HANDWRI TTEN KEYBOARDLESS- ENTRY COVPUTER SYSTEM The present |né§ﬁa;&hlilc>‘
rel ates generally to a keyboardl ess.input systemto a conputer,” and when
conbi ned with a central processing unit, to_a keyboardl ess-entry conputer
system particularly, the present |nvent|on_relates to an information
storage, mani pul ation and transfer device on- which text, data, conputer
commands and functions can be entered by witing alphanunerlc or any ot her
~characters and synbols by hand with a penlike stylus on an | nput/Qutput"
(110 screen. tn a-preferred enbodi ment the 1/0O screen includes a
transparent touch screen incorporated over a substantially flat out put -
di spl ay. The present invention in its preferred enbodinent is a (ﬁ
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 sophi-sticated 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 _coul d be -2- entered and applications

sof tware mani pul ated by wrEANDYBITTEN, KEPBOARDLESSSENTRY G0 RySYSTEM f| at
display. Thus, there is a need to allow the utility of conputer technol ogy
to be extended for use by non-keyboard oriented individuals. There is al so
a need for a portable conmputer systemthat is |ightweight, 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 device
does not easily al | ow accEbttRreaestaiingentiop telar ehissnaralda) te jankerbeardhers

with high resol utiln@@cld}saemanarcwyuebrl Snfi &fflehi @dmbAAED RALNT &lceherdhe user.
Many positioning techn gi es can the requirenments of thg

meet
posi tion sensi ng AABE® if'éc‘t‘ﬂ‘f‘cﬁ’o@?/ E§§E?ﬁrdi\?ﬁ/ef’ﬁ’é's§°?% Tr BFARE®S inclu
accuracy, resol utpaotiandripeatie prdsent etriveotingi eslates| tulan tmidraat Lal |
el ectrostatic, elg ?E_ma [ a t
desire in this syst%](é:£ ggﬂd#q'atf&?sgﬁgsgﬁggpg rﬁn iacre gg ‘hg?él %lt’t Sﬂv]vrael ting
with pen or penC|cI°mmFep¥asmand®mndprf%¢@mnFscaprb@(lemtteyed by writing

alphanumeric or any other characters and symbols by hand with a

penlike stylus on an Input/OQutput (I/0) screen. In a preferred
embodiment the 1I/0 screen includes a transparent touch screen
incorporated over a substantially flat output display. The
present invention in its preferred embodiment is a sélf-contained
computer system but can also function as a peripheral to a host
computer. _

Large amounts of information and séphisticated
applications software are now available on conventional keyboard {@/
computers. The utility of this information and of application '

software could be greatly increased if text and data could be -



-- & pen on paper- only | eaves a trail when act uaIIy in contact Many of
these technol ogi es require an additional "pen down" sensor which is awkward

1:0 use in nmany commercial pens. Another problemis witing angle -- a pen

.l eaves. the sanme trail independent of witingangle. Many of these .
_technol 0gi es have the position detector displaced fromthe pen tip, so pen '

angl e causes errone@ugefids RhACAFRANLE L1 orBe¥eRE i Rc8m PRNRES h@rqpiﬁriﬁ i£ach
t echnol ogy - has nunerous advant ages and di sadvantages in (1) the pen: -size,

vei-ght, -shape and wherhe¥ fashherdiireotlic oposctled aiaiiler- wiThed, bheke 2§ 4 he

writing surface: trans feel "t d whether ' aqr no o
“phystdal . contact is negg%d ((i %% gﬁﬁtg 8F OTRRESY 3§ﬁ£ﬂ?3t°tggdt?o? oﬁé%e“ded

overlaying sheets oftcpa@éd by non-idyblartitReénta sedfviaanisj netedeViLassd W
viewi ng and processing |arge anmounts of .information are known. Most -enpl oy

optical - nagnetic oRe88|fF &t BeErablecermmiter sFtanctintahs Hohsvetehtdarali-
“Illustrative of thi Za de&c%tdrg{; =§‘§9% ﬁliBgt gr;g pén%15t9 3;% ‘shqllgubegcdqm V\/m ch

~di scl oses .a portabl roni ¢ -bo i'gured”to provide selfed

by page call-up of WALBEnANDOAE Swaf tdi pEduak - éledensandhdlisspe i@ ihcrunse fI at
solid-state screen. The preferred _enbodi nent .in the Rubi-ncampatent uses -
an i nsertabl e hol ogP4phity d4r 80 SMRLCK HdSPYESREHEAS SRAREYaFYHifiTdr E¥ChAFed of

text in digital formougs diReRR MohePbAIRNIEM Pe o RUNDIE ARV ACULEE not

‘however, does not allow new information or text to be entered or
mani pul at ed. In U. SeaPalemlldy(0dBuT42e tdpthiled iapuelwedhiom cedat time

col l ection systeml di scl gsed i.ch e Iosasolld st at e Ran- dmAccess
Vorory. (RAMfor 1t SZBPRTREN hEROIEh THRISERRR dRy s RRIRER Thiah dectany iier
.convent i onal keyboaragldfQgt,ﬁatlat@rghreyusézs di- rected to a hand-hel d portabi e

~dat astorage and transm ssion system. as well ‘as an LED di spl ay and .vari ous
| nput/ Qut put (1/0O)- connect or ¥any) rosipienimg Sedteiplogies safrkmiisgistd gses he -

oy Comtens ") 18 Bt e dthe SGALLIS e of 2

mat chi ng and does nca:tssemmlamyaﬂyessoraqmmﬁends s.mlcaydet eebae&@gyresolunon and

B - 'speed. The technologles include: mechanlcal, electrcstatlc,3
electromagnetlc, acoustzc, optzoal,_and 1nert1al. The desire
in this system is to have its.use as'similar as possible to
Qriting Qith pen or pencil oa_oaper. One.problem is proximity
== a pen on paper only leaVesla'trall wheniactually in contact.
Many_of tﬁese-technologles requife an;additional.“pen down"

: sensot_which is awkward to use ln many commercial pens.
Anotheflproolem is_writing angle ~-- a pen leaves the same trail
independent.of writing angle. Many of these technologles have

'.the positlon detector dzsplaced from the pen tip, so .pen angle

'.'causes erroneous displacements ‘Beyond these general problems,
©. . each technology has numerous advantaqes and dlsadvantages in

-(1) the pen: size, weight, shape and whether it needs to be
powered and/or wired, and (2) the writing surface
.transparency, smoothness, "feel, and whether or ‘not physical
contact is heeded (as opposeq to pressure t;ahsmitted thfough

overlaying sheets of paper). .



U S. Patent No. 4,491, 960 to Brovvn shows. a handwitten synbol recognition
3 systemln whi ch an array of inmage Points, in the formof a raster line -
~sanpling, .is converted into segnent- orlented lists which are filtered and
corrpressed(to obtai n topol ogi c..f eat'ures whgch are then analyzed with a
| ogi ¢ tree deci si on mechanism- - -4- U S. “Patent No. 4,262,281 to Buckle

.'_ et -al .- discloses a handvvrltl ng recognit Vi C d I '
embodi ment -i s for use withPanABRE® (?g ﬁflépﬁﬁ ge%e‘ﬁ%%s ngo\'&%gg?%caln ent
di spl ay technol oggprouegnﬁtlggg?)I\L?mﬁté%% 2300 inatYan dieanneank tiost | ogpasy a

‘text editing. apparat-us patent calls for the use of paper as w :
medi um for the entd;rumglofmanetic@rf lsnl;tCi-m’GstarRieF’éﬁ‘Eﬁ‘r"e§tar%‘%ﬁ1\7‘§ﬁ’?? dfal

keyboard for the inputtin gpshams a
dual level patterr®¥&€ofh ¥ ﬁs'g @#?” fg&g%terj %&% %geﬁof use with

- an optical instr Unenise; by P. tcP@ltﬁﬂﬁcﬁn 5ﬁﬂcﬁiist:no£&shlpmabyeeeleadtromc
di scl oses an el ectr'oscopi ¢ i nformation display and ent- r%s system

writing stylus. Tﬂsmoldnsnimdeﬁ‘bcnﬁ%ﬂ? RRIESTHt PRPRITY POOR Vbﬂt "HB %fpeed

~ or accuracy to enaple handwrl tt c tb\@mglpﬁal prior
art whi ch. di sci oset338sy ARBFR"S el°g I’O%I {’:ﬂ e\??gg&sﬁ? ?Q Y

provi de la -
amount s of -vari ousgdyiRstate Sdcdeed. lr'n}ﬁrﬁﬁﬂemneﬂ mmbadém@iSmPah%rﬁ“gmcam _
4,218,760 to Levy; 4,4115,486 to -Laine; -and 3,932,859 %o wh;'cgkx'ngs?
‘The Levy and Kri akpaesntenses. afpéPéﬁf%ab&ér?%ﬁ%rth’e‘i &§&8FFo i Y onarl es,

whil e the Laine patent di QQr@g;g@l;lned{ QY 8o, raentndaramystem '
None of these devi 88%°% uaq' Eﬁ%é)%%tsﬁggﬁése of a handvx?ll tten input. -

In .
U.S: Patents 4, 071s68dagel né2fs 74 Rubilnd6 s5397ics, J0a/ersy, dpesgpot(allow nev
4,353,552, 4,371,746 and- 4, 430,917 to II| \m Igegpql( ,mé 1addy i ous met hods - -
" “or machine-human | APEPFRATEEN Y f§*Fi Fy&® EBuTH Care di scl ose "The - .

preferred enbodi ments in eagh wfs't bggghﬁ n\/em)gmsw acdarsuéd |.aj1egm:oxgpzaé§tand _
resolution to allow handwitten character recognition with a slt ¥1l angaare

desi gned for other cpmm Sy ipatigpiosed: 1696e“l°(}°P5§p?)esr° state

dom Access Memory (RANM) for its primary menory This patent
-'wh1ch discloses a conventional keyboard for data entry, is di- t

rected to a hand-held portable data storage and transri551on ’
. system, as well as an LED display and various Input/Output |

(I/O) connectors

U. S Patent 3, 487 731 to Frank discloses a means of

"converting handwriting into character data through the use of a e
"bcomputer system.f The disclosed invention is based .on matrix _ '

pattern matching and does not employ any coincident display _i kd)

r.ytechnology _ B
| . U. S Patent No 4 4°1 960 to Brown shows a handwritten

. symhol recognition system ‘in which an array of 1mage Po;nts,_in ;'
the form of a raster line sampling. is converted into segment--'
‘ oriented lists which are filtered and compressed to obtain

| topoloqic features which are then analyzed with a 1oqic tree

decision mechanism




- 5. {teaches the use of a conductive stylus. - The ' 096 patent pertains to
graphi¢ designh and allows lI'ine width and line intensity to vary by applying
pressure on the stylus with the results displayed on a conventional CRT
screen.. - U S Patent 3,699,439 to Turner and.U.S. Patent 4,055,726 to .
Turner et .al Uiscloses. two nmethods for-electrpnic position sensing through
the use of. a probe. The invention in its various.aspects is defined in the
appended cl ai ns to which refaﬁeglc% houl d now be.made. A preferred - _
enbodi_nent of the invention whith s edri BetP2- ABHTo Bueks lethal oWinFidses
reference. to the dr a\d-hgﬁdmwﬁé&@&oahmioquge‘}g%gpo?ﬂl ass u system -
whi ch™has the ability to recognise and display Handwri tte%fo%)ggnb% s?dg)réam_" Ts
.cause the conputer t 3°8i 3 )T hosy ndriytemdndi doake sbt eehplbe exdrrilient o
editing functions puisy Ldisting Synbols, quickly, easily and at _
reasonabl e cost. This p}?e ye%rggggdel'r?‘ggdi ment includes a conputer. housing with
a flat display panel -on whi chuas.ugatem®Byo. W ,id78" 239 1} 9ar tRbakSaodd; s
capability-to recogni se Handwitten Synbols witten on ?he 'BaneT Wi %ng%%s '
Stylus and convert tRehf¥% editinapenarasns. Syiteol 239 patitut dadlex@outBe use of

