7 is a Qeneralizéd‘bléckidiagfam_of the characté;\?J
':@;faﬁd'§a££§rp':écogﬁition algorithm. o o _ | -
-i.. _..Figs; 8# aﬁd 8B togethgr.ére_a détailéd block diﬁqra@
. of the ﬁattern'recognition algorithm. | _. .
. ' Eig.'glis a.schématic block diagram of the Stroke .
'charactér;zatidn subroutine. | .' _
2 . Fig. .10 is a top flah_viéw.of a screen illﬁstra;iné,
the "ihitializing"'of the database for ﬁandw:;tten'Symbols.;.}
N Figs. liA thr§ugﬁ'liI are a series of top pian views

of screens depicting the operation of a text editing_system._'



stripsg¢(not shown) are used al ong the bottomand top to apply the reference

voltage to determ ne the "Y' coordinates of the stylus position. In this
enbodlnent Klus 16 is nerely an electric probe that, when physically in
contact with the conductive |ayer, detects the-lpgad voltage at the Point

of contact which will vary with the distance from the conducting stri ps or
bus bars, Wth the.origin at {he,fonsk Glrodoh!28°a2PR 1:SRL{HDe LS hanvsevs
coordi nates are i nver sel y proportional to the inpressed voltage. Sty Jlé"
nust make -good contact of os¢Heshei ¢epizdiing Fhecepertadnon ¢hat damledti-pvuyrsteine
vol t age detected, and thus add an € eous di stanc increnent.
presently. preferred enbodi ment, ? 3‘%t @raaﬁﬁfl?’éaltlfﬁ |l§l°ﬁg et 25FAR %Iq’ﬁgﬁl’f"?
conducted fromthe pengabesigh a WI re, such as wire 17'in fFig. 2, to an
anal og to-digital converter for-use.in the conputati ons descri bed bel ow.
The stylus may be a ch%r ged " as descrl bed here| n, a I|_ht pen as i s
wel'l known in the art, 28F2%ed H , SAERROEIIENESL | | ne
Hand- written Synbols on a screen. An exarrpl e of a conventl onal :
el ectrostati ¢ screen is discl oseikh &etbﬁezﬁ‘eOﬁ@ﬂ&lattﬂ@@igﬂr&ﬁuﬁ%eﬁﬁl@@ﬁé numer=- -
patent. This resi stl ve type screen has the advantage that the interference
caused by the-user's hahl YBHEATJ RS LELBER ThroHphRYR £B8. SEUEEAL HtheWsorng in.
and vertical position §§P‘§i ak%l%o ef’é:@g‘ﬂeb&/o ?;Eerfa %l dverld fﬁcﬁ'i&gz EFE ram of
vol tage i npressed on a con- ‘ductive fayer bet ween i he' ‘pai rs of “hori zonta
and vertical bus. bars bypmaibme-eha&ae-ezm ngeyhqardxess eanty aioknpdté:zy system 10 is-
m-cro- conputer . m cr.ocont r.ol lﬁ}ﬁ( | n..ogne conmer ci.al leé avai l abl e input or

&R™ h

t ouch screen, the bus BEPE e PIYS SORRMYEEsS¥itemnt te“§?F?‘bs“’V\Fth°“smg

diodes to prevent the hoY | FAEatec lgthpss arlQWWQhE'@erﬁﬁtlyr?Jthﬁéﬂ i (h0S a con-
and vice versa. This technique is - 13--used in a commercially _
avai I ggjlne t ouch screenVF’F?)\rﬂTfFéuc#“FééhrRHrogFe§1®fltAhnm§@'PFmPWE)r héhddescrlbed _
El ogr ics of Gak R d r t o n alternate _
enbodi ment. of a“low pog\grgr g”?? |Jo%§: g%nﬂ%éll%lg%\(l)\f\'f’e &’?ﬂft ipfemRTsn 5 Provided to _.

described in greater deiétdcomphtyitiiasey %?133 16 "&i:‘Sﬂu‘ngr oxd&&r&lwhélld}gzaﬁut

XY p05|t|on on an electrically resistive QI ate 34. A stylus
_ screen 18 Stylus 16 (Fig. 2) is connected to the computer of

system 10 with wire 17 (Fig. 2)f As stylus 16 "writes" on
input screen 18; a plurality of locating signals representative
of a p ural;ty or corresponding posltzonal coordlnates are
transmitted to m;crocomputer.14. hzcrocomputer 14 has been .
. programned in accordancevwith.a combuter program described' .
hereinbelow; to reCogn ze: the stream of locating signals and to
&./__. . _.-'“fl store these szgnals in a computer memory. The progranmed
ﬂ | microcomputer-14 also provides a_ corresponding plurality of
. display signals to a display'screen 20. ' Both input screen 18
.and- dlsplay screen 20 are described in greater deta11
here;nbelow _ | _
Referring now to Fig 2, there is shown a perspectxve-'
' v;ew of keyboardless computer system 10 embodying the features
~of the present invention. Keyboardlessﬁcomputer system 10 is com-
tained'im-houSioo.12,'which is a rectenoular enclosed casing

having a sioped-top sgrface_zz_with a mu;ti-lihe, solid state



35 containing a voltage source, such as battery 36 or a voltage transnitted
to stylus 35 from an external source such as the 'sys- tem power supply IS
‘used to,ouch screen-34 and apply a vol tage at the t ouched. position.® Wen .
‘the touched position is charged by stylus 35 with a positive voltage Wwith -
respect to a plurality of plate nmeasurenent Poi nts 37, the vol t ages at -the
Points will varyigpiay mreadst aiBeuE ForRen JéniposRicsed hERIas2hdsi Pon
[err] indicatedat € I a gyent i;al R3S i X
and Y directi ongnﬂyg%%ﬁtﬁéng‘?)n?/%%t ?g%iiyrr%%rég gﬁch Iéaks%?scl ogféggl r?mts%% '
af orement i oned pckeen @t dpebEAiisSa plurafigy of hhesmontalinbirerse28 wikihvehe i onal
interface/multiplexer 42. A -conventional Anal og- to-Digital converter 43 .
converts the det@éﬂ@‘ﬂ’-%l‘f‘ag@sal nto a digital signal. ‘A microcontrol | 'ev/ 44'_ ]
receives the digital signal, perfgg,q@ standard checks to insure the
signal's nunerical value is "vali gddfedsg__ 1S W ihin the possible range of-
vol t ages), and then converts the vol tages to X and Y distances in the _
manner described herein. ‘M crocontroller'44 is conventional, but. could be .
replaced by a system r i des- i i.gnal. .
representative: %?"?He&% gﬁf%é\gstg%%éi%s@et gﬂ,grr‘%;seéé?ﬁ'g%\ém 'ﬁt %gdtgi%%hgﬁt put. -
port 46. Port 4% eaacbeaea:weeﬂvmot iomed 2BS @3Rtpdr2a, iAl teednsm ti¢ \systemr 0-
controller 44 could translate Point X1, Yl to any %ts er fer- ence P0| nt,

such as a Point’ %nﬁa’%hﬁenélég"(sﬁﬁﬁce?) and ‘lingy 2 ﬂﬂeﬁ‘ﬁﬁ W AREYe %% %no
. contact by styl _U%é@egle ROSk-of iM¥Re3BiAY. any ot her position on pl ate 34; no

curréent flows and -power consunption is mninmal. An incident neasurenent  of
the voltage at the rreasurhttentdmlﬁwsaqﬁ}yzéc@ur“sys‘mﬁaﬁg farifed YoVt age at -
the positioning Poi nt and ti. I Pqi ge,exceedsd
preset “back vol tHFE® TREHE glprﬂiﬁesé c?gtl aﬁH' l‘g hg i %oﬁttglé’? t.%éach L
screens 18 and 3g;edik@fs Sdd “@nPbaigtoddariied by tﬂwbpei-aru. Eof anr perpds®, can
be transparent or -translucent and the position Point can.be nade b A4
stylus or a fingechoRst b aISEF, CRPUECE GiRTBEEEy FEPTRIGY SAPRARGR| ﬁ%"pl ng .
conduct i ve screep kegg*?aasarghe SIUTRI Cllohy, @\l R leQMCS GaBEBFor T O
Touch Technol ogy, jivhi § I nput screens -

Softkeys 28 can be used to switch between d;fferent programs or

-'between modes (e.qg. oata entry mode and edit mode). However,l
Softkeys 28 are opt;onal and are used to supplement the 1nput d
.,obtazned by handhr1t1ng the entr;es Stylus 16, used for
wr;t'ng input data and commands in dlsplay area 24, also is
used to. activate the selected Softkey 28. An ON-OFF switch 30 :f
' is posztloned on the s;de of houszng 12 adjacent to Softkeys ' L
o 28. A data output or per;pheral connector 31 is located on the \fg:
’ upper rlght side of houslng 12. _ _
" Input screen 18 can be a conventional reszstave type
' touch screen in which a voltage is applied to the screen edges
.and a stylus detects the voltage at the.touched location. The
writing surface- is a'transparent-material, typically.glass,-_:'
. coated with a tnin, uniform;'conductive'layer_(presently,
._vacuum depos;ted indium t1n oxide) Vertical bus bars or

conduct;ng strips (not shown) are useéed along the two s1des to



18 anél 33 can be a physical solid surface which is transparent, or
translucent and can be glass or plastic such as Wl ar (Reglstered
Tradenark). The surface can be coated with a conductj ve/resi stive substance
like indiumtin oxide. Qher physical surface%_ an—-use sound or

el ect romagneti c radi at.i on transm ssion fromthe t ouched . position to a

ref erence Point or Poi ntf 32‘ r}]e di stanﬁg i s .determned gnvf g,[éua time, del ay
or phase shift. Al tefRaty ST5BTe SOMERFR tPedatRFmase %ﬁ?réf‘ﬁ%treéaf’f

or geonetric surface dﬂélmdubypmt@b@qnaomm%hsl B bR o2 ceRiUceihd el d.
Position detection can be acconplished wiith electrical contact closure by
resi stive, .capacitivessfinsmdoet N’@"Ebtﬁ:ﬂq HEed radapy ethee ROEFRP Bydsm &9 apply
el ect ke or nagnetic I | R _.or _Chovay.e nn n

The advant ages of the%gwggg\%/ge?cbgpgg?‘? N ge%%ﬁeﬁm?%ptg{ rar?ﬁ%d eSv% ‘the.

ot her such screens aretylds pbbities Hi aRfs ¥rHRAMREnY, eqayrmatﬁs meab.malan
2) it elimnates distortion due to opposing parallel "bus" bars in

conventional touch sceéeflsic prgRe fhathahen H’a’ﬁﬁéﬂl%llpag@ﬁasteﬁ'ﬂﬂhoybﬂ

it ellmnatesthen e C t f
state-of-the-art touc )S%%cceké‘rﬁé[he ﬁ?ol%égd%csegh%acéé I CI en{‘ge %%fﬁeg%ltc’g%t

the screen 18 is des abhtactel eitichdwibl baryfwitghthentisghnt® srbhecthes @BRducting
resi stance to the nnvenent of. stylus 16 on the screen. If the screen were

too smooth, the styl u§*HRA Grsll"ﬁjéafﬁo &3P | SheRTigHuRE BRe BPERT Qfi voltave
control . Ref erence ‘i s BN RN ! Ankl g, Y4c%f&bxa‘ilﬁCiz%s‘i‘ﬁvé’zf!se‘iy%@clﬁorﬁi/éﬁﬂmto
bl ock di agram of the major electronic circuitry used.in the preferred

enbodi nent. of the pretbeatinpreesad Gmltmeoroétmlpl;t &6 must pakd wdes centact to

m eLoprocessor 50, interconnected to a y.. of. other ectr nic

el enents by neans-of data patn élr“gbugs*ssfaqc 6%3 ad” ??llldtl 984
whi.ch is:programred wikbeddea, ofpes &huagddaaﬂ Sfnk6wd lﬁ@tmw&aasemd adlna
bat t eky pover ed Random Access I\/Em)rg/ 56 1is connected for

bi di rectional data f)BFFtARTOYIRREISFTE M’@Péﬁ?%sioﬁ“&@gﬁwlﬁe Blp is used.
conventional singl e-chip £hghls Rl BLa Eeghrb"'ha%l?\{-{r’%ﬁrthg At EQ&? a0

execute the . fixed control prograns reS| I.ng and furt

recei ves control progwarls ir d)miamd 2, to an analog to digital converter for ‘use in . '

- the. conputatlons descr;beu below.  The stylus may be a charged
_pen_ as described herezn, a lzght pen as is well known_ln the_
art, or aﬁy-other;haﬁd-held devite thch can outline Hand-'
written-syhbols on a screen. o

_ | " An example of a conventional eiectrostatic screen is

_ disclosed'inttheuaféremeﬁtioned 4,318,096 Pepper patent. This |
resistive t&pe'Screen has thé-advantage th#t the interference
caused by the user's hand touching the screen is minimized.

Both hor;zontal and vertzcal posit;on sensing 1s pro-
“vzded by. alternately swztchlng the voltage impressed on a con-

; duct;ve layer between the_pazrs of horzzontal and vertical bus
bars by an interfacg,and.pultiplexer controlled by a micro--
computer or-micrbcontrollér; .In bne;écmmercialiy available

: input'or-tou;h.strgén? the bus bars are broken into a series of
shtrt stfipS-with'diodes:tc prevent,the.horiZOntal strips from

shorting out vertical strips and_vice versa. This technique is =~



pr ovides control signals to the other electronic elenents via bus 52..

M croprocessor 50 nmay be of the type commercially designated 280 '
(menuf actured by Zilog M croconputers of Cupertino, California), of & type .
8088 devi Q’e (manuf actured by Intel Corp. of .,Santa Cara, California) or any .
sirm |l ar-or nore powerful m.croprocessor. R&e/l 54 may be of the type 2564 or -
4764, both manufactured by Texas |nstruments of Dallas, Texas. The storage
capacity of RAM 5659% iged etarmrieisliypayaiipple eoushzeeresn £hem diogchcat i on
prograns, the opetating. Rrogr : a L di scuss el ow,. RAM
56 may be of theeg?éa{;f“l%g"%%log% %3%5%?% %%ZI\/P??/S%" gé%%%?ﬁr ??ra&?‘ REAG! '

requi.renents of RédArh6 are that i't have sufficient storage capacity and

that it require a mnimumof input power. ~ -16- A battery 58, such adwh .
~lithiumbattery, provides JRAREFIRGMoHak? Ff ot hdr BBt jeratRARMElinent of a
non-vol atile for . ; ery.nack.6 i, Ng
“the well-known r egﬁ;a%gggl'ﬁl§gg§ %Ps%gﬁé’r\’iegsﬁlﬂ-’tsut:ué%r. '?‘ogf)r%/i%%ggﬁ]%d '
various voltage | iwareaterudetadl by Inpet cddreenelEdisr ahsec felredetdrmining an

m croconputer 14. Alternately, the storage function of .RAM 56 nay be served
by a non-vol ati | eXdeRCEaEHRT O 'Fﬁq"tﬁe_F?éE"?gﬂ}lﬁoﬁ%?isf‘bYe Fliate 24i niPh GBI age,
such as an el ect r 9 LalehYn&icA3205 Pr R0 S8R0~ s A AU G I5DE Yo, BERE Iye OF
devi ces using magnetic bubbles or capacitance. State-of-the-art disk .or. .

t ape nmay. al so be tewkrigtedre®s ssyrmnge. fr@urhadtterbabldairgensuch devtlve sys-
~include . types 7110 and 7114 whi.ch, have st orage capacitjes. qf- 1 negabit .and -
4 negabits respec?f'('/@%‘?'.er Tﬁ\é\{iﬁ'a se“r?ﬁﬁu‘f"ac?t"g%éas VT n44elfn%o?‘ff])y.g veltage
Furthernore, it igtp2RSkbhénddopusetidnSi Ned tHé aPushed gosieibh iGeRavfdiach. -
i ncludes mcroprocessor 50, at |east part of ROM 54 and at |east part of

RAM 56. Al so conn¥t@ine Huyith @ PosALEIAVREEIHED WiEh zasPeAtefe ¥ace 62
whi ch provides a Lor 4 nputLing ) t i ng-d - 3 rgvi ded -
to bus 52, (usual.*y té’léégl\ﬁ%%?'g_% r{&%tsg?g%ér_}#eg?%&%g;?éﬂé%xrg?%%észg'?aa}s@édce
to RS-232-port G2pelintackiyl tvariheith chepdizressertd@hanskropbel tairementls asf
the mcroconputer 14. O f] oading data from RAM 56 can al so be done by s
microprocessor 50°P%% WAkt ernal *RBMBEER2T SPher™REAL AV YHTES RTF device, a

 NMass

sequentially-méasﬁred in the X and Y direct;ons_by using
convehﬁibﬁal.mgans, such as disclosed in fﬁe aforémeﬁtiqnedl.
7prior.art patents. In:Fiéf 3 these means are a conventiohai.“
interface/ﬁultiplexér.42. :A'conventiOnal Analog-to?Digifal
cqnvepfef 43 converts fhe detected voléages into:ajdigital'.
”s;énéi. A mic?ocontrollef 44 receives. the diqiﬁal signal, -
-performs-sténdard'checks to insure the siénal's_numefical value =
E_is ?valid” (e.q. is-within the possible fange Bf vbltages);_and‘?
fﬁén CbnvértSfthe voltagéslto X‘and Y.distances in the ﬁahner- a
.des¢ribed-ﬁerei#. Miérécontroller'44 is cénvgntibnal; but |
could bé.reﬁiaced-by a systenm coﬁpuief. Miérocohtrolier 44
.providﬁs a digital.signal ;epresentative of'the X and ¥
‘distances to measuring Pdint 38 to an ou;puf port 46. Port 46
'can'be.a cbnventional Rs.2$2'port. Alternatively, micro-_1
;ontrolier'44 could translate Point Xy, Xiltdﬂany other refer- =

ence foint,-suéh as ;'Point on base line'2$:(Fig. 2).



data st or’age device (e.g. floppy and hard disk drives) or an electronic
tel econmuni cations system' In |ike manner data can be communicated through
port 62°to a printer (not shown) fromlnterconnectl ng bus 52. Stylus 16 is
used to wite on input screen 18 and 'fo caudé the generation of X Y

coordinate information by conven- tional. touch screen interface electronics

circuitry. The coor-. di nate *hPoPRats deFe tHMRUAPRERCEIDY| 2EiNe PuRt5RosbY

control. ~ -17- use¢pyn %\éSB?rQn];pothJ{]%o§8H%r %rnaﬁf%'@ 32' ayo %Qtrrex[lélfitebgga df

a multi-line display, -- illystratively 8 ums
i nterconnected to- b@rosezszoahmmrghnaisjmphmyu nmarimaeﬁﬁ méﬂaeréuml:alasentwé

reqwrerrents for thefl gpl Fv1 r-e that it be sub- stantially flat and

suffickentl'y thin foF e PRRERSTENE RAIRER JTRY OFRRF Y HFIRS FapPRd of
the fol l owi ng: typesvoﬁ?ﬂenht‘&ﬂe\/?§§1ﬁ%ﬁn?%zﬁn‘taam%miﬂ WHdBCen P R 8GL AL
types. such as a rear-view projec emtting array of Points types"
(e.qg., electrolum nesicentvodtagqy axcweds schaesgae:) backl voilggage bl ocki ng array of
Poi nt s types. (e.g., liquid crystal displays, solid state PLTZ or _
magneto-optical). In addition, it is preferable thathaffcage sHrigude.
conpatible with inpsgriveessr kel tnfitZ@r €It GFinsONs aiih BEANSNALRDGY ,
and that both be | ow power consuning types. The X, Y coordinates are input"
to keyboardl ess conptater 3440%iigsi mvaéevéeﬁm AEESEMRAR: @t der BYARSPAGENt RF

communi cat ed Vi DUsriigaboull SHAPLOPSESOL BOMILEN £XES UGS BLOPATRLS NSO

in ROM 54 and RAM e nunber o ol N ., Sets coordi nates)
used in.defining eatingdandsritet eseSy ok edﬁet:hmgspeedtadf \wihi 6veR@pbpisg ar e

identified are inportant for practical utility. - ‘is desirable to use at.-’

| eas? about 4 Poi ntSCYRCERTE.I5CHEER et SC‘fBOaPo"'lhﬁt E°’B§r’°?ﬁth’} AdLakle SqueEh
about "100 POi nt's pegc,SR&GeNErdrd T84 &%ch‘ﬂ@ﬂdw Uhftpd TR0 . ) .1 T 1A d QcBens

noted:.that the nmore Points. per. unit |ength that are identified,. the greater:

t he aéerracy of thel&yotedd iqen Hers |pﬂ1ysngal—laﬂqdlwl$-tréncsmhsis -trizoepaeent,
mor e Points ‘being- |dentlf| id Will: %l ow vvn t he 'speed of -identification and

require more conput® TEMSFYSeRAREDr Hh ey %?sbﬁFa?&?étaxFI?u%\?é ¥ytase
achieved, based on (Hegbsrer¢dvhrademark). The

surface can be coated hzth a conduct;ve/res;st;ve substance
like indium tin ox;de. Other_physzcal surraces can use sound
"or electrcﬁagnetic radiation trahsmiSsion £rom the touched
fp051t10n to a reFerence Point or Poznts and the dlstance is
determzned by the time delay or phase sh;ft : Alternatlvely,
input screens 18 and 33 can use an ethereal or geometric o
__surface defined by ad electromagnetic, optical .or sonic field.
' Pos;t;on detection can be accomplzshed with electrical

contact closure by res1stive, capac;tive or inductive couplzng,

t.remote sensing by sonic, electrzc .or magnetic flelds or by light :

(UV IR, or mlcrchave) scarning _
: Tne advantages of the low ﬁoﬁer pcsition'sensing input
arrangement over other such screens are: . 1) it makes
) stand-by power requirements minimal, i 2) it eliminates
distortion. due- to opposzng paralleL_"bﬁe" bars in conventioaal

touch screens; and 3) when a ramped voltage is employed,

\-



aple memory and processing ability) of the conputer systemand the
r)equirement for speed of response and accuracy. For nost .-18- purposes,
standards in the range from about 4 Points per nm (100 Points per inch) and,
00 Poi nt? per seond to about 8 Points per mm (200 Points per inch) and 200
oi Nt s pe second-wi'll be suitable. It is-ai’%0 to be noted that the greater
tthe precision of the systemin identifying the X Y coordinates of each |

Poi nt the fewer the nuttberelimipates sheceers fro dre AvBeshirf Whilchds amrajor

ength and per segond dgeeour akgly diden Iy FopwLLGD Subel 5, Con-

versely the |less e accurac Yor & re. ne

resol ution is- needed to plmaecBefﬂ:tﬁeWaeéﬁ froterdeds the).scrkon I8 i€ ek
-edltlng synbol precisely between the two characters. ldeally,  resolut

to a single displaplpisedpcted GesP\‘ aposgh” |epgugla to eﬁé#xatﬁoaﬁarﬁﬂstuaessltm i on'
Wi thin two displ aﬁ?@' &%ﬁ&?«c' %.{L* 1@”& t%é ‘& ieap! a%s ‘@'Ekhs§4%npbé e $coo

—a 225mm (nine inc hor i zont en "SW tch

posi tioned to " powesotn)" thé rsa;ybasn@oxﬂussime ﬁBdEéaJsSlﬁCénd/&b&ﬂd aeddifficult
i croconputer 14 (Fig. 4) programmed by the operating system ‘causes a menu
to be displayed o °o‘f°§‘§|‘-’a§r screen.20 (Fig. 1). The nenu presents various.

software options. A primegyeei@htdas e nbiHddeOfo Y. hﬂﬂzicﬁx“ﬁ%i %h )
manner simlar to conventional word processing so tware with t |f erence

bei ng that handw pvémsilchnstan dlsck s%mbo#!s ozin&emaﬁandslmonm enpce:t*ad' by

th t f the t d tional keyboard. g -
yetemi o tapabl e B SRR T ERE e PP AT Bt TP PR veetr o

witer for functi gpersdenputér 14NgRMTudeNs AikrositdcRie8or NBY/E iﬁﬂdxd&\h@&f@i and. -
transl ates those synbols i-nto digital command. functi.ons. . Optionally,

Sof t keys 28 (Fi g t9)a PANFRYVE e @Ebytheasuehe Hy onhe st earRES ’Ri’hmﬁﬁesqupéﬁt%.creen _
.\M th stylus 16, FM QN Léks.% cogv é‘Lt.l ggﬁi_ J(}Q%Q’Ff&%ﬁsléw YR O a conputer
keyboard. The: sys emis. part I cul ar Use as an Interacti vesw .
~screen editor or, pbdsgi-am.—.eeemm ‘.heAf;teQIatmg and application programs and a
battery powereo \andom Access Memory (RAM) 56 is connected for
b’olrect1onal cara fth onto b"s 52 Mlcroprocessor 50 may be f
a conventlonal single-chip e;gnt-bit or.sixteen-bit device.
which'functions to execﬁte the fixed cohtrol'programs residing
in ROM .54, and farther rece;ves con rol programs from. and
provides control_slgnals to the_other electronic elements_via
bus-52._'Microprocessor'SQ.may:be-of the tyoe'commercially |
' designated ZBO_(hahufactured_by'Zilog Microcompdters of '
. -cupertino;rCaiifornia), of a type'SOéS device (magﬁfactured by
: Ihﬁel COrp; of'Santa Clara, California) oriany similar or more."
poweriuluhicroprocessor..'ROM 54 may be o: cheltype'2554 or
4764' both ﬁanufactured by rékas Instrumeﬁts of ballas, Texas.
The storage capac;ty of RAM 56 is determzned in part by the |
sizes of the applzcataon programs, the operating program and
the database AS discussed below, RAM 56 may be of the static - -
' SRAM-or'dynamicﬂDRAM type. TheﬂPrimary requzrements of RAM 56
are thatiit'ﬁaversufficientrstorage Capacity-and rhat'itV o

require a minimum of input power:



-219-f witer retrieves a docunent by (for exanple) touching the displayed
nang of an existing file with the stylus or by witing the nane of the file
on the screen, all usual editing functions can be perforned with stylus '
enty. Wien(t he user wishes to change a displayed-character or synbol, he. -
may {sinply wite over the displayed charact e'r'_1 r-synbol and as descri bed

her ¢i nbel ow the pattern recognition algorithmwll translate the witten
entfy into conputer text.. Fdt PSEEeTN &F. t$HEheaPt? gt RATESTY | BRRVIISSt to
be ¢limnated by si i NG 2, i101e L i d,a, [ I
synpol- may be. used P%é‘g%‘gﬁgg‘ 1 éagpggafn %ﬁ%ﬁjﬁ% e to%{g hré@x?ﬁ'gg??{%r#oggg e}l&%;‘gﬁ%
i nsert -node,  di'spl aypeticgenc2tipeovixieateeh)i paokrd0 spateinioy the wglbfknown
hanphw/i tt en. characters or synmbols which are inserted in the text after the-
Poi nt “where a caret GRPAFFPERYH t¥Res ofeRettaniepel hnfed & REPVI IR tHPataTigUS
brackets or- other usgsrdehi Deskidelidiir@hSo ARGl i s0dA%AIC MY AZRLHToMOT d
and witing a caret or other user-defined synbol in"the area of the text 'in .
whi ch the user w she$cideiosputedredtal to appear. New mar.gi ns can-be set by

drawi ng vertical Iines down the side of the displayed text. he new
mar gi ns shoul d appear.' The AGeEng NS RAPES Feogtio oENel k2. P BY o
docunments to be. creabgslddypgi dRloh-wo1dtiNg ddnder il reiiieksndpove for main-

screen. Al'l documents can be stored, changed and conmmuni cated .in the nmanner
in which these functtaimingr stexagenpsicihed o edeetrpndgel bharasehle greceaRriPng

systemwi th the difference,that e >t i QA -age Lshe ' e
handwritten. Editing gf/?f"‘nmo sleorﬁe“f_c’%g f%ﬁ%#g ’al--q' ég‘?%c:er? g%ﬁg@%gﬂ%ég’gﬁ%&#@s °F
Sof tkeys with the StyhpecitaRbe. CERROSIdfethedrtt biisk pirotame thagnall it beegseian
be_subsequent |y of fl oaded through the RS 232 port 62 (Fig., 4) to another :
conputer, a sinilar §eViMags sFPESfer rmatitalte HyRbhe MeRGTARAVEESDINCIEAT divRGS

dev!'C.G’ into a p_l’i nt 9il@ranhh5ﬂigb:h§cﬁ QJa%QOMl;QaéiﬁQ§t§¥§ton mega‘bigoaﬁd hn
addivyjon to these nmajor operating nodes, a nunber of ancillary elenments and

features a_dd to theg meti‘:iittys'gésndqeisqm.gmso,th ‘are manufacyunednientritehaforp.).
al phanuner 10 keyboar g (NQmShOMM SOUADLES & Lul'a 38hofd 8Y5-SR0 Dhrcuse
o - chip which includes microprocessor 50, at least part of ROM 54

. and at.leagt part of ﬁAM 56.