Editing Functions w Igls! o | _ i ‘a g ni,pum of. techni cal
conpl exity for the u}s"glr’;d a%dgg'ée%%i% t%yﬁggrmwgég?g o rfﬂ’b‘fié"gct;%‘iﬁléf‘si%nd :

| oaded with the desi FeauinsEoa neinvent torthlap@itioand | 515 thOf inpRkeind RiFOEERL i ON
~and -software can be used and responded.to w-thout requiring skills or -~
know edge rel ated to-state:of? theFaFtPcdnfRR-@F8 tt Worseshavat a dtalr devel The

ease-of -use of the i'ﬂMe&egmﬁQgi/of?fs_ytsb@m}apEﬁ% %eﬁnpsa%ggﬁ?rﬁer%eﬁg%:ésg y
S. =

of ‘the conputer for keyboard ori.ented-individua I'ts por I

‘allows it to be used¥ith &ppPPlisailoimstamdes®t ti ngs. i n which portable , :
keybear d conputers are awkward,. dipfficult Lopossible to use. -~ _ . For.
exanple, a multiplicity of tfj'-56- b‘% %%ﬁ?ﬁrﬁ%gg ° GaPtisPecsiptietidd dbrqkeses

may be stored in theaqn'cmte&b#&dbﬁﬁrébl:tr&rprﬂmwdisﬂl&yaaﬁ@se@t"r?"sys"t%ﬂes?fé;"Of
patient data can be stored in the nenory of the portable coimputer,: :
o writing stylus.' The disclosed embodiment does not claim to
have the speed or accuracy to enable handwtittén ﬁharacter_”
' fgcognitibh._ | - |
Additional prior art which di##loses portablé elec-
f;onic devicés_;hat provide large amounts of various types of
stqred'informétion include U.S. fatents 4,218,760 to Levy;
:4,4115,486.fg Laine; ana.3,932,8$9.to-Kriakide§ et al. The
'LéYy:ané;Kfiaki§e§_g§;glf.patenfsﬁ?e;taih_;6-electronic d;c--
t;oﬁaries}_ﬁﬁiie the Laine patent diséloses,a-brogrammable_
. fgieviéion rgminder-systeﬁ. None:of'these:devices disclose the
'use-of'g-hgndwritfen input. ' | . S _
_ :n'U.s,_Paténts-4,07l,591,_4,129,747, 4;198,539,
'-.4,293,734,54;302;011, 4,353.552,'4,371,746'and 4,436,917 to
. William Pepper, Jr.’various methods or machine-human interfaces_
using fiﬁéér touch are disclosea;_ The pféférréd embodiménts.in
'egch of ﬁhesé inventions laék sﬁffjcient sbeed and,resolutﬁon to

allow handwritten charactéf recognition with afétylus and are

' designed for other purposes. U.S. Patent_4,318,096 t6 Pepper



| ed up by a nurse as the nurse makes rounds and relevant data, such as
bl bod pressure, tenperature, etc.,  can then be entered nmanually with a
stylus. These corrected or expanded fornms-cgn- t hen be down-1oaded into a
- central conmputer mnenory. The requirenents of the position sensing input:
~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 recognition apparatus and nethods _
~ presently ‘used, as-described bel ow, the present mninumrequirenments are: -
~accuracy of 0. 125nn1(0 005 inch), resolution of 0.375mm (0.015 inch) and&r
speed of 150 Poi nts per second. This accuracy allows a 6mm (1/4") hig

S writing line wi VEr e syopg a Srﬁ@k@w‘baﬁemhrtains '
letter. The re;tgqul oﬁﬁ%r'%\%l dtes@gggﬁﬁ%tom nglyof

pi xel s on a presengraphip|depign apdoablows) i‘teow%ﬁﬁ“f Jrf‘é??smy t‘f rud peed
“permits about SQKrMIﬁggtp,Dgh@,_tes onftte srylugiwich vid 1rtastnltssl dgkeldmﬂtetr a(1/3

second). One enbddi rent esent ngi.Qn, c 1,58S Bls.
i nput screen. . Aenverticaad GRY ¢ e%ﬂphanﬁ'ﬁérlad:eor g{gﬁgfé?hgga%{rgrggp%{de

synbol s on t he iFaREAL su;osse,mzs toh@uedwar ettadr disckasesctinmethads 0%t ream of
Points enul ati ng wrltt W t P& Ongee at yalscrete _ _
al phanureric and® Bfﬁ"ecfn ?:“hsglr%?: ergsg’?gtﬁﬂ%@s aeretsconsﬁlae?gb gy arg.
translated into com putEhe tiexeneimcbwﬁ&?e\‘aédﬁmagc'f h §p? ayed
on a dis- play sg \Rﬁgglenatc 210s0¢atdraRnt J:‘Eiferé&cepsﬁ&ﬁrdabbxy Heemsdw.h the area on .

t he i nput screen eret ey were entered. nbqdi nment OurC rises a
pattern recognition al-gohi RRafeRFeL FRBT4IgRRT t°§e§fer gﬁgfné}i%ﬁl’% © aggpvw tten

.Ccharacter or syr@glcﬂmIana.ﬁorbdeagﬁapbsmnmsmmeﬂerermce wmhelcbraﬂ#s%

.conput er text. ~-7- In a particular S§& 8 ealisnadi pgnt
~ keyboardl ess congAMPEESes; ac q“?llbe[?'rbgatdpesg %%le)lﬁ sgtg?ﬁ] g di spl devi ce
conprising a traplipgreniretegrdisesande dhsphad m#%dsﬂbééfrﬂfﬁ egu%q g

over an 80 col um_ K h 215 dol H?s a; ggg_ersym,@]gl axd sgfe@mrad,stylmcﬁoe am:tr;g
. of data; a° mcro‘br CESSor stor% means; rt|f|c

i ntel I'i gence/ pat fmcmipm@gnﬂqndnt% kg &'HH’ dl‘!‘ﬁiﬁb%gbfet sil% a-nd L
| Dattery pover syslgShasidl ctkber 110 means.

" 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 recognise 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,
__.'all with a minimum of technical complexity for the user. ~Once the
i o | Lo keyboardless, portable computer is loaded w1th the desired -
| | 'information and applications software, information and software -can 'k.)
' *%be used and responded to without requiring skills or knowledge '
 related to state—of-the-art compliters or other data source. The
:f=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 impossible to use. _ For example, a multiplicity of




As used herein, "Handwitten Synbol s" are any synbols capabl e of being
handwr-i~tt en and havi ng communi cative effect: By way of exanple, and not
“kimtation, nunmbers, letters, "Kanji" (Japanese i.deograms) or other

| anguage ‘'synbol s, editi synbols and engineering, scientific, architectural.
~and rat hematli cal synbol s are Handwitten Syn‘ools O her exarrpl es of -
Handwritten Synbols are free-hand drawi ngs or signatures or any ot her such
written informationblamikqufabyy cafbagtledohylee@ardinlimay b isttofed in the
Handw i tten Synbols may al so include Editin Synbol S S{Sef-i ned below). As
used, herein, “Font 8§ Lo copRUtESNPERWY- ge raaf‘éﬁP’s"? ol shegkpcPhpatient
di spPayed in a prede&ema&edef%e&%me mgyoegan%foe‘heezs #e3B6hdifter,
limtation, al phanunmeric synbols nay. be Font Synbols and-di.spl aye :
nuner ous font for rratcellecﬂa:pahnsae mors&haanebe. ﬁuniseogalassrouw ahd ordleviont

~ Synbols,. as may be engl neering; :scientific, mathematical, archi tect ural or

ot her such char act eP8%%: &Gy 28 BI0RR R FEUES N T BPRAATL 1 I UdeS & yFPEBI PR

whi ch can be storedeaedréis &ah@m QYR LQURPILT . TRedd cofrdHAW BF Qlpada&dr
~or a house. As used herein, "Editing.Synbol" is a synbol (such as a

caret, horizontal | ifrems sHor theterbtel down-liopded |iotg a eenkral domputermenyry.
which is intended, when reco |zeed ;_o C use the com%l_{ggrstn% ex egute a h_
particular Editing Function ? RS 4T B P LE T RE TR AP eﬁ

delete text (horizombabgy areBacdiraey pt&hettet@ ﬂo&ht)?,r_ resbnitionel ibgahtki ne) -
or nove a margin (long vertical line), to list a few regresentatlve _
exanpl es. "Editing PaEtEien" a%aﬁﬁeﬂn?%ﬁﬁmﬁr vpEhdiaeedte éﬁﬁ%eclﬂn@efme

operation, such as lywgu b SXATHECEAN B0Lntdsh! Aldig1s! NIBL! cheX!

del ete text, nove text -and substitute text onme pri-mary Edi'ti ng
Fuaetions-are |i st edretogwirtdent fparadusfankhse tlesier ppésennlpalsed, Fhalescribed
preferred enbodi nent of a:keyboardl ess entry conputer systemw || now be

descri bed that incl 8828 HEPEIFEPENPINIMYT CaRILZBREN Fa AT G nSCaPERCY of
‘posi tional informa}ioon;enocesy agkhy, %s@l&é:ﬁ heSe @ANds dlosl%éyirﬁ e &

nount ed physically bél'ow t he | nput scteen suc at a c racter t

- di spl ayed can be sesgee@efdsm tPhints putsesmiieen. This Maeyanm |anehmd|e's")a

_conputer progr amred_
h:.gh er.t:Lng line with- over ld raw input ‘Points alaig a Stroke of a small

letter. 'I‘he resolution provides positicmng of the symbol to w:.th:.n two

pixels an a present display of 640 pnxels to 225mm (9 1nches). _ The_

. speed permlts about 50 raw 1nput Points for_a rap;dly-writtep
' single letter (1/3 second). : o
: One.eﬁbodimentnof the present_inventioh co@prises a
: _transparent input screen. As the'user writes alphanumeric or
" _ . 1I.'a_' other characters or symbols on the input screen, the character
" is represented as a stream of Po;nts emulating written input
'wath pen on-paper. Once the discrete alphanumer;c and other
”'characters_or symbols are-complete.‘they are translateo into com-
puter text or computer.commands that can be_displayed on a dis-
B play'screenfat a location that is preferably.beneath the area
on the input screen where'they were-entere& The-embodiment
‘also comprises a pattern recognition algorithm ‘which .allows the
translat;on of any wr1tten character or symbol, such as

ideographs ahid scientific symbols, into computer text.



.conpi l e the positional information into.Strokes, to cal cul ate Stroke
characteristics, and then conpare t-he Stroke characterl stics with those - ,
stofed in a dat abase inorder-to recognise the synbol drawn by the stylus. .
" Key feat urE(s of the system are:. (A transparent position sensing

subsystem * (B) under | yi ng di spl ay on which 16 nminmic drawi ng of sensed
“positions and to-show characters or synbols; (C) neans to convert sensed
positions first into plotted Points -and then into rmucagnaas'ed:uahar emieeestn;r

mbol s; and (D ' t t d t th
> thar et or or symBariesteerngbidingnd, (X WEhOtRIRN SAERRCE 10PPRbI o uni |

‘haviing- di mensi ons ypgheedhi@Uh AOR a’@yoxflqgml%lwwiewéoabrl@ ng ﬂ&aﬁd
-a wei ght of up to about 7 kil ograns (15 pounds) , a sel f- contained-
power supply. - P3TreRt  tucheserdent auh atsfsocmegr amqmni'he girasﬁémw an

- enbodi ment of the | venilon Wi be des ri bed% rore detai l b% \r{':,a%/rﬁ"to
exanpl e with refer&nce P8V RE 4 MPHgE 1RIRhiBAPIEY FoTT°Rs 4 SYNRTHCT

syst em bl-ock di agr amted &mdelahpck rma&opioctebeo:praaaemoﬂa@ueﬂéam athficzals a
perspective view of the housing. containing the operating elements of the -

system Fig. 2Ais 13‘1#%%#%“58@?)%%%%“@&“ Bofhiyane ﬁaﬁt%dlrténsv%‘tftvare, .
show t he positi onal e t th | een. and the -
“di splay. screen. anﬁ Laﬁ&%?htgon%? \g‘?%&ggrgxﬁé%#grv#@ij&ﬁ&%he i nput '
scr.een, stylus and assom at ad esel heosins "Hihduridtés SyMboyst alre sthesyabbLs

syst em bl ock di.agram of _t he apparatus of-a keyboardl ess entry conputer
syst em accor di ng t F3PRB s BALRY: ﬁ’&?@ﬁ’t”r’jt)"ﬁenF? having fompRRiftive pEiFEct-

di agram depi cting tgewaPVsr oHRRb1OS aQatx?otvwlmmtabs SHarbers WhaR «apg T i ed by
handwritten char- acters and. conmands;. Fig. 6 is an overall system bl ock

di agram depi.cting t"rKenm‘ér(aIraehyeiﬁ lgequse o exthed Jcawnase smoéystqmﬁiw

'.Flg 7 is-a general d bIo ram of the ¢ racter attern
recognition aI gori tsﬁ'ﬁ\g §ﬁg’a'%(fré§g °éFﬁe'r ar earChd§f5F e’(f’ BFBck
' dlagran1 : o ,mathemat*cal symbols are handwritten Symbols _ Other examples: _

of Handwritten Symbols are freefhand draWings or signatures or e
' 1any_otherzs§CH written-information.uniouely_configcred by a

particular hriterd Eandwritten“Symbols'may also.includec'

Editing Symbols (defined below) | |

' As used herein, "Font Symbols“ are computer-generated

symbols which are displayed in a predetermxned font format _5y_

' ‘way of example and not’ 1imitation, alphanumeric symbols may be

Font. Symbols and displayed in numerous font: formats Japanese -

-+ or Chinese “1deograms“ may also be Font. Symbols, as may be ;_' Q¢J .,
';engineering, sczentific, mathematical. architectural or other -
_such characters Other examples: of Font Symbols include any
' £orm which. can be stored and displayed by a computer, e.g., a
drawing of a car or a house, - _

As used herein, an "Editing Symbol" is a symbol (such'
as a. caret horizontal line, short vertical line, long vertical_
.line, etc ) which is. intended when recognized to cause the
"computer to execute a particular Editing Function (defined

-below), 'such as insert test (caret), delete text (horizontal



of the pattern recognition algorithm Fig. 9 is a schematic bl ock diagram
of the  Stroke characterization -subrouti..ne. -Fig 10 is a top plan view of a
screen illustrating the "initializing™ of the®database for Handwitten.
Synmbol g, Figs. 11A through 111 are a series of .top plan views of screens
depicting the operation of a text editing system  Figs. 12A through 12G
~are a series of top plan views of screens depicting the operation of a data
entry system Fig: 13 i's a generalized bl ock di agram_ of ‘the Linus Editor.
Det ai | ed Descri-ption of the Preferred Enbodi ments: Wth reference now.to
the figures, wherein |like numer- als indicate like elenments throughout the
severdl -vi ews, and in_particular with reference to Fig. 1, an overall bl ock .
diagram of a port A3Pe) Hahers Bt i%‘ffferk%sy'ﬁéﬁr‘tﬂréé‘éﬂeﬁﬂ-w) eERoYee? BArElRhlPesi s

depi cted. = The corptefcalCDIHRYteto IYSE QMELS @Bs@@adameaemwg 12,
i ndicated graphicall y by. tt}‘g%@shgd |i.ne, and includes a con- vent i onal ;

general ‘purpose digital fReHioR) means ARy, EoPRURerEeReETtedef XY
her ei nbel ow. . | npuﬂitﬂlﬂgoowmtm; sugh @ei betay cofrexanpdenmnt abt 1nid1y:asiqd,US '
16 "witing" on [ Leen y - o
connected to the éggrr%lql.g t8£t QQ}JL eS% %S’ mg@% te%t’ 4“%7 %%AE&% tg}‘ yl usm"l6 :
"writes" on input PSé?@éTnEtlisiina m@rmq yreflﬂssechtqongr@| ghaleydreﬁortbsent ative
of a'plurality of jegéfpsRaPegwPOSi tional coordinates are transmtted to
m croconmputer 14. M croconputer_ 14 has. been Frogram*red in accordance with

a conputer program descri bet REFESTRBL| IROAIMENE REogrierRoptbless ey ofomputer

| ocating signals apdtéuowsmr:e,wthesies&ig:aaltsxatrmameésaut €fanSpEDENL 1niﬁhe _
prograrmed m crocq uter. 4 al so prOV| odln luralit

di spl ay signals- tong 71': FERRTUER q'%?‘g'atlh%'{ i e‘?fpfgn e él %Vplaay,
sereen 20 are des@wbw almd ar éiaﬁpétayd%czmleh mnmdnbbh}walREfmmowngmmpttto |
Fig. -2, there i s shony GquaftRREC IcHErdeW HatKEY l&@é’iﬁilz%ﬁsoargp%e%h St e

10 errbodyl ng the features of the present invention | ess conputer
system 10 is con- iE}&‘i“’néGr‘P?F'hou@hﬁgsﬂs}emvﬁfﬂcéﬁd?*’s 3a°?%8ﬁgﬂﬂ°§%'a@?él Bsed

casing havi ng a. slopprie! ORe pYE{AGRAaL Aottt ol Uiinthb-$trBRes,S@b! h1%udhEe Stroke
C ' ' characteristics, and then compare the Stroke characteristics with
" those stored in a database in order to recognise the symbol drawn by
, the stylus. . Key features of the system are: (A) transparent
'position sensing subsystem, (B) underlying display on which to
" mimic drawing of sensed positions and to show characters or symbols,
(C) means to convert sensed positions first into plotted Points and
_ then into recognised characters or symbols; and (D) means to
"learn“'to7ass0ciate sensed input positions with a character or
_ . o symbol. ‘The apparatus can'be housed in a‘portable unithhaving'
\'/'. o '._Pdimensions up to about 400mm. by - 400mm by 100mm (16“ x 16" x 4") and'
' o ',ha weight of up to about -7 kilograms (15 pounds), with a. self-

. contained power supply.



-11§{- display area 24. |nput scre'en 18 is depicted in Fig. 2A as be- ing_'

posi tioned over display screen 20. “In this exanple, displ ay screen 20 -
di splays ‘a EI ural ity of horizontal -lines 25 with.-the follow ng indicia:
Name Addres§ Handwritten entrl es are made abdve each line 25. The di stance

- or space between two lines 25, denot ed 26, is used by.-the systemto

normali ze al | di staggass Da_ggriétg_gﬁ g@&geﬂwlylgg serve as a reference axis
or base line. Below display area 24 on top surface 22 is a key input S
‘'section 26 conprised of a pl urality of " Softkeys" 28. Sof t Keys28 can be

- progranmmed by t he operator f,ﬂ]r

uch. as nLer orrpu, rooo
commands.  Exénplary commands ef(‘)’r gg ey’g %@mﬁ? %g? B’él"fns andu

"delete. " In addi tberaeseeibde)it R8ré Wathe€l UeHay %s%&m&%&w%f@kéﬁé‘é ent
prograns or between nodes (e.g. data entry node and edit node). However,

Sof t keys 28 are opt teridie éﬁ@?’fmgé usrdighsuppl ement- -t he i nput  obt ai ned by
handwiting the entri. €s. Sté/l S 4 1§$ au%gg r%ac,zzrm |§€epgbjf%2c segiltﬁ% §QSof.t key

comiands in di splay area 24, so IS use

28. An.-ON-OFF switgh &&oas;masufl em@regeﬁﬁaneemdaf housi ng 12 -adj acent
to Softkeys 28. A data output or peripheral connector 31 is |ocateéed on the
upper- right side of housing B¥8- Pnptit2 SEFERAFTIES CEHIWLRE FhCohoRHMGAgPtaining

resistive type touc@héq eeggt%& \g@lﬂg&@ %8l fradesyseedipl i €d to the screen
~edges and a stylus detects the voltage at the touched 1ocation.. The .

witing surface is a transparqanEAnias ami allﬂ,axtgyplmadtliyngﬁfas‘ss; cb,amdhvpatmsa -
thin, uniform  conductiV Iay esent m.depo, ed indiumtin_ -
oxide). Vertical bi®PH s drs °6'ngfi?:t‘f°ﬁétg‘%’ﬁ utjtd‘f’nglh Cupen- Jg‘édt%‘:&ng
the two sides to - mp,jtz scre@PRind the Jlegggp@egeéepl tage to det erm ne the -_
-"X" coordi nates of the styl'us position and horizontal ~bus bars or .
conduct| ng o . Fig. 3 is a schenatic diagrammatic view of the input
screen, stylus and associated electronics, . . _ '

Fig é-is an overall schematic system block diagram of'
the apparatus of a keyboaroless entry comouter system according
to the present 1nvention, _ - o

_ Fig 5 is a schematic block diagram depicting the move-
: ment of data w1thin the system when modified by handwritten char- -
_acters and commands, o .
_ _Fig. 6 is an overall system block diagram depicting
-the hierarchy of. softwa*e used to operate the system,
' Fig 7 is a- generalized block diagram of the character .
: and pattern recognition algorithm
'_ ' Fiqs 8A and 8B together are a detailed block diagram
.of the pattern recognition algorithm _
. Fig. 9 is’ a schematic block diagram of the Stroke
' charaoterization subroutine.
Fig. 10 is a top plan view of a screen 1llustrating
. the "initializing" of the databaseﬂfor Handwritten Symbols. _
Figs. 112 th;ough 111 ate a series of top.plan views:

of-screens depicting the opetation of a text editing system.’



strips (not shown) are used along-the bottomand top to apply the reference
voltage to determ ne the "Y' coordinates oft the stylus position. In this
-embodi ment, stylus 16 is nmerely an electric probe that, when physically in
cont act with the conductive | ayer, detects’ t-hegl-ocal vol tage at the Point
of -contact, which will vary with the distance fromthe conducti ng strlps or
bus bars. Wth the origin atsige. FiQAnehmugxoiécaq%eapmareaLI&ntog%a?é vieus,
coordi nates are inversely proportional to the inpressed voltage. = Stylu

must - make good cont &&t s@@emSnﬁsz@euaddthegoneﬁ’@toaneeatkiat-avml:lrd bmra the
vol tage detected, .and thus add_ar_erroneous nGrenent

pres%%t Ly preferred enbodi me%i qs‘séftagq’egﬁﬁﬁ‘ lée nlblqcé" gi%%ramTﬂé Vtﬁ ?‘é@"és is"
conducted fromthe p:elt&;h_rough awire, such as wire-17 in Fig. 2, to an

anal og-to digital converter for use in the conputations descri bed bel ow.

The stylus may be a charlged pen as descrl bed here| n,_a | i ght pen as

i s'well known in theShRizScps 2:H ZERodiHemtsean outline -
Hand- witten Synbols on a screen. An exarrpl e of a conventlonal

el ectrostatic screen is di schosiedreiferéde abereTRRei fiRded, IHR 096 1R%@PRinex-
patent. This resi stlve type screen has the advantage that the interference
caused by the user' ®lfaf ’tcéﬁth%‘rﬁj ehenantscBir uehanhthez eeve Bt Vil evts i aomhtial
and vertical positi gar8en500ul & Hedprifldleds Lo RLELY AL GEL 1 4kl or
vol tage inpressed on a con- ductiv rayer Bet\ieen’ t alrs o ort 28Nt al
and vertical -bus baraspbytarlel mmm«:eexanakeywatndpbexeantcgncdmﬂufted igstam 10 is’
m cro- conputer ggcroc trol In one comerci al |, éhaval | abl-e i nput: or

t ouch' screen, the bI§PHAY arah%rcﬁﬁ‘ghe?%t"Bmﬁutseé‘r PEESSTF L1EntRTRseE 1hS RPLFLDS

diodes to prevent the, hmaléeeaalgﬁbhweufsyrQmehoaasm Quhe V Qinkl £8¢1u6ET PSon-
akd~vi‘ce versa. This technique Is used in.a comercially available
t ouch screen from Tdaehl%hnwleﬁ}laésp‘@fp%nn&wtlaé mi\@wamﬂélrog#ap#ﬁscmlmﬁfd
Cak ‘Ri dge, "Tenn.  Refarri 0 FiLg. n_ al ern e gnbodi ment of a.low
power position sensi ﬁggn%%ee 2|4vn'!|;'oul &s’greelenr?eg tI scrl ™3 T G darREeVided o

detail. 1nput screemidBodcmpaked FoObydstuE 16 n'gzraaia@"Yoaoeriﬁlea O idput

eJectrlcaIIyreS|st|ve plate 34. A stylus
) screen 18, Stylus 16 (Fig. 2) is connected to the computer of

'_system 10 hlth wire 17 (E;g 2).. As stylus 16 "writes" on
input screen 18, a p.urallty of locatzng .signals representatzve
of a p urallty of cor*espondzng pcsz ional coordznates are
trensmltted to m:crocomputer 14. Microcomputer 14 hes been
programmed in accordance with a computer program descr;bed
herelnbelow, to recognize the stream of locating .signals and to.