Alsd'connected to bus 52 ié an EIA RS-232 seriai'intgr-
£acé 62 wLich provides a means for inputting and'outputting dﬁta.

_ Data is provided to.bus_sz; (usually to RAM 565 Sy ;hterconnéctp
ing an ektefnalidata sourﬁg':eIRs-zﬁz port 62 di:ectiy.to the

'7microprocessor-50 ﬁnd bﬁhgr elements of the microcomputer 14.1

. Offloading data from RAM 56 can also be done by microprocessor -

- 50 to an external éomputér, other dat# qgthgring device, a mass
data stprage device (é;gw floppy and hard d1sk drivés) or an'.

. electronic telecommunications system. In like manner data can._
be céﬁmuﬁitéted,through_port 62 to a brinter (not shown) from
interconnecting bus 52. - N

| SﬁYlus'leiis used'ﬁo write on input screen 18 and to
causé the generation-éf-x,Y éoordinatg-informatioh by conven-
:tionﬁl-téuch screen_inteffﬁcé'électronics-éircﬁi;ry. The cdqf-

dinate information is communicated via the bus 52 for control



~ventional keyboard interface (not shown) to support the entry of :
al'phanuneric characters. An AC/ DC power connector may al so be used in

t hosé applications when portability is not needed and when needed to neet

.. the power kequirenents of screen technol ogjes such as gas plasma displays
and- el ectrol um nescent displays. |In actual 1se the keyboar dl ess - conput er

can function in an a%p.l i cation or environnment in which handwitten input
transtated into colputdr s¥&5a™ 1. (B GPLif shatesdgPyay 39 rarsisfing okl
the device can fungiQnidfe AipMaPeneahiat000¢h P EACESTUME by Us HQhediSE 1N
fields such as. sales, nursi:ng, inventory-control,” census taking, clarns -
adj usti-ng, to naneipugitezcémecsidi tto prAY521Shsough asdispiayeiatedfazenésg rﬁg’d
testing device in gducation. . Since the pattern .recognjtion Software carke -
|l earn and trahsl at gh? rﬁ‘&dﬁ'&?ﬂﬁieFe?‘é’}&’mfgﬁnfﬁﬁn%&égp Gﬁea'f-}éat\rqgt"‘. Rad®up
of a small or. |in gechigallpfeiplePRAOWRELC: SRAYAOS Fof Cudd inJARARRSEent =
Korean, and Chinese), it has particular utility for word processing and

t el ecomuni cat i onsikventhene |Thaggdbsplay ray hegefthe fpilowingatypesul arayning
"desirable to use a_single conputer _screen to. display any.nitial forns,

Font Synbol s or ot ﬁ%‘?esg'isgf) a{/r-sg % 8a5}é°d(r§dzr?’é(iu,b§ho£ ﬁ°d¥5?°e%tté'pﬁs - Taovadhe

"wi ndow' of bl ank se@aseriehes:jdatei iliGRE DMABONS aZbRy [6X POiMkd dypls :

di spl ayed and identified, and where-the Font Synbols -corresponding to the
Handwr i tten Synbol §¢#-e ebeterodirapresreat oM PLpfRa Rigcharge)used ]cieﬂ%_tvi ew t he
text being edited -he ' [ 4 r N ge,w -, SL.oni i o
movenent (if any) g’;@‘t’ﬁg‘;hg‘é a%gd%'é/lg%.g% ?ga'?l‘ll]jg%‘%{ayt)ggy?%& dl.-sggl%gs’
Figs.- 11A to 11D: solidi statatRAMIE of pragmete-optocaline $oraRiitobnt et iso be
edited and the w ndow | nL? which _new text is to be handwitten) is very
inportant to the sPRHISEA2IROTE" EBRfOEPADY SEUSTFRACIPAR EyiEt dRPUY (Fogeen 18
preferred enbodi megh difzet hichdiQuenti i and g 8¥5i 80y e That NSodiaBEWM A I RT -
of a particular user prior to actual use. For exanple, if using the Ronwd
al phabet, the twepPg=ex goneumigwstupes.-he al phabet and the numerals fromO to

9 woul d be inserted into th_lened%t,ébéa‘ésoér';ﬁ_nap%'ensctgf‘éii%'Bu%.Y@Q' s, such

keyboardless computer 14 via input screen interface electronics '

64 and Coﬁmupicaﬁgd via bus 52 to miqroprocéssor 50 which
] execuﬁés brdq:ams stored in ROM.54 and RAM 56.
| .The number of Pointé (i;g;;.sets of X, Y coordinates}
used in defining each Handwritten Symbol and the speed at which
Pqints_afg ideﬂtified are-impo:tant'for practiéaliutility. "It
~is desi:able.to ﬁse at leasf about 4 Poiﬁ£5'per ﬁillimetre (100
'Péints per‘inch)andfét leﬁst'aboﬁt_ldo Points éer second to
fti_défiﬁe Handwritten Symbols._-It:is tp be noted that the more
?;inté per-gnit length that é:e_identifigd,3the Qreaué:fhe aﬁnuaq§ )
of the system in'idéntifyigg Handﬁritﬁen symbols -f.howevef,
' more Points being idehtified'will-slow down the speed éfi
identifiéati§n §nd require more coﬁpﬁteg ﬁeméry.. Accordinély,
- a balance*will_have_to be achiéved;_based on the size (avail-
-able memory. and processing ability) of the computer system ahd

the requirement for speed of respénsg and accuracy. For most



as. per,(ods, commas, question marks, colons, sem -col ons, hyphens and the

| i ke could also be inserted. There is virtually nolimt to the

Handwri t't en Syrnbol s whi ch can be recogni zed and staored in the database. O
coursg, the conpute will have to store a suitabl¥® array of. Font Synbols for
conver|si on of the Handwitten Synbols. Different sets of Font Synbols

coul d lbe created and staegskds) LbgdaehoBNe .of the conmputer, as in
ROM chip 54. For exanple, in English I ang&%?ﬁ%gfma agﬁ’f'f) 4%8?’6"%6’%%

one (or nore) fonts of ROPiRYiGtarped dhtler andsLOC PoliftH Hee tsdadil A8 S¥HD8!Bints
and appropriate mat henB;l_j losyhol S. r_chips could have stored Font :
Symbol s for the Arabic & PV %‘%E%a%%@e%@tswﬁm,m@hibﬁ@étam. -
Koream—"Konji", symbols for userdysabeld t2Chs QNG 's, _.or. chenical o
synbol s (e g., benzene rings and the Iike). In_'lgieg.%%?%{é%eg.roefatﬁrstg;rel BEeGsion
| earning screens is-di 8pl Hiredyatrh theidemdifysnprhepx ol coordiriates 4 eAUADRS ISt
0 through 4. The conp teegewgm' Il at errpft to match the wri.ttep nunbers with
the existing database [if anyfe mf“*’eﬁ' Eonird regsied (R tkenidanti fied s unkte denoitls

no existing database oandemausecdnicts dceu2aPOLY 1@BLLIF Mkt a9+EXl %}Jm 8 .
dat abase, the-character is added to the database. - Thi,ys I -earnitn%“p ocglsss° Con

continues until all of VEF®ldl Fhmrdeser the @srumidyer Fhe nerecRains s atlth tS wpb Qldeded.
to be -22- used are entered gJj base. he system has the capa- -
bility of storing multiple Stro e-tx-igh{‘aér‘g:bclggg‘lg-‘%a’ﬁ BRETRSt SBR'ESr Beindpsrhene
used by nore than one istandedThe gexisd andeein @dPint@ywbd10kCecisely between
characterization datab setf or -éaach- user has the further advanage of naking
thuvri ting angle irref&vanf. PSR T sulffestlve sgaalaiion ity adsinallel dismay

al Mhandwriting styl espond is dsableidy badiea B, pd.d§f t handed  © .
persons. . One feature may desirably be"i ncor|52or'atglgI |t%t°%a.]t]%é-5%s|o°;i|“§fﬁ% Yighin
accormmodat e | ef t - hande®afdsplajed- bisrledipeswiFisiedhitarf ealidpBay Sid8h 640

receptdcl e (not shown)_ far.the s connect or -on either side of housing
12, so that the s:t-yI,usl'nf%lrsref)r/h @e%%%ﬁe‘@tue’% %ﬁ:gt) ROTIEFPPLAL §EaRbINg ef t - handed

persons and on the right si de MEnrév&htEhthQQgpeiFqgspéﬁitgoﬁétp ¥\ sBéwer. on",
provi des an exanpl e of the use of " S '
S the basic disp}ay mode is activated and microcomputer 14
(Fig. &) programmed by the operating sys;em, cauées a menu to
‘be qisplayed_on display scregn 20'(Fi§, i);' Th§ menu presents .
various SO£t#are_9p;ion$. A'primary:software.function, 
ﬂeditipg; fggctidns in a'hanﬁer $imi1ar to“conventionai word
Processing séftwa;e with the différeﬁce béihg that handwritten
charécte;s, symbols-gﬁd:comméhdé are ihfefpfeted'by the system
as if th_ey wé_fe- entered ffo_m'a cohvenfion.all}lteyboard. The B
: system is'capab1e_of leafning thé editiﬁg symbols used by é
:parti;ular writgr for"functions such as;indent, insert, éelete;
move and_rgformat and ffansiates those symbols inté digital
command  functions. Opﬁionﬁlly,:Softkeys 28 (Fig. 2), activated |
by ;ouéhing'those areés-on the input screen with styluszls;
| function like conventional hard fﬁnction keys on a.cémpﬁter'
keyboérd. | | | |
~ The s&sfem iS partiéularly adapted for use

as an interactive screen editor or word:processor. After a



"Softkeys". I'n addition to the input line, a variety of Softkeys appear.
Each Soft key corresponds to a function that can be performed by the system
l-n-order to execute the funtion; the user nerely touches the indicated
Peint w (h t he pen. -~ The Softkey will then appear in reverse video and the
selected\function i.s perfornmed. There. ar¥ funer ous advant ages to Softkeys -
over traditional function keys. Some of the nore significant of these are
that the' user w&eépgq%hwwrsgcmn rigee ahaiblé yngicaBng esheper f or s
what function; the need f keyboard -overlays is elimnated: and different
Sof t keys can be wadplapesi habé ef @dlgg;\lsayw fide v thp et BHLUGNaF )PYat '

different Points wthin 0 res 11At d t age of
the sinpli- ficat®dht"g ﬁh\ﬁo’r‘ﬁﬂc‘] g‘cé’é%g# en%rhitﬁﬁogs)%t]ebje}‘ ﬁ;@@g{lhﬁ %_Z;é gEo‘?
Clthis invention. da.Eidhs LA Fe Pe2Poied Grtic@RyDis tetitryi s vdieapthg'e(ser The
luser of the keyboardl ess -entry system deci des that additional infornatj

needs to be addedviahes ctrcawbamne a dl%alﬂeﬁs‘é‘ﬁraﬁ%cﬂr g¥mRpl, b& By sdﬂp{‘he |
screen at the desired 031 t 2RPRE&ESived (Fi g.
11B). The text |§*r\?tht‘F a% sﬁ&ng pgétém%%l Fllggﬂlllq matcﬁgd :
(converted to- Forﬁer'émtao%) thEl&tﬂeﬂ:ﬁ))recagditﬂmnalqmmmmf(lﬂl graugi@te The

operator reconsiders the addition and draws a hori zont al Lne a;rou Qit he.
new material. (FRihg vii¥Yen eptry InfACCRTRNERY YsedfCT ﬁ‘—‘f“@p ®r1 Xt

the operator decides that rOSke tholl AaphdREghy eglyd deviBEe line
appropriate for tsngé‘f"(aar? aﬁxl"\g/.e%q{tcal I|r?e S dravvnf]on ?he screen (Fig

11H) and the mar gintroughait GEAt & ocdniventiinadt edrE(ﬂzlsgmbqlanPY e pEeEr B9 | zed _

bl ock di agram of the editing process s vided i '

descri ption of thehangegthe “RFpRLIE ﬂ‘B?%l%bgF%vﬁnsﬁl gu'r@e% 12% a@% '%PT ustrat. EJ |

how a bl ank form ppy SEW EPkedn b@spi'dvahepaddcﬁlﬁﬁ.onaﬂh@adseforoﬁnti‘ke of
€ pro

systemfirst calls up t per blank form. (Fi q‘ 12A). This ma be done
for exanple, by tmmhirhgten chpprotrrsare SEPpke 1’Fﬁea%ﬁ dRSGRETD PnEhe

information, in this . case a se _observati | tgp&é”%rt@ﬁehsiﬁ)uﬁhed
w|th the pen (Fi gte’itZB tefo.teEhn-. &Sré’aa cgget vﬁas o n xSe

moved simply by placing brackets or other user-defined

'delimiters around a disolayed phrase or word and writing a
..caret or other user-celined symbol in the area of the text in
| which the user uishes this material to appear -New margins can
be set by drawing vertical lines down the side of the displayed
'text where the new margins should appear - '
’ The basic editor software also allows ‘new documents to.
: be created by s1mply writing Handwritten Symbols on the screen. \si"
- All documents can be stored changed and communicated in the
:.manner in which these functions are accomplished on a
.conventional word process1ng system with the difference that
'these functions are accomplished with handwritten Editing
. Symbols on the (optional) screen or by touching the Softkeys
' w1th the stylus ' The composite text thus produced and stored
can be subsequently o££loaded through the RS 232 port 62 (Fig
4) to another computer, a similar dev1ce. an external data
' qathering deVice or recording dev:ce, into a printer or through

a te_]_.ecommuni cat_i ons system.



dési réfd_ l'ocation is highlighted, a " ndow' appears di r.éct ly below the
spacef where the observation is to be recorded (Fig. 12C). The nurse then
touches the pen on the match box which appears highlighted (Fig. 12D). The
sof twar e. t hen (mat ches the handwitten input to éhe"ﬁ"_(':o_.r respondi ng Font
Synbo} s and di splayes the result (Fig. 12E). Y “t here is an accurate.
mat chl, the "insert" block is touched (Fig. 12F), and the new observation is
added to the patient's records [PFrEditipE) to thepe mrdohaspesatisg tlo@as) Ya number.
appl ifcabl e to a wde vaf gty fry D forms", ip which data is inserted .
intoja formor corrected. For .ré'xarr%fbefs_i ?nrgégﬁfg“-rﬁ«? 89ROt BPE dYidEEY @F the
updatie financial inforspeteon in a spreadsiifienPi&@iaBlphanumerid Re{board (not
i nforiiet i on - 24 - can be recorded-in the same manner. The .reason Fof
using a bl ack backgr outitf¥BACWALRINRA. fukh et o9t kexs manl he errnmectied-dnt a con-
Symbols is to facilitafeheebepkiagndla AEEL fort D8 IPYLted character.
Al though this is preferable, it Igg not essef%'glxaf)n?gn g?a‘"’&h??e“ﬁ&?ﬁ@r%&“%
black l'etters is al so fcetphatimeriThbanakitdrisy 1A ACLBRE Sode i dBRAAME 86 rahPiso
data on the same scr egl %Q.Qd iin gg si-cal bfr oxi m %ﬁ-to the text being edited
or space for data to bE I nput i PRPLTTIPRT edenrRosRbL hitva ppanctt meedédr
it permits ease and Sp@@dwhéh haEddts Lo0hed1R@hEBPRAIR! Homi rdlSn iSEE S.i2Ye May
focus on the space where the data will be inser—teeg aergl%‘.ltr%_g&a |?|%t§/°1:t n '
cont enpor aneousl y di s-tPagiagansvaicht ea Byenbdisnaaddispluyscaid @1potsk gifedtent
Synbol s nmakes it easy dtigpfgfs:,error s, when the system "m sreads" a Hand- '
witten Synbol, and then correct errors -qui-ckly and easily. Referring first -
to Fig. 5. the overall operati on sttdal uige k81 kG HOLrd 128 s PAINRL D, T &GO L4 4
sofAvare will now be described, \Wen the operating syst e.m_ntgal rs ﬁe I%Q_
‘pattern recogni- tioniPr Y SRPLIFAFIBROYT ARVHERAMEST| I WbA i rTend?i tifear fnput
nunmber *of variabl es argdagOUREE! Bnd Bobdlideaklized .-, Jhe, software then -~ . -
proceeds to decision diamond 76 _vvherg ﬁeerpkrz%)}ét?éﬁi %%%n?ﬂé?cffsﬁyyl ulligpera-
(Fig. 2) is in contactivelh theudevsceesm F8néfHicd. a2A) new T§hes ¥l &IMBLA V. AREs- -
a "pen down" signal,. as shoqm in processi rl'g box 78, as-well as the XY L
coordi nate vol tages asS Tocatig ¥i*ghll § 2148 ECPRF ed eabowssim criovenpetser
14’(lq g.4). ' co§trol, census taking, claims adjusting, to name just a few of' _
' : i;s many uses or as'a general igarning and .
testing device in education. - Sinée_the pattern rec&gniﬁion
T:software can_learn_apd:translate_into'cpmputer.fékt frém
' languages'whiqh are not_madé up of a-sméil or limited set of
"_alpbanumeric characters_(e.g;, Japanese; Korean; ana Chiﬁese),
itlhas pa;ticnlar utility for word processing and |
: telecommunications in theséllanguages._ |
_ _ _ ih_§;a¢tice, it is parti&ularly
1_de$irable to use a_;ingle computgr-screen to dispiay any initial
fo?ms, Fon; Symbolslcr other displays to be ediﬁed, an& to |
_ Create a nearby “windpw“ cf_bléﬁk-space'where H#ndwritten
Symbols ar§ to be writtgn} displayéd.and idenfified, and ﬁheté |
the Font Symbols corrésponding to the Héndwriften symbols'are
_to be displayed.' ;n this way, the user can view the text being
eﬁitgq and the pfpposed inéertfbr chénge without significant

movement'(if_any) of thé head and eyes. This is'illustratéd in



converts the X Y coordinate |ocating signals into Stroke characteristics:
usi ng programs stored in ROM 54 (Fig. 4), or a separate m croconputer can
do. the conversion, such as microcontroller 44. If.a pen down signal

recei ved(the software proceeds to proces&tmy box 80 where the indivi dual
-25- locating signals are conbined into "Strokes," a Stroke bei ng defi ned

as the Point Ioc%ggg fﬁ@gl 115)r0q+49§df aectzy_\ge{'tp' %ﬁr;_ signal .and a
a ans

pen up" signal sys emt en’ cal'culates as descri bed bel ow
for each Point, tonensépéeti rg t&er Roi bé dnicedidndl €Re fwidkolNenvs ¥neex & an
coor.di nate systemto a retational coordinate system The software next :
proceeds to pr oce%eé‘rtngs bk Pg2hangei &t¢1) d8nperc dMPPEEaDtr SRt SATPYVi ous| Y

ent ered Strokes 3G qgu rrtgg%ealé aseesysa_gg determnes .if the St rd'k-d

i's represented by Sy Nt ,-arratchlsfound(lf t he
Font Synbol represented by!nt hepﬁfreakee en&oaewg:nbzed)j,s asvemdionat ¢k i n
deci si on di amond 84, nigroprogessor 50 (Fig e‘:be)lacauses the synbol to be

sent to display SHSER Zparpsg. e han?rrdrtea? npﬁ‘i}fé‘éétrn‘b“tfo?r% ®|f a

match is not foungd.e,gh GEODr 0685 SfampPe ( Ritdus g CAY SEhad g, tohde
di spl ayed, as:i-ndicated in processi hg box 88, which requests further i hput

fromstylus on i npentgesiselet8elsticg. thg atiphabethendftmashumgralrs Embm \O Wi 2h

| t tch t , th :
Sof Lvar & .conpar eSS B ARET NG AEPCHIA SFHOE- c oS HORAGTT (VBRo G ntOF St o

data entries previdpekiodd, Okefimid) guédatAlanerks, Bofor¥,ebeniasbiorbpdi ment,
t he database is arranged into secti-ons of characters or symbols. by the

number of - St r okedhypbens®ndo thakeikeheoeithiadee &re drseyifisol . Theye HEn each
section, the ent rd:{?:%u?%f)%rn%”g?xﬁqy +3r LRDGR! d@ézéteﬁséymﬂwts altut. [ HRCe @S

explalned her ei n quently used entri se" ‘he top. of the
- dat abase. It sh(micdghe;émtaed etm:tedemrthaseatamalsle hm clansse.r ther camputer .
particular style of witing a Handwitten :Synbol and t'hat each ‘Handwr i wisen
Synbol may have A tdnBaye d’F’ 8FPTe e it VAR R T THYs Of PR e SXRRPEE SRy peopl 6.

wite the | ower casRekbidiflos’ bre UhinBUr ftin ol Ok creTORY SRt BESTRY
starting the pen on the witing tablet at a Point where they wish to place
the top Symbeols could be createo and. stored in the permanen memory o""

the computer,.as in RON ch;p 54¢. For example, in’ Enarzsh
-1ahguage usage, a'chip could contaln one (or more) fonts of

: numbers and letters, suitable’ punctuatzon symbols and '
appropr;ate mathemat;cal symbols Other chlps could have

'-stored_Font Symbols for the_Arabzc(,Cyrzllac_or Greek
alﬁhabets, Japanese, Chimese or Korean "Konji", symbois for'use
by architects or engzneers, or chem;cal symbols (e.g.. benzene
rangs and the llke)

o . In Fig. 10, One of a series of learning screehs is
dasplayed and the user is prompted to write the numbers O
through;4. The computer will attempt to match the written
numbers'with the exlsting database (if any) - If it cannot be.
matched becadse there is no existing‘database or hecauSe there
is a poor match with an ex;stzng database, the. character is- _
added to the database This. learning process continues until

all of the alphahumer;c (or'other):characters and_symbols to_he



-26- of the letter, draning a vertical line downwardly to the base line,
then without renmoving the pen fromthe paper, proceeding back up to the

m dpoi nt of the previously drawn vertical line, over.to the right and down
to the base lifie when the pen i s pi-cked up frgg t he paper.  On the other
hand, these same people may draw the upper ca$é Tetter "H' using two
Strokes They do this bé/ dr.aw r}%é_epe | eft_hand vertical |ine and

horizontal line as is doneforst ot Ehg Satgbasey - The Fysken Jwns Gbef"rit?ﬁr :
the tablet, -and then dpamitygot fh&o&hﬂ@tmmimglé/%&bﬁé'cﬂa&»Q& APRENH %at ases
di spl ays. the data of the Stroke data Points for these woﬁetters as t -
data is stored.in renofsr éﬂ?é?mﬁwavsﬁgbsb@eneg@n@r anedasey arTheneais tenne oﬁ a

t he pr\esent i nventi on. h endi x tter_"h" as drawn at -
one particular time by" ’Qf%iug‘\é? kﬁagﬁ\%ﬁe "§H%"1<€é°(’n at-a%f)sevﬁ"t%e??}‘ MgeRt Rag Hhe
= 20) and x and y coofslitheteadiRnagetsy mskins therwifi@n mmnlnra%@aé@d As a
maxi mum nor mal i zed val ues él/SOth of a.line wdth) as follows: -17 and -6;

0 and 18; -and 19 and.e¥esuidsphre  gystemy . lsff?é’araﬁleﬂeﬁs tonathdahivsittingr s§ydals
colum are the Point- RQi l,0 The val ues in
t he second verti cal co+r8il—rmga‘géeak'tiheggsr'lir?pg2 0| n ave%g é&?t’f?ﬁms One
posi ti ons above the bam'dulraeuamaesﬂl-ahnqdbé (InI:bSQoﬁteHhen&d RReW dth. A

typical line width is about | nm (0.04 |nched1) Referring nowto Fig. 6, a
sof twar e hi erarchy of [APBRF3fshS PE“IWSFate eftphanded 2o, n@b’éﬂsﬂ@éﬁﬂgp%wns-

entire -operation of cofput Latiylt em alO:e(:EanclL) ’(ndé s@a@wgpe{ogt %w;%%z&gm as

I ndi cat ed -by box 90. Applications prograns shown I n boxes
residing in RAM 56 (Figenné¥temcdnROMIEY EFig.ofAhousimd@zexeched the stylus 16

m6p0processor 50 (F| 4) under trol . of t eratin stens. Wen a
Handwritten Charact er .|a %’gq?ﬁn g%‘? 9% PRt §t§b‘?€bf°5n %ﬁ%

F?dﬁﬂ persons and.

handw iting recogniti osh saktwame 96ad Foeati@ft-nbnddd persafy.outine,
i ndi cated in box 98, encodes the X, Y coordinates into Strokes. . The

characteristics of the  -27- FSEF oK #1ap Pravitiesctn. sEamble of sty vsei ok 100. |

'f0||0“6d by~ - '"Softkeys" ' In addition to the input line, a var;ety of

Softkeys appear. zach_Softkey corresponds to a funct1on that .
can be performed'by the system. ' In order to execute the
funtlon, the user merely touches the indicated Point wzth the
pen. The Softkey will then appear in reverse vzdeo and the
selected funct;on is performed. ;here are numerous advantages
to Softkeys over.traditiohai'fudction keys. 'Some of the more
signifioant of.these are'rhat'the'ﬁser is no longer required to .
'memorize what funct;on key performs what function; the need for.
'keyboard overlays is e11m1nated and different Softkeys can be
dmade available (dxsplayed and made operat;onal) at dszerent :
Points w;thzn a program

- Figures 11a to'llI demonsfrates some of the simpli-
f;catzons in word processing made possible through the use of
this 1nvention In Eig 11A a standard screen of text is N
displayed. " The user of the keyboardless entry system deczdes

that additional_information needs to be.added and draws an



conpar i sons of the Strokes with a database that has been | oaded. from ROM 54
(Fi.g. 4) into RAM56 (Fig. 4): The corrparlson i's made by a subroutine 102.
When the operating systemis-in the "learning" node, the database is

updat ed With the new Stroke data and synhobs,.as indicated in box 104.
Sinmilarly, a previously stored docunent can be edi ted by applications

program 92 by -usj :(L% %dg%ng Lln?—l'ﬁ'p %ﬁr@é) ol bed s@éeeg%@ﬁﬁeadgrrewﬁ'o

provi des the |ns ructi ut ‘using the subroutines 98, 100 and 102
of handwiting rpmgnbm O/A paogremry2”vwiReloel rthep mppeaisso (Bidi §1BY,

operating system 90 executes the Handwiitten Ch act recog'm tion
software 96 (Fig h%)teﬁﬁ h%é)é'ﬁt“?‘?f@ 19 af FRAEYFHERSR $YBRRUi ﬁé?e%ﬁ& nts,

depi cted in box 110n.af (tikepRsatidRonE %Ll@)kj(@islzl 110)2) afid) tHeRUt SCeen
18 (Fig. 2) and encoges these Points into Strokes as depicted in box 112.