'.;store these s;gnals in a computer memory The progranmed o

i 'mzcrocomputer 14 also prov;des a correspondlng plurality of

| display s;gnals to a display screen 20.. Both 1nput screen 18
end dzsplay screen 20 are described in greater detaxl
hereznbelow

Referring.now to fig. 2, there is sbown a perspective
view of.keyboerdless computer system 10 embodying the £eatures
‘of the present invention.- Keyboerdless computer system 10 is con-
: tained in housing 12,_which is a rectanguiar enclosed casinc

having.a sloped top surface 22 with a multi-line, solid state



35 gontaining a vol tage source, such as battery 36 or a voltage transmnitted
to styl us 35 from an external source such as the. sys- tem power supply, is
used to tough screen 34 and  apply a voltage %\nthe touched position. \Wen
't he t-quched‘:posi-tion is charged by stylus 35*with a p05|t|ve voltage with
respect to a plurality of plate measurement Points 37, the voltages at '
" these Points w'll va¥splayt iresh@4di sinputestreennas p‘mdpgsdtteidonp Bich2asas be-

t di cat ed Th |t tiall d
" the X and v i 1ot SRETHPTIA YT SRORRY GRAF hadng. b ihteot=Aheder CUuRp LR

the -af orement i oned péddeh 261aRBLEPE e plhf\aﬁltg o8 HJ1eEEntRANSInaS ©Awith thu- -
conventional interface/ multiplexer 42. - A conventional . Anal og-to-Digital '
converter. 43 conver fetkavéngecindicdd: vol tages into a digital signal. A

m crocontroll er 44 receives the diqgi t)él signal, perforns- standard checks to

. insure the signal's numerical value 'A%dré!é’é l-d-‘_(-e—g—-rrwr-t-hrn—the possi bl e .
~range of 'voltages), and then converts the VOITages. 10 X and Y di stances in

the manner’ descri bed herel n. .- Mcrocontroller 44 1s conventl ona] but could .

be repl-aced by a syg e uter M:crocoptrol | er 44 provi ital -
signal repr esent at | 1Fﬁ - enYRes afesPagf A20YS er?ﬁﬁs&’ﬁ& Poi § stapcsn .
output port 46.  Pogi é}ﬁc@%t&%eﬁ EPMeRbs U3l aBR 1232290 1ls uséétt%f F&ﬁ&'éﬁfs't)!m .
m cro- controller 44 could translate Point [err]to any other refer- ence

Poi nt, such as a Pofwtnosmabiese alllj gistagces @ndolines. 25 thpmselyes @egvasas a
there i s no contact. g%/ Shylus 3&5o§tb£s%5'nné' on 38 or any other position on
plate 34, no current-T1ows: and power consunption is mniml. _An incident -
measur enent of. the vol tage aseztolwedrraﬂeur eren 24P o amyfmcnz :beyau&eﬁg
ranped voltage at the positioni ng Poi nt and tini ng when the measuri ng Poing . -
“vol tage exceeds a piBR#Et sESEIOT GPt SERPrisad of &r%l‘%Férlllﬁﬁs“o SPEFEENL ?hew
~input or touch Scre%‘&}é@saﬂéj AR béeéJo%t—LN-ﬁedOEQt&@’%pQLaéva fﬁguér\&alpﬁil{:oi
screen 18 can be transparent .or translucent and the position Point can
made by a stylus q,rs*aclf iasgee eyfterheorsgey mmmanoonnecenmigad?opnmmmdsanor
over | appi ng conduct scre ugh as: Lhﬁ caon valhab £ tquch .-
screens from Touch Tﬁ?o'fogé/] ﬁnnabo s, MO ¥§€ $8ans [0 adaltion,

Softkeys 28 can be used .o switch between different programs’ otp_”

betﬁeen'modes'(e g. data entrf'mode ‘and edlt'mode) Howevef,
Softkeys 28 are optional and aré used to supplement the input
; obtalned by handwrzt;ng the entr;es Stylus 16 used for -
writ;ng input data and commands 1n dlsplay area 24, also is
used to activate the selected Softkey 28 An ON-OF: sw1tch 30 '
is positiooed on the side'of housihg'lzzadjacent to Softkeys
;_.28.' A data output or perzpheral connector 31 is located on the\u}-_
- upper right side of hous;ng 12 '

Input screen 18 can be a conventzonal res;stive type
touch screen in wh:ch a voltage is applied to the screen edges
and a Sﬁylus detects the_voltege at the touched locatlon.. Thef;
'ﬁritinq'surface'is.a transpetent-maté:iel, typicelly gless,
coated'ﬁith.a thin, uni:ofm,gconauctiVe-leyer (presently,

':vacuum depositedﬂindlum tin oxide). Vertical bus bars or.

: conducting_strips (not shown):afe used along_the two sides to .'



18 and 33 can. be a physical solid surface which is transparent, or

transl ucent and can be gl ass or plastic such as Mylar (Registered
Trademark), The surface can be coated with a conductive/resistive substance
like indiumtfn oxide. OCher physical surfaces;can. use.sound or

el ect romagnetic radlatlon transm ssion fron1fhz 2tduched position to a

_ref_erence-Poi nt or Arp%tlfl and t e_di stance is determned by the tine delay
or phase shift. Alte i V 79—& PR elesssta despmmise G&ﬁ e caprditageeais .

or geometric surface waf seprhapoan feahd HERIPGIT: 0P HaER! o OlcciBRLE L € d
Posi tiogn detection can be acconptished with electrical cont act” Closure by

resi.stive; capaciti veS B PP et erdoapéluagd a ot ehsem:n:ug dnd 26pi€a apply

el'ectric or. magnetic-fj.e Y. | R, or owave) scanni ng.
The advant ages of theér{ O\L/’vg%or\%éf go‘é‘? % éer‘?ﬁﬁﬁ“ﬁnﬁpme Fr afRRATEREERY OF the

ot her such screens arstylud)pdsitiBkes Igt m@, bem\ﬂﬁgtresq:%_ﬁgr’@smlg H«]—:{Ely an
2) it elimnates distortion due to opposing parall bus™ bars in

conventi onal - touch s&t&ERELC Prabhg %}atwh‘é?ﬁnaphmdlyolrt sgetict ewph ogted,”
ostate-of thocary anaReatel Syl BeBall Sndiletly Frta B shorboth b of

I n state of -the-art touch screen téc ogy

the screen 18 is desicontadt,ywhttieotiad varp @itk anghdi Saau8hetdm Qf,gegongqggmg
resi stance to the novenent of stylus 16 on the screen. |f the screen were
too smooth, the styl FETOBUIT BYF d%‘rﬁoo Wiidi Fhe ardgimatdthe Rimti efilvoltage

control . ‘Reference. i SpBOYEJALR, tehd )Y v 4 oMRialL i Sg%eo§g3%ﬁsne1%V§%§;Lclrrta¥nal to

bl ock” di agram of the major electronic circultry use
enbodi nent of the pré§8n¥mnmem|mtaMcr6tpmmuermxﬂs<t imBké UfRE dontact to
m croprocessor 50, ural of other .electronic

grlgﬁréne edgto ? t%nce t o o
el'emnt s by neans of ata pa BG& A}F?é"aﬂ T JoNERThg RUW‘?GM
whi ch i's progranmed éetécddae mrﬁhlsngdcﬁflﬂ é%n'eﬁ@é 'cﬂ'&tQﬁ@éJ %@em a
battery powered Random Access Memory (RAM 56 'i's connected f

bi directional” data ,f PSRty Brrfeszed Wﬂwmessmfﬁgrmtbetap is used.

conventional single- ggég,oql gpg A Xt t device which .functions to
execute t he flxed contr ol ptI’O ran%o?égé‘é d ?rorr l%he pen tﬁrouah a w:.re, such as -

wire 17 in Fig.: 2, to an analog to digital converter for use in
the conputations described below. The stylus may be a charged .
"pen" as described herein, a light pen as is ‘well known in the
. .art, or any other hand-held device which can outline Hand-
'written Symbols on a screen. .
_ An example of a conventional electrostatic screen is
‘disclosed in the aforementioned 4,318,096 Pepper patent This
.\.).” . - .resistive type screen - has the advantage that the interference
. caused by the user's hand touching the screen is minimized.
' Both horizontal and vertical position sensing is pro-
‘vided by alternately switching the voltage 1moressed on a con-
-ductive layer between the pairs of horizontal and vertical bus
. bars by an interface and multiplexer controlled by a micro- |
'computer or. microcontrbller In one commercially available
input or touch screen, the bus bars are broken'into a series of '
short strips with diodes to prevent the horizontal strips from o

'shorting out vertical strips and Vice versa. This technique is



in; ROM 54, and further receives control prograns from and provi des control
signal-s to the other electronic elenments via bus 52. M croprocessor 50 may
be of the type conmercially, desi gnat ed Z80 (manufactured by Zilog-

- Mecr ocorrput(érs of Cupertino, California), af;f.dype 8088 device _
‘(manufactured by Intel Corp: of Santa G ara, Californi a) or any simlar or

nmore power ful mcroprocessor - ROM-54 may be. of .the type 2564 or 4764, both -

manuf act ured by TeRfsd| 1R t% GREREE G 1 hatyaidable, tauch rreep of 2oyt Touphci ty of

"RAM 56 is deterni ne«tchﬂowﬂesbxftmaﬁbzes ob. they 2P0 éa%%&kgnoprdlﬂr%e,th.e
oper ating program and the database. di scussed ow, RAM 56 may be %

t he static. SRAM or T#pnam ¢ DRAM type The pri mary reqw renents of RAM
are that it have sufficient

d that
o7 i npat pover - - 16° A bARERFOLH 8 e AT 01 RO T AREBRES cHpooRRRA RS

- power for neking theu oMY pebi R Senbaty Yebel ithguf G akhesdlod Besi0dagof
time. A battery pack 60 containi ng the well'-known rechargeable types of - -

~batteries is used tig prmmdﬁhelll-ar Toaput \sgreeny 3| by cdlsor éan%tGrmymtdman o
ot her electronic el nts..of mcroca e nate st oraqe -
function of RAM 56 HdyPBREER, 2% o) © ggﬁ%rrllc\a/%f‘%tt‘ielsé e éXV\fl “ﬁ reqﬁt’g’é‘g no
power . for main- taiss agnsmﬁagea 1eg@Secatce) Akicho#s Qﬁ|t|t¥r?l’3§%b| & \&ﬂd:age a
~repro- grammabl.e menory (EEPROM), or devices using | aggetl c bubbles or.- .
capaci tance. Stat é’mréﬂﬂlh%te&r fto gF L usr 33 fFemny eAFSEPPe SquEEe fBChnAg sthe sys-

storage. .Suitable &H’bgl’ dq\g g%%d I@CL%{%& LYPES, g;lgngmﬂqpfﬂm mttgge

-have storage capacitie a'bl t t's respective
.are manufactured byad mheltdiahpd)poﬁmibher Wbes, thel- tosclmnssaobi'eictro 1esexaa-ged
single integrated circuit chip which includes mnicroprqcessor 50, at - |east .

part of ROM 54 .and 3% SFEHt 3|Sal"tt}bfa RARE BE'e KPNHIERHRL FEGPEDE Hifs 252 i s W

El A RS-232 serial iglek11¢peR fPatineBsiremhd s sacaeanS ttt@rvbmgetsl 29 hade
outputting data. Data is provided to bus 52,.(usually to RAM 56)

i nt'erconnect - i-ng, Aviakeerildl vdoy aigburke detREO 30 F}tﬁtpeezpelﬂ‘@@m ysuyah tahe - |

- microprocessor 50 and.other, el gne f.1 rogonput 4. 1l oadi ng
data from RAM 56 cf sé?%%n ba’ dghen%‘%l%a%?%pfg%:éessoggg V%lt%ges =re _

secuen*ially neasurea in the X and Y dlrections by u51ng
conventzonal mears, such as d;sclosed in the aforementzoned
przor-art-patents,.-!n Fig. 3-these_means are a ccnvent;onal
interface/multioiexer 42. A conveptional,Aneloc-to-bigitel_
_convertet:43 conve:ts the detected voltageglinto a-digital
"signal A microcontroller 44 receives the diqital signal,
:performs standard checks. to 1nsure ‘the - szgnal s numer;cal value
is- "val1d" (e g. is within the posslble range of voltages), anihj .
- then converts the voltages to x and Y dlstances in the manner
'described herein ' Microcontroller 44 is convent;onal but
could be replaced by a system computer _M;crocontroller 44
. provzdesha digztal s;gnal_representat;ve of the X ane Y _'
--dietaﬁcee'to-meesuring Eoint 38 to an output portt46 Port 46
" can be e:conveotional RS 232 port.. Alternat1vely, micro-
'_~contto;lerf44_could trenslate Pcint Xy, ¥y to.any, other refer-

ﬁence Poiht,;euch as a Point on base line 25 (Fig. 2). .



50 t0 an external computer, other data gathering device, a mass data
storage device (e.g. floppy and hard di sk drives) or an electronic
teleconnunlcatlons system .In like manner data can, be-conmunicated through
‘port 62-to a printer (not shomn) frominteréonnecting bus 52. Stylus 16 is

used to wite on input. screen_ 18 and to cause the generation of X Y -
coordinate i nformation by ¢Bnd8RY 23 ShaFet'FUBA SRATeEh PhisEne S laEcPewin s |

~circuitry. = The cogon gBNedt ean&“@&&é@%bgﬂtio% oA BHLRCSL eq'xo\”cg L& hys, ;:)Zanfdor
control - -17- use by system 10 e solid state drsplay 5" Consi S Ing o

a nukti-line di spll%g?'e-f- congumption |iﬁeknyn8®alcol ammmcbgleﬂls ridas@semeht of the

i nt erconnect ed qho ys 52 t Qu gigy i npterface 66, The fundanent al
“requirements for the arsptaytar® T%f‘mf S10hR Fay; QRTY% By uFing Tapped

~sufficiently thin \fdlﬁ:aljseaﬁ Rthk hSo 11298 Mhg IFY 8T drAN cimie WAlef PHRY mEBY LG Of |
the following types: scanning types such as a cathode ray. tube, project “ed _

types- such as a r EAing vl YRoe] exeands Ripprsesnback wgleageay of Points types
(e.g., electrolum nescent or prasnma discharge) and-light blocking array of
Points types (e.g., liquid crystal displays, soli d Beipeary varépus

magnet o- opti cal ) . opticAsdidt ene irputSopreiehaddreehbals tdha 95 5edy sbve
conpatible with input screen 1 in.size,. configuration and transparency, and
that both be | ow FORER ?:%r?é'uﬁ‘fﬁgfﬂb’ééen‘rlf@r)@Veeﬁo%%l|°ﬁ@t be tARSPRESAR ©F0

keyboar dl ess CoONPULeh s lde it ahd Aldle 58&?@5&5& EL;\%{“ Cﬁﬁ 5 %%h&%cas s@il@%r a

communi cated via bus 52 to m croprocessor 50 execut es Pprogr stored-."
in ROM 54 and RAMf36ger Tafe the mperr, obrPolcmnseétire Poret 9fohn Xexdeppimat es)

used in defining eaE ndwritten Sng dthe sgeec&at whi.ch Poi nts are
i-dentified are i fSBFPEMYS 8?’?)%6#8 IaﬁJ Fl‘f‘i?‘"‘er ighly avataRigpFeuth use

at\Jleast -about ~4 ReirBkSs FonTéldHTBRERNdILY, ' ARIaBbE1 PLMD.HCN) 1ghd 8irdedast
about 100 Points per second to define Handwhitten Synbol s. It isto be -~

noted that the noRé pedm3s caerbeum Phyairpln sehid saréadretjeMFhlfesl trahspayreast er |
t he ‘accuracy of the, $C¥?;, c I’r}tl de tlfyLng Handwr i éten -- however,
more Points being 1den W Ot Ple PSREELF oﬁ‘“‘ﬁhdéﬁt“?‘fllaé'at i on

and‘require nore d@emn@enm&emmb}dlm Y,

-surface can be coated with a conouctive/reslstive substance
lzke indium tin oxide. Other physical surfaces can use sound_,
“or electromagnetlc radaat*on transmzss;on ‘rom the touched
;lposltzon to a reference Po;nt ‘or Po;nts and the dzstance is
determlned by the time delay or phase shift. Alternat;vely,
. 1nout screens 18 and 33 can use an ‘ethereal or geometrzc
" -surface defined by an electromagnetlc, optical or sonic f;eld
'_\_j_. P .;tfii7_' . Pos;tlon detection can be accompl;shed with electrical
| contact closure by resistive, capacit;ve or inductzve coupling,
- remote sensing by_sonzc,.electrlc or magnetlc fields or by light
(UV, IR, or-microwaue) Scannlng . -
Tne advantages of the low power pos;t;on sen51ng inout o
arrangement over other such screens are: l) it makes
' stand~-by power requ;rements minimal; . 2) it eliminates
: distortion due-to-opposing parallel "bus" bars in conventional

touch screensi, andi3)”when_a ramped voltage is employed,



a palance will have to be achieved, based on the size (avail- able nenory
d processing ability) of the conputer systemand the requirenment for
Beed of response-and accuracy. For nost . pur poses, standards in the
nge from about 4 Points per mm-. (100 Points per inch) and 100 Points per -
_ s cond .to ‘fbout '8 Points per ‘mm (200 Poi-nts Yer. |nch) and 200 Points per
_secnd will be suitable. It is-also to be noted that the greater.the :

pneC| sion of the: systemﬂ N éXignnatys nget Heed£¥r CADAIDNEH RS whl i arEh aPRd Jok
the fewer the .nunber of Points needed to be identified per unit |ength and
per second to accBPst SaFtPHCR sFpterafaibetatEntthEFEeen B5ARNYRTel v the,

less the accuracy, the mrerfé"a%?fl%&%t%? ASEORG: oFOLAL o g‘}ﬁ%ufé 98 éessz.r-

needed to place Points where 1 ntende to wite an editin
precisely between thky tsstechst aot Be s"roulgﬂ\éaaﬂoygh resolfaér csombo:asissuagée to

di spl ay pixel is desirable. . Hwever, operationally, fesolution within two:
di spl ayed pixels i&® QUINEERRNOF SEY LGB Py FhRi BT8R0 pf &SRS PRTSLT2YSFntoo

(nineinch) horizoghalen,SeRl! ddius WIS W 14 £30 ddEiSy £da Woub@Shd la@@@fﬂc

‘power on", the basic display node is. activated and m croconputer 14 F|g
4) progranned by t ke qpamat;ng systen1 causes a menu to be di spl ayed on
~display screen 20 (Fig. 1) menyu presen

A
primary software function, %reﬁf]e ’f%r‘i‘@f'lr%dtf ailg(r)T;?i 2’1“%1[‘?%% %%OQ’? |

conventional word B{reaaaasspgta@fbtxwﬁeu\ug&antafetﬂé ffagbenereditongc tdidtuitry
handwritten characters, synbols and comrands. are i'nterpreted by the system .

as'if they were enPé?%dinf then R efgnved amsAgi mensy o he. Prwtsyavenﬁsos .
capable of |earning, dbcoﬁqqusxg? edtseeslaqﬁc'@xg@od;@ sbECa8 ALl netg

- functions such as In insert nove or et n trans -
those symbol s |ntOtdlg|pt1ah-abmmrrdotnmtelemomanélimatsyk;y Stafahkeqsdaea w _
(Fig. 2), activated by touch:’;fzg those areas on the input screen with stylus

16, function |ike P8Rt PBAaS-haPdRFIOPLHIHIRETYE Y™ ebif\icerikeyboard., . =~
The systemis par}b?&%@ﬂﬂéd&dﬁ@% Qﬁef%eME%@%nanaﬁ;mi%E@foﬂ \beossaﬁserlnadltor -

~or word processor After a
battery powereo “Random Access Femory (RAM) 56 is connected for
b*directional data flow onto bas 52 Microprocessor 50 may be' :
a conventional s;ngle chlp eicht-bit or sixteen-bit device
which functions to execute the fixed control programs residing -
in ROM 54, and further receives control programs f£rom and
'prov1des control signals to the other electronic elements via
bus 52, Microprocessor 50 may be of the type commerc;ally |
des;gnated 280 (manufactureo by Zilog Microcomputers of - _

' Cupertino, California), of a type 8088 device (manufactured byiiyj o
_Intel Corp of Santa Clara, California) or any s;milar or morei
'powerful microprocessor ROM 54 may be of the type 2564 or
4764 both manufactured by Texas Instruments of Dallas, Texas-r l
.The storage capaczty of RAM 56 is determined in part by the
sizes of the application programs, the operating program and
the database. As discussed below, ﬁAM 56 may be of the staticV
SRAM or dﬁnamic DRAM type. The primary requirements of RAM 56'

' are that 1t have sufficient storage capac;ty and that it

require a minimum of input’ power



- 194 . witer retrieves a docunent by (for exanple) touching the displayed
nane| of an existing file with the stylus or by witing the name of the file
an the. screen, all usual editing functions can be perforned with stylus
entry. . Wien the user wishes to change a displayed character or symbol, he
may [sinply wite. over the displayed character pgg -synbol and as descri bed
her g nbel ow the pattern recognition algorithmw |l translate the witten
entrjy into conputer text. Fop sxa@mRbesgt | i,ng; | oys. . t.ext to
"be dliminated by sinply drawing a i keset'h:;gﬁg%sitta glntgﬁfg&‘é%{rﬁg% ro‘%%"‘g%? et
- synijgl ~may be used t oreRfes Pakingshatinergryogk RAN Sé@chAsalatileodtor ekfeddag

i nsert .node, display gg{gcesnogotfng ovi des additional space for entry = . - .
handwritten charactefs or synbols wh c%a%F'éYiI?fs‘é‘r PR Fomtaiming &he vallckoqwse
Poi Nt where a caret washa¥geab®s types d€Hat€adidde gyl &b P iﬁx MG Py
brackets or other user-defined delimters around a displayed phrase or word
and witing a caret ¥PltAdfelevieky rqgrirrsdbyythrolother tefectrar coblénmmtseat in
whi ch the user. wi sheg;Lhi i.gl - to. appear.. New margins can be set. by
drawi ng vertical [i ngéeéuoc\%ﬁng?rf%%{ sl%de of the displayed text where the new
mar gi ns shoul d appear. The basiterediéDy, t8bt¥ragal SmcaldoWws aﬁwgéoﬁ.ums
to be created by sinply witing Handwitten Synbols on the screen. Al
docunents can be st oP&VetR¥nGtPravalrEisuketipecvhich raguinesnee Bavemhfwh main-
t hese functions are ' on vent j, rd. processin ystem
with the difference ti1 ﬁ%@hggﬁfﬁcf ?%’?lg‘gag‘g éal%(@:'gin%ﬁ\ﬁggleg it ﬁgk%%&%r FeR=&n
Editi ng Synmbol s on t Geanmapileomeiorys CEERROMY| dy deolkdy 08iddthaSaéticcpappiddor
the stylus. The cor‘rgosi t_e;: text thus produced and stored can be . '
subsequentl y- of f | 0oadetPIHFBHGH t RE2RE S33RptARE Bk Prgtany may akws kerused
coqpater, a simlar devirags sforgeer Ngicdsid &BL’D@FAeRGrQE‘a@vE@eQVi:{c‘iggé dﬂl;ﬁg's
device, into a printer or through a tel ecommuni cations System -20- 1 -
addition to these mayb0 @pér dtinghickidmreastamigercaracanied lodr y mdament sndand
features add to th s t he. te N A cqnventi.onal '
al phanuneri c keybogr'ﬁé%gr?éit ¥sﬁ%s\ﬁne)lggcl:§%fyai -m%%thaafﬁI'Tangﬁ?cﬁ‘fr"fge% B/l peerp- ).