The program t henméfmadt EFigzedlEhe Sbeodxmes‘abyr seerongbdens phe adddsion sﬂ!l’éh as

consi dering the |en curva 03|t|o Qf ~the, Stro :

depi cted in box 443 L 3 ﬁ°f)’cﬁ?"%1£5 {’ﬁ’«? ’é‘fugé'o%arnlegoﬂales *Phen ?ES'LL? lf(f;%) ‘the
characterized St EQkiPs thé&ﬁ:t%ﬂ?eeﬁfse&r ofe@ag. M 1d) .t hRe£t, Rhkhepaiatabase. | iE
a sufficiently close match is found, the character is identified in box 118

and the dat abasedegidep Fha%\ﬁaépéﬂewrtlﬁht:ﬂ@néni‘ﬂﬂi&bﬁwélq PeaBo%hown in box -
120, In this way, Lheqpstedl equently 14gattiled 2988”80 in ld lene | SC” L0

the top of  the d Fhe overal | system pertormance, as rreasured in
time to find a nma&eden wshJ; hﬂm)nsﬁemdmardm s nattohatscaldly adjwstedt he user
can add to the bottom of the database, as indicated in box 122. -Wth .
reference .now to(Fgs18)and 9, a flowchart of the computer programto

recogni ze a particular Stgoks SqUUARCS)bsk gk ld2. tthraiQ@H@LH&eeagoan
begins in termnal 150 and proceeds to process the X Y voltages from:

~ processing box 152o\1oed- iRGFig.t A} ¥vl RagescHiationy qfeeha‘em\gers eappesTy
digital signal. Qgram t hen proceeds. to decision box 154 where- thd
progr am det er mi n@%r?lﬁgig ¥-the pen or stylus 16 (Fig.- 2) is out of contact
with input screén 18. Thi sqlalset FA-NRIG 9DListraBe endily abblani rerX neyl bage and
~the Y voltage being zero. [|f the program determnines that the pen i.s up,
then t he Stroke pged for a hosp1tal patient. ”he user of the svstem first
_ calls up the prooer blank forr (Flg 123). Ihls may be’ done,
-:for example, by touching an acproprlate Softkey. The area
where the 1n‘ormat1on, in thzs case a pulse observatlon, is to
be 1nserteo.1s touched with the pen (F;g 12B). After the
desired locatlon is hzghlighted, a “wzndow“-appears directly
.beloﬁ_tne space where the observation is to_be recorded (Fig. .
_12C).' The nurse then touches the'pen on the match box which = \“Jf-
'ji;.appeare hignlighted'(rig. 12D). The software tnen:matches the
handwritten input:to the corresponding FontiSYmbole,and
displayes the result (Fig. 12E).. I:lthere_ie an accurate
match, the insert" block is touched (Fig. 12F), and the ne'w
.observat1on is added to the patient [ records (Fig 12G). This
mechanxsm is clearly applicable to a w;de varzety of "blank
forms" in. whlch data is 1nserted into a form or corrected For

example, it could be used to correct or update £inanc1al

information in a-spreadsheet program, ' -Other 1nformatlon



det er gi ned as having been conpl eted and the program branches to deci sion

box 156. In decision box 156, the program determ nes whether there are

| ess than three Points in the Stroke and if so the program branches to

deci si on box @58. I'n decision box 158, the program det er m nes whet her.

there are zero Points in the Stroke. |If there are zero Points inthe
Stroke, then the program | oops back to the begizaning. of processing box 152
wher e anot her set of Points is read. |f the Point counter (incre- nented

in processing box 164gan ndi eedamiehii thiesameakankdy.e t han zero Points, the
program branches to processing box 172. In processing box 172 the Stroke is .
identified as -a dot and its h&”ghfe%’rﬂi\/é%‘ Heipgse Hlagk RagkBryunds apgd| ehijtat det-

i n preceéssing box 173 ’ 0CESH] : : t ragyp o]
processi ng box 171. HB‘\E/\I/.e{efrgg] K ?ng%%%tgg%.%?én I ig'gggescg}’vfe%,cﬁ?g%épr 0-.
gram branches to processikiggbthe 366uwdegr ef tthe ishitagdsciaracsenl edltiough this
determ ne the coordinate Paint using the following formulas: X =- [err] Y
= - [err] The constant® BFef&ripls: 4 .’é%&&?iﬁf@eﬁﬁ?%ﬁér% whh5e Rackopeyns and
m ned from calibrating;idie1bbiuds $r{1aceadegeagiparticul'ar dis- play. o
-29- Once the voltages are scal ed, the program proceeds to decision dianond '
162 where.the program det er miride abdliter té tcriestam eindeecnd Rmutt datdfansthe
done by conparing the_distance between-Poj nt.s_and. el i nj natin oi.nt . if :
Che i atanco i s o or a8 sBresh ARy FE By SLons sPotimR ey, e rtbe et PRLRG qds tea
used). On.the other banghacad £ Ahtd StoabsOiuitnifaledmpdriahe RIAES & &He0O
cl ose together. Points are presently thinned out if they are wthin about

0. 4mm (0. 015 i nches). a??r’e“ac'fgﬁpafprséﬁ RerBbE e A2ERatnde BP8ES iMoEhe (HEef pF sthe

Point is resolved by detarsg,ni ngyif,a.Roi e St he fi LSt 0 a en
is down and then that Poi r?t IS 3"3&“%\% t q-.(:%gcﬁo "\ﬁe’e&?\e%e E’g"lgcnet u\%\’,ﬁ%%%hfgs .
accepted,. assumng thaitd wall Re Bhsersced aid rthishebitaxyntonddnsémprranebul yoANs~

(0. 10<inches). 3 ' _If the.distance between Points.i's determ ned as
being" ) _ ,play Handwritten Symbols and thg corresponding Font Symbols

makes it easy to see errors,lwheﬁ_the system "misreads" a Hand-
written-sympol,,and then corré;t érrc;s quickly and easily. -
Referring;fi:st7t6 Fig. 5, the overall operation and
'functioﬁing of the paﬁtern iecogni;ion-software will now_be ;_
described. Wheﬁ tbe.operating_system calls the pattérn recogéi-
tion-progfa@, the pr9gram begins in térmiﬁal_?S where a.numbér
of vari?bles and éﬁunters'afe'initialiiéd.u The software then
prbceeds to éécision diamond 7§_where.the prqgfgm_dgtefmineslif
[stylus'ls_(Fig; 2) is in contact with input screen 18 (Fig.
ZK); The-system provides:a "pen dogn" signal, as shown in
.'ﬁfocéssiné box 78, as weil-as.the X,Y,cobr&inate voltages as
locating signals, as descfibed above. Microébmputer 14 (Fig.4).
‘converts the_X,Y_cqordinaﬁe'lédating signals intb Stréke
'characteriétics using programs stored in ROM 54 (Fig. 4), or a -
' separate microéomputer can do the conversion, such as
. mi;roéontroller.44; If a pen down signal is received, the .

software proceeds to processihg box 80 whefe the indiviaual~



oiutsi de thé two criteria, the programdrops the Point and branches back to
the top of processing box 152 to read another pair of. coordi nate Point

vol fages. On the other hand, if the Points fall within the cri- teria, the
pr-ogr am C(ﬁntl nues-to processing box 164 where a Point.counter is ' .
i ncremented to Keep track of the nunber. gfs Points. This nunber is used in . °
deci si on di anond -156, as nenti oned her ei nabove The program t hen conti nues
to -processing bo%°$6’6‘%é#@nﬂﬁeape|?ﬂ“§iaﬂé %o?%kaecorﬂdisﬁgolte)beanq one .

of a number of forylag, , Jhing ioea‘t‘:?e Qlfé: Poatc sl LoT e

d|g|t|zat|on fromerralc MOti on an £ront ¢ NoI Se.

si npl.est snoot hi ngowchnlgaue a:sa a hpeéd mpr'esfemamt average which results in
cal cul ati ng new Poi nts (x.' ) as follows: -30- n2 i/ 2 1N
i=nl And simlarly for [erF %/e mﬁe‘ﬂl@véflﬁ&aﬁ% # trpRffqrmAnas th‘scsf-hiﬂ e
et o 1S a1 ed Mafol wlga P aThed BELANGIE! AR 2300k WolbblEER M Eron
fol | owi ng fornula: pha is a wei ghting constan IS usua p05|

(and | ess than one&heaxd kast&sm useﬁh:a:'rate a’ﬁ,&temThe asuenatﬂoaas dsmtﬁibe'&n

taken with [err] nminus [err] ?% to one. A-third nethod involves what -i-s
called a spline flstys‘v'\ﬁ%rre’rhet HWEF P RANTPTURedRUEY FrOCeRTIRS PR 82 . Atexsy

the foregoing et hadgofiaitadeeRiPd:ofs S/sthoErRRbALEy UnedidLioctbkdei ng.  The -

filtering is done so as to reduce the nunmber of input Points and to space
data so that di ffacemelaa:nd/mtqangﬂetmseulaﬁ dasenramebeafm;éie at:tchnen:s

~accept abl e random error n.% rocess: of thinni ng uence of |
Poi nts by excl udi ﬁ@pfﬁséer%c?g Ya%c?gm%? sllﬂ‘bglgﬁdi@%f‘b?%? nt Ekvﬁ t’“ﬁ‘l gfm g S

di stance of "the pr@yi ewslFnecspictdréidteatdinbyberd stounsk i@ bscajhzed),
effective filter. From processing box 166, the program proceeds to : N\ .

processing box 16@suiedicathe Poidecipion dépnepd BearmigrrRyoteraeri 80 (Fig. 4)
Incremented for eqgls DEWHROL Y 16Chd i‘g;nltasg dggglgp%reen 20 (Fig. 4) as

'; 1ndicated in processino box 86 If a ‘match is not found &-;
microprocessor 50 (Fig. 4) causes ‘a message to be displayed,-as
indicated 1n proce551ﬂc box 88, which re~uescs lurcher input
from stylus on 1nput screen 18 (Fig 4) by either flashing an
‘entry which is close to a match or a non-recognition symbol.

As mentioned above, the software compares the Stroke '
characteristics of each Handwritten Symbol to data entries —
. prev;ously stored in a database In’ a preferred embodiment _
the database is arranoed into sections of characters or symbols\vj _
3by the number of Strokes needed to make ‘the character or - o :
symbol Within each section, the entries are randomly arranged

'lfat first, but after use, as explained herein, the most
frequently used entries "rise" to the top of the database 1t
should'be'noted that each user will have his or her own

-:particular style of writinq a Handwritten Symbol and that each
Handwritten Symbol may have a number of different variations

: For example,_many people write the lower case letter

-"h" using a single Stroke. They do this by_starting the pen on

the writing tablet at_a Point where they wish to place the top



siignaf . Thus, an addressable array of Points is created for. each sequence
of Points obtained froma pen down to a pen up - -31- signal. This
sequenceé of Points is called a Stroke. From processing box 168, the
program | oop back to thé top of processing box 152 where another Point is
obtai ned untit a-per- up signal ends the StroKe28In decision dianond 156, a

determ nati on was .nmad t th ner I h reg Roipts.in a
Stroke. By definiti oﬁfacli’fe ? ﬁ%@%fa?%ﬁ%?e’g or tﬁﬁ?gﬁé& nts ”ﬁ“rl%g_gf’sf(rgog’té? btaﬁg
Stroke is a line and hixe,atHeai withbéut hemevire thBrseh @romihe Paper,Sprocdddtng .
Stroke, the program branches t.o subroutine box 170. In_subroutine box 170,
di scussed in-greater BRFMP FRrPenBERANG 2h thesprerviopslidyavny verficx) ldge.
s chacacterized as {gydd $o5hAPG1BRE HSGobd 10 DR Hlbe i MebraChl fys0m
t he foregoing, the segnentation of the stream of coordinate Polnts Into a
Stroke is based pri napidkedonp thremdehe puparng onhehle thkrshahd, | shé'sep'same people
in contact with the surface of input screen 18. '"A[t.er,nativelé/, a stream of
Points can be segment B (BFaFoMif BPPOk 238N e a1 B150R9 JivReftrokes. They do

consi derations: For exgydhy S116M ng MHnd Q e 7€ HERIAL G&&%i@dl_ﬂﬁogn&h@}%éniﬂ@ine i
| ocal‘'ly cal cul ated curvature or upon a large |ocal curvature. Local :

curvature is cal cul ateel isydeohe folablye lowedi casenli" alpdnginhahe prit up from the
coordi nates divided ipta the c e {n slope.. This.produces radi.us of
curvature. - Wien the Fadiors _%’?41%8?95%:&"@“8hé‘r?gé’gg?%ﬁ‘%ﬁgyve ' f‘ﬁa?e%‘&t to

di stance al ong the.ingpen@@Rr flididpesys Ahei datahosr el Berbite Waa PAhks tdien a
segnentation Stroke is assuned to end, and a new Stroke begun. Further

segnent ati on t echni qUERSREaf"P OIFECATS tafe Tthe| 4atat | § SHPRRE MifMaRer Yrisdt At avARg
one/or - both coor di nat Eéer?@%?{}at%@%?L‘Jn"%mﬁ&&’%«%k@%ﬁ' at€?e GRET AL S5 .
t hods e 0 be less .

However, these |atter two ne ave been term ne |

effective. Characterizing a SthxsokboweduCeéspérix Seqentetwr Chbral datws at
definipg the Stroke or segment to a set of char- acteristics that are. . ..
uni que, generalized APRF M ﬁF?’@H__l_ar Ejig (y. one user has one Stroke (ns = 1) with 20

~ Points (np = 20) and.x_and y.qopfdinate characteristics for the
. minimun, mean and ﬁaximum normalized vaiues (1/80th of a line
width) as follow§: -i? ana.hé; 0 and 18; and 19 an& 60, réspec-
.tively. -The values in thg £irst vertical column are the Point=
to-Point_é;épeé,-normalized to 360°/256. The values in the
'sécohd_verti¢él}¢olnmn are the Point-to-Point average vertical
positions above_the_base line, normalized to 1/80 of the line.
width. A typical line width is about lmm (0.04 inches).
Reférring now to Fig. 6, a SO££ware hiera;chy of pro-
: grams is depﬁcﬁed.:rAt.the-top, overseeing the enti:e operation
of‘computer.systeﬁ iO'(Fig, 1), is an operating system as
indicated by box 90.  App1icéti9ns prog:aﬁé shown ih boxes 92.
and 94, residing in RAM 56_(Fig.”4) and Roﬁ S4 (F191 4) can be
executed by micropfécessor 50_(Eig. 4) under control of the
oégrating éystéms. ‘Whén a Handwritten Character is required or
is indicated b? an interrupt, handwriting :ecognition'séftwaré
96 is céi;ed. A first subroutine, indicated in box 98, encodes

‘the X.Y_coqrdinafes_into Strokes. The characteristics of the



-{32 - ness refers to both factors that the same characteristics are
generated by the sane coordinates and that the characteristics are
sufficient to regenerate an appr oxi mati on- to the original coordinate o
sequence. g The term "generalized" is used to nean that the characterization

i s invariant under such transformations so #Rat 'the synbols-are invariant -
(e.g., translation and scaling or stretching of: small _tilt). The scaling of

B al | d| stances is §E’é‘8'r?ﬁl F§?\éﬂ‘°ﬁydf%ﬂ€ieﬁgb& argppﬁoqﬁmphp%fg é‘h‘t‘,%dlb@ a .

thefollowlngfeatures (1) Stroke posrtlon -one or nore

centrqi d/ aver age, feont e‘ma B4t (Eige &) :huegrkmi 156 eml; erdli ng.‘hléocm;sanieberia ned
relative to the wi |n% entry line, ‘previous Strokes, or to charact &’
extent or center; “‘f‘% Sfr BEEFORRARS 1O 2 - cHEeRc £h¢ i PEFABAFD AESEEM iy &R othe

~average sl ope, Ch&f.‘é&‘w'*ﬁ 8l R, (Whi rthBase TRAGHA A wAMLRAGCRGHISERLKY ©)
and/ or a change in curvature by sequence of .sl opes over specific Iength _

segnment s .or- over ﬁam:taménaimbcéﬁgt as mdncmedalgrm IQéscrﬁipu-ﬂ-enlnf al i near
direction or circul ar. conpl et nd o ng, di r ecti,on And Stroke
|l ength as char actgf?‘?‘@d‘sgg %ﬁ°§t gng c"ﬂ\egﬁ ?’ﬁ? cf’\%’ a%%l/a(??l?%%‘)"é%& Fent |
extrenum al ong t hgré@amdbpase usifbedBit! nuz&rﬁoanwwsrreﬂnaf byhendrlopsentor,
i nvention, position-.ing by centroid, extent extremum and starting and

“endi ng cqor di nat e¥hPRrEVHERH “‘é”&céé%%‘i“mtwn%%dmp%és&? Ghke sphyrutiges =
encoded as a sequggcem%f e n‘éﬁ'&'g’cﬁ@ rggg#igqggr%ro%%lg; to Stroke

centroid). The Siroke I engt | can e approxi nmat e ‘of filtered
Points. Alternatively, - Re&r;hbmavenaga:ocawatMrepeﬂnho syuchedoi n

total slope change_{along with length), change in starting to, ending sl open/
or fitting the sl &ptd-afdl BT EssFeAGRrAvTATE FRATarses ’i:?%"@ﬁhﬁg%‘ of slope

angle. Additionake,ghanaceer(sly.Ccs) tg'yat“ggéglqggbgs useds | d wde L Qnalihode Of.
coordinate relative extrema, curve crossing, cusps, and St roke directi o
A partlcular nephbd*nts oep;cted in bo> 110, of the position of stylus 16 (Fig.
2) on 1nput screen i8 (F;g 2) and eﬁcodes these 901nts 1nto.
St;okes as dep;cteo in box 112. The program then characterlzes
the St rokes by sone oescrzptzon set, such as conslderlno the.
length, CuertUIG( slope, and pos;tron of the Stroke, as
depicted in box 11é. Iin box 116 the best comparlson as then.
found of the characterlzed Stroke ‘or sequence of Strokes hlth
those in the database If a sufflclently close match is found
"the character is ident:f;eo in box ;18 and the database entry -
S is swapped with the ent ry above it as shown in box 120. In.'
_th;s way, the most frequently 1dent1f1ed characters will ;rise"
to the- top of the database and the overall system performance;
as measured in t1me to find a match, w111 be 1ncreased 1f a
match is not found, the user can.add to the bottom of the
‘database, as indicated in box.122. |
W1th reference now to Figs 8 and 9, a flowchart of .
the computer proqram to. recognxze a partzcular Stroke sequence
is set.forth,“ The computer program begzns in terminal 150 and'

proceeds to process the X,Y voltaées from processing box 152,



used tio determine the unique characteristics is set forth bel ow. 1. The
numerical values of the Criteria for each Stroke of the Handwitten: Synbol
are determ ned. 2. The dat abase val ues for each stroke of the previously
| ear néd Handw{itten Synbol is determined and sub- tracted fromthe newy
det ermi-ned val ues respectively. 3. The absolag e val ues of each differ ence

are scaled, to make each of :the five measurenents reasonably equivalent to
the others such as | ef® t1Pdtages SaVIRT hepRrEoYErTRd o prdigital siopgs. frw

t hus- det er mi ned val ueg, &y z%maggé%{jpréceedsAtop&&qgggﬁ rEo'}egsi ml'Pont Qﬁlggn%

as "goodness" test of recognition -- too high a value and are
i nfrequently recogni zdetemdneoohethern thal pen causeplu=0ns ﬁs&rﬁ)ofes itsOohe of
m si déavi fied.  Threshol ds of proxi nately 1,000 are used initially and
then swi'tched to appr 89(’?frﬂ§tteY’§/3E66p‘FBrs‘irﬁﬁg&ﬁed TRt GarerRipation isppade by

threshol d is exceededpot1@nheORRANLEGE dndt the GAKIEEL ANHe By St NEBSSRgE IS
created and di spl ayed. 6. The database is searched to find a nuneri cal

m ni mum di f f er ence. Pfoqm mtﬂrmmdrﬁhfa@r‘elme’ensii)eipovrmmtaecs;rrtoabl B -

threshold for recogni res di n is di SP _
the screen or the co d"milgegersf ‘gg Q’§1§“t é’pgﬁgee%/r?ﬁg e progia %ran‘f es to
has al so been found t&etidiba w,eﬁssredrphasﬂifohcaox tisen -€e gr&fﬁkeet&n&ms

continuous one, rather than one that is grossly discrete. . For exanple,
deternining a slope byhaﬂglreﬂr?rezsse diassctham$hree (Rintnqip ithe Stngke and if

desirable. Qher nong X h%‘éﬁﬁ gl%fcgufe g @tdeggglﬁ\g%oknﬂéjdem dec:.tszon box |

bar s/ ar ches/ hooks, nun osur cusps or rrzontal or verfical
St rokes.: From subr-out 15& 1RO, pidyeaprdapeani psoheted @hpro-arecsetd Fobaks &l

whex-¢ both an i ndi vi dual Stroke and one or nore preceding Strokes are
conpared with a dat ab58% SP¥S t Rt TR S PEF kP Pn" RANSS 67 (Hiey SAyokern then the

conparison initially pagins y\ssa; Lbe;eecoel-hw@amiw HUESIeRUEnd MRk FEL where
asked\b)y t he program I ndeci si on di a-
o ano:her set of Points is read. If the Point counter (1ane-'

menteo in process-ng box 164) indicates that there are mofe
~ than zefo Points, the-p*ocram b*anches-to proceseing bok 172
In processing Box-172 the Stroke is 1denti£1ed as a dot and 1ts
height above the base 11ne (HnBL) is calculated in proce551ng _
Sox'173 : F*om:prccesslng box 173_the program proceeds to
proce551ng box 171 . ' _
However, if the pen down szgnal is received, the pro-
&w;' . gram branches to processzng box 160 where the voltages are
” o scaled to determine ‘the coordznate Point using the following
Ji'fofmulas:: |

+ by .

aa

32V2 * Pg-
.The constants al:and bl are scaling parameters that are deter-;.
' m1ned from calibrat;ng the 1nput surface of the partlcular dis~-

play.



ponds 174, 176, and 178. In each case, if the dat abase entry is. -
el i mi nat ed the program proceeds to a processing box 180 where the address

of ‘the next data entry.is received and from which the program|oops back to, -
the top ¢f processing box 171. In.decision'dianmond 174, -the first
‘eli'minator is asked by seeking if the.nggher of Strokes are different. .I.f _
t he nunber of Strokes are the sane, the program: proceeds to decision o
di anond 176 where the avemge s grqﬁtﬂmereasveleﬂnetmmqrqnspéa%qﬂSat-ed

and C.Orrpar ed \Mth t s:r.on amon%dageree%r rogr?ﬁ gencterxr:.{g'é QJheg}x tlgdh% Of .'

the difference i F9HE average S'TS an one- the 'heig

the entry line. El’rDl&’raoﬁlﬁﬁﬁt pyentlet erid r:ast dene by defpaziiag fharmndaﬂc?eo t he
program proceeds to decision dianond 178 where the nunber of Points pev
Stroke are conparRefvard: Rtimtaarnth£d4nERAYIRTi & Pél*PFh ¥attbs F*s*tar’i\?edf'? f%®r ence

i n nunber of Poi nts rga tf‘h T?r %ggg_} vard,eg,ef rom
that nmade in decr%’eoan%al% rron%'aﬂ 4 e%gﬁslg rci1sc ncef‘lr[t&ggge%fy Wth the -
nunber, of Point sofher Ratd) St Poket isHeveyelimimatddcisithe Hotmwenerd Tebo
certarn | etters, such as the capital letters "E_and "A', have npre than

one Stroke per |etkase togetheys.  Rqingsaxe PIRPERFLYSTRUneG] PYF if S pre

deci si on di anond ﬁ?&int rl%guth@ SO0 Y6 dDsPERQRAYS t O processing box: 182 Wnere
t he. program cal cul ates a gauge to be used.to deternine the cl oseness of

the match between the. sel étteedomprmipon rpzdipd enthabasei ehed fonethr 4RSSt roke.
A presently preferred gau e sum of. the absolu al ues '
di fferences bet wedH™ hg gﬁsﬁeeé;k% gﬁiﬂ'&f‘@ﬁg at a%alsrse‘t \ént%‘/ vigl ﬁgsjtﬁoo1 i

di stances or |engifierNalpéd 9s0kovh 8Rhtidn tthet |Bdiathed gi%bd(enm oS £k 26
Fig. 2); and b) the slopes in.units of 1/256th of [err] over all the ' V

- Points al ong the Hieagens| Pintt Hbl%#ﬁaﬁfweﬁat#ﬁskm% t@efatr e Ppinbyifani ¢
PO g, Ter anudiaR EAD i hEE AR | B 76 s CAPPRLAY . 1% 1

of f - di agonal el enent s as well rom processi ng e program N
proceeds to deci- si on di almrtdelsﬁsméa:amhchnnssdes deteneihed ka being
actuality, a mafch is determined by .the.appLigar) 090 31 BLhidnagy  gauge
brancﬁes'back to the top of proce551ng box 152 to read another
'.pa1r of. coordznate Point voltages _ - . _.'
On the other hand, if the Points fall within the cr1-
ter;a, the program continues to process:ng box 164 where a
" Point. courter 1s 1ncremented to keep track of the number of
Po1nts This number is used in dec1sion dlamond 156, as’
: ,ment;oned herelnabove The program then cont;nues to .. . - Q;J
-'ujprocessxng box 166 where the Po1nts are smoothed according to.
:f_any one of a number of formulae. Smoothxng 'is used to minimize
noise from dzgltlzatzon, from errat:c hand motion and from
electronic'noise, The'eimplest smooth:ng technlque is a
multiple'Poimt_average wﬁich results in calculating new Points

(xj'yj})-ae'follows:



(maxi frum al | owabl e variance), whichis the sum. of absol ute values of the -
differences between the entered Stroke characterization and that of the
st,ored dat abase entry. In processing box 183, the lower’ of the present -
gauge -and the previous |ower gauge is saved as the best match. The program’
t hen goes to ecision dianond 184 where a determnation is nmade whether the:
present entry is the |ast database entry.. [f_ijgi.s not, the program .
branches to processing box 180 where the next -entry is selected.. If it is
the last . entry, the program procegds to decision dianond 185 where a '
deternination of a match is made on2 he basi's of the gauge being bel ow a
predeternined threshold..  Thi st ¥ eghokg(ng sat, Bylyhe user. based on '
experhence with the system I|f“no match is obtalined, the program branches .
to decision di anond. 188 where a det@amination i s made whet her al'l - 36 -
Strokes have been checked. |f the last Stroke has been checked, then the
present Stroke is commar eihilrirsnga:n@e.VEntolatﬁed)r&\éi:anSEr@ﬁe h%),.all two
Stroke entri-es. As in the com é)ari son with all one. Stroke dictionary
entries, the best fit conpari $BAHaST saFPleAethed ist Falded Fhe HBniRg ygAThERE
synbol o sequence ofa gl nE P ALl 117k Nehd 380150 GKEARTDeN 1 ead
and there still is not a match, then the program proceeds to processing box .
-190 where a question is displaygd-on di spl ay screen 20 ask- ing the user if .
a new Font. Synbol should be~aefgleol=t“ox§h‘e(éat_aﬁ3a§9. - hhe user responds and.
t hat response is used i n deci- si on di anond. _1-92_.- Ei t her the S_t r oke
sequence is added to A4h8adad abReSgHiInE ARt ahE %X d Ubua Dl tRG1 PIRONARY
branches back to / the top of processing box 152, or the.program branches
i M- diately to the kegs thampepekbsnidnhapdeensPsedOatt MeSot hElre Isummiatiiohsghave
match is determned in _degci- sion dianpnd 186, tge rogram hranches .t N
processing box 195 V\/nbeere(‘é1 ' Keenp'r"%){g}} am SHUTY f“ésécf“ha agtc’ ase %}}#f%t"é%&’ﬁgngi ng
the sevial |ocation ahvbbeesrahaberk @allya W bp1ithe cebtwnerabOURel Eolidi@ng for-
.program then proceeds to processing box 196 where the. - .program zeros the °
Poi-nt. counter and, t h&4-Act®M®RE: counter. The program next proceeds to
processi ng box 198 where the matched - ' - :

. - : lxj" = (xj;l_ + -‘= xj +:xj+1)

Zny of the fg:egoing méthods'éan be applied either
before or after filtgring.l Tﬁe.filtering is_doné so as to
reducehthé number 6f_input Points and to .space data so-fhat
différénce-and/or angle calcﬁ;ationé cah be made within

 acceptable randbh erréf boﬁhds; A simple process of thinning a
N . : - seguence of Points by excluding the accéptance of- subseguent.
©. Points within a set distance of the.previougly accepted Points
has been found to be an effective filter. |

From proéessipg.box 166, the program proceeds to

-proéeSSing-béx 168 where the Pqint is stored in an array that
is incremeh;gd fof each.néw.?oint sinée the-;ast pen dgwul
signal. Thus, an addressable array of Points is created for

éaéh sequence of Points obtained'f:om a pen down to a pen up



apd characterized Stroke or .Strokes are displayed by the com puter as the

identified Font Synbol. This display is located at the position in which .
the entry was nmade on input screen 18 (Fig. 2). From processing ‘box- 198,

the pr ogr@m proceeds to processing box 200 whéere the programcan act on any
commands which it has interpreted. ‘An att¥rmative characterization of the -

Stroke uses t he P0| nt s the{)nsel ves rather_than the length, scope curvature
and position. ignal is sequence of Points is callgd a\ftnokeqt Frofice now

to Fig. 9, this SbE‘Ql‘@sscihérﬁ&E Qg7 3thd ip2Bgtsh Q%Q?&tﬁ@k't‘ogﬁﬁatt% gdetail.
Stroke characterization subroutine 170 essentially perforns a nat hematlcal
transforma,,, tioRrefessdioh Pen ritSZOMhei-‘eI:’smthd;memUSbalsta;uted antiisfaopen t he
PorntsfromanXYCartelan cQ esystemto one .in.which the _\J
coordi nates are tHhR T | $9%% g‘leo%g ~each Poi nt and

the' normal i zed' hei ght of eaﬁmd%qlsmsnaﬁemen&mesbasaaétleaﬁu(&ﬁeh)wa§tﬂsrd@us¢ ne
170 first calculates the -Point 'to Point slope in processing box 220 and :
then cal cul ates t[fe vhatder @Fe@aUHrPo‘ieﬁls- BAsy éhreee Rednts |§ma PhrPireoceBsi ng

aspocti vely to 1AERrier 7 pyerRE wil kit ARz TRER P8 rrone, o

l'ine processing bexrded.is Ermnqoaaeesceu'ragdbox 224thdrleeasqsﬂ1ﬁreep6fmoeeeds to
processi ng box 226 wher.e the cal cul ated normal i zed val ues for each Point
are stored in an Ba#RtsdapFhe f7aye. theePSFRBUPFIREIEReHR rRPIPREIRS boke

program through tgpgi naly 228-oudicn Loe 196”pé’ir§c§9£‘ed %n”EQ@a&‘i—t ‘A@@!‘:IleaCh

Stroke and the stored val ues, the conparison is nmade by the nornalized.
Poi nt sl ope and Pbeneldmellghtwabo\resmtblm 9Asthee Stroked sabbersctarimed hy

i s determ ned by anv\gr bi traiélmg gebwhlg sum of - absol ut e val ues ofu
the differences b&fweer The o kﬂeiﬁdgtﬁe stored or dicti.onary -
Stroke. The system | ear nsabycal@eNgedit WrSh e 8ot &ydiRg, dixd iseB@édtation

dat abase. Once the database fills up, those Font Synmbols that are - U
i nfrequently usegdo&rthe épraete@fbyoamr@ﬁsr?@sim pnte woFkFeHe dsbbaisefent of

the present '”Ve”gk?:ﬂanl@eoé'&%r E@Q}nﬁ‘iﬁﬁé ﬁfe‘x&' L¥yldleqk! Iéa%p“ngrnoQ”Qn

| ower case lette

contact with the surface of 1nput screen 18. Alternatzvely, a
stream of Posnts can be segmeﬂted to form Strokes on the basls
of other conslderatlons For example they can be segmented
based upon changes in a loca‘ly calculated curvature or upon a

" . large local curvature. Local curvature is calculated by the

' change in distance along'the'innu coordinates divided into the
change.in.slope ' Thzs produces radlus of curvature When the'g‘j
radius of curvature changes rapidly with respect to dlstance ’
along the input- coordznates, or if the radzus is too small,
then a segmentat;on Stroke is assumed to end, and .a new Stroke
begun.. Further segmentation techniques can look at the rela-
tive max;mum and mxnzmum in one or both coordinates and/or the
curve crosslngs in the coordznates However, these 1atter two
methods have been determ;ned to be less effective
| Character;zzng a Stroke reduces the" sequence of

coordznates def;n:ng the Stroke or segment to a set of char- '

acterzst;cs that are unzque, general:zed ‘and minimal. Unzque—:



and nunbers when witten discretely fromone another. For Handwitten
Synbol s that are witten such that they are continuous, direct

extrapol ati on woul d require searching a dat abase sequentially for one, two,
three, etc. Stff.oke synbols - -38- and | ooking for the best fit. Upon

i denti fi catl_ on of -a - Stroke fit, a "new' . letter32s-tenatively recognized,
except that the next few Strokes are anal yzed to check if they change the
previ ous synbol for a &St Beienst to Rgh ExciisethdtwrhSt sanec shifriteboyE J2C8Fe

identified as "ones" V&L}J |ned and changed to the capital letter
"H' once a. cross bar was id geﬁdt ?’? ed. SThe & ?gﬂ?‘b’eﬁs A3 thatorke chesecipristics
Figs:. . 7°t0.9 coul d easideysbesficadse Wr@@&é&‘a’ﬁtg & %B?Bhnﬁa‘%&!:ﬁ dNeh 06,4 tinQI
corrput~e1’ progranming i nto al most any conputer |anguage. The source co

listings for one appliCREFRHIRYS 5§¢%ﬂ°6t| | Thei fgrn Haedeszligedtl :ilsl’meéldl'lm’lmESn _

M cr osof t Basr o. a comss ComnrerRRErk I SRR NRS any oPet 6B 1) ol

M crosoft Basic, a conmmon conputer 1:language

M croconputers and opewahbfirmayséesTRo tide tRE OGN kSare QAU iQHLE I@?
edi ting denbnstration, which shows the inprovenents t hat can be e upon

traditional word pr océ“§§f‘ﬁ’g‘t§§§t% SCpliRg & FHIREShPsg ®rt emal00®i tont alrhet he

character recognition ssdbiQbieng Wais ¢ e ode necessar
to get X and Y coordi nat esﬁj This séc?la%%go Q cc°ﬂ§]6§sﬁ‘am C%rtrag‘%B%rﬁjé’aFF of

Fig. 8. Program |ines thg0digteneéa® Hakeitqmgaeml!@r ahe RAalRSi gned to obtain - .

the X and Y coordinates of a gjﬁven Poi nt This code corresponds to boxes - =
152, 154, 160, 162, 164, 166 aMif T8B!l Hed. o% seoPent fherrfeerisbbes Mvsm B

copstitute a Point and'oS]'.dvﬁh’qQ a¢wduyess and characterization routine .

endodyi ng boxes 156, -158, 170, 172 and 173 of Fig. 8. - Programlines 3700 :
to 3790 nake up a subroutine deb) gﬁéd*ﬁ)men‘pmm thmmhyzedf&éﬁmsayiv&age,'
Stroke database. Theggl

g ent ‘extreme or beglnnlng and endlng Points determlned

-

r,.rela ive to the writing entry line, to prev1ous Strokes, or to.
cnaracter extent or center;

(2) troke shape is characterized by one or.more of'5
average slope, change in s‘ope (wvhich is a measure of average
curvacture) ano/or ‘a change in curvature by sequence of slopes
over soeclflc length segments or over fractional lengths, or by
a gross oescrlptlon ol linear dlrection or circular completlon _

~and onenlng dzrectlon.

&v} : - _' - o S (3) "And’ Stroke length as’ characterzzed by distance
along the curve and/or the extent extremum along the coordznate '
system.

In one embod;ment of the present invent;on, pos1tlon-
ing by centroid, extent extremum, and start;ng and endlng
coordznates have been successfully ‘used. The Stroke shape is
encoded as a seauence of slopes and vert:cal pos1tions |
(relatlve to. Stroke centr01d) The Stroke length can be--

aporoxlmated by the number of filtered Points. Alternatively,



pgogram | i nes enbody boxes 171 to 184 of Fig. 8. Program!ines 3810 to 3980 °
make -up a subroutine which is designed to | earn a new character. This code -
enmbodi es boxes 186 188, 190, 192 and 194 of Fig. 8. Pr ogram lines 3060 to
3273 make(up a subroutine designed for Stroke characterization purposes.

This section of the code corresponds to Fi¥ ~9. Program|ines 3060 to 3095 .
are used to cal cul ate Point=to-Point sl opes and enbody box 220. Program

| i nes 3058, 3241 &hel mager@mrsedrq Gaeab%lﬂnapéeca ineteftal ghene dbanesine

(HABL) and corres f F| ogqr. | i nes_32 3270 3273
are used to norma |zegtheg?J %ﬁg sI % % nﬁdt%oernﬁéé’s‘ 55 o box 224

of ‘Fig. 9. Progragittiig 3253slloi>eU5ﬁcﬂlet Qeﬁiﬁ eeh@@ l&er@@tfo&beu& asehdnye and
enbodi es box 226 of Fig. 9. The foregoi ng programcan be stored in the \wd -
menory of a m cr o@&nphePer angleyi c#é‘ﬁ*@@éégd’rh%ﬁﬁré#émmhéﬁemu’(ﬁ be used =
DT Ol B oY oo A REIRCILEEMIRRE Voot bR 1260 BECRRAN LI 1 he use of
the program does no‘f use up ? expensi ve nenor i's rel atlvely
- fast in executi ngctmm@ogéﬁﬁss aﬁersadmaa direttidre paqymbuawmethem in a.
| anguage ot her than Basic, requiring |ess nenory, such as assenbl
| anguage, the siz8s#d %éeb?ﬂﬁf‘&nf’&%tﬁmbguﬁﬁi’érg?ﬁqlép“ iy ark Lo
portion of the prg ? am whi ch searches the database for a match -
(corresponding to [ines 3700 to 3790 in the foregoi ng progran) requires
-1 ess than 6K of nmachi ne nmekory.ThBoxeeriosl t\(ali;é@ off the (Fri@ezppefor pach .
-l ogi cal places throughout the A di t|o of .the variables of the

rel evant code sectr 5%‘? &% het d'ffé’g 5’sttﬁ;5‘p ¥T SFPERSF er ence now to
Fig. 13, a flowchart for the edinei agrababhWaites" &5l aeh )stiomanss raeed by
Figs. 11A to 111 . - 40- and descri bed above is depicted. .Once the Edi t ow’
is loaded into thersyww(b%ﬁ@r@ﬁgyan%hﬂﬂ W?héssé?wlpsdr%ﬁ%ﬁ to
the system The ste ro & of. i bed’ abov=e
to acquire Poi nts%%n‘(:jte 55 ay %%%%ggd&ﬁgﬁ%eg {Mes”@é}?&&%H. o’

¢ _ 3. - The absolute values of each dlfference are .

scaled, to make “each of.the.flve.measurements reasonably
equivalent to'the others such as lengths scaled to height
between lines.

4. The f;ve thus-determ;ned values are added

S. A.predetermlned threshold is used as goooness“
test'of-recoénition -- too high a value-and Font Symbols are-

-infrequehtlj-recognized and.too low a value causes Font Symbols
._to be misidentified. Thresholds'of approximately-l 000 are'd Q.)
" used inztzally and then switched to approx;mately 100 for

-1mproved.recogn;tion ' If the threshold is exceeded the

comparison is discarded and an error message is created and

_displayed. | | 1 _ | _
: 6;, The.database is searched to find a numerical
mlnlmum dszerence If the m;nimum dszerence is below the
'acceptable threshold ‘for recognition, the corresponding Font

Symbol is dzsplayed-on the screen or the command 1s_per£ormed,

as the case may be.



convért the Points into Strokes (box 231), characterize each Stroke (box
232), and attenpt to match the Stroke or Strokes with the database (box
233). .In processing box 234, -the system sends each Handwitten Synbol to
the Editor tlo.interpret and execute a command if_necessary. At decision -
di anond 235, the-Editor deternines whether the"Hhdwitten Synmbol is an
Editi ng Synbol or a Font Symbgl I f, the character. i.s determned to be an
Editing Symbol, the Editor pr%cé‘éasa]tsé’ gF%’&?%Pﬁg"*t?&x"z%é”ﬁE‘ Fed f?as-s"ﬁc-a'
det erm nes whi ch Edi tid) oByalsdroRasi daeBostlinnots dHel exeudst ehar meEehid 19
Function. If the character i.s determ ned not to be an Editing Synbol, then
t he al phanuneric chafERt®ey ebisxespondiomgexamrige dafirdwininen einne bysangle in -

di sphayed at pro- cesgj . 237 _altepnat e, _confi.guration of the
i Cor Font Synbol 28 1raafirhb rasel Baf hCR (Y SeRdRead' B o
"Insert Mdde." Thi scaitimtbus ela8sifRatibed ceacindiude Sywdhiakches mebké) ed
before being added to a docunent. The Editor uses a ‘variety of synbols:

desi gned to nake edi FFMRFTOARE F2o8YET ifi SHIRY &F herizsntalnshventicads Frrakest
than, traditional editing w t{fl..nenc g, er ' ' edjt]
functions include, but are nolt}oﬁi Fpn&%%a@tggeﬁg%ﬁ% }3?%%&_&:&-&@@&&5 '% ML%\

hori zont al- | i ne dr awsesdimguigdx 478 helrexet botloranc hadiacidants . Stréhe &l boe o mbre
renove the underlying characters. and refornmat the text. ADIUST MARG NS

symbol - "[" = A verPTAIPP ETPBAY AT ARTPATRE YT YA dotalsAe ¢ty shet e
display.  The Editorgybdda adjnsdd sghgesmar@in to the indicated position and
reformat the text. 41 | NSERT sympeol -."A" A caret drawn at the Point

where text is to be added. TidsEdbrrariderpirdgiably bagins withithyele ﬁbiﬂ(ilﬁiagf

1¥8) and when input js_r nized-inserts_it, Lntq the text. MARK TEXT,. _
symbol o - et ang » > TSN Rl DRTE! Sakde bY fhel BBt 1ardlR <LPR st

begi nning and end of méndd ack, af7et eaia 178he mpeken dae¥ is tdeS@dtapadeidhtry
reverse video and then special block functions can be performed. DELETE
MARKED TEXT - A-del gt® SyRbBRtegr alife HrORF I PAPRERAT SRt 2 \RIC 8P RE PPREISO

'”arked feXt and r ef ofBle the address of the next daté'entry is received and from
h which the pfogrém loops.béék to thé_top of'processing box 171.
In decision diamond 1?4, the first eliminétor is_asked By
- seeking if ;ﬁe numﬁer of Strokes aré'different, 1f the number
of Strokes are the Séme, the-préq:am proceédS'to decisiph _ '
. diamond 176'where the“average Height Above_Base'Line (HABL)Iis
c;iculated aﬁd compared with fhe'HABL of the data enﬁry. The -
entry is éliﬁin;téd if the difference in fhe average-HABL's_is 
‘greater than phe-half the height of thg entry lin§7 From a -
' néqative.detérmihétioh in decision'diamond.l76,'thé'program
: proceeds':o-deéisién diﬁmond,l?B where the number of Peints pef .
- . Stroke are compared and the database enfry is eliminated if the_
difference in ﬁu@ber of Points is gféater-than ten{ This
_determinafiqn varies from that made in d;cisioh diamond 174
becausé it is concerneé only with the.nuﬁber:of Points for each
Stroke. 'Hdﬁever, in decision diamond 174,'certain letﬁefs,_'
such as th; capital iétters "E" apd "A", have more than one |

Stroke per letter.



MOYE MARKED TEXT - An insert symbol drawn anywhere within the text noves
the nmarked text to the ‘indicated position, deletes it fromits origional
posi fion ar&d reformat the text. REPLACE MARKED TEXT -. ‘An insert synbol

drawn withi\n the marked text displays. an is@st<line and replaces the :
marked text wth the inputted text. The Editing Synbol s described above can

. be changed tO the particul ar¢Egi §i#0 eRX PP QlsS nbE 190k L&k Y bPAEdL WS8R aiamond
t hereby custom zing the Editor and preventing new users fromhaving to -

| earn unfam|iar EHRZS8, nghsyrtbel Broduamt hreceeddi $9 @a'PFaﬂ%}nanHOEriWénumettset o

the present systemle rent totho k||| i n, the
exanple, the comor’ c°ﬁ§r ac 2‘??‘2 T aoPa’é%ch fit s§y o deé"ée)ﬁ %Jnebéthgxﬁ"as@f‘gﬁs

and organi zed into ¢ LXBMAChCHEVRM the H es¥ed RRitis ﬁyrtheldacabase and
characteristics could then be exaggerated to nmaxim ze their variance from

al | other synthetictheyfpeNs Strrkes dopresentdytrrefersey augpate thGpF‘Mrmf
database. On the oyher, c?ihq:e @?1.\?%‘%%43{25?4 %tufﬁere%}céga?ew% ‘aﬁ sR¥ofd1®

descri bed preferred enbodr nent e invention usualTy res SN two to

three different cha;ﬁmbermcatthenaaéwaseaa{t:@yabnies of: -42- The system has
nunmer ous useful applications, alnpbst w thout ‘limtation. The npst obvi ous
applications are text editi g andi $5aRCRRPHALNGHE AORISA R AR °f Bene

of the many other applications tpale mynﬁpt(ecgma srpgcglﬁj Q. gl eadi bygare

witing in languages utilizing |arge nunbers o0f symbols e Japanese or
Chinese, witing in Arabic dd sthe |slopeaniguagess. midé/lﬁﬁtbf ofi 3601 beek all

nunber of conplex synbols; witing _chem cal ati i.nclu t hose
i nvol ving organic conpounds: I't"i('f:]r‘f' 1RERi °(’§qa§/ﬁ 89\? i Ph %evg%%?%ﬂsfgl \J
li nes- can be provided for nusi ca,lna@ﬁpgl ications); witing synmbols and codes

for graphic manipul ation of data, including the transfer of graphic data to
a spreadsheet; in e@ﬁ}'@aﬁ‘é)welas Mcmemm%cqmsOﬁanaqeeupﬁe@n ed

on the screens and th'z.n{i1 SV&% :t:.sg us:.n %] (;.gongf 1%2&‘&0@ ngelhl

mat hemati cs; as \Ape?f’ ers ar e Tenual ser uatl onsand
equat.ion anal yzed to det er muxemt bﬁode&&uhé h.tﬁd ng2 } mepfugﬁmr;s;odeed@ﬂ @%’b.
appl catl Ons | nVO|'V|s:.no% g gri'?o?"lds lsge\?‘\r’reerter Iacmas"rg:?;pfg daer']cgr;\{]need In actuality, a
match 1s_qeterm1ned by. the-applzcatlon of_an arbitrary gauge
(maxiﬁ#m allowable variance),:which is the-sum of absolute
values of the'differences betweeh:fbe_entered-Stroke
chafacterization and'that of tﬁe stbred database entry. In
process.ng box 183 the lower of the present gauge and the
previous lower gauge is saved as the best match. The program K ﬂ
;then goes to decision diamonad 184 where.a determxnation is made
¥ Qhether-the present'ehtry:is the last database entry. If it is
.noﬁ,.fhe program branehes to_processing_box 180 where the next
entry is selected._ If'it-is thejiast eﬁtry, the'prcgram ;
~ proceeds to decision-diamond 185 where a determination of a
match is maee;en':he:basis'ef the_éaﬁge being.below a
predeterﬁinedlthreshoid. ,fhis thresﬁold is set'by the user
based on experience w1th the - system

If no. match is obtazned the program branches to

dec;slon dxamond i88 where a determznation is made whether all:



li kel W have described a particular preferred enmbodi ment of a keyboardl ess
conput er “‘on whi ch usual conputer-functions are perforned by witing ina -~
normal, manner with a pen-like stylus on an input screen placed directly
over- a flat di.splay. The keyboardl ess conputer illustrated is ideally
configured fbr-use by non-keyboard oriented 'i_,@d_i_vi dual s, by keyboard

i ndi vidual s for whomthe utility of the conputer is enhanced, and in

various settings and séppke¢zdaverizesnn cigdiisd. keyhHokedlestt Sproke hak\isged or

i npossi bl-e. Conput er-based.i nf ormati on_and appl.cation sof re can be | :
| oaded into a port.ablcg’eﬁg?/?'cggf'br _%P@?s?ﬂ%e%gg e r’fﬁn’f%ﬁ?ﬁ& BPTIEE whe @
data, and-.addi ng newgre¥ion@tedte toNafl RYWbNBErdkaNduEdfleisNg ABE]. tHhepRal ter -
‘the 4ser may transmt this conputer text to another conputer, a simlar o
devi ce, an external &agésenvithsaldr age Hepkeedicrinnary copyiem i kberbessr fit

t hrough a tel ecomuni y! 5 e The conputer is capable of. o
recogni $i ng Handwr i ttc%g‘&%g’%& gé%matq% ?in?ﬁr&ﬁ' %ﬁ’(ri‘gg g e%‘c?cﬂerczfgg‘lﬁ?fg syppol. or
"l earni ng" indivi dualseghyhss off shdrdwt i ting. - The dat-a and conmands can be
input with the aid of a stylus. -43- Al though the invention has been .
described in ternms of a sel ecBewvstef &f rd¢ aBodtReke hagceenraseprthprdhshere
~apparatus and met Nods,33perd Soela hakEH DM B8 HBIPHI GroSdcds®b dllRessing

i nventi on shoul d not be deene Imted thereto, “since enbodl nent s and

nmodi fications will rémsdi 190 cbeve & questiskik| @ibplayed@nadl splhgf scoaene20 ask-

shoul d al so be made to British patent ap lication nunber 8717453.8 from
whi ch this applicati dR% EPYNFFHetf 2aREY FE Eo WRALs FRAEYS Bpftddedt P rRunber

19019253:5 - 44- APREABLIed. ' fhe (ubkrNSespohd¥ and thde Rspde YsTused in deci-
(Ne/-. 18..60) 1) np. = 20 x  (-17..0..19) y = (-6..18..60) 5, =15 %57
34 -85, - .26 = sion diamond 192. Either the Stroke sequence is added to the

Lo o - . database in processing'bdx'lge énd'thé program branches back to

pg
' ., the top of processing box 152,'or-the program branches immeQ
diately to the fop of processing box 152.
| On the 6ther-hagd, if a match is determined in deci-
‘'sion diaﬁond 188, the.program brénches to processing box 195
where the prpgram-shuffles tﬁeldatébase by inte:changing the
serial location of the matched éntryfkith the entry abové iﬁ._"
' The'prdgr#ﬁ then proceeds to processing box 196 where the.
program zeros the Point,doﬁnter and’the increment céuntef. ‘The
&NJ R : _proqram next p;qéeeds to procesSing.bo# 198 where the matched'
?gnd:characterized Stroke ‘or Strokes are displayed by the com~
éutgr as the identified Font Symbol. This display is located
at the:position in which the entry was made on.input screen 18
(Fig. 2). L |
' - From procESsing box 198, the program préceeds to
procgssing bex 200 where'the program can aCt on anj commands
which iﬁ has interpreted. Aﬁ alternative characterizatibn of
_the'Stroke uses fhé Pqints them§elves rather than the length,

scope, curvature and position.



-71 19 -76, 10 - 64, 3 -89, -3 -72, -

_ 9 -85,
7 -72, -24 47, -17 56, " -11-43, ' -3 39, - 3 11,
7 9 5 57, . -3 -71, -11 -71, . -18'*H (1) ns =2 X =
(-27 (37) = (-20 .18.. 61) 1) np =14 X =.(-27.. -12., -2) y = (-20.
.22, 61) 37 4, 38 -39, . 32 -4837 - 25 -58, - 16 -.71
8 -72,. . 2'-64, _ .- -4 -89, =11 -72, . -17 -80, . -24
-89, -30 -80, ©o- 30712h)r¢ﬁ!!rens‘2€) now—to -EAp.. 920.th3%) SS'rake( eﬂﬁractﬁrlfie-)
' 57: 85, 4_3 - 80, tggn fl.s3 7dep1c‘6ed 8’6‘ grga?ter %&tail. Sgroke characterizlae.stioZzB’
subroutine 170 essentially performs a mathematical transforma\_J

tion of eaoh Point on a Point-by-Point basis to transform the
Points from an x,Y_Cartesian coordinate system to one in which
the coordinates are the‘normalizedislope b: each Point.
ano thetnormalized'height of each Point above the base line,'
* (HABL). | ) ' o
| Subroutine 170'£irst calculates the Point to Point -
slope in processing box 220 and then calculates the height of
each Point above the base line in processxng box 222 The slope \,i
and HABL of each Point are then. normalized respectively to
' 1/256th of 2 Pi and .o 1/80th o£ the w1dth of the entry line «_J
;process;ng box 224 " From processing’ box 224 the system pro-
ceeds to process*ng box 226 where the calculateo normalized
values for each Point are seored in an aodressable array The-
subrou ine then *eturns to the program througn terminal 228.
When the comparison is made between each Stroke and
the stored values the comparison. is-made by the normalized:'
Point slope and Point height above base line As mentioned-
above,.a match is determined by an arbitrary gauge which is the.
snmtof absolute values_of the differences between the written _i-)
..Stroke.ano the stored or dictionary Stroke. The system learns.,
by adding new Strokes to.the dictionary database; 6noe the
'database fills up, those Font Symbols that are 1n£requently
used are replaced by new entries. _
In a working embodiment of the present invention, thery'
algorithm sucoessfnlly.identifiediupperfand“lower case_letterS'.
and'numbers when written disoretely from one another _ For |
' Handwritten Symbols that are written such that they are
con*inuous,_direct extrapolation would require searching a

database sequentially for one, two, three, etc. Stroke symbols



- 80, { -18 -64, -25 - 64, -31 48, -25 56, -18 48,
212 64, - -6 89, - 1 -124, .0 -124, . -2 - 457
APPENDI X || 1 REM Z SERI ES COPYRI GHT: LI NUS TECHNOLOG ES | NCORPORATED, -
RESTON, VA., 7/30/85 10 DEFINT A-Y : REM all integers except z 20 DI M X(
2000)", Y(200Q) , D(9; 800), DN( 300) , DO( 300) , SX(  80), SYC 80) SL( 80), SC{ 80) , SA(
80), SXX( 80}, SXN( 80), SYX( 80), SYNC 80),, SN 88) > Ml TL$( 20) , A$( 1500) , LL(24),
AS$(200) , SLET( 80), DBCCY, 10) , ASTRT( 80) , AEND( 80). 25 PRI'NT FRE(O) 30 -PRINT "Z
SERI ES COPYRI GHT: LI hhi$ W' £ IN¥GERPORATE N RESHEN icWbion B30 Jtftbke
40 | MARGNES | MARGX=62 ;, JTOP=1 : JBTMELS = JVENU-160 :CRB="[err]" 50
KYBD=0: LHT=16 : SXTTEAt: Prx=ev" Aept¥es (g0 teratiNele Fercgnizedraergeptathat the

. LHTS={HT\ 5 : LHT2LHT " PL RERUN, 0
TORW, 1 TO RN & s%?%%eeﬁ%ﬁ?gs%s %gﬂﬁeg\%ﬁ e thﬁ!IE‘ljﬁl égéus 10700
: REM TOUCH TECH SCREERetidubSEmbolefod H6e6t&0 BRI I\I'IE'orPEEA@EeI, NEWST SPESLG

-5 TO5 ": |NPUT DBUG 85 PRINT *PLEASE | NPUT ACCEPTANCE CRI TERI A

10 TO 1000 ": | NPUT ReP Fo@e prastridenttiAded | apUrret) YPEEARS SoFiasd and 1 10
EDIT": INPUT EDLN 92 BRINE ¢ E%S&%JAPQHKEQ@O‘\BD onbe TEH 2088 EQQAEYS 1
FOR MENU ": | NPUT KYBD 95 PRI NT *PLEASE I NPUT RESTART SW TCH. .