connected to a .con- Furthermore, it'is pessible to use a single integrated circuit

'éhip which.includes microprocessbr 50, at;least.part of ROM 54
and at least pé;t.of RAM 56.
' Also connected to bus 52 is an EIA RS-232 serial inter-
face 62 which pfovidés a meahs_for inputting-and outputting data;
". Data is pfdﬁided'tb bus 52, (usﬁally tb RAM 56)_by interconnect-
' ing an external data'éource to-RS-232 port 62 directly to the
" microprocessor 50 and other elements of the.mierocomputef 14,
v o | '-';. Offloading data from'RAM 56 can also be done by micfoprocessqr
'fi 50 to an external computer, other data gathering deVicé, a mass
'gata Stbrage'device-(e.g. £loppy and hatdldisk'dfives).or'an
electroni;_telecommuhicétiéns systeh. In like manner data can
" be communicated through port 62 to ﬁ printer (not_shoﬁn) from
'inter;onnecting bué 52. ' '
' '7Stylu§'16-is used to'wfite_an input screen 18 and to ;
cguse'the genéfaiion'df X,Y coordinate infoém;tién by coﬁven;
tional féuch'scréen interf%ce electronics gircuitry.. fhe coor-

dinate information is communicated via the bus 52 for controi



ventional keyboard interface (not shown) to support the entry of

Lphanumerl c characters. - An AC/DC power connector may al so be used in

t hose applications when portability is not -needed and when needed to neet - .
the power (zeqw rements of screen technol ogi es such as gas plasma displ ays
ahd el ectrlol uni.nescent displays.. I n actuali7use the ‘keyboardl ess conputer

" can function in any-. appl i cation or environment in which handwitten input

thanslated into CQUEHULGI sysR¥h i6. uTakuolaa BERRSEDSYLay izblomtsnatmq\nefl ¥,
the device can functioh-as ‘a new gener.ati on word -pr.oces- sor, use in

Cf el ds such as salmstinbins dgsplawent bFPsEaREELY %%rfs?t}é‘m?%laynﬁs ’r'éﬁsrrﬁg,)
adj usting, ‘to name dd&gercofn%\evc Ly t‘t:%t ﬁ@é‘% 2UBESouh 8SaidpigPeilerkzaas neg1g and

testlng device in |nce pattern recognltlon sof tware can

~learn and transl atgnhd @hﬁdmunefewsméﬂmbamagmmu ghe dhatnbt headvbup
- of a-small .or linmted set .of al phanurrerlc characters

Korean, and Chi nes%%anuilﬁ‘lfiasflﬁar%’?‘%lfr“af‘iheinﬁ'l’fhPBrf%P‘Ggpi“bc%%sPﬁﬁs%ﬁc

t el ecommuni.cati ons, | e | 04AdA8Sy H4y BeagE |t@,e £bi1dving o yre@y| BEdnhing
desirable to use a s‘fer?tﬁPeécorrngt er screegn&to di-spl-ay any T‘nltlal forns, -

'Font Synbol s* or otbﬁﬁesdlsﬁaia;esatoaﬂamdedrtxe(tuband:rmeet%htt@as faghpps a
"W ndow' of bl ank space where Handwr i ttenoeﬂ{é |-$ are tQq an)(\utt Bs.
di spl'ayed and i denF¢g5-¥dev RRPIGAEPT & E VST E* L o1 éSpondi to th

Handwri tten Syﬁbo'f Zde L o8 i PhMRd: of BLhbHS dbBhaidey HAEILIGAR View
the text -being edited and the proposed insert or. change w t hout_ sj. gnlflcant

‘moverment (if any) bfodWiegheeiyand ngs topess (¢ <9/ RiEihcaystat displavs.

"Figs. 11Ato 11D. .This feat I‘OXI e s e Q@ be o
edited and the w naam ﬁt"ﬁtﬁ\%‘r‘%ﬁ Rew t n%g'y?ggo e hgﬁ |1?]tlgltﬁ) )&Ftsriveryr

inportant to the sppptdaviapinht Qﬁgfdil’stpaby oelisempHt zbthe vsiyts:t énpu’tt recgeen lw
preferred enbodi rrent of this invention, the system"l| earcP kgﬁ trl_[a%d | t| ng
-of a particular usép W%r@’b-%ﬁ‘ﬁ‘é%-"'hé‘ém TREREPRSENGY 2R (TGS RY A8 HOTan -

- al.phabet, the twent -S| X I L4 +9fei he al phabet and the nunmerals from 0. to.
9 woul d be i nserteB nﬁo % g{gtsaﬁgge Punct uati on syibol s, such :
. : The X,Y cooroznates are input to- :

:.kevnoardless conputer 1= Via 1rptt screen 1nterface electronics
- 64 and communlcated via bus 52 to mzcroprocessor 50 which
executes programs stored in ROW 54 and RAM 56
The number of Poxn*s (1 e., sets of XX coordznates)
used in defznzng each Handhrrtten Symbol and the speed at whlch;:
.f Po;nts are 1dent1£1ed are 1mportant for practical utillty .It
':"is desirable to use at least about 4 Points per milllmetre (100
" Points. per inch)and at least about 100 Po;nts per second to i?2=-s
.'.deflne Handwrztten Symbols It is to be noted that the more . o
: 'ytPoznts per unit length that. are identified, ‘the. grsmxu'the ammuacy
--,of the system in identifying Handwr;tten Symbols - however,
_more- Points being 1dent1£1ed wzll slow ‘down the speed of g
identificatzon and,requ;re.more-computer memory. Accordlngly,
a balance:wiil nave to be acnieyed"pased'on'the size {avail- L
| able" memory and processlng abllity) of the computer ‘system and

-the-requzrement.for speed of response and accuracy. For most



as pérlods commas, question marks, colons, sem -colons, hyphens and the
li ke! could al so belnserted Therels virtually no limt to the a
Handwiitten Synbol's which can be recognized and stored in the database. O
cour $e, . the c6rrput er will have to store a sui-t @bl array of Font Synbols '
“for gonversion of the Handwitten Synbols. Different sets of Font Synbol s

coul d be created and stored in.th rmanent nmeno of the conputer, as. in -
ROM chip 54. For exdnpte, T Séﬁ@?f‘g I"&nb‘lfa@'én%%zfé@m abouti f RS BOREi n

one (or more) fonts ofmuabmss pad irﬁ:tht)eéﬁd 1901 RS BUNGIMAH kO RGH P ebiSies
and appropri at e- mat hemat i cal synbols.” Qther chips could have stor.ed Font

Synbo‘t-é for the ArabiRer Mey2P} Ppintypeziedk anfl A% Beinss pgmpervnd wiliChe maitebler

Korean "Konji", synbols for u rcht cts ers, .or chem cal
synbol s (€.g., benzene rings Z‘%d%h 5 E e ﬁgﬁ 3?‘9,50" SAEeRTe t§8r?’?§§161“°n

| earni ng screens . i's dsphaysktendit hﬁeﬁﬁﬂyﬂn% PROBDYesbdrRiNELd £ JeNea HBRELS
0 through 4. The core&léter will attenpt to-match the witten nunbers with

t he exi sting dat abaséhg ifewearipp nunbel 4ft Padntmuseddsotarbe @ﬁmdiﬂied:ae:smiﬂﬁmneth S

. no existing database Qiy Refallsg 0 exi.sti
dat abase, the character Ps Zﬁ% 3&to t%hkéd%tegga{s%émg% earm ﬁ‘gsmr%Ss Con-
-continues until all ofershey aiehdessTethiec a¢arraey hethe ﬁ&haer FCLRtS thad Sydhek8ed.

to be -22- used are‘entered into the database. The system has:the capa-
bility of storing nultiple StFSRB®ARPALHAT 28 tResedatuFases Funtsywhanss

used by nore than oneir¢sgéed, &N §. EXSLENEE af e@:ﬂ'ﬁbqyﬁ\bgtlrgggcisel between -
- characterization database for “each user .has the further advanage 3t TR

the witing angle i rrfélleet‘%tCharAst%FSr esideallyheresoystiam tois adaapéahﬂsplhp

all handwriting styl <2 usa e by ht - handed. and _| eft - handed
persans. - One featurc—:ﬁDSSL Pd"ess IFRBES cog'ﬁ&a?pcfd’afh?’tﬁtlﬁe HPANEL U WEhin

acconmmodat.e |eft- han(iexd anfblrajyghtpMGeﬂs RRIES OFent T84S of a@&yi;iy WStR 640"
receptacl e (not.shown) for the stﬁs connect or. on ei ther "si de of housing

12, so that the sty) F8*$5S iy 2p@23WhriBEredn6h) tb?éllz@wtalsisaénlfiewe | ef t - handed
persons and on the right si dewgg,§ g‘kl th£ ;@qggg %r§9%so=1'§19ned1(%oal'powew on",

prOV|des an exanple of t'he use
- the basic dlsplay mode is activated and m;crocomputer 14

(Fig. 4) prog:amned by the_operaelng_system, causes a menu to
be displayed on display screen.ZO (Fic l). The menu presents
. various softuare'ootions A pr;mary software funct;on,
ed;tlng,.runctlons in a manner simxlar to conventional word-
.'processzng software w1th the dlfference belng that handwrltten
: characeers, symbols and commands are interpreted by the system
.. as if they were. entered from a’ convent;onal keyboard The
k system 1s.cepab1e of learning the edltlng”symbols used by.d
h,particuler writer for functions such.astindent; insert, delete,
move_and reformat and trenslates those symbols into digitai
command’functions bptionally, Softheys 28 (Fig 2),-activated
by touchlng those areas on the input screen with stylus 16
] function ‘1ike conventional hard function keys ‘on a computer
'_'keyboard
| __The.system is_perticularly adapted for use

as an interactive screen editor or word processor. After a



"Roftkeys". In addition to the input line, a variety of Softkeys appear.
Each Sof t key corresponds to a function that can be perfornmed by the system.
In" order to execute the funtion, the user rrerely touches the indicated
Ppint” wi t h(the pen.. The" Softkey wi |l then,gppear in reverse video and the .
le¢ted function is performed. There are numerous advantages to Softkeys
ozer traditional. function-keys. Some of the .nore significant of these are
t hat the user |s norimgeetrmelsrecﬂcte@mmm tEomexempleic ttouehicey ther f or ns

What function;’ d for oard overla mhate and different
Sof t keys ‘can be - ‘g Sf?a’Eﬁ“}f %g s é@ﬁﬁ"%ﬁﬁd’e‘%peratl g‘éf) ST PY '
different Points V\ki-ﬂl'ihgatﬂé Q@b £ RinGUEEFe bhAehd s]:iéeﬁl,erﬂlﬂsﬁsﬁleﬁdﬁﬁi&%
t he S|an|- fications in word processi-ng nmade-possi bl e through the use of
this invention. | ﬁumtgonilﬁmbst pexfarged oriddnstyluse sptTy: diBen dpeduserThe.
~user. of the keyboar d%‘esstgnct:ﬂ yst%?pq%cqeqde?,a;h gg é;}n?o@i" lj:é’lf %r@ﬂ‘ﬁg

needs to be added %h ransSHn o (:are on 't

~screen at the desiyeteepebeti@ie didpriea emawaystawm@mahmaap@erasenbe(ﬁ g.

| 1B). The text is wittenin as Handwitten nmbol s (Fi 110% mat ched ’

. (converted to Fonthexsisbeley Y gatyerm) recogpifpen algert By Vi Ef gErangjaterne
oper at or reconS'degﬁ |50 ey, 06l dopiindd Jeg,uzoas? sldnfe! NoaUGR: LG

-~ new material . 1 t i medi atel y erased

t he operator- deC| desﬁdaae alicafsgeexu@hbemmmnate;d bmidmiybéramm a llne

appropriate for the text. A vertical line.js n.the screen

drawn Fig
11H) and the nargi RRFREENRY @aF??Veé’&ﬁﬁ’éT]e&afﬁ gsym%ﬂ‘)mayA §e‘h%?qdl(tl Ized |
bl ock di agram of thg. i thBlogU:AEeR§ dVaaVESatiel Indd1d mdde ANdnatieseRbpEi ON

- of that figure appears hereinbel ow. - Figures 12A-12G illustrate how a bl ank.

formmay be used fwede, msph}alscmeméﬁ Pr°wsu5@¢1tdf°nﬁhe5%¢§t o feiI‘Fﬂ' W
call's up the prope for 12A) IS -l l'e,
hanprltseR Raraceraat) symobiboulTbh REe AlR-cLOr s XRD

by touching an app Tivé a e |n or ma |on _
thirs case a pul S€, Qbﬁermttome |P$1h6 \hﬁrensm’atred Vs wetiehad ini. t h'I‘é:hEcperbe '

: (Flg 128) : Afternéiié szmply by plac*ng brackets or other user-deflned
'dellmlters around a dlsplayed phrase or word and wr1t1ng a
caret'or'other userederined stbol in’the area of the text in 7
which the user wzshes this " materzal to appear New margins can°
be set by draulng vert1ca1 lines down the side of" the d;splayed _ﬁ{
-text where the new margzns should appear -
The baszc edztor software also allows new documents to :
be created by s1mply wrzt;ng Handwratten Symbols on the screen. |
"h All documents can be stored changed and communicated 1n the i;;-_'
' :ifmanner in which- these functions are accomplzshed on a L
“"-conventlonal word processlng system wlth the d1£ference that-ﬁ
these functions are accompl;shed w1th handwratten Edzting
'5ymbols on the (optional) screen or by touching the SO£tkeys
'with the stylus The composxte text thus produced and stored
a:can be subsequently offloaded through the RS 232 port 62 (Ezg
4) to another computer, a similar dev:ce, an external data

gathering dev1ce or recording device, into a printer or through

a telecommunications system.