RESTART W TH STORED DA&mtiBASE: : | NP UT RESTRT 97 | FAVE=0 : I F SWI'PN: 1 THEN

| FAVE=0 : REM PRI NT "PLEASE. | NPUT AV] G S 1.TO
- TO AVERAGE, | NPUT": | NPUT | FAVE®158° Eﬁ(g&ﬁ é@&&%ﬁ?* ?2651;%’ E%%f’““
1 THEN GOSUB 12700 18Rsiiy BPLdbfealny s G@auarazm skREiVIiRE& |+ TEXT 140

| F EDLN = 1 THEN GOSUB .600 :. REM PRI NT TEXT :
conputer programming 1nto almost any computer language The
N\ !

source code lzstlngs for one appllcatxon program utlllzlng the
_'dlscloseo invention is 'included as Appendix II The softuare
in Appendix I; is &r.tten in hrcrosoft Basic, 'a common computer
language ava:lable for vzrtually all mzcrocomputers and .
operetang systems.: The prograr 1s a complete text edztxng
de*ons:ration which shows the merovements that can be

made upon traditxonal word processlng systems

Program lines 2600 to 4000 contain the character
recognitlon subrout1ne wh:ch includes the softuare code
necessary to get X-and.Y coord;nates This sect:on of the '

&ﬁj- N . o program corresponds to F;g ‘8.
- ' .' Program lznes 2600 to: 2699 make up a subroutine
des:gned to obtain the X and Y coordznates of a given Poznt
This code corresponds to boxes 152, 154, 160 162, 1864, 166 and
168 of Fig. 8. B '

Program 1ines 3000 to 3339 constitute a Point and

_Stroke analys;s and characterzzat;on rout:ne embodying boxes

156, 158 170 172 and 173 of Fig 8.



150 | F+ SWIPN 1 THEN GOSUB 7200 151 IF SWIPN = -1 THEN GOSUB 7000 170 IF
EDLN <> 1 THEN GOSUB 6100 180 |F EDLN <> 1 THEN GOSUB 12500 200 REM

EDI ferr] 205 LINY-0 210 I F-SWIPN - -1 -THEN GOSUB 7100 ELSE GOSUB 2600 : REM .
T TECH SCREEN IN ASC I [err] 9600 2139 F SWIPN =1 THEN GQSUB 7300. 220

oM RECOSNZE SYNRCLS 221pddgedl PodUIORl 3\ 31084ERe 2 & oFIOMTLT QLR |
. <

[err] 240 ON NCHARP (¥9RBPTS %’E?gYIG%g 3?0‘%1%%8’63 6’886”3152505}""8560 200
anjEMRA gTEIEEEED %Em&mmT&ﬁEmRmepm | NSERT .
CHARACTER ARRAY 605 LOCATE‘%%%"EBH“EROLK#% pﬁg’b%@fﬁf J 5‘%“ %H% Eﬁfvfh s
NI TIAL DI SPLAY Péeaimmedrtadeasn@ FER iarmatero (\Rbigacoderenlindips HoxeRGLoomAN
GOTO 660 640 LOCATfg ) 1igp FﬁzN;nd o4 bFIFsa. 8 F | < 81 GWTO 640 650 J=J+1 :

| -1 MARGN : LL(J) =K SO0 740 860 TF <. NA_EEX THEN GOTO 670 ELSE IF. .

CA$(K) =" " GOTO 690 670 |FPB°9r3'Bﬁa1“?F1E$@5|90’ESl\ T3 makg. upR RbroRERRs desigyed RN
- 680 LOCATE J, | fokFtrakel c‘ﬁHE&t@i)Iﬁhﬂ::ba PiSoseR) NThi$ seli)ion of #the c6ddTO
740 690 LOCATE J, | "o Fig! g +1: | F I'< 81 GOTO 690 700 J=J+1 :. -

9&%&%5’45 97'13

| =I MARGN : LL(J)= }EQ_’L”S |F A$(K) <> " THEN GOTO 730 720 | F
LLI J)-K GOTO 740 730 | =+1ProgemnNiinag (3060710 3085 arel npdi:Xe1CaIPHEM €GOTO 690

ELSE NEXT K 750 Go%ggt_,gxl,gﬁgl\ggg%gg 450 ek60: RG%,] Bos 272@5 LOCATE J, PRI NT :

l=+1: IF L< 765 770 > JTX THEN GOTO 780 ELSE_
GOTO 765 - 46 - Program lines 3058 3241 and 3262 are used to calculate -
a height above baseline (HABL) and correspond.to box 222 of Fig. _
' Programs lznes 3253 3270-3273 are used to normalize the R

Point height and slope and correspond to box 224 of Fig 9. i &.J.H

Program line 3253 is used to store the height above
baseline and embodies box 226 of Fig. 9. '
The foregoing program can be stored in the memory of a

14

' microcomputer or microprocessor thh a requirement of
: approximately 25K of machine memory, so that it can be seen that
the use of the program does not use up a lot of. expen51ve memory'
.and is relatively fast in executing the program s operation If
' .the program is written in a language other than Basic, requiring
' less memory, such as assembly language, the size of the program
-can be made smaller. . Preferably, the portion of the program _
- which searches the database for a match {corresponding to lines N
- 3700 to 3790 in the foregoing program) requires less than 6K of '
-_machine memory. o
Boxes 195 to 200 of Fig. 8 appear in logical places
throughout the code.
A dictionary of the variables of the relevant code
section is included’ as Appendix I1I. .
Wlth reference now to Fig. 13, a flowchart for the
editing software (“Editor")_demonstrated:by Figsf ‘11A to llI- -



' : "READY", : RETURN 1200 REM DELETE
Igg;xiss;i?lfTX;(ﬂlzsxkl%-TEYii’s@'( 1)P :RI %:SYN( 1) 1206 | F NSTRK=1 GOTO 1220
R ; L) THEN XX=SXX(L) 1214 IF XN >
1210 FOR.L=2 NSTRK 1212 | F. XX < SXX( 1214 1 F XN >
SYX(L) THEN YX-~S¥X(L) _
SXN(L) . THEN XN=SXN(L) 1216 tF YX < ) BUEN>
1 N=l MARGH01:225. | - | NT( ) _
SYN(L): THEN YN=SYN(L) 1219 NEXT L 1220 Fl |
L st L ey i
M_ - " "
mﬁﬁ :VEI $15312§ 1| :\E( %’ﬁ) }i’i SYREeR L(BPR 23%)=MEentidl oflﬁﬁe%@ﬁlg ﬁ@EN ed to
VoML 1240 MLhp %Zsto FOY?JM:I\/IlI\@I% Nzl e N%b)“‘ ItFFis NAEBL N2 IREEN
MD=ML- MR+1 : ML=\ 4’%\} h 4 |
GOTO 1970 ELSE NEXT Mdfz?alh%?ammwmaqﬁeel\ﬁoix&%( Wha d:Ls la y%r &ﬂé‘ 8%, a

- GOTO 200 1300
: :\IE): CA#EDJ BYNngEI\N/:l NG g%%q%o%‘?ﬁoﬁgﬁgg@g?{%ﬁ XRo&XY1D) - cnmsx%ﬁ? each
YX=SYX(1): YN=SYN(1) B326keXRB6XN$)./ 25a YRT gﬁé@\%ﬁf’%%ﬁ °§3RA‘iezﬁyr°kes

= I NT(YP/ 8) +1:
nP/LOS'LH%\‘ 1§’,EON'L+: NI g meanam(ﬁ mga RBEX. mﬁﬁﬁ%ﬁggﬁm Z%g)xi?%g ryeten
| M) =" . THEN ML=ML ; &§ THEN ML + =
Q$N(:SX¥\I( 2): YX=SYX(2): YNzS%%fé) ’i? %m(wmq@owmﬁﬁmr/e\vand

410 eket XPétﬁr)maim ;JHMQXEJ IaR Y: T
?5’2?5[ EE(SB)Tl Gltl/Qllvuhi] I\‘INE(REI\/I CALC A ARRAY I|N %2’?% E"Tr"}‘ %&éo the

A$(M) =" " THEN M2=MR ”1%46##%5%3%1#@&3%&&145%%1Oié?EM Editing

ER PORTI ON CUT 1470
| NITI ATE COUNTER 1460s#@R1MoMla EQnMPs Ag%l; %y T i
+1: REM | NCREMENT COUNTER 1480 %lB C%(t *NEX‘F W RERS BOMEnE@YUTto be

T an Editing Symbol, the Editor Proceeds to processlng box - 236

‘where lt oeterﬁ*nes k—*ch Edltlnc Symbol has been entered and

. eXecutes the Editing -unctlon
F 4

'¥~2- If. the character is oetermlned
o not to be an Editing Symbol then the alphanumerlc character.

_ corresoond*ng to the hanonr*tten entry is displayed at pro- -
.-cessing box 237 In an al.ernate conf;gurat*on of the Ed;tor;

Fort Symbols will only be accepted when the Editor is in the_

"Inse*t Mode." This s.ructure 1nsures that each Font Symbol is

' ver---ea before belng adoed to a documeut

The Edztor uses a var;ety of symbols des:gned to nake
ed*tlng on the systerm similar to, but much more eff1c1ent than,
- ytradztlonal editing with penc11 and paper These prlmary
8 editing functions include, but are not limited to.

. DELETE symbol - " a hor*zontal llne drawn

through a character or characters The Edztor w1ll remove the

underlyznq characters .and reforma the text _
ADJUST MARGINS symbol - "l" : A vertical lzne longer .
" then the he;ght of one line on the dlsplay The Editor w;ll

adjust the margln to the 1nd1cated posit;on and reformat the -
text.



1490 XX=SXX(3): XN=SXN(3): YX=SYX(3): YN=SYN(3) 1500 REM I NSERT-WTH M3
LETTERS STORED I N AS$ & XX, XnyX, yn 1520 XP=(XN+XX)/2: YP=(YN+YX)/2 : REM AVE
BRACKET POSI TI ON' 1530 | =I NT(XP/ 8) 1+: J-1 NT(YP/ 8) +1: REM CONVERT XY TO I .J .
1540 M.=LL(J): MB=M_+I -1 MARGN : REM CALC A ARRAY I NDEX OF LETTER AT I,J 1550
| F-AS(M) = " THEN MB- MB+1 1560 tF A$(M.)-CRE FHEN MB- MB+1 1570 NMD=MR- M +1

- |F MD > 0 THEN GOTO 1580 .ELSE GOTO 200 1580 FOR M M TO NC : REM LOOP
 OVER A$ ARRAY POSI TI ONS. TO BISESE ERERD 11590 "ASA MamRS( 8tdvE) at - BEMESHhETurdte
ARRAY LETTERS 1600 I.F M+rMD = NC THEN GOTO 1610 ELSE NEXT M : REM STOP AT -
END .OF ARRAY=NC 16%%¢Y BSNBC PaBteEN NEEVEEIST: 2Eaniare %ET“PRBEF%‘HWPG%T

TO ACCOUNT FOR DEL o or ARRAY
TO MAKE ROOM FOR. | i O\F i%ﬁ’gg;& %DW'JQ wg’%ﬁwﬂﬂ% EEE%E%R?&O NeT -

M 1650 FOR M1 TO w:t REI\/I LOOP OVER CHARACTERS 1660 A$(M3+M 1) =AS$(M : REM

| NSERT LETTERS 1670 NEXT M, 468015, -LL; | MARQN, 04T GP: NEIGL GoSLe 600

REM REFCRVAT NMARG &{&ater cHafn ‘syhB30 Rvh SH(chk HSUQ k) hl ZaricdREN AVE SPRACHET
POSI TI ON.1730 | =XP\8+1 : REM CONVERT X TO | 1740. | F- ABS(I- | MARGN) .

" <ABS(I - | MARGX) THEP\FIWRG\I—T“%E‘SE“?W-#S BiSplayed ip| reveRRENIdRI=30OP:
NCl=1 GOSUB 600 0 0 T. Q IN ASCI'I [err]
‘9600 W TH TI ME 5?9%,193%2@%? {{PR%%%‘E g%&?ﬁé f‘%ﬁs | NPUTS$( 1. ,2) -

GOTO 2605 2606 PRI NT #2," G'DEIETE S6HED FEXG( 2) deled@d 31w 108FRR 6i@n2620

NU-0: | NPUT #2, XPYP : I.NPUT #2, XPYP : | NPUT #2, XPAYPA : | NPUT #2 XPO, YPO 2630
NNH+1: XPA=( xpmxpO)‘%?‘edYPﬁFf VAL YBTYRS Ehaprarked: tepsOaRd e SRERFEXPA:  Y( ON) =Y .

PA 2640 | NPUT #2. XPYP 2653 pith~fiRid YBk\ 4. aXPARR 3B Wawn anpnere

within the text moves the marked text to the indicated .
:posztlon, de‘etes 1t from. 1ts orzglonal position and reformaguj
s the tex.. | . _ o

R::PLACE bz.’-RK:b 'TEX‘I‘ - " An insert‘. symbol drawn within
the na*ked teat olso;ays an 1ro4t line and replaces the markeo
text with the inputted text _ .

The Edltlng Synbols descvlbed above can be changed to '
the part;cular Editing 5ymbols pre‘erred by each user, thereby -
customxz-ng the Editor and preventzng new users from ha&inq to
learn onfamiliai Editing SymSols'.. ' __-

: Eurther mod;flcations and enhancemen s to the present\')..
._system w111 be apparent to those skilled in the art. For

'example, the common characterlstzcs of each Eont Symbol could

be extracted and organzzed into a synthetzc symbol. The

synthet;c symbol s characterzstxcs could then be exaggerated to

maxzmxze_thezr va;zance_from al; other_synthetzc symbols. Thzs
'_would ofestele very_cohpact, optimal database. On the other

hahd,.as an eiample, e database.c;eateo.by the described'

preferred embodiment of the invention usualli'resglts in two_to

‘three different characterizations for each symbol.



2657 | F ABS( XPA- XPO) +ABS( YPA- YPO) < 3 THEN GOTO 2672 2660

1=32* XPA\ AX+BX: J=32* YPA\ AY+BY: PSET(1J) 2670 N=N+1 : X(N)=XPA : Y(N) =YPA:
XPO=XPA: - YPO=YPA 2672 |F LOC(2) > 9 THEN GOTO #5540 2675. MVEO 2680 MVEMVIFL:
|F LOC(2) > 9 THEN GOTO 2640 ELSE | F MM < M THEN .GOTO 2680 2685 X(N)--X(N):
IF XCN) = 0 THEN X(N)=-1 2690 IF LOX(2) > 39 THEN GOTO 2620 ELSE NU=NU+1
“1F NU < 4000 THEN GOTQ 2690 2695 PRI NT #2,"S': ‘NP=N-2696 | F DEBUG <> 0
THEN LOCATE 20,2 : PRI NFhe \pEteRbas qmerous pagful> anpih¢atitnion abunstowihopr

DEBUG <> . 0 THEN LGI‘ﬁTtEti@n 12 THRRmOF: NBv26R0 aRET1dN1 36K Ar Rk EAlTH dyl Bnd
CHARACTERI ZATI ON 5 B 4200 ; RE O NT_AVERAGE POI‘NTS
3010 Al=0: A2=0:. SE?L%&%% 03%95%%%905 g°6‘“‘zv ﬁ?“‘ez‘}fz GE ZIBRYOC'C%ZE =0: "NSP=0
3015\NSTRK=0: XX0ABSIH¢ak}onsX kbt may aot( kyme Yhoddid A4 xéad\DFire M3tfing in
NLONG=0 3020 FOR 3030
IF M> M GOTO 3og/gg‘é%‘Q€uE3'% gﬁ“’é Ii<l£: (@ﬁ’% }UE‘M E&HBE% %M%l 3040
DX=X(M - X(ML) : DY=%dpese¢ Nrf ¢ ipeke Masbiy) sndashaldas( tagguaps: apde ADYORB®43 | F

AY > 0 -THEN DY=- DYlQQﬂt’edl fud8er <of3 cdaf N xChshiBo2 39 1 vé@é?ng{(Ehéﬁ(iMl (e Hcidﬂ\‘
XN=X(M) 3053 | F X(M > XX THEN é;::x& 3054 | F Y N THEN YN-Y(M) 3056 -
IF Y(M > YX THEN Peindifs.diese Apvoky N&(‘CM”E)?‘:‘“Z‘?‘"‘Z?!?WM ~yRitipg masierda
NSP=NSP+1 3060 | F mxdeBYtﬁmm GEFAL BOB QL 1 ne RddnEDOPREv ANGL For Gu@fdal+- N256 .

3080 1 DY 2 0 TRy seitioaldi Dl Bpehgndib 17 bk B o BriPuaily
THEN GOTO 3090 3086f |data] dmclpiugAthe\ transfe30ey ArR A2tDS0393PregibestoGn

3090 IF Al-A2 < - 133uc-E|E|;E.N1 AIas Abhtgé Gpredggl-z‘Biﬁgg Q[uggt?ﬁng Far%]- p@@seﬁtég 80nT|E'Ee\|

AI-AI-256 . GOTO 3095 3100 ZA+ZA+A1*DS 3110 DAl= .
\_/ streens and the answers written in long—hand as in teaching

mathematics, as when numbers. are’ manually inserted in equations and
the'equation'analyzed to determine-the result using'those numbers;
in CAD/CAM applications involving symbols, geometric shapes and the

like.. ' :

' We have described a particular preferred embodiment of a '
-keyboardless computer on which usual computer functions are _

' performed by writing in a normal ‘manner with a pen—like stylus on an '
input screen placed directly over a flat display. The keyboardless-'
‘computer illustrated is ideally configured for use by non—keyboard
oriented individuals, by keyboard individuals for whom the utility
of the computer is enhanced, and in various settings and
applications_in which keyboard entry is awkward or impossible. -

':Computer-based information and application software can be loaded
into a portable device for later viewing. manipulation of text and
.data; and: adding new text and data in a normal handwriting mode.
Thereafter the user may transmit this computer text to another
computer, a similar device, an external electronic storage dev1ce, a
-hard copy printer, or’ through a telecommunications system. The

. computer is capable of recognising Handwritten Symbols with a high
degree of accuracy ‘and of "learning" individual styles of
handwriting.__ The data and commands can be input with the aid of a

. stylus.



3115 ZDA=ZDA+DAL 3120 | F NSP >. M3 THEN ADA=( DA2+ADA)/2 ELSE ADA=DA1l

ASTRT( NSTRK+1) =A1+A2)\ 2 3130 | F NSP - M3+1 THEN ASTRT(NSTRK+1)=( Al +A2)\ 2

314G | F ABS(DAL- ADA) > 80 THEN SEND=1 3150 |F ABS(DA1) > 64 THEN SEND=1 .

| 3193E| F SEND=0 THEN GOTO 3300 3200 REM END OF STROKE - 48 - 3205 I'F SEND

1 THEN GOTO 3220 3206 X(M =-X(M 3208 SEND=0: SZL=ZL: SZL=32*SZL\AY: |F SzZL
< 0 THEN SZL=-SZL 3209 |F-NSP < 3 THEN 3210 ‘ELSE |F SZL > 2 THEN

ML=Ml 1 GOTO 3250 3210 I F NSTRK > 0 THEN I F X(SNO(NSTRK)) > 0 THEN

NI = XN it Wl SRR RoRE SR S,

GOTO 3300 ELSE |gelegted PE@@W@IM@SQ@@PQ@SM—W%M%WEM M-* DS .

3241 7Y=ZY-Y(M * PN/

3250 NSTRK-NSTRP?-%E %%3?? éL(: ENSE TRK) = *SZL\ LHT AéN D#SRK) émA3+A4 PO

SC( NSTRK) - ZDA : §kenlg Aok be segned Aggte;l Sheretar\p 532'?94

ADACAZALZSG. 25‘%‘5%%@?“%8“‘%%“5?” )'M"Emifwm”‘% RRRTRO\ A BX
—_ + * +

3262 SY(NSTRK) =ZY/.ZL: N?ﬁ ‘%&%(“\ﬁ%‘%ﬁ%%‘f% RK) =AZA 3270

SXX( NSTRK) 32*mmiemosmmrm)wsgammmmc@m@m;mmm IF AY < 0

- THEN SYN(NSTRK) >§1%¢X§/A o S XENT L3 @ﬂ\:&%’ TR numbds! 00 PH3Q, 8273

SYX( NSTRK) =32* Y BINCNSTRK) =327 YR, ALBY - 3280 TF DBUG =3 THEN LPRI NT.

USI NG " #####" : MNSP, X(M) |, Y(M) , ZL, ZAAL, DAL, ADAZDA , (Al+A2+A3. A4)\ 4 ELSE | F

DBUG < -3 THEN PRINT USING "######" . M NSPX(M, Y(M, ZL, -

ZA, AL, DAL, ADAZDA, ( AL+A2+A3+A4) \ 4 3281 | F-DBUG > 2 THEN LPRI NT

"SLSA, SC, ASAE", SL{NSTRK) SA(NSTRK) SC(NSTRX) ASTR T( NSTRK) AEND( NSTRK) ELSF\J
| F DBUG < -2 THEN PRI NT SLSASCASAE SL( NSTRK) SA( -



NSTRI)i SC(NSTRK) ASTRT(NSTRK) AEND(NSTRK) 3285 A1=0: A2=0: DA1=O:

DA2=0: DS2=0: DS1=0: SEND=0: ZX=0: ZY=0: ZA=0: ZDA=0: ZL=0 3290 XX=ABS(X(ML)):

XNEXX © YX=Y(ML): YNSYX: NLONG=0 : NSP-0 3295 GOTO 3391 3300 REM FI NI SH LOOP

3310 ML=M 3320 DA3=DA2: DA2=DAl: D52=DSl: DS1=DS: A4=A3: A3=A2; A2=Al 3390

IF DRUG > 3 THEN LPRINT USING "######’ ; MNSPX(M . ¥(M, ZL, ZA, Al, DAL, ADAZDA

. (AL+A2+A3+A4)\ 4 ELSE | F DBUG < -3 THEN PRINT U4\ NG " #ammit"

M NSP, X(M Y(M, ZL, ZAAL. DAL, ADA ZDA, (AL+A2+Adeddibh 3391 NEXT M 3392 I F

DBUG > 1 THEN LPRINT" NO Y LA G X XN X

YN ST ND' 3303 IF 1T EN L RN

Y LA gﬁu%){ % #§ 93)3%%(

10, 1 AEGR 1=1 TO NSTRK. PR NT SPNG ¢ g -

), SX(1), SY(1), SL(1), SA(1), SO(1), S ), SXN4), SYX(I) SYN(I), ASTRT(I), AEND(|
NE XTI 3395 IF DBUG > 1 THEN:BXR | =1 30 NSTRK LPRINT USING " #ihtit’ | -
CSNO(1), SX(1), SY( |

15 2SL(1) | SACI) . SOL1Y, SXX(1). SXN(I)S%YX(I) ng(l) ASTRT(1), AEND(1) : NEXT |

3396 | F NSTRK > 1 THEN GUSUB 4000-#4'SE GOT3 3399 3397 | F DRUG < -1 THEN FCR

|=1 TO NSTRX: PRI NT USI NG "#####"-TZ:SNO(I) SX(1), SY(1) |

NO - X
43 16°|')ng[§|) LOCATE

£
£

SL(1), SA(1), SCC(1), SXX(1),; SXN(I), < 1), ASTRT(1), AEND(1). : NEXT |
3398 | F DRUG > 1 THEN FOR 1 =1-TO R NT USI NG "##HHHHE .
, SNO( 1) SX(1), SY _n_

_|) SL(1), SA(1);Sc(1), SXX(I) SXN(I)4SYX(I) SYN(1), ASTRT(I) AEND(I) : NEXT |
3399 RETURN 3400 REM EDI TI NG SYMB 'RECOGNI3TI ON 3410 FOR L=1 TO NSTRK 3412
=(SA(L)+32)\64: IF Al >.3 THEN AJ50 3416 JF Al - 0 THEN I F SL(L) > 100 .
HEN NCHAR=3: RETURN: REM VERT| CAksB418 | -3l - 1 THEN1F SL(L) > 60 THEN
NCHAR=1: RETURN: REM HORI ZONTAL 347D. | F- A+11 2 THEN | F SL(L) > 100 THEN

NCHAR=3: RETURN: REM VERTI CAL 342273F Al =18 THEN I F SL( L) > 60 THEN

NCHARSL .RETURN: REM HGRI épgm@ % 49 2.,34,303 7 L (3500 EEML i
LETTER.TO EDI TTI NG CODE BDmp = (iQSuB=3(5Q0 Ozé i k. >s£J) THEN
GOTO 3530 - .
_ 4, .38 -
-39, 32
-48, 25
-58, 16
=71, 8
=72, 2
-64,. -4
-89, -11
-72, -17
-80, -24
-89, =30
=80, -36 . ' ' '
2) np - 20 x = (=-21,.10..37) y = (-15..16..59)
_ 27, - 43 ‘ :
- . o : -80, . 37
~ o ooe71, 29
' ' -98, . 23 -
-80, 16 -
-78, 8
-85, 1
-89, . -6
-80, ~12
-80, -18
-64, =25
-64, =31
48, - =25
56, -18
48, . -12
64, -6
89, 1
~124, 0



- 45 =

3520 NCHAR- 10: LOCATE 20, 1: PRI WM : RETURN 3530 IF CS$ = "-"THEN -
NCHAR =1 RETURN 3532 I F NLET = 3 = "A" THEN NCHAR=2 : RETURN
3536 I F CS$ "[err]™ THEN NCHAR-4 :RETURN 3538 I F CS$ = \. THEN NCHAR=9

: RETURN 3540 | F- CS$ ="P" THEN NCHAR=7 : RETURN 3542 | F CS$ - "E' THEN :
NCHAR—8 REﬂEfURNIB§42bPH Eldm I;INU:S" TM&WARH&ORREFUBN, 3&$GOHFVNLE'FH 3d/85
THEN NCP-IAREESNT RE'TU 59 2x380% ZRETURN. 3600 REM PARCEL STROKES

IO CHGHEE it e nal ﬁ%@ymm%mm&%% FARHERY

SXX( 1) ALsi¥ob) . smsa((am,,swm)nme NCET R R AF IV
GOTO 365CPRIBODFRECN L=2 TO NSTRK 3606 | F DBUG > 4 THEN. LPRI NT USI NG " HEHEH"
. SXX( B RBENF )2 STRAES) CEMNEEF T3 86V ERRINQSOSER ) INEQRPORATEDF (RESTON) V4. . 57/8¢

THEN a5l SE tMrdde3 CFhep3635 s8Rk s! F soitfbdisll) : casS¥od L) THEN @0
3630 ElBE KyBo4SXXft=1ls1)sr1F4) JrxsuN@EcpTaidadl GOTO 3635 3620 |F

ASS( ( SYX(1 4% TN\SL 1IHTR=BHINAT THEN GOTO 3635 3629

| CONT- Pﬁ“sgkﬁ("’E" L1y RN 2L TR AU HEN TR ée%'%"“étsé“ |
GOTO 3 I XT-1L $usi6 40sts- 1I0W@T%Nﬂ—§&ﬁﬁlm 26ETA lo) s84ET. GOTO
3649 3@49%&1&&@?@:}3% SLET(T0 s:NLEmmsLqu 1 )NLET 3646 | F DBUG >

SRR E T Teaeme S

ZLI NY—ZBIM-NSY%(LIEW gaidhiy WS&‘AR’INSWIVN ToLkEmtl NSTORED DATA BASE®: INP

: LI NY( YFLB89PR26) *8+4 - LF DRU N_LP ; LSELE DBUG < 0 .
men Lot s gt L ) e Al e b S iy

XX1=- 1300 :RE¥=oF. : cL¥=- 100 3656 FOR'LSTRK=1 TO NSTRK+1 3657 = - .
LST=LSTRK IF FESL'ISTRK 1-THE!THQ$!5'PHEN°GOTO 3659 3658 I'F SLET(LSTRK) = MCHR

THEN N1 e R o§§§% %}W CCATE 23,1 : PRINT "TOO -
IVANY ST WTBNSI EMNELST- NST+M 1 3661 : : .