‘desjred location is highlighted, a "w ndow' appears directly below the
space where the observation is to be recorded (Fig. 12C). The nurse then
t outhés - the .pen on the match box which appears highlighted (Fig. 12D). The
sof t ware thetg mat ches the handwritten input to t he correspondl ng Font -
_Synbols and i spl ayes the.resul't (Fig . 12E)20 ~If there is an accurate
ma':}ch, the "insert" block is touched (Fig.- 12F), .and the new observation is
added to the patient's records é&digioh26 thedlinzjue chygyasing siodkeard yumber
"appllcable to a wde varlet of "blank forns" in which data is |nserted

intio a formor correth 8RS LIATY BIRRATCE, 27 TEBEITFoHROLSTOIRY Wort EB¥ t°%

._updété financial i nfé}rsft’f@ﬁ:' onin a sprgaé&nsﬁha{aqgsmammem Qe?ﬁéard (not
information - - 24 - can be recorded in the sane manner.. The reason for

usi'ng a bl ack backgrshewd) serhtatning lacfull ees ébﬂtevhecanehsycmueete@i teomt con-
SynboIS|stofaC|I|tatecek t cur he .i nput t-ed racter.
Al though this is pref&asre q‘ie?ggir‘ﬂdf‘g%'é%é 5{\%‘"8 t ?"fpé’%gc% Elijiiid
and black letters l&ﬂlasghsﬁﬁeeiamﬁralb&sablm ta/HO goweat EorheWkHE GyaRTso
i nput data on the sane screen and in physical proximty to the text being

edited or space for lzPatuaeéoubéhPmmppilécsmomrpmemamrtfa@aWFsei@fneh@eeded
apparatus,.for it perfg Eﬁﬁ e%déé‘%vﬂi%ggg t'ﬁmrl %ﬁ\fu“%g?\grekh&sa%‘%a%g%een The
e ere t e

user's eye may focus on space be I nsert and t he
ability to cont errpor@awausd;ga.edl Suc1p|aaygirb.ﬁﬂ%mi tarspyEhahs eledtibRuminescent

- C-orrespondi ng Font Synbols nakes it easy to see errors, when the system _
"m sreads" a Hand- isPLa¥S Synbol , and then correct errors quickly and .

easily. Referring first to Fig aétuatlhﬁsQVﬁ{eakL %Q@&Péé@@o%ﬂefr“g%'%'c@go@f
the pattern recognition software wll now be dySCI‘I bed t he oper.ating

system cal |'s t he patixeranyrmn:lgnatzqn @m gmagloamntt he wricyr amdsegltnsnlmput
termnal 75 where a. nunbg of .vari abl es a(r} counter are-initiali _
¥ g’ﬁﬁ‘ﬁ‘érsa

software then proceet& to=tRetAaFeFWPEREH Ev%é’tsg %é’rp?’ﬁ‘b?safﬁrﬁm

Jif stylus 16 (Fig:,2ivesy] nufeoa&ai:&e WahhedreREbn 6" 80wl §ehEidhio’AYora FR6ces-
system provi des a h pen down" signal, as shown in processing box 78, as well

~as the X,y coordi natsrvoP¥ offrs uas. Jlfb(,faﬂ-‘?ﬁg ssEhrRf Sales Gé’s&%‘i%ednmy
M croconputer 14 (Figid)or

. census tak*ng, claims. adjusting, to name Just a few of
its many uses or as a general learning and
testing device in education. Since the pattern recognition
software can learn'and-translate into computer text from .
_ languages Mthh are not made up of a: small or limited set of
' alphanumeric characters {e. g , Japanese, Korean, and Chinese),
it has- particular utility for word processing and - |
_k;/- : ' S _ telecommunications in: these languages.
In practice, it is'particularly.
-desirable to use a single computer screen to display any initialr
forms, Font Symbols or other displays to be edited, and to
create a nearby "window™ cf blank space where Handwritten
Symbols are to be written. displayed and identified and where ..
the Font Symbols correspondinq to the Handwritten Symbols are -
to be displayed,-_In this_way, the user can’ view the text being
. edited and the proposed.insert or change wzthout significant .

movement (if any)_of_thefhead and eyes. This is illustrated in |



converts the X Y coordinate locating signals into Stroke characteristics
using programs stored in ROM 54 (Fig. 4), or a separate mcroconputer can:
~do t-he conversion,. such as mcrocontroller 44, If a pen down signal is
‘received, (the sof tware proceeds tb pr oceSsthg box 80 where the individual
-25-"locating signals are combined into "Strokes," a-. Stroke being defined -

as the Point |ocat LS, p8 00yged AalyeEN (Brok@itgosm” - signal and a
"pen up"- signal.. 'I#u?gsys e(’r%']t ie)él cgﬁcul ates a trgansform as descri bed

.bel ow, - for each Pojrdt sctéanskoteingot he ddiitad mworthe neindowf fafin wheclk, HFW

Cartesi an coordi nate systemto a relational coordi nate tegge %QS
sof tware next proce¥¥siectHPEchERIHITHER) 8% VHhe BPPTT a(f‘orr%ar es 1§ roke

wi-th previously e d @gbfgqgguggtﬁg épd@na dat abase, .and deternines.
if the Stroke.is ge?igse%n(e ‘by-a synbol in the database. |If a match is

found (if the Font Synbol rnpaesseﬁeedebyemﬁwdlarﬁoleéstmss rlélfe’g?ﬁ%’ed)‘he as o
indi cated in decision dianond g4, mcr rocesso'. 22 S%nbol
to be sent to di spﬂé‘-‘feg‘crb%ﬁfnfo fﬁé’a g? a{,&cqnaga,yéeeé?;kjg% -

Pt Caf&d i process
1f amtch is not faun ggcrq-ggog,@as,@qg SQEQJEng the n&mealphimssagseto be

di spl ayed, as indicat eg I 'nprocessi ng box 88, which requests further oth
from stylus on i nptwersy-etn LeBteFs L 4}13b§/1!-'@|3‘r"ﬁ'éra“ﬁ’l Egﬁl'ﬁﬂ‘eaﬁl%rﬂrr"v 9\,h

is close to a mat ch. or. ?Fo%seghaggn"%‘}'% saq@;g%se ﬁqggl‘t_da&@gq g,p@,y,@s,tmh

software. corrpares FRzS Facteristics of eac Handwritten Synbol to

~data entries previgusleriske] esbrnasp flisabeasamarksn ca:lpnsf eremédcekdnsdi nent
t he dat abase i's arranged into sections of characters - syr,%%l S bsy t he
number of Strokes hepking epd dite 1ike ONERARYSS Br“ﬁ?ﬁﬁ?ﬁ thi¥H each .

.section, the entries ar WY AS 'R0RshAl i bteSlsymbols ahlien ¢mepeas
expl ai ned her ein, - Ié&‘r?g'sly ?gceilg'uent ly -used ent rll es "rise" 'to the top of W

dat abase. It shou&dcmmaaeﬁza Eabredicn mberdamaPFShavéf heauzse . hERe c‘f\ﬂﬁp“ter L
partioutar style of ilg. o a0l s SRl G 0% epRal Hond Kten -
wite the | oner chggabldigh oh"tidShBgaE 128 SmbbLokeDitTamntisethict Bynt
. starting the: pen on-the wrltlng tat:l et at a .Point where they w sh ;ogl age’
‘t he top Symbols could be cr eatec and s*ored in the per anent memo =,
the computer, as. in ROh Chlp 54 For example, in English
language usage, a ch:p could contaln one (or more) fonts of .
numbers ano letters,_sultable punctuatxon symbols and _'
_approprlate mathematzcal symbols Other chips could have
stored Font 5ymbols £or the Arabzc, Cyr1111c or Greek
:alphabets, Japanese, Chinese\or korean “Kon;:", symbols for use
by arch;tects or engzneers, or chem;cal symbols (__g; benzene L.).-
. rings and the llke) . _ | '. ' §
| ' In F1g 10 one of a ser1es of learnlng screens is
displayed and the user is prompted to- ‘write the numbers 0
.through 4. The computer will attempt to match the wrztten
.numbers with the existing database (if any) If 1t cannot be
Jmatched because there 1s no exzsting database or because there
'is a poor match wzth an existing database, the character 1s

'added to the database This learning process continues until

: 'all of the alphanumerlc (or other) characters and symbols to be



- 26- {of the letter, drawing a vertical |ine dowwardly to the base 'line,
then w_thout renoving the pen fromthe paper, proceeding back up to the
nt he ‘previously drawn vertical |line, over to the right and down to the base’
line when the(pen is picked up fromthe paper. On the other hand, these

same peopl e may draw the upper case letter ™R2 Tsing two Strokes. They do. . -

this by drawing the left hand vertical line and horizontal line as is done-:
for the |ower case "h®sed greienigrefecintenthy datehrthe Thélststemriths tha capa-
drawi ng the right- hang; tLeal,Jine. A izl..di splays the data -of the
Stroke data Points fggl l;_&%gsgftaé v\%’nggt%‘r&ggégedt £o Fer Y IFRL T drEARTSPS
af t er Thavi ng ‘been genfymisgdtiys ameerthpdiorenthadf ohdRsRECS e bRV Enc@Nos AS
.shown i.n Appendix I, the letter "h" as drawn at one particular tinme by one
user. has one Stroke (We15tigkencherassenizating datappsantpr eaph] user has the

coordi nate characterigidegherf Qv ) Nl . | jum nor.nel i zed
~values (1/80th of a line vm'rdﬁ') tr-lggeP%)élqIngH\/\gp:’g.ﬁgn%%&qu%nﬁrﬁﬁevgﬁé’ 19= @ _
and 60, respec- tivel¥yesul¥hethenl sysstemn t he ddapsabMerbi sl hagbwritiagesifls
Poi nt- to-Point sl opes a nor nal ilzed toJ}‘erq/ 256. The values in the second
vertical colum are tHE P8i WT216- BYi THorhvRInse s tiefhrhancert PaRRengbORRet he
base |ine, nornelizedsdatulé SfhyotkiebDeatiiynBe Vsﬂrféwporﬁehy?iﬁalthb ne width is
about 1mm (0..04 inches). Referring nowto Fig. 6, a software hierarchy of
pro- grams is depict e@pPPayRtusite pepommedate deiffcharvedeand rd gbpehatdednpesons.
- comput er system .10 ( F,Q. | operating system.as indicated by box 90.
Appl.i cations progr ansﬁgﬁo%a?dnr%bggeas rﬁfe%{f']acf'%@4¥n?te%}’awl)gr}i°ﬁ ﬁlﬁ\/l%éx‘(‘?—i g. 4)
and ROM 54 (Fig. 4) camnbetexemueethdl) siiéEOhoOeH%%012 SQo thhg t1d) sHPRS 16
control of the operating systens. Wen a Handw.itten Character is required -
or\is_i ndi cated by ar&¥nPerenpectadmimntheiinftr sidgyferri aftsbandes pedgons and -
called. = A first: subr ' i AL o0y X s the X Y
- coordinates into St roélgiejtg%lger'l}k?ggc'hg%a?tgérf&s%%gg%#edfggpg&sf 27 - Strokes are
then defined by a subroutine F36.f1 lsdwecbddyides an example of the use of