L‘NN)J DBC(5 M SCI LMN) - 3662 :
-DBC(6 ‘L(I;ogg >g E:g, gg ﬁg’g%)\ LHT " DBC(3, M ASTRT(LM\I) DBC(4 M :tAEN __
D(LMN) 200 REM EDID -

205 LINY=0 '
210 IF SWIPN = -1 THEN GOSUB 7100 ELSE GOSUB 2600 REM TOUCH TECH SCREEN IN ASC
I @ %600 . .
211 IF SWTPN =1 THEN GOSUB. 7300 _
220 REM RECOGNIZE SYMBOLS . S
221 IF NP > 2000 THEN LOCATE 23, 1 PRIN’I‘."TOO MANY POINTS® : STOP
. 222 IF NP < 4 THEN GOTO 200
230 GOSUB 3000 :GOSUB 3400 :REM -,<>" .I, N\./.P B
240 ON NCHAR GOTO 1200,1300,1700,6200,6700,6500,6600, 12500 6500,200 :REM DELETE,
MOVE, FORMAT; INSERT.WRITE OVER,REMOVE, PARAGRAPH INSERT CHARACTER END -
250 GOTO 200
500" END :
600 REM DISPLAY 'I‘EXT FROM SINGLE CHARAC‘I’ER ARRAY
605 LOCATE 23,20: PRINT *
610 I=II : J=JJ : REM INITIAL DISPLAY POINT FOR NC1 _
620 FOR K=NC1 TO NC . . . :
630 IF ASIK] <> CRS THEN GOTO 660 o , . W
640 LOCATE J,I. PRIN » » . TuI+l : IF I < Bl GOTOC 640 '
650 J=J+1 H I-IMARGN LI..(J)=K : GO’I‘O 740 -
660 IF I< IMARGX THEN GO‘I‘O 670 ELSE IF AS(Ki=" " GOTO 690
670 IF J> JBTM THEN LOCATE 21,20: PRINT "READY", :RETURN _
680 LOCATE J,I : IF I=IN THEN GOTO 710 ELSE PRINT A$(K) : I=I+’1 7 GOTO 740
690 LOCATE J,I : PRINT " " : I=I+1 IF 1< 81 GOTO 690 : ’
700 J=J+1 : I=IMARGN : LL(J)=K+1 : GOTO 740
710 IF AS${K) <> * " THEN GO‘I‘O 730 :
720 IF LL(J)=K GOTO 740 -
730 I=I+1 : PRINT AS(K)
740 IF I> IMARGX+10 THEN GOTO 690 ELSE NEXT K
750 IF J> JTX THEN GOTO 790 )
760 JS=J S
765 LOCATE J,I : PRIN .o I=I+l: IF I< ,81 GO’!'O 765 '
770 J=J+1 : I=IMARGN: IF J > JTX THEN GOTO 780 ELSE GOTO 765




3663 DBC(7, M =(100* (SY(LM\) - LI NY) )\ LHT : DBC(9, M =( |
50% ( 32* Y( SNO{ LM\ 1)\ AY+BY- L I NY) )\ LHT:- I F LMN =1 THEN DBC(8, M =1
50* (32* Y(2) \ AY+BY- LI NY) )\ LHT ELSE DBC48,-M) = .
50* ( 32* X( SNO LM\F 1) +2) \ AY+BY-LI NY) )\ LHT 3664 |F YX < SYX(LMNI THEN
-YX--_SYX(LV\%QSS% IF YN > SYN(LMY) ' THEN YN- SYN(LMN) 3666 | F XX < SXX(LM)

THEN XX- P 3Q420: SRANE MRFATHEN: BERBXN( LM\) * 3668 | F DRUG > 0

THEN LPRI = sk ,DBC(3, M, DBC(4 , M .
DBC(5, M, m(ssmswme(%g RQBQ&M %;\:/% 5669 | F DBUG < 0 THEN LOCATE -
10+M 27: ml"l\H'OfUSFF\IG‘O ######"- NCHR DBC( 1, DBC12 M

, DBO( 3, M, 38 %& DBC(? ,DBC(8, M, DBC(9 M 3670 NEXT
M G@SUB1£|EOQF3&71 F( §T36-1 MARGNI \ 2 3672 REM PRI NT | |
YVCHR. NPOR? 1GHIRE > m;mmwrm) I NPUT 1.JK 3673 IF ED = 1 THEN NPOS=0: .

AS$( MCHR) ! NPOS > 0 THEN IF NPOS < 40 THEN AS$(NPCS)-CS$ 3675
REM 3676 ] DE-EI,\I J_Q;Agni WM LHE41\ 8, (XX+XNI\ 16+1 : PRINT CS$ -

- 50- 36771%%%&@ XNF35&3E$¥X(NQ!B)M¥2%2+1
me)Bm mmmﬁl XX1=XX: xx_-1 XN=1000:  YX1=YX:

SYN o
E?Ib Ri- %ﬁ"%ﬁi@“maﬁ%&%ﬁag% VLR (R 4720 | F

<> NST MHMI-EGT0 8790 « RENHEHEOKM NMYBER GF—»&TRCKES 3725 MRE=9 : | F '
LI NY 4 =1 =93 (MIEERIMMDL: 1 TE) WSIP=1T FHER CRTADL I OTO.SWEESTRS
DR—ABS(D(E ﬁ MIT) g‘ﬁﬁwog Me MEXD MriEN GOTO 3744 ELSE IF M2 > 4
THEN GOTQ BBMC-BE4HD [:FGEFO 20828 THEN DR=ABS(DR- 256): GOTO 3741 : REM USE 64
DI RE %IWDM?PWNAM§TW+M)) > 20 THEN
0* DR\ {3 Mk 37 A4 vkEsydRR: 7. DS HRTP 3790 -

1320 XP=(XN+XX)/2: YP=(YN+YX}/2 :REM AVE BRACKET POSITION . R
o 1330 I=INT{XP/8)+1: J=INT(YP/8)+1:REM CONVERT X,Y TO I,J '
i_s 1340 ML=LL(J): M1=ML+I-IN :REM CALC A ARRAY INDEX OF LETTER-AT I,J
1350 IF AS$(ML)=" ® THEN Mi=M1+1.
1360 IF A$(MLs)=CR$ THEN Mi1=M1+i '
1390 XX=SXX{2): XN=SXN(2): YX=SYX(2): YN=SYN(2)
1400 XP=(XN+XX)/2: YP=(YN+Y¥YX)/2 :REM AVE BRAGKET POSITION
1410 I=INT(XP/8)+1: J=INT(YP/8)+1:REM CONVERT X,Y TO I.J
1420 ML=LL(J): M2=ML+I-IN :REM CALC A ARRAY INDEX OF LETTER AT 1,3
1430 IF AS$(ML}=" * THEN M2=M2+1 3
' 1440 IF A$(ML}=CR$ THEN M2=M2+1
© 1450 M3=0:REM INITIATE COUNTER .
1460 FOR M=M! TO M2 :REM LOOP OVER PORTION CUT
1470 M3=M3+1: REM INCREMENT COUNTER
1480 AS$(M3)=AS$(M) :NEXT M :REM COPY CUT TEXT
1490 XX=SXX(3): XN=SXN(3): YX=SYX(3): YN=SYN(3) .
1500 REM INSERT WITH M3 LETTERS STORED IN AS$ & Xx,Xn,yX,yn
1520 XP=(XN+XX}/2: YP=(YN+YX)/2 :REM AVE BRACKET POSITION .
1530 I=INT(XP/8}+1: J=INT(YP/8)}+1:REM CONVERT X,Y TO I,J
' 1540 ML=LL{J): M3=ML+I-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT I, J
; 1550 IF AS$(ML)=" * THEN M3=M3+1 _ .
\—’ . 1560 IF A$(ML)=CR$ THEN M3=M3+1
: 1570 MD=M2-M1+1 : IF MD > 0 THEN GOTO 1580 ELSE GOTO 200
1580 FOR M=M1 TO NC : REM LOOP OVER AS$ ARRAY POSITIONS TO BE SHIFTED
1590 A$(M)=A$(M+MD) : REM SHIFT A$ ARRAY LETTERS
1600 IF M+MD = NC THEN GOTO 1610 ELSE NEXT M : REM STOP AT END OF ARRAY=NC ;
1610 IF M3 > M2 THEN M3=M3-MD :REM OFF SET INSERTION POINT TO ACCOUNT FOR DELETI
ON - . . .
1620 FOR M=sNC-MD TO M3 STEP -1 : REM SPRED ARRAY TO MAKE ROOM FOR INSERTION _
1630 AS(M+MD)=A$(M) :REM MOVE LETTERS
1640 NEXT M
1650 FOR M=1 TO MD :REM LOOP- OVER CHARACTERS
1660 AS(M3+M-1)=AS$(M) :REM INSERT LETTERS
1670 NEXT M. oL e
1680 CLS: II=IMARGN JJ=JTOP: NCl=1 : GOSUB 600
1690 GOTO 200 = _
1700 REM REFORMAT MARGINS



3748 R=R+DR 3749 |F R > Rl GOTO 3790 3750 NEXT M2 : NEXT ML 3780 M51=M
R1=R 3790 M3-M3+ DNI'M : NEXT M 3600 REM | DENTI FY' CHARACTER 3803 CS$= CHR$(
DC(MB1)) 3804 REM 3805 |'F DBUG <> 0.THEN LOCATE 19,1 : PRI'NT RIL, MS1, CS$ |
3806 REM 3810 |F RI\NST > ACPT GOTQ 3900 : REM CHARACTER NOT FOUND 3830
RETURN 3900 REM LEARN NEW CHARACTER’3902 | F LERN = - 0 THEN CS$=CHR$(2):
RETURN 3904 | F KYBD=0 THEN LOCATE 23, 1 : | NPUT " CHARACTER NOT UNDERSTOOD, -
- E\L(E/Sf%gzgqcm(musxw»meazm RVEYBB.CKED PDEENONCCATE 23,1 : PRINT " 3910 |F
- 4 |F KYBD =1~
THEN g@%&% ﬁ?%ﬁ@&;@;ﬁ%ﬁsﬁg%ﬁé 3960 3917 | F
ED=1 T8820 | F NDBT = 300 THEN PRINT "Too Many Synbol's": STOP -
3926 NBBT-RUBBTH ACQUIRY RDBYIS=KISTASCIDC(GDBIY = XS CSH5 %30 | F MB+NST > 8060/

2540 ”:“““”%%swoaafﬁ&%% (B, [ty IS Mo b el

3980 bR 46002 IREM COMDATENATES 1STROKES 4010 FOR L=2.TO NSTRK 4014 |F

O s PR L S 3 Bans Sy 7 é@?ﬁ? =

4021 LiNeFEe oL xd, viPRI NT "L, ALNO' -L; ALNO 4022 - F ALNO. > 100 THEN GOTO
4090 :26BENKPREOKIFARXBNAY : 4m¢-lAENBfIP8*WL i Nqﬁ(',)g SNQ(L-1)) -4026 DD

T e

BEx > ALNO THEN GOTO 4090 - REM
VY Loc(2) > 5 THEN GOTO 2640 '

2675 :
2680 MM:MM+1 IF LOC(2) > 9 THEN GOTO 2640 ELSE IF MM <( M THEN GOTO 2680 _
2685 X{N)==X(N): IF X(N)} = 0 THEN X{N)=-1 ' ",

2690 IF LOC(2}.> 39 THEN GOTO 2620 ELSE NU-NU+1 :IF NU < 4000 THEN GOTO 2690
2695 PRINT #2,"S": NP=N

2696 IF DEBUG <> 0 THEN LOCATE 20 2 PRINT *NP=",NP h N
2697 IF IFAVE=2 THEN GOSUB 4200 N " . ' - ;
2698 IF DEBUG <> 0 THEN LOCATE 20 12 :PRINT NP ' o ' : \dJ
2699 RETURN

3000 REM CALdULATE CHARACTERIZATION OF STROKES

3005 REM GOSUB 4200 :REM 2 POINT AVERAGE POINTS - S .

3010 A1=0: A2=0: DAI=0: DA2=0: SEND=0: ZX=0: ZY=0: ZA=0 ZDA=0: ZL=0: NSP=0

3015 NSTRK=0: XX=ABS(X(1)): XN=XX: YX=Y(1}: YN-YX M1=1 M2=1; M3=2: NLONG=0 -
3020 FOR M=2 TO NP : : : _ . .
3025 IF X(M) < O THEN SEND=2 :X(M}==X(M)

3030 IF M > M1 GOTO 3035 ELSE 3391 _
3035 IF X(M1) < O THEN M1=M: GOTO 3391 g _ I :
3040 DX=X(M)-X(M1): DY=Y(M)-Y(M1): ADX-ABS(DX) ADY=ABS(DY): DS=ADX+ADY
3043 IF AY > 0 THEN DY=-DY _ L ' '
3044 IF DS ¢ 3 THEN GOTO 3391
3052 IF XIM) <
. 3053 IF X(M) > XX THEN XX=X(M) .
3054 IF Y(M) < YN THEN YN=Y(M) - o
3056 IF Y(M) > ¥YX THEN YX=Y(M) - ' _
3058 ZX=ZX+X(M)ADS: ZY=ZY+Y(M)*DS: ZL=ZL+DS: NSP=NSP+1 : I _ .
3060 IF ADX < ADY THEN GOTO 3080 :REM ENCODE ANGLE 0-255 +-n256 NS
3070 IF DX > O THEN Al=64- (32*DY)\DX ELSE A1=192-(32*DY)\DX ' '
3075 GOTO 3085 . -
3080 IF DY > 0 THEN Ai= .(32*Dx)\DY ELSE A1=128+(32*DX!\DY
3085 IF. NSP>M2 THEN GOTO 3090
3086 IF A1<0 THEN A1=A1+256
3087 ZA=ZA+A1*DS
3089 GOTO 3190 o
3090 IF A1-A2 < -127 THEN AI-A1+256 : GOTO 3090
3095 IF A1-A2 > 128 THEN Al=A1-256 : GOTO 3095
3100 ZA=ZA+A1*DS _ ' .
3110 DAI=A1-A2
3115 ZDA=ZDA+DA1 . . L
3120 IF NSP > M3 THEN ADA=(DA2+ADA)/2 ELSE ADASDA1 : ASTRT(NSTRK+1)=(A1+A2)\2
3130 IF NSP = M3+1 THEN ASTRT(NSTRK+I)=(A1+A2)\2 : S
3140 IF ABS{DA1-ADA) > 80 THEN SEND=1
3150 IF ABS(DA1) > 64 THEN SEND=1
3190 IF SEND=0 THEN GOTO 3300
3200 REM END OF STROKE




4030{ | R1=80*SC(L)\ SLL) : |R2=80*SC(L-1)\SL(L-1) 4031 REM PRI NT
"L,IRL,IR2",LIRL, IR2 = - 51 - 4032 |F AZS(IR1) > 350 THEN GOTO 4040 : REM
SMALL" W GGLE 4034 |F ABS(IRL) < 80 THEN GOTO. 4038.: REM STRAI GHT LI NE 4036

| F ABS(| R1-1R2) > ABS(IRi+l R21\3 THEN'GOTO 4090 ELSE GOTO 4050 REM TGO DI -
FFERENT CURVATURE 4038 | F ABS(IR2) > 80 THEN GOTO 4036 ELSE IF IRI*IR2 <
-2000 THEN -GOTO 4090 : R TOO DI FFERENT CURVATURE 4039 GOTO 4050 4040 |F.

ABS( | R2) 32035TF BERR COTTHENGETERSE | F | R1* | R2. < 0 THEN GOTO 4090 4050

ASTND=AB %ﬂu; Q M 4052 | F ASTND >
128 THEN %é? ABE( A %ﬁ'kéﬁoﬁé&éﬁeg Egglb IzﬁﬁT §“ézaowEﬂx\Jzs@OT O 4090 _
ELSE IF A&'ITNDIb Nsmm( ABS(THRY) 3ABSENRIETRRIO T HENHODMOSHOOGTROS - CENOINSB®) )
4009. &_.NE@ %ﬁ TURN 4100 REM COMBI NE STROKES 4101 REM PRI NT

20

" COVBI NI b0 ek lozr Shirh (i) 19LdAe) <4 kapk Ezllezr O THEN LOCATE
23.1 : PRI TIONST ROREREN Gord\@3bENGER! 17 STOR 48P0 ThEN S9%013300 SXX(L1) THEN

SXX(L1) sm 122 [E SXN) < SXN(L1) THEN SXN(LL)=SXN(L) 4124 | F SYX(L)
> SYX(L1)3% ). YX( L) 4126 I'F SYN(L) < SYN(L1) THEN SYN(Ll) =SYN( L)
2(

4130 SX( 133z #ﬂr.(éa) sSRUzbA[SL 4133

SY(L1) =( 4|31§g sw +SL(L)*SY(L)/SLL 4137 8 .
SA( L1) =( 4140 SL( . .
1) gé@i &%ﬁ&%&&%m&d %@?Eﬁ% Fszﬂniagé: Lo
enFE4170 NSTRK- NS RK <L THEN RETURN 418 -

o I\EP 1'21?}8 5 4 1=P| THEN ka E Q%%ﬁ LL) =SXN(L1) ' 3

SYX( LL) §§g§ﬁ‘ @Eg% %\kﬂs . SY(LL) =SY( L1)

9 SL(LL) =SL( L1):

LL aeAsTsxr-% NS RK)AEW tm m;aaz-mnx«»ax SNO{NSTRK ) =M L -
.(, ) IF ? 0 THEN &?NSTRK)=32* \AY+BY: SYX{NSTRK)=32*YN\AY+BY : GOTO 3280

3273 SYX(NSTRK)=32*YX\AY+BY: SYN{NSTRK)=32*YN\AY+BY
, 3280 IF DBUG » 3 THEN LPRINT USING "######";M,NSP,X(M},Y(M),ZL,2A,A1,DAl,ADA, ZDA
\_/ . {A14A2+A3+A4]\4 ELSE IF DBUG < -3 THEN PRINT USING "s####8°:M,NSP, x(Ml,Y(M) 2L,
ZA,A1,DA1,ADA, ZDA, (A1 +A2+A3+A4 )\ 4
3281 IF DBUG’> 2 THEN LPRINT "SL,SA,SC,AS,AE",SLINSTRK) SA(NSTRK) SC(NSTRK| ASTR -
T(NSTRK) AEND(NSTRK) ELSE IF DBUG < -2 THEN PRINT "SL,SA,SC,AS,AE",SL(NSTRK) SA(
NSTRK) SCI{NSTRK) ASTRT(NSTRK) AEND(NSTRK| .-
3285 A1=0: A2=0: DA1=0: DA2=0:DS2=0:DS1=0:SEND=0: ZX=0: Z¥=0: ZA=0: ZDA=0: ZL=0
3290 XX=ABSIX(M1)): XN=XX :¥X=Y(M1): YN=YX: NLONG=0 :NSP=0
3295 GOTO 3391 S
3300 REM FINISH. LOOP _
3310 Mi=M o . .
3320 DA3=DA2: DA2=DA1: DS2=DS1: DS1=DS: Ad4=A3: A3=A2: A2=A) ..
3390 IF DBUG > 3 THEN LPRINT USING "######";M,NSP,X(M),Y(M),2L,ZA,A1,DA1,ADA, ZDA
: (A14A24A3+24)\4 ELSE IF DBUG < =3 THEN PRINT USING "####48";M NSP,X(M),Y(M), ZL.
ZA,A1,DA1,ADA, ZDA, (AT+A24A3+A4I\4. _
3391 NEXT M - . o - .
3392 IF DBUG.> 1 THEN LPRINT * I NO X Y L A €C XX XN Y
X YN ST ND* e o 3 B
3393 IF DBUG < -1 THEN LOCATE 9,1 :PRINT * I N . X Y L A C
XX XN Y¥YX YN ST ND" - S

ANS 3394 IF DBUG. ¢ ~1 THEN LOCATE 10,1 :FOR I=i TOINSTRK :PRINT USING "#####";I,SNO(IX
).SXUtI), SY(I) SL(I),SALI)., SC(I) SXX(I) ¢«SXN{I),SYX{I),SYNII) ASTRT(I) AEND(I) :NE.
XT 1

© 3395 IF DBUG > 1 THEN FOR I=1 TO NSTRK LPRINT USING "#as##";I, SNO(I). SX(II Syt
I),SL{X},SA(I),SC(I),SXX(I},SXN(I),SYX(I),SYN(I),ASTRT(I},AEND(I) NEXT 1
3396 IF NSTRK > 1 THEN GOSUB 4000. ELSE GOTO 3398
3397 IF DBUG < -1 THEN FOR I=1 TO NSTRK:PRINT USING "####3";I,SNO(I), SX(I) SYII)
- +SL(I),SAlI)., SCII) SXX(I),SXN(I).SYX(I),SYN(I),ASTRT(I),AEND(I) :NEXT I
"3398 IF DBUG > 1 THEN FOR I=1 TO NSTRK: LPRINT USING "#####";I,SNO(I),SX(I},SY(
-I)},SL(I).SA(I), SC(I) SXX(I) SXN(T), SYX(I) SYN(I) ASTRT&I),AEND(I) sNEXT I
3399 RETURN T
3400 REM EDITING SYMBOL RECOGNITION
3410 FOR L=1 TO NSTRK
3412 A1={SA(L]I+32)\64: IF Al
3416 IF A1 = O THEN IF SL(L)

3 .THEN Al=0 ; . o
100 THEN NCHAR=3: RETURN: REM VERTICAL .