"Softkeys". In éddi;icn';o the input line, a variety of
Softkeys a?pear; 'Each”50£tkeyfcorresponds to a functién that
'.éan be'pefformed‘by the system. In order to.executé tﬁe |
ﬁuntion,,thé usg:_merely touchés the ihdicéted Point with the
pen. The Softkey will then appear in réyerse vidéofaﬁd-the
selected function is performed. -Tﬁere ﬁfe numéroﬁs_advantages
to Softkeys7oyér traditionaltfunction keys;' Some of the more
" - significant of";heSe are that the user is no longer réquired'to
1~/ o .~ memorize wﬁét function key performs what funqtion}:the heed £or;
| . ﬁeyboard overlays is:elimiﬁated: and different Softkeys can be
“ 'made Evailab;e (aisplayéd and'made-operatiénal).at different
"Points.within'a'prOgram;- - i. |
- 'Eigures_llA to 111 demonst:ates-épme oi_the éimpli- '
: _'ficéfions in-wérd-p;ocessi#g’ﬁéde possible’throﬁgh the:usé of |
this invehtipn; In'Eig.jliA'a_standard screen of téxf is
dispiayed. The user of the keYboardless entry syStem.deéideS

that additional information needs t6 be added and draws an



conpari sons of the Strokes with a database that has been | oaded from ROM 54 -

(Fig. 4) into RAM56 (Fig. 4). The corrpar'l son i's made by ‘a subroutine 102.

 Wen the operating systemis in the "learning" node, the database is
updat ed wi{h the new Stroke. data: and syn‘DoI%3 ‘_as indicated in box 104."' -

Simtarly, a previousl Y. stor ed document can De -edited by applications

program 92 by usi edj t. netyon 94_as .Gall & b e

provi des the inst Bﬁcff{ asfl{rp'r?r- usi neécst hléq%u r¥(°)%1 ngg' %@é‘?{e& and’ 102 of

handwri ting recogrﬂotshesznr ogr amd2nt Refaintog munaimieat-e Fi@ig?,11B). -

operating system 90 (Fig.  .6) executes t'he Handwritten Character

recogni tion. sof t heetoe (i gri‘eaenbynaﬁéﬁwwttag Sympet st Het ok, ¥2 €hor di nat e

Points,  depl ct e gubgys 110u, 0l doPRSH LoRGY)SL¥LyS 118) (e oBdn on | nput

screen 18 (Fig. enco ese O| nts'into Strokes as depicted:-in box
112. The progr amﬁsbeses hanigctm)zesrmmep&aﬁmsebgnmesd@m:mpitm 204,

" such as conmdengg_the | engt h, curvatur.e, sIo and ”f?g

. Stroke, as-depict &HFavh bdserﬂanta% BB hffﬁg‘f‘h %Eg‘f ’soﬁ thé&d -
found of the charagt gui zefaShtokp eQ'ras§§qUQ@§§ aficHt I ke, ma Jplégﬁeorn the
database. If a sufficiently close match i.s found, the character is:

identified.in box dhl:adesckltalteadham@rsex@m-hyw snmpp@ﬂ!llﬂi be ndre entry

above it as .shown in box 120. this wa s frequ d ified |
characters will r?‘?é'"pf’o“t%?fo%‘ Sf-the é\a ase a%’dnet ﬁg gg;e‘f%l k ggést em
performance, as neasWeRd(diy.t L0B) tdhdf tREl narEmd aly amb:hadieanngraaﬁaeded If a

- match is not found, the user can add to the bottom of the database, as

i ndicated in box" 1CE3g. Wih reference now to Figs. 8 and 9, a flowchart o-f '

the conput er programto rego r 0 N
forth. The conputer pr ogrg‘m%ﬁéé?anlgizga %ieo%% ﬁi?gfhoggnﬁﬁg%gggg sé’fgg%)srsow L

‘the XY vol tages fgni:pe@cRsTing 13Xend52,descrip@®n of hatolft ages appvary -
been converted to a digital si gnal . The programthen proceeds to-decision.
box 154 where the BATsdPBEATIEL er ni nes whet her-the pen or stylus 16 (Fig. 2)

- i.s out of contact’ with i npul;scegeibal8sc st hBlNatE1aRAKI Sorfmaaybye bot h
the X voltage and the Y voltage being zero. |f the program determ nes that
-~ the pen is up, th@sedlﬁer&irhﬂspltgl patient. The user of the system first

_calls up the proper ‘blank form (Flg 12A) Thzs may be done, _‘
...for examole, by touchlng an aoproprlate Softkey The area
where the 'nrornatlon, in thzs case a pulse observatlon, 1s to‘
be 1nsertec is toucheo w1th the pen (F;g 123) After the :
:de51red locatzon is hzghl;ghted a "window" appears dlrectly
. below the space where the observatzon is to be recorded (Flg _
...12C) The nurse then touches the pen on the match box whzch :iL;)f
| appears h;ghl;ghted (Fig. lZD) The software then matches the B
":-‘handwratten 1nput to the corresponding Font Symbols and '
| dxsplayes the result (Fig ‘12E).. If there 'is an accurate
match the "1nsert“ block is touched (Fig. lZF),-and the new ‘
.observat;on is added to the patient 8 records (Fig. lZG) This"
mechanism is clearly appllcable to a. w;de variety of "blank o
'-forms" in which data is inserted 1nto a form or corrected For

example, it could be used to correct or update f;nancxal

1nformat1on in a spreadsheet pro§ram Other 1nformatlon



detefm ned as having been conpleted and the program-branches.to deci sion
box 156. In decision box 156, the program deterni nes whether there are -
l.ess than thrge Points in the Stroke and if so the programbranches to-
deci si on box-\158. In deci sion" box 158, the program deternines whether there

are zero Points’in the Stroke. |If there are zero Points in the Stroke,
then the program | oops back to. the begi nni ng. 9f Jprocessing box 152 where
another set of Points is read. |f 't he Poi nt "count er (incre- mented-in -

processing box- 164) icadi baitresorded ihheke sahe @@yt han zero Points, the
progkam branches to processi ng" ox 172. In processing box 172 the Stroke S
|dent|f|ed as a dot and its-h %ﬂﬁea&%v@rt Hainsgh ecbligke ba¢iaBiount Samh Bt é1t1@€-

in processing box 173y [ rogram proceeds to
c 5 e AR RS AR F LOS.EOP A BaatEer .

~processing box '171. However, if the”pen

gram branches to proeeseklng bl ac]:ﬁeamerfetﬁ&lanrsatﬁe@@ﬁa@a[&éca'ﬂjchto ok this
determ ne the coordi pate F;:or nt. usihg the followng formulas: X 13/
[err] The constants, FErFieeaFaP v atitnts ﬂ‘&r"aﬂﬁ%‘r"éﬂ Ifed anéridet bacquronmﬂ drigom’

cal i brati.ng the i npubigei fLaeee ikhg fant 8&4 dis- play. -29- Once the -
vol tages are scaled, the program proceeés to ecr sion di anond 162 where t he

program det ermi-nes whet her i tThen abikimedusciaitet a wihBb® 4l dRPEt Kdata on the

conparing the di st ang en P i nts . and eI imnating a Point if the
“di stance is to great %‘"ér)gs% 9 B REYAIO Brewvinityhe: the Sextdeing er:bedgi

On the ot her hand, aoPcsprat:erﬁozaldaQaeid Bengdfd il dhenPRidlhg @ggttoo?g_l 19%6

together. Points are resenti%> thinned out-if they are wthin abou
( 0.015 inches). The®g PP5dRTpt biRasmi thasexanst spbed inhehéiust oPotwy i s

resol ved by det er i nhﬂghlraft g, Pqint the first_Point after a pen . is down
arthen that Point is used onﬁ“g}gt%é %hecﬁy? F8Y N3G SPBR thenAPREF ("oeae cst ed,.

assuming that that PEstat wibl wiet hisedded SRKitNeMushISENGS RhedmMPint0ud gis
rehes) - 1E e Aot el YA and Rl Tl eapoming .
g Font Symbols
makes it easy to see errors, when the system "m;sreaos" a Hand- -
‘ written 5ynno . and tben correct errcrs culckly and easlry
Referrﬁrg flrst to F;g 5 the overall operntzon and .
:functzonlng of the pattern - recogn;tzon software will now be
deecrzbed Whe1 the operating system calls the pattern recognl-:
"tion program, the program begins in terminal 75 where a number
of varlables and counters are . 1n1t1allzed The software then
| .' proceeds to dec;sion diamond 76 where the program determines if
:\*/: . - . r.'-stylus 16 (Fzg 2) zs 1n contact with znput screen 18 (Fig.
- - 2A).. The system prov;des a "pen down" s1gnal, as shown 1n .
'“a_ process;ng box 78, as well as the. x Y coord;nate voltages as
_locat1ng s;gnals, as described above. Mzcrocomputer 14 (Figqg. 4)
- converts the x ¥ coordinate locatlng signals into Stroke
characterlstlcs ‘using programs stored in ROM 54 (Figqg. 4),.or a -
'separate microcomputer can do the conversion, - such as

o microcontroller 44, . If a pen down szgnal is received, the

-software proceeds to processlng box 80 where the indiv1dual



ou¢{side the two criteria, the programdrops the Point and branches back to
“the top of processing box 152 to read another pair of coordinate Point
voltages On the other hand, if the Points fall within the cri- teria, the
pr ogram coﬁtl nues to processing box 164 where a Point counter is. B
incremented to keep track. of .the nunber ofzgPaints. This nunber is used in.
"deci si on di anond 156, as nenti oned herei nabove.” The prog[,amthen conti nues

to processing box .IE§ENRF S1PRELPATS SO niftheh EdtERYNSr O di hFtEekameisme of
a nunber of formil age;nSHOQL fei,ggpastw&tgg?ngmgepmuésdfﬂ&%en

1", en .
digitization, fromerratic hand notion an rom-el ectronic noise al' g
‘si pl est snoot hi ng dowolnsipneli and anlpen pipd E’bgnal average which results" ﬁ'l’
cal cul'ati ng new Points ([erTg% as follows: 0- gerr And sinmilarly for
[

[err]. smoothed over Points Behd.ian:is cé}f?b]t’é‘eﬁe HFARPECTY| PEJItfEibed

running wei ght ed avugnage 83t Baeh Ul abt | Ldat@Fotditigl hd GMiRE JYrdihated @hbd
Al'pha is a weighting constant -that 1s usually positive (and [ess than one)

-and has been used #he0X76. car‘Fhayummnimehamem ‘therreflakimnali Fhm{cmna}:e
m-nus [err]: equal to Qne.

- %{lwr;%tho d invol ves what is_cal %lne._
(1t wnerel b the t ol TBURG e SadfurFe. itk RRSCesds) chKHospSniil paFadhs Rpere

~ nethods -can be applitdompdierr thefsraxaerwiht 9fexfﬂdu5eyléiﬁtereﬂsertakéserl ng is
- done so as to reduce.the nunber of input Points and to space data so that

di fference and/ or ArGrBukatiedyiaEe Onslagabrase ﬁ%é%f'ﬁﬁ"ﬁsaé%efﬁtea%édﬁaﬁéom
- error bounds. e?}LEe ACEYSa meglg}l e %4 ‘%%HSQCGIQf 02483 DYeoung
equent ~ Pol

excluding the accept nce o subs nts Wiihin a set distance of the
previously accept ed(il'fomé s‘dmssbeml frenfetehmedbeayamhefs’.mkeyexs‘ irletegnizedom -

processi ng box 166, the am proceeds to processing box 168 where the . |
Point.is stored in aa’h‘ﬁ‘?f gef‘hé? FeEIPHER SHERPRY For MERORTRESF IS5 AP ‘s"l'ﬁ‘icw-_;_

]Ehe | ast pen down