V\)vvv

3418 IF Al = 1 THEN IF SLI(L) 60 THEN NCHAR=1: RETURN: REM HORIZONTAL
3420 IF Al = 2 THEN IF SLI(L) 100 THEN NCHAR=3: RETURN: REM VERTICAL
=

3422 IF A 3 THEN IF SL(L) *60 THEN NCHAR=1: RETURN: REM HORIZONTAL



4390 NEXT LL 4195 GOTO 4010 4200 REM 2 PO NT AVERAGE PO NTS 4210 M2=0 4220
FOR M2 TO NP STEP 2 M= M1 4230 |F X(ML) > 0. GOTO 4240 4235 M2=MR+1
X(MR) - X(ML) : Y(M2)=Y(ML) : GOTO 4280 4240 |F X(M > 0 GOTO 4250 4245
M2=MR+1 : X(MR)-X(M :Y(M2)=Y(M :GOTO 4280 4250 |F ABS(X(M - X(ML1) > 30
THEN GOTO 4280 4260 | F ABS(-Y(M - ¥(M)) > 30 THEN GOTO 4280 4270 M- M2+1
PXOMR) =(X(M +X(ML )\ 2 1 Y(M2) =(Y(M +Y(ML))\ 2 4280 NEXT M 4283 XIM2)-X(NP)
4285 NREMP né2PQ RETURN 4340 REM ORDER STROKES BY' SXN 4342 XCH= O | F NSTRK -
< 2 THEDb REEWRIONISHS :.Em&m mmswmn%o |F SXN(L) > SXN(L-1) THEN GOTO
4380 43850 RORE1:COBUR-138 ° ToSXX(L1)  SXX(L1)=SXX(L) :SXX(L)=ST 4361
ST=SXNGED) S oiiibl)s Ik ~SRyAR9&NS TE¥bk 1) 1 SYN(LL) SYN(L)

: SYN( L)asﬁ;Tmm STSVE tniL)vcn&/)é@Ll&m‘&ﬁK L) : SYX(L) =ST 4364 ST=SX(L1)

. SX(L1pSSK E)NLESXfLa SHEW, FF5CS =Sy QET EN QYQHARY 2= SYETURN: SY( L) =ST 4366

ST=SA( ([ =) “52 4367 ‘ST=SC( L1 SC(L1=SC( L
- sQ(L) Eg" 4§ 5 3'( fﬁ:"% BERJaN : SL(L) =ST 1365 &= sno(LT) D)

: SNO( L3y s550ve( T NCASH NEMURY 4390 | F XCH = 0 THEN RETURN ELSE’
XCH=0 3wr@‘r‘4 -61OUTREMN 6%%@1\#1 :J=3: 1J=] FOR =1 TO 40
L ASS( | Bass ‘a0 6118 LI 16120 LINE - . |
0, LI NY3B&r 39 LI NY+LHTV 2) , 0, BF

3600 REM PARCEL STROKES INTO CHARACTERS :

3602 IP DBUG > 4 THEN LPRINT USING "##8i#ss"; SXX(1) SXN(1) SYX(1) SYN(l) LHT4
3603 SLET(1)=1: NLET=1: IF NSTRK=1 THEN GOTO 3650 ) _ . .
3605 FOR L=2 TO NSTRK )

3606 IF DBUG > 4 THEN LPRINT USING'"######'. SXXILY, SXN(L) SYX(L) SYN(L)

3607 ICONT=0

3610 FOR L1=1 TO 2 : IF L > 2 THEN GOTO 3615 ELSE IF L1=2 GOTO 3635 - :

3615 IF SXX(L-L1}) > SXX(L) THEN GOTO 3630 ELSE IF (SXX(L-L1)+LHT4) < SXN(L) THEN

GOTO 3635
3620 -IF ABS((SYX(L)+SYN(L7) (SYX(L—L1)+SYN(L—LI)I) ? LHT THEN GOTO 3635 _
3629 ICONT=L1 :GOTQ 3635 .y -"\‘J

3630 IF SXN(L-L1) ) SXX(L)+LHT4 THEN GOTO 3635 ELSE GOTO 3520
3635 NEXT L1,
3640 IF ICONT=0 THEN NLET=NLET+! :SLET{L)=NLET: ‘GoTO 3649
3645 NLET=SLET(L-ICONT} : SLET{(L)=NLET :SLET(L-1)=aNLET :
3646 IF DBUG > 3 THEN LPRINT "L, NLET SLET",L.NLET, SLET(L—!) SLET(L-zl
3649 NEXT L - .
3650 REM LOCOP OVER LETTERS .
3652 IF ED=1 THEN ZLINY=0: FOR LMN=1 TO NSTRK : ZLINY=ZLINY+SYXILMN)+SYN(LMN) N
EXT LMN : LINY=ZLINY/NSTRK :LINY={1+LINY\16)*8+4 :IF DBUG > 0 THEN LPRINT "LINY=
*,LINY ELSE IF DBUG < 0 THEN LOCATE 22,1 :PRINT "LINY=",LINY -
3655 MCHR=1: NST=0: XX=-1: XN=1000 xx1 =-100 :¥YX=-1 :¥YN=1000 :YX1=-100
3656 FOR LSTRK=1 TO NSTRK+1 ' - .
3657 LST=LSTRK :IF LSTRK = NSTRK+1 THEN GOTO 3659
3658 IF SLET(LSTRK) = MCHR THEN NST=NST+1: GOTO 3690 : C
3659 IF NST > 10 THEN LOCATE 23,1 : PRINT 'TOO MANY STROKES‘ " :STOP
3660 FOR M=1 TO NST :LMN=LST-NST+M-1 e _
3661 DBCI(1,M)=SL{LMN): DBC(2,M)=SA[LMN}: DBC(S M)=SC(LMN) . '
3662 DBC(6, M)t(!00*(SX(LMN1—SX(LST-NSTI)I\LHT DBC(S M}=ASTRT{LMN ). DBC(4 M!=AEN
DI{LMN) =
3663 DBCI(7, M)=l100*(SY(LMN)—LINY))\LHT : DBC(9, M)=( 50*(32'Y(SNO(LMN) 1I\AY+BY-L
INY))\LHT: IF LMN =1 THEN DBC{8,6M}=l| 50*(32*?!2)\A3+BY-LINY))\LHT ELSE DBC(8 ,M)=
{ 50*(32*Y(SNO{LMN~1)+2)\AY+BY~LINY) )\LHT
3664 IF YX ¢ SYX(LMN} THEN YX=SYX(LMN)
3665 IF YN > SYN(LMN) THEN ¥N=SYN(LMN)
3666 IF XX ¢ SXX(LMN) THEN XX=SXX{LMN)
3667 IF XN > SXN(LMN) THEN XN=SXN(LMN) '
3668 IF DBUG > 0 THEN LPRINT USING 'ﬁ####' MCHR,DBC(1, M) DBC(2, Ml DBC(3 M) ,DBCl 4
.M} ,DBC(5,M) ,DBC(6,M) ,DBC(7,M}) ,DBC(8,M},DBC(9,M). :
3669 IF DBUG < 0 THEN LOCATE 10+M,27: PRINT USING ‘#####' MCHR DBC(1,M}, DBCI2 M)
.DBC(3,M),DBC(4,M),DBC(5,M),DBC(6,M), DBC(7 M) DBC(S M} ,DBC(9,M) :
3670 NEXT M. :GOSUB 3700 _
3671 NPOS=(2+(XX+XN)\1G-IMARGN)\Z : '
3672 REM .PRINT "MCHR,NPOS,CHAR,ED" ,MCHR,NPOS, CSS ED . INPUT IJK
3673 IF ED = 1 THEN NPOS=0: AS$(MCHR)-CS$
3674 IF NPOS > 0 THEN IF NPOS ¢ 40 THEN AS$INPOS)=CS$
. 3675 REM - .
3676 IF ED <> 1 THEN LOCATE (LINY~LHT+1)\8 (XX+XN)\16+1 PRINT Css



6130 LI NE (8*1 MARGN- 1, LI NY) - (639, LI NY- LHT, i,B 6140 LINE.
(607, LI NY) - (639, LI NY-LHT), 1, BF 6150 | F SWIPN'= -1 THEN GOSUB 7100 ELSE
GOSUB 8600 : REM TOUCH TECH SCREEN IN.AS ClI I [er.r]:,9600 6151 | F SWIPN 1
THEN GOSUB 7300 6155 | F NP < 8 THEN GOS€-6190 6160 GOSUB 3000 6170 GOSUB
3600 6180 LOCATE 18, | MARGN: FOR | =1 TO 40: PRINT AS$(1);: NEXT | 6186-GOTO -
6150 6190 ggﬁ & TO. 4 6192 I'F AS$(1) = [err] THEN RETURN 6194 NEXT | 6195
GOTO 6105 5kt shkcMAHNBERT : 65k MBS 1) XN=SXN( 1)1 YX=SYX(1): YN:SYN(I)
6202 XP=( XB&8XE, fm;mc:ﬁa EEWINS YSIN(BCHIRENN AVE CHARACTER POSI TI ON: 6203
| =I NT( XP/ 8 f+ 8 MgH Bj‘ﬂ" )| BRXK: XAV KN=E00 CORMERT =y TGNF‘QJ°°6204
-I\/L_=LL(J) : REM CALC A ARRAY | NDEX OF LETTER AT I,J. 6205 IF
AS(M K= '3‘1’61EINEMG€M2!:§.E @BOBATABAZS( M) =CRS. THEN ML=ML+1 6207 MBAV=ML 6210
JI=JSAV  PUR Ri%!6p004MI=ASHIA WEBT=0" THEWERYTQ 38245 L| NY=8*(JJ, 3)-1 6220 LINE

SHR TR BN g 3 e o r o

(607, LI NYJ3168%=b| NFoRHAS =1, RFNS8R50 IF SWIPN = -1 THEN GOSUB 7100 ELSE
GOosuB 8609735?EW E@F—I SCREEN _| AS al @9600 6251 I|F SWIPN = 1 THEN

GOSUB 7300357555 o ‘P‘ P =N e (el bl qF%d G 300, 5257 GOSUB-3600
3141

6258 | F DBUGn<>.:r0D§I' Eh\b Qb ERZRBSHMA R \For Sk ronNERSERE
6259 GOTWPENEED. 6270 JB-0 =i 6271 REM LOCATE 16,1: FOR |-1 TO 40: PRI NT -

AS$ I F +M 2, FHEY DR=2F BB\ (ABS (D & M) <> v ' THEN
IElg-l): 00?5?6 52% ELN | 8%74 FCR -2 TO'|E 6275 IF tAs.$(|)<>" THEN

GOTO 6280 3749 IF R > R1 GOTO 3790
3750 NEXT M2 : NEXT M1’
W 3780 MS1=M : Ri=R :
3790 M3aM3+ DN(M) :NEXT M o S :
3800 REM IDENTIFY CHARACTER : ' .
. 3803 CS$=CHR$!( DCIMS1)) . . : : :
: K_/ 3804 REM - ' . .
3805 IF DBUG <> 0 THEN LOCATE 19, 1 :PRINT R1,MS1,CS% .-
3806 REM . » o B _ .
3810 IF RI\NST > ACPT GOTO 3900 :REM CHARACTER NOT FOUND
3830 RETURN : ST o
3900 REM LEARN NEW CHARACTER E
- 3902 IF LERN = 0 THEN CS$=CHR$(2): RETURN S :
'3904 IF KYBD=0 THEN LOCATE 23,1 :INPUT "CHARACTER NOT UNDERSTOOD, PLEASE TYPE IT
. IN: ",CS$ . : : '
" 3906 IF KYBD = 0 THEN LOCATE 23,1 :PRINT "

3910 IF KYBD=1 THEN GOSUB 11400
3912 IF KYBD =1 THEN GOSUB 9600 - o -
3914 IF KYBD =1 THEN GOSUB 11600 : CS$=CHRS(MSEL)
3915 IF CS$=""" THEN GOTO 3960 _ P
3917 IF ED=1 THEN RETURN .
-3920 IF NDBT = 300 THEN PRINT "Too Many Symbols'-.STOP
3926 NDBT=NDBT+! : DN(NDBT)=NST : DC(NDBT)=ASC(CS$)
.- 3930 IF M3+NST > 800 THEN PRINT "Too Many Strokes" :STOP

o/ 3936 FOR Mi1=1 TO NST : FOR M2=1 TO 9 .
3940 D(M2, M1+M3I=DBC(M2 M1} : NEXT M2 : NEXT M1
3950 RETURN - . o
3960 CS$=" *
3980 RETURN

" 4000. REM CONCATENATE STROKES
4010 FOR L=2 TO NSTRK
4014 IF X(SNO(L-1]}) < 0 THEN GOTO 4090
4016 IF SL(L-1) < 4 THEN GOTO 4100
. 4020 ALNO-(ABS(ABS(X(SNO(L)))-ABS(X(SNO(L—I))I)*ABS(YISNO(L)l—YlSNO(L-l))))
4021 REM LOCATE 1,1: PRINT "L,ALNO",L,ALNO
4022 IF ALNO > 100 THEN GOTO 4050 : REM TOO FAR AWAY. .
4024 ALNO= B8*ALNO\{SNO(L)-SNO(L-1}) -
4026 DD SABS(ABS(X(SNO(L—Il))-ABS(XISNO(L-1l+2l)I+ABSIY(SNO(L-1l)-Y(SNO(L- }+21)
. 4027 REM PRINT *L,DD,ALNO",L,DD,ALNO
' 4028 IF DD » ALNO THEN GOTO 4090 : REM TOO FAR AWAY
4030 IR1=80*SC(L)\SLI(L) : IRZSSO'SC(L-1I\SL(L-1)
4037 REM PRINT 'L iRy, IRZ L,IR1,IR2



6876 JB-JB+1 6278 |F JB < 3 THEN GOTO 6288 6280 J=J+1: JB-0 6282
AS$(.J) - AS$(1) 6288 NEXT | 6289 REM LOCATE 17,1: FOR I =1 TO 40: PRI NT
AS$(1);: NEXT | 6290 AS$(J)=" " 6295 IF J < 2 THEN | F AS$(1) =" THEN .
LOCATE 18,1 : PRINT "NO LETTERS, .TRY AGAl N :GOTO 6210 6300 MDJ+1 : MB=MBAV -
. 1=ISAV : J=JSAV 6310 REM LOCATE 20, 1: FOR | =1 TO 40: PRINT AS$(1):: NEXT
| 6315 REM | NPUT-1JK 6320 GOTO 1620  -53- 6500 REM REMOVE 6510 XX=SXX( 1)
XN=SXM4) :TFYXEsSYR( )5 3¥N-TREN(AITO6 580 xm{ XMEEX L BGLEYP=( YN+YX) / 2 © REM AVE
CHARAGTER IPCRBSIIIBN 65380 |THE m@;@@ K/? BM: [SUEATGHTSYINE. REM CONVERT X, Y TO || J
=RE EAEEE%GR 9P \EYSR €970 A9IER REM TO3 D§550

6540 gd,@;J R
| F AS%E@ IF A%t%ﬁﬁmﬁé@ﬁb 5 ARLAE ) FORD: ~FHEN Mzobll Thin 6RAB MagMlg6590
GOTO 1260 t3GPERERENCUBARNGEAPH 6690 GOTO 200 6700 REM REPLACE A CJ'lARACTERJ

V\HEN \ARP#?ENO R 671 OEIYX(D) o INSSYNCL) 6720
- (xrﬁ%§< % A&%ﬁ ,AWI\AE%&%&E TPER? 11 ONFEFSEOTR [*RAP xp/ 81+1:
J=I NT(a¥ MG@WEF{&s)ﬁNo O1,J 6740 M.=LL(J): M =M.+l -1 MARGN : REM CALC
A ARRA¥s? NBEXSTHR P HRBERHBNT AB@-@FSO\S'INDJQ&SN/E GOTO" 40BIEN ML=M +| 6760 | F s
AS( MLYOERFFTABRIDN 4 THEY FPBO A0°R FLSESTT ASTND OCRRHAPS| IRIDRARR IRES| 1P THRIO
GOTO 24P & oy I NSERT A LETTER 6910 XX- SXX(1) : XN-SXN(1):* YX=SYX(1):
YN=SYM©§Q]6QQO.XP ( XN+XX) / 2: YP6( YN+YX) /2 : REM AVE- CHARACTER: PCSITICN 6930 .

| =l NT(noo %BINE s(‘mP/8 +1: REM CC]\NERT XY TO I, J
4101 REM PRINT "COMBINING",L,L-1 . :

4110 Li=L-1 SLL=SL(L11+SL(LI. ’ ' o
4115 IF SLL = 0 THEN LOCATE 231 :PRINT "TWO STROKES WITH NO LENGTH” :STOP
4120 IF SXXI(L) > SXX(L1) THEN SXXI[L1)=SXX({L) .

4122 IF SXN({L) < SXN(L1) THEN SXN(L1)=SXN(L) _ : ) - . . L_/
4124 IF SYX(L) > SYX(L1) THEN SYX(L1)=SYX(L) L S A .
4126 IF SYN(L)} < SYN{L1) THEN SYN(L1}=SYNIL)

4130 SX{L1)=(SL(L1V*SX(L1)+SL{L)}*SX(L))/SLL. L , o
4133 SY(L1)=(SL(L1}*SY(L11+SL(LI*SY(L}}/SLL : ' L
4137_SA(L11-(SLtL!1*SA(L1)+SL(L1*SAtL))/SLL : o : : : \-J
4140 SL(L1)=SLL +DD

4150 SC(L1)=SCIL1)+SCIL)+((SC(L1)+SC(L))*DD)\SLL

4160 SNO(L1)=SNO(L) :AEND(L1)=AEND(L)

4170 NSTRK=NSTRK-1 IF NSTRK < L THEN RETURN _ _

4180 FOR LL=L TO NSTRK S : : _ g oL
4185 Li=LL+1 :SXX(LL}=SXX(L1) :SXN(LL}=SXN(L1) :SYX(LL)}=SYX(L1) :SYN(LL)=SYN(L1)
4187 SX(LL)=SX(L1) :SY(LL}=SY(L1} :SA(LL)=SA{L1) :SC(LL}=SC(L1) :SNO{LL)=SNO(L1)
4189 SL{LL)}=SL(L1}: ASTRT(LLI=ASTRT(LII= AEND{LL)=AEND(L1) : : _
4190 NEXT LL ' _ :

4195 GOTO 4010 '

4200 REM 2 POINT AVERAGE POINTS

4210 M2=0

4220 FOR M=2 TO NP STEP 2 :Ml=M-i _

4230 IF X(M1) > 0 GOTO 4240 o

4235 M2aM2+1 (X{M2)=X{M1}._ YIM2)=Y(M1) :GOTO 4280

4240 IF X(M]} > 0 GOTO 4250 o

4245 M2=M2+1 :X(M2)}=X(M) :Y(M2)=Y{M) : GOTO 4280. _ g _ . 2
4250 IF ABS(X(M)-X(M1)) > 30 THEN GOTO 4280 - . . I S : \u)
4260 IF ABS({Y{M)-Y{M1)) > 30 THEN GOTO 4280 L :

4270 M2=M2+1 :X(M2)=(X(M)+X(M1))\2. Y(MZ)stY(M)+Y(M1))\2

4280 NEXT M .

4283 X(M2)=X(NP)

4285 NP=M2

4290 RETURN '

4340 REM ORDER STROKES BY SXN

4342 XCH=0 :IF NSTRK < 2 THEN RETURN

4345 FOR L=2 TO NSTRK .

4350 IF SXN(L) > SXN(L-1) THEN GOTO 4380

4355 XCH=1 :Li=L-} -

4360 ST=SXX(L1) : (L1)=sxle) SXX(L)-ST..

4361 ST=SXN{L1) :SXN(L1)=SXN(L) :SXN(L)=ST

4362 ST=SYN(L1) :SYN(L1)=SYN(L) :SYN(L]=ST

4363 ST=SYX(L1} :SYX(L1)=SYX(L) :SYX{L}=ST"

4364 ST=SX(L1) :SX{L1)=SX(L) :SX(L)=ST

4365 ST=SYIL1) :SY{L1)=SY(L) :SY{L)=ST

4366 ST=SA(L1) :SA(L1)=SA(L) :SA(L)=ST



6940 I{L:LL(JI : ML=M_+| - | MARGN : REM CALC A ARRAY | NDEX OF LETTER AT |,J 6950

|F-A$(M) =" " THEN ML=ML+1 6960 | F A$(M.)=CR$ THEN ML=ML+1 6970 .
AS$(2) =AS$(1) 6980 MB=ML : MD=1 6990 GOTO 1570 7000 REM SET UP RERUN 7010
OPEN " | ", #1, " PO NTS. DAT" 7020 | NPUT #1,:AX, BXAY, BY ‘7030 RETURN 7100 REM READ

PO NTS 7110 | NPUT #1, NP 7120 FOR N=1"T8 RP 7130 INPUT #1, X(N), Y(N). 7132 =
NEXT N 7133 IF | FAVE - 1 THEN GOSUB 4200 7134 FOR N-1 TO NP 7135 |F XLN) > -

0 THEN | =3 X(39-5AKEN ' EESH.1H=3@25 X(SLAEBX 7136 J=32*Y(N)/ AY+BY 7137
PSET(1,J) Rs40STNEXILN 7348.1) FSIDBUG SL(B)99IEN FOR N-1 TO NP. LPRI NT

NX(N), Y( N)“@E%@" WAd FENPBULVA TERRIMCEATE 20. 2 : PRINT NP=", NP '71'50

RETURN~720f% 1R STaREsRNES 7 2 COPEMDs s#4L, " PO NTS. DAT" 7220 PRI NT-
#1, AX,\BX, AMBY mGﬂEﬁEITURN 7300 REM STORE PO NTS 7310 PRI NT #1, NP 7320 FOR*-

N1 TO NP emsonmr NG FOB#EI RO ; 4/ NPSSHENY" 734¥EREXT N.7350 RETURN

I3
8600 REM 11 c?:jxs ,L@gﬁg N,A%QLILINE,% ,960QW TH | NSERT 8603 M 20- 8605
I|F LOC(2) &130 tNeN(s w01 23, Lifetar BE0S 8606 PRI NT- #2,.G N0
8610 I F L 42)meoswgwwea%m¥-mﬂ .1,BF
’ o 6150 IF SWIPN = -1 THB GOSUB 7100 ELSE GOSUB . 8600..REM TOUCH TECH SCREEN IN AS
' CII @ %9600 B ) : .
6151. IF SWTPN = 1 THEN GOSUB 7300
6155 IF NP < 8 THEN GOTO 6190
6160 GOSUB 3000 - _
6170 GOSUB 3600 - ) : .
6180 LOCATE 18, IMARGN: FOR I=1 TO 40 PRINT AS$(I),: NEXT I
6186 GOTO. 6150 . .
6190 FOR I=1 TO 4
e ) '6192 IF ASS$(I) = "@" THEN RETURN
\_ 6194 NEXT I. -
. 6195 GOTO 6105
’ 6200 REM INSERT ’ : o ' C
i 6201 XX=SXX{1): XN=SXN{1): YX=SYX(1): YN=SYN(1)}" : T -
k;; 6202 XP=(XN+XX)/2: YP={YN+YX)/2 :REM AVE CHARACTER POSITION -
6203 I=INT(XP/8)+1: J=INT(YP/8)+1 :ISAV=I: JSAV=J: REM CONVERT X,Y TO I,J -
6204 ML=LL(J): Mi=ML+I-IMARGN :REM CALC A ARRAY INDEX OF LETTER AI I,.J.
6205 IF AS(ML)=" " THEN Mi=Mi1+1
6206 IF AS$(ML)=CR$ THEN M1=M1+1 _
6207 MSAV=M1 )
6210 JI=JSAV : FOR I=1 TO 40 :ASS$(I)=" " :NEXT I
6215 LINY=8*(JJ+3)~1 '
6220 LINE (O0,LINY-LHT-8)~- (639 LINY+LHT\2) 0 BF
' 6230 LINE (8*IMARGN-1, LINY) (639, LINY-LHT},1,B - _
6240 LINE (607.LINY)—!639.LINY-LHT).1.BF ' :
. 6250 IF SWTPN = -1 THEN GOSUB 7100 ELSE GOSUB ' 8600 :REM TOUCH TECH SCREEN IN AS B
CII @ 9600 : ’ : ) ) -
6251 IF SWTPN = 1 THEN GOSUB 7300
6255 IF NP < 8 THEN GOTO 6270
6256 GOSUB 3000 _ _
6257 GOSUB 3600 . ' i
N 6258 IF DBUG <> 0 THEN LOCATE 22 IMARGN FOR I=1 TO 40 PRINT AS$(I).; NEXT I
- © 6259 GOTO 6250 _ _ '
\_/ . 6270 JB=0: J=1 ' _ -
S 6271 REM LOCATE 16, 1 POR I=1 TO 40: PRINT ASS$(I);: NEXT I - -
6272 IE=2 :FOR I-40 TO 2 STEP -1 : IF AS$(IJ <> ® * THEN IE=I+1 : GOTO 6274
6273 NEXT I S . i : o
6274 FOR I=2 TO iIE
6275 IF ASS(I) <> * " THEN GOTO 6280
6276 JB=JB+1
6278 IF JB £ 3 THEN GOTO 6288
6280 J=J+l JB=0
6282 AS$(J)-AS$(I) .
6288 NEXT I . S ' :
6289 REM LOCATE 17.,1: FOR I=1 TO 40: PRINT ASS$(I);: NEXT I
6290 ASS$(J+1)=" " . i . : ’ :
- 6295 IF J ¢ 2 THEN IP AS$(1) ="_' THEN LOCATE 18 1 :. PRINT "NO LETTERS, TRY AGAI
N* :GOTO 6210 ) S o .
6300 MD=J+1 : M3=MSAV : I=ISAV : J-JSAV '
6310 REM LOCATE 20,1: FOR I=1 TO 40: PRINT AS$(I).: NEXT I
6315 REM INPUT 1IJK .
- 6320 GOTO 1620



-f 54 - 8620 NU=0:- | NPUT #2, XP, YP : | NPUT #2, XPYP : | NPUT #2, XPA, YPA : | NPUT

#2, XPOYPO 8630 N-N+1: XPA=(XPA+XPO)\-2: YPA( YPA+YP0)\2: XPO=XPA: YPO=YPA:

X(NI - XPA: Y(N)=Y PA 8635 | F 32*XPA\ AX+BX > 607 THEN GOTO 8695 8640 INPUT

#2, XP, YP 8653 XPA- CXP*3* XPAI\ 4: YPA- (YP43*YPA)\ 4 8657 | F

ABS( XPA- XP0) +ABS( YPA- YPO) < 3 THAERP GOTO 8672 8660 . . - - :
| =32* XPA\ AX+BX: J=32* YPA\ AY+BY: PSET(1,J) 8665 | F | > 607 THEN GOTO 8695 8670
N NH1 g 5 0 0X6DD RERAvE Y(N) - YPA:  XPOXPA: . YPO=YPA 8672 | F LOCI2) > 9 THEN GOTO
8640 S5 xhb:X (855 OaMEANNI + Yﬁ=§Ykm( 21N->5YEI1T)HEN GOTO 8640. ELSE IF MM < M -
THEN ETIROXBSEONEXHS : xwww rg)z ZON| 8690 | FLOC(2). > 39"
THEN £ MEF% . aNglai 5% ABYS;PRINT -~
#2, S* gss 364+ - DEEblGMfQMOn LOCATE 20 2 P 8697 | R_J

| FAVES56@ IFHENMCOSIES THROMES991| F DEBUG 0 - 0 THEN LOCATE 20 12 : PRINT NP
8699 RETU M‘9§ REM TT ACQUI RE PO NTS | N ASCI | [err] 9600 W TH VENU

9603 gD 2) > 0 THEN | PUT$=I NPUTS(1, 2) :© GOTO 9605 9606 PR NT
42, " Gee &b EOTO 1700 - JJ=0 : N-0 9640 | NPUT #2, XP, YP 9660 11=32*XP\ AX+BX+I | :
3] 325m Aznamnacs Al\mmcgwomm wmmlroowm GOTO 9674 9672 1-11\10P

J JJ\ ""J @ =§ =S s% 1,B.9674 |F LOC(2) >
GOTO 9640 ELSE |F MM -
< M THEM m:rm«%sm@asemzm 2 IAQCTHEW@%D@ LEEB‘EE AdAINEH] I F.NU <
1500 9 't\p;}#z S'* 9699 RETURN. 10700 REM SET. UP TOUCH
SCREE Q cgﬁmwgsm CAL DAT' 10720 INPUT S
ssoo REM. znsznr A LETTER _ - e
6910 XX=SXX(1): XN=SXN(1): ¥YX=SYX(1): YN=SYN(1) )
§920 XP=(XN+XX)/2: YP%(YN+¥X)/2 :REM AVE CHARACTER POSITION S :
6930 I=INT(XP/8)+1: J=INT(YP/8)+1:REM CONVERT X,Y TO I,J
6540 ML=LL(J): M1=ML+I-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT 1.J
6950 IF A$(ML)=" " THEN Ml=M1+1 = _ N
6960 IF A$(ML)=CR$ THEN MI=Mi+1 =~ B S , N
6970 ASS$(2)=AS$(1) . _ : - L
6980 M3aMi :MD=1
6990 GOTO 1570
7000 REM SET UP RERUN _
7010 OPEN "I",#1,"POINTS.DAT"
7020 INPUT #1,AX,BX,AY,BY
7030 RETURN.. o
7100 REM READ POINTS
7110 INPUT #1,NP
7120 FOR N=1 TO NP
7130 INPUT #1,X(N),¥(N)
7132 NEXT N
7133 IF IFAVE = 1 THEN GOSUB 4200 _
- 7134 POR N=1 TO NP '
7135 IF XIN) > 0 THEN I=32*X(N)/AX+BX ELSE T=-32*X(N)/AX+EX
7136 J=32*Y(N)/AY+BY - . :
7137 PSETII,J) - S o _ , :
7140 NEXT N o . "/
7148 IF DBUG > 5 THEN FOR N=1 TO NP: LPRINT N,X(N),Y(N]:NEXT N . S
7149 IF DBUG <> O THEN LOCATE 20,2 :PRINT "NP=",NP
7150 RETURN =~ - -
7200 REM SET UP STORE POINTS
7210 OPEN *O",#1,"POINTS.DAT"
7220 PRINT #1,AX,BX,AY,BY
7230 RETURN'.
7300 REM STORE POINTS
7310 PRINT #1,NP
7320 FOR N=1 TO NP
7330 PRINT #1, USING "####%8" X, YND
7340 NEXT N - - . _
7350 RETURN '
8600 REM “TT Acou:az POINTS IN-ASCII. @ 9soo WITH INSERT
8603 M=20 :
8605 IF LOC(2) > 0 THEN IPUT$=INPUT$(1,2) : GOTO 8605 :
8606 PRINT #2,"G" :N=0 RN
8610 IF LOC(2) < 40 THEN GOTO 8610



10736 CLOSE #2 10740 OPEN.' COML: 9600, N, . 8, 1, CSO, DSO" AS #2 10750 PRI NT
#2,"S" 10760 RETURN 11000 REM UTI LI TI ES 11100 REM i nput sel ect’i on nmenus
11101 REM mmume no. of itenms 11102 REM ntitl $-titles 11103 :

REMm o, me, njo, ne=start & end. po+aus-for boxes 11105 I F KYBD-l &Oor0
11400~ 11110 LI NE(M 0, MJ0)- (M E, MIE, 0, BF : LI NE(M O NHO) (ME ME),1,B 11115 :
XX=M 0 : U ‘A, FO? K— TO_IMNUM. ;- LI NE { XXMJO

1150 w ALEy bR T e ey ﬂ@gkﬁﬁiﬁz »
XX- XX+MRAPR : NEXT K 11160 RETU N 11300 REM ERM _
-11310 | FBKJrBDF13mF®\MO> *607 1 THENOGOIQ @695 FO? X-1 TO-MNUM : XXXX+NRATO : '
IF 1 < XXx8 ?ﬁEg NeT. J,{ MSEL=K 11350 RETURN 11400 REM
DI SPLIAY. Ké “‘ &é 3;%%34\-\1901% iiﬁvleo'iﬁd gy 4, 160) - (639,199)i0,BF -
11440 FORskev . Ii37@?A2§X+m-E§YQJQ\A2kBYREEN&GH W.64), : NEXT I 11450 FOR"
= 1 TO 8885 IECLATEODATHEN| GOTOPEY NT CHRS +96 : NEXT | 11460 FOR 1= 1 TO

10 : LOCATE X Eﬁ;ﬁg"%g@‘ﬁ‘ YPM 1470 LOCATE 22, 74 :
PRI NT [ermﬁ%%sgﬁé&&r L5 B ﬁlT [err] 11482 FOR J=163 TO 195 STEP 16

LI NE( 3, J) 86 6@ dmMam+ INEXE LOC121 849 FXBEN| GOTO38 6D @Bk IFERM X6M THEN GOTO 8680 -

sel et fréki&*%éﬁ%&%@%@%ﬁ% %ﬂﬁ?ﬁ?@«#ﬁ%‘%‘%@%ﬂﬁ TR
11650 | F beid 1¢ DeBUEH 40,2 ReditN "np=",NP :

8697-IF IFAVE = 2 THEN GOSUB 4200 .
8698 IF DEBUG <> 0 THEN. LOCATE 20 12 :PRINT NP

8699 RETURN. '
9600 REM TT ACQUIRE POINTS m ASCII @ 9€00 WITH MENU -
S - 8603 M=20 .
(N 9605 IF LOCI(2) > 0 THEN IPUT$=INPUTS$ (1,2} : GOTO 9605

9606 PRINT #2,"G" ) ) .
- 9610 II=0 :JJ=0 :N=0 ; - . L ’ : -
. 9640 INPUT #2,.XP,YP :
: 9660 IXI=32*XP\AX+BX+1I: JJ-32'YP\A¥+BY+JJ N=N+1
-~ 9670 IF N ¢ 10 THEN GOTO 9674
: 9672 I=II\10s J=JJ\10: N=0 :II=0: JJ=0
" 9673 LINE (I+1,J+1)=-(I-1,3-1),1,B
. -9674 IF LOC(2) > 9 GOTO 9640
" 8675 MM=0 ' : ' ' ' :
8680 MM=MM+1: IF LOC(Z] > 9 THEN GOTQ 9640 ELSE IF MM < M THEN GOTO 9680.
9690 IF LOC(2) > 9 THEN GOTO 9610 "ELSE NU=NU+1 :IF NU < 1500 THEN GOTO 9690
9695 PRINT #2,"S" B : '
9699 RETURN
10700 REM SET UP TOUCH SCREEN FOR ASCII e 9600
- 10710 OPEN "I*,#2,"CAL.DAT"
10720 INPUT #2,AX,BX,AY.BY
10730 CLOSE #2
10740 OPEN "COM1: 9600 N 8 1,Cs0, DSO' AS $2
10750 PRINT #2,"S"
10760 RETURN .
. 11000 REM UTILITIES - - ' .
. 11100 REM input selection menus
\-_/ 11101 REM mnum= no. of items
. 11102 REM mtitlS=titles '
. 11103 REM - mi0,mie,mj0, mje=start & end points Eor boxes '
111058 IF KYBD=1 GOTO 11400
11110 LINEIMIO MJO)~-(MIE,MJE},0,BF :LINE(MIO,MJ0)~(MIE, MJE) 1,B
11115 XX=MIO MRATO=(MIE-MIO!\MNUM
11120 FOR K=1 TO MNUM : LINE ({XX,MJ0)~{XX,MJE) . .
11130 MJA=(MJO+MJIE+8)\16+1 : LOCATE MJA, (XX+20)\8 : PRINT MTITLS(R)
11140 XXaXX+MRATO NEXT K : : :
11160 RETURN :
11300 REM DETERMINE MENU ITEM SELECTED
- 11310 IF KYBD=1 GOTO 11600 . . ) :
11320 XX=0 : FOR K=1 TO MNUM : xx=xx+m'ro : IF I < XX THEN GOTO 11340
11330 NEXT K . ' . : IR
11340 MSEL=K
11350 RETURN :
11400 REM DISPLAY KEYBOARD
11405 JMENU=163

”



11660 I F MSEL < 37 THEN MSELMSEL+21 RETURN 11670 | F MSEL-37 THEN MSEL- 46
: RETURN 11680 | F MSEL=38 THEN MSEL=94 :@ RETURN 11690 MSEL=63 RETURN
11700 I F MSEL < 27 THEN MSEL=MSEL+96 : RETURN 11710 |I'F MSEL=27 THEN MSEL=92
: RETURN 11720 I F MSEL=28 THEN MSEL=47 : RETURN 11730 |F MSEL=29 THEN
VBEL=42 RETURN 11740 | F MSEL=30 "THEN MSEL=43 - RETURN 11750 | F MSEL=31 -
THEN MSEL=45 = RETURN. 117760 | F MSEL-32 THEN MSEL=40 RETURN 11770 | F
VBEL =334 bHEMEBE e b1 (6 335 B5RN , 32780 | F .MBEL=34 THEN MSEL44 . RETURN 11790 -
| F VBELERSFIRIEN VBEIO=5%96 :: LRENTERE2 121800 HH?NWBE!R#VB&ATHENN&BELF58 : RETURN

11810’11:50 337 7 gig:ﬂk ). 38 NEKENE VBEL=36 :

RETURN, §@\ '}‘}?V éﬁ% ?gs‘ng I?QE’?I'R% %GIEEW ripi&%dt put 12100°
REM readsol Dofaret 242410 seitiel Y ', ~#d - TEXT" ;: NCzOusd 320+ § £GF( 1) THEN GL@SE
#1  COR® m&@@m_:mmwwmm : ALIVE KKHG- (829,40 PERTKEL TO LEN( AL$)-

RK= K#WK Eﬁﬁ Ksl)r LEEAZ- 152 BN ASL NEERR)T =0 THEN KK=KK-1

12145, iddm Nens 1500 THEN GOTO 12120 12155 PRI'NT " TOO

MUCH TE#GE' MSEIST amso REM TEXT EDI TOR' I NI TI ALI.ZATI ON 12170 | | =I MARGN -

JJ=)TORS40 IRE21179 THENIQOTGP) ) °ALL TEXT 12175 CLOSE #1 .12180 RETURN 12500
0- THEN CLOSE #1- 12510 OPEN

REM. S s E"Dgf; %
MSEL2 IMSEL&ds NDHT@B: 30 M2-0 : FOR.M 1 TO NDBT 12540 PRINT
WQ\%? H9FL4 P PEEQREM AR +RETEBNND +DN( M) 12560 PRINT #1, D(1, M)
D(2 : _

St TR Sl 6 o)

11710 IF MSEL=27 THEN MSEL=92 : RETURN
11720- F MSEL=28 THEN MSEL=47 : RETURN
11730 IF MSEL=29 THEN MSEL=42 : RETURN : , _ S
11740 IF MSEL=30 THEN MSEL=43 : RETURN = = - o S o ()
11750 IF MSEL=31 THEN MSEL=45 : RETURN. ' : S - -
11760 IF MSEL=32 THEN MSEL=40 : RETURN _ - , ‘ .
11770 IF MSEL=33 THEN MSEL=41 : RETURN - . : N
11780 IF MSEL=34 THEN MSEL=44 : RETURN - = SR , . o
11790 IF MSEL=35 THEN MSEL=59 : RETURN. S - S

11800 IF MSEL®»36 THEN MSEL=58 : RETURN-

11810 IF MSEL=37 THEN MSEL=34 : RETURN

11820 IF MSEL=38 THEN MSEL=36 : RETURN

11830 MSEL=38 : RETURN : '

11850 RETURN

12000 REM input cutput )

12100 REM read in text

12110 OPEN "I",. #1,"TEXT"’ NC=O _

12120 IF EOF(1) THEN CLOSE #1 : GOTO 12150 :

12130 INPUT #1, A1$ :KK=0 '

12140 FOR K=1 TO LEN(A1%) .: KK=KK«I A$(NC+KK)=MID$(AI$ K1)

12143 IF LEN(A$(NC+KK))=0 THEN KK=KK-1 _

12145 NEXT K

12150 NC=NC+KK:IF NC < 1500 THEN GOTO 12120

12155 PRINT "TOO MUCH TEXT" : STOP

12160 REM TEXT EDITOR INITIALIZATION - o _ -

12170 II=IMARGN : JJ=JTOP : NCi=1 : REM DISPLAY ALL TEXT 2 A
12175 CLOSE #1 =~ = j : : - S : 3 W/
12180 RETURN . . :

12500 REM SAVE SYMBOL DATA BASE

12505 IF SWTPN <> 0 THEN CLOSE #1

12510 OPEN "O",#1,"SYM.DAT"

12520 PRINT #1,NDBT - -

12530 M2=0 :FOR M=1 TO NDBT

12540 PRINT #1, DN(M) DC(M}

12550 POR M1=M2+1 TO M2+DN(M} . o

12560 PRINT #1, D(1,M1) D(2,M1) D(3,M1] D(4,M1} D(5,M1) D(s, Ml) D(7.M1)

12570 NEXT M1 :M2=M2+DN{M) : NEXT M.

12580 CLOSE #1

12590 END '

12700 REM RESTART READ IN DATA BASE

12710 OPEN "I",#1,"SYM.DAT"

12720 INPUT #1,NDBT

12730 M2=0 :FOR M=1 TO NDBT

12740 INPUT #1,DN(M),DC(M)

12750 FOR M1=M2+1 TO M2+ DN(M)




12579 NEXT M. : MR- M2+DN(M NEXT M 12580 CLOSE .1 12590 END 12700 REM

RESTART READ | N DATA BASE 12710 OPEN "1", 1*,"SYM DAT4 12720 | NPUT #1, NDBT
12730 M2-0 : FOR MNL TO NDBT 12740 | NPUT. #1, DN MbDC( M - 12750 FOR M M2+1 TO
M2+ DN(M . 56 - 127808 NPUT

11, D(4, M), D(2, MU, D(3, ML-), D(4, ML), D(5, ML), (6, MY, (7, M) 12770 NEXT M
. MR- M2+DN( M 'NEXT M 12780 CLOSE #1 12790 RETURN ‘30000 FOR | =1 TO.

NSTRK: PRI |\p2 EE%E XE%#?*@E’%T S% ﬁA("’I PledP )P NedY! P S PeP RO 1- TO
NP: PRI NT “N 20 1 TO NSTRX: PRI NT USI NG ' U####"; -
ISNO(I) S)«ﬂv)o&iﬂrUMSL(l) SA(I) SC( :NEXT | 30030 FOR ML-1 TO NST :FOR -
MR- 1 F® 33 pon épbl I% Fgﬁé %WOQ%:?%QTSWQI)'NLBGTSMIMSCUJ NEX'B'A -
APPENDLXI ﬁ ,\5% {  &ViQu

DAl -- chang,g;;xﬁF%ng e% ) SEKID | ag for Ie%é‘(l(}? %%‘rrgingr?( %( %\m%@u
preci sion NOposh‘QRl 8= 1s FATRAT oPCRYi2ak FO| BrigRANTIA! gitd iDAY2 247 ) Dmubﬂﬁ' NEXT M2 :N
preci si on B¥TpY¥%i ti on summation by arc | ength weighting ZA - doubl e

precision angle sunmation by arc-length weighting ZDA - doubl e.precision

change in angle summation ZL - doubl e precision |ength NSP - nunber of
Point's in Stroke, -counter NSTRK - number-of Strokes XX - maxinhum X

| ( B




XN - minimnum X YX - maximumY YN - mininumY ML -Pointer to previous Point
M2 - (1) mninmum nunber of Points for which to adjust for 2[err] angle M3 -
(2) mi ni mum nunber of Points for which to calcul ate change in change in
angl ¢ NLONG - counter (not used). M-Pointer.to Point being considered NP -
nunber of Points X - array of X coordinate Y - array of Y coordinate DX -
change in X'DY - change in Y ADX - absolute val ue of DX ADY - absolute -
val ue of DY DS - pseudo arc length ADX + ADY? AY - calibration multiplier
for vertical (Y) direction, e.g. AY | Omaﬁmq{ogfﬂl nate.systemtrue
downward ADA - running average change in angle DA2 - previous:. change in .
angl e’ ASTRT - arragllfor tar} ?’% e of Stronkae SZL - single precision :
Stroke l ength. SNO 3 arg s0fs @&8@@ SYeThET "t f or each Stroke LEATS
hei ght bet ween | i pras - ohnéhdedirbynaé nathiazpl ay coordi nates used as a
measure ‘SL -'array $HNDSt rﬂ:llee fcerngms:fséa#%d to he| t bet ween |ines AEND -
array of angles at zﬁend E ‘!iﬂf §i°”8¢ Ei;gm Sgpma gPeBchgzl eggtﬁﬁeé t§g |
troke AZA - averagesmnghd A bR byOhr Y ChAGE wo Lot b o 4 X
coordi nate for eachzmt F-o:kcezbSé/ preans cﬁarweeirageele:enhmuidnY coor d| nate for -

each Stroke SA - ar? éﬁi éj k’%% cqordinate for each Stroke
SXX - array of maxiy Q,Qfét Sabo SAERSL FOREEXN - array of njninum
X coordi nate for eaxh Sﬁi YN - array of mnimm Y coordinate for’ each

Stroke SYX - array ¥ -nmaddimumy coordi nate for each Stroke DBUG - debuggi ng :
flrag for printing IﬁDUT;‘;’f_;ﬂﬁ |¥1g of input bytes to be rejected XP, YP - -

i nput. coordinates M1 - Pointer to previous Point :
M2 - (1) minimum number of Points for which to adJust for ) -
271 angle o ' \ﬂi
M3 - (2) minimum number of Peoints £or which to calculate change
in change in angle . .
NLONG - counter (not used). ) S
M - Pointer to Point being considered R M—J
NP - number of Points : :
» X - array of X coordinate
Y - array of Y coordinate
DX = change in X '
DY - charige in.Y . :
ADX - absoclute value of DX
ADY - absolute value of DY
DS - pseudo arc length ADX + ADY '
AY ~ calibration multiplier for vertical (Y) dzrectlon, e.g.
AY ’ O mean coordinate system true downward
ADA - runnlng average change in angle
DA2 - previous change in angle‘
ASTRT =~ array for startlng angle of Stroke
SZL - single precision Stroke length .
SNO - array of number of the lst Point for- each Stroke ,
LETS - height between lines d1v1ded by 5 'in dlsplay coordinates
’ used as a measure
SL -'array of Stroke lengths sealed to height between 1~nes
AEND - array ©f angles at end of Strokes S _\-J'-
‘'SC - array of angle changes for eachs troke '
AZA -~ average angle through Stroke
' 'SX ~ array of averages centroid X coordinate for each Stroke
SY - array of averages centroid Y coordinate for each Stroke
SA -~ array of averages angle (slope) coordinate for each Stroke -
SXX - array of maximum X coordinate for each Stroke
SXN - array of minimum X coordinate for each Stroke
SYN - array of minimum Y coordinate for each Stroke
SYX - array of maximum ¥ coordinate for each Stroke
DBUG =~ debugging flag for printing . :
INPUT - string of input bytes to be rejected -
XP, YP - input coordinates
XPA - average 2 Points in X direction’
YPA - average 2 Points in Y direction
XPO - initial X average on pan down
YPO - initial Y average con pan down
I - dlsplay plxel correspondznq to X~ coordznate input

4



{

XPA - average 2 Points in X.direction YPA-- average 2 Points in Y direction
XPO - inltial X average on pan down YPO - .initial Y average on pan down | -
di spl ay pixel corresponding to X coordi nate i nput - 58 - J - display .

pi xel corresponding-to Y coordlnate i nput N - counter of .input Points MM -
count er for timng pan up- NU - counter for timing pan -up S
K>~~~ e o - 59 CLAIMS 1. - ssA-handMW|t|ng character :
recogni tion apparatus cqﬁpr& a di spl ay neans;  hand hel d neans for use
by a user to.wite or dnaw @ojﬁggiﬂ ?‘fi ﬂinmtor‘i everdiabtd 8aght A
portion of the display meefb,undéﬂlfbi- Jﬁgniﬁ%ﬂs‘lfor digitising a -
hande\;tten synbol writ t¥n- RPustess dpr Wikbng tibenh_{ﬁ\d hel d nmeans to produce
digitised signals; neans for converting the digitised signals into one or
nmore strokes and points defining the handwitten symbol; means for
processi-ng the characteristics, of each stroke to deternlne t he
characteristics of (i) the. Iength of the stroke, (ii) the average sl ope of
the stroke, (iii) the stroke centroid' s. height above a predeterm ned base.
line, (iv) the rate of change in the slope of ‘the stroke, and (v).the
| ocation of the -centroid of the stroke_conpared to the location of the
centroid of the handwitten synbol; and nmeans for conparing the
characteristics of the strokes mnth -a dat abase of characateristics of
predet ernmined synbol's to determ ne the best conparison with a

2

predet er m ned. synbol . 2. '~ Apparatus according to claiml,
further.conprising neans ' ) L :
— .



coupled to the digitising nmeans and to the display screen for displaying on
the display screen an inmage of the handwitten. symbol as it is witten. 3.
Apbar atus according to claim1 or.2, further conprising- nmeans for
indicating if the best conparison is good enough: tgmﬂmmwuu}HML

A nmet hod of receiving a handwitten synbol, conpri hel d
nmeans to wite or draw a handwitten syanL5y1cn over ‘at ‘least’ a portion

of a display screen; digitising each handwitten synbol to produce

digitised signals representatlve of strokes and points defining the
handw i tten symbol ; processing the characteristics. of each stroke to -

det er m ne characterlstlcs of . (i) the Iengtﬂ% hathe stroke (i) the average_
sl ope of the stroke, (iii) the stroke ce s hei ght above a =
predeterm ned base line, (iv) the rate of change in the slope of the

stroke, and (v) the |Ocah'lﬁﬁxdﬁht1|?1‘§ ikl zetomeuaﬁragksréwgpar ed to the

| ocation of the centroid of the handw.itten synpol; "~ conparing the:
characteristics GO™PRE18Ffokes with a database of characteristics of

predet ermi ned synbol s toadﬁs@ngynﬁahbe best conparison with. a-

predet erm ned synbol . tho accordi ng to rther

i ncl udi ng di spl ayi ng an P%dgge6$“{ S a?ﬁd&ﬁ tbgeﬁqﬁﬁ?bg? “6%#& gﬁ?"é(?n as it
is witten. 6. handwpitfes Rysbat cur dF myeroat|laast .al portidn «bﬂrﬁhleedlspiairudl ng
indicating if thedg . conparison is good enough to be a match. 7.. - A
nmet hod according to ¢ a|n14 5 or 6, further |nclud|ng creating a

personal i sed dat abase f oRiGHdRiIRGeonsifor digitising Rehendwrbkteny SYmeali ng

each user initi aMdttélplblr & vsapdMrtht tied nagaliR af fanRacdh prbad@ciaegitisedd
determ ning a uni t of stroke characateristics to characterise each v
synbol and. storlﬁa 9'n the dat abase. 8. A met hod according-to claim
4, 6 or 7, including t hemennh fonrndnvertﬂns tﬁe'dlgitrsed signals into one or-

more strokes and .points def1n1ng the handwritten symbol; -*_“’J
~ means for process1ng the characterrstzcs of each stroke
to determzne the characteristics of (i) the length of the stroke,
(ii) the average slope of the stroke, (iii) the stroke centrold s. -
height above ‘a predetermined base 11ne, (iv) the rate of change
in the slope of the stroke, and (v) the location of the centroid
of the stroke compared to the location of the centroid of the
handwritten symbol; and ' | |
means for comparing the characteristics of the strokes
with a database of characateristics of predetermined symbols to
_ determine:the best'comparison with'a'predetermined.symbol. : W/

2, | Apparatus accordlng to c1a1m 1 further. comprrszng ‘means
coupled to the digrtlszng means and to the display screen for
displayrng on the drsplay screen an image of the handwrltten
symbol as 1t is wrltten. ‘

3. - - Apparatus according to claim 1 or 2, further comprising""
means: for ind1cat1ng if the best comparxson is good enough to be-
-a match. S



Mng i f the handwritten synbol is an error; and (b) if there

is an error, re-inputting a handwitten synbol for the desired synbol to
nmodi fy §he dat abase.. 9. - A net hod according to cI aimb5, including the

addi ti okal steps of: (a) .-determining if the synbal . munjﬂumuﬂllfmm
and (b) if there is an.error, re-inputting a.laandwrltt
desired synmbol to nodify the database. 10. - A nmet hod a co#’dl'hg to” any

of claims 4 to 9, including the additional steps of: (a) substantially
cont enpor aneously didspl ay'i ng niethod afdvecditvéng sayhtndwrdmterhsymmeecnmisingi S

being witten or drawn ?ma amtﬂﬂ% ﬁ%‘%r q%e 18 &nﬁrﬁi{ hg 1€‘t 0

10, wherein the processi ng S npri ses: erm ni ng

each ‘af. 'the five ch4¥BelePnsey @ger (35) leagtharreution afhe Qf@?&@b%rﬁ.ue of
the characteristic fromthe new y-neasured value; (c) scaling the absolute
val ue of each neasurenent. t%gn&ke each .of the five neasurenents reasonably

equi val ent to the others; 48Hhd §2ch hapdrd thep fywbok &p praduge digitised
pr edet erm ned thresmgﬁhissremedﬁtivdlmawbm ame potmpadesiningnkhecr eat i ng

an error. nessage; Nng the database to find a nunerical
"hit" or, if not feam%‘f:fi)ttf’%eswgs'est nunerical match between the database

val ue and the new y inputteprocgssing the characteristinsdofiachdstirgke docl ai m

11, wherein the proﬁéi‘@hﬁ% &ﬁacééﬁsEWb et ) eﬁé 1@&1&&@% fle GRFQNE
menory. . -62- C accord to ané of claims 4 to

12, wherein said har(dx’z\)ltthﬁe?l"esr;?%cﬁlé’?f"n%q GB% sé'&Pl“Fﬂg Lo dhe strgke,i g
met hiod i ncl udes r ec egntioidns Heihe abdvé i ) @redeteohinedr base Atné h¢isy rthenrated

exff”“ ng the editing LUDGh' H'nk Nopa%Y¥ e stroke, and (v) the location of the -
' centroid of the stroke compared to the location of the centroid
of the handwntten symbol° and _
_ v, comparing the characteristics of the strokes with a |
- : - _ database of characteristics of predetermined symbols to determine_
‘ the best comparison w1th a predetermmed symbol

- . \\d'

5. - A method according to claim 4, further 'including -
displaying an- image of the handwritten symbol on the screen as 1t'
is wr:.tten. ' '

- 6. - A method according to claim 4 or 5, further including
. indicatmg if the best companson is good enough to be a match.

7., A method according to claim 4, 5 or 6, further
" including: B
creatmg a personalised datahase for each individual
. user of the method, by having each user initially input a '
handwritten symbol for each character, and
' - determining a unique set of stroke characateristics to
characterise each symbol and__stormg it in the database.

8. ‘A method according to claim 4 6 or 7, 1nc1udmg the
_-additional steps of: o '



14.. « A nmethod according to any of clains 4 to 13, in whichtem

synbol format is displayed on the screen, and including the steps of=—(a)
creating a wi ndow on the screen proxinate to, but nj umm'" rea  of
sai{l . text to be edited; (b) inputting &ad.displayin ’mm,"m"ﬁ
symbol s in said window, and (c) displ ay| ng the font” synbbl s* cor r espondi ng
to said handwitten synbols in close proxinmity to said handwitten synbols.
15. A met hod accor dihg desermining f sheshandwpitien $!!llbbhdusngnt¢re‘ost eps

of: (a) creatigyg one or nore. softkeys on said screen to cause a.

m croprocessor to. perform operational functions; and (b): touching one or
more of said softkeys B)exdchiere B8 ¥ eFERGORET HPULLING: Adhandwrktten A
nmet hod accor di ngymbol oy tie desired 4yihisoll bo mdaefplﬁhet Jw_-aghgé) of digiti S|,ng
conprising digitising each handwitten synbol to identify x,y coordinates
of a multiplicity of points into strokes defining the handwri tten synbol ,
further includithg the $tmekhodf ackerding rionglaime5x, inctedingi tie agdofichabm
about 100 to ZQQ:eRQ'&IS per second in characterising said handwitten
synbol s. 17. met hod accordi ng to any of claims 4 to 16, wherein the.
end of a stroke is det 4Rk flegerRining %fettéetSMObfdléPémﬂgés iR @FEATe or
direction exceegigng a maxi mum set - threshol d. 18. A conputer, operatl ng
in accordance with the g?t h%dthereari] a(t)rI e(rzlrgzl',mr;:efmput%mg a handwritten

' symbol for_ the desired symbol to modify the database.

10. A method according to any of clanns 4 to 9, including v '
the add1t10na1 steps of. REEE T - L
(a) substantially contemporaneously displaying the : O

handwritten symbol on the scre_en a_s it is being written or drawn.

11. A method accordxng to any of claims 4 to 10 wherein the
processxng step comprises: .

(a) determ1n1ng the value of each of the fxve
characteristics; o '

(b) subtractxng the database value of the
character1st1c from the newly—measured value;

 (c) scalzng the absolute value of each measurement to

make each of the f1ve measurements reasonably equivalent to the
others; S o -
' (ay . add1ng all five values;
(e) if a predetermined threshold is exceeded,
dlscardrng the comparison and creating an- error message°' and -

(f) searching the database to £ind a numer1ca1 "hlt"
or, if not feasible, the closest numerical match between the
database value and the newlyfinputted Value.:. '

12, A method according to claim'11, wherein the program for :
step (f) requires less than 6K of machme memory. '



Cw MW

'13;- ,A;method according_to_any‘of.claims 4 to lé,hwhereinj
-said handwritten stbols include editing symbols and said method
_ includes recognition of the editing symbols drawn on the screen.

and executing the editing functions represented.

14, A method according to any'of claims 4 to 13,-in which
" text: in font symbol format is displayed on the screen, and

1ncluding ‘the steps of:

(a) creating a window on the screen proximate to, but :
not overlying, -an area_of said text to be edited;

(b) inputting'and displaying said handwritten symbols in

‘said window; and

(e) displaying the font sfmbols corresoonding to'saidi'

.-

handwritten symbols in close proximity to said handwritten

symbols.

15. A method. according to'any-of.claims'4 to 14, including
the steps of: ' - N . |
’ '(a) creating one or more softkeys on said screen to
cause a. microprocessor to perform operational functions,- and
(b) touching one or more of said softkeys to execute

By the corresponding functions.

16. _ A method according to any of claims 4 to 15, wherein the
step of digitising comprising d1git1s1ng each handwritten symbol
to identify x,y coordinates of a multiplicity of points into

- .. strokes defining the handwritten symbol, further including the
~.-'steps of determining the x,y coordinates of from about 100 to

200 points per second'in.characterising said handwritten symbols.

17. A method. according . to any of claims 4 to 16, wherein the .

. end of a stroke is determined by the detection of a change in

angle or direction exceeding a maximum set threshold.

-18. A computer, operating in accordance witnztne method of
~any of claims 4 to 17. '




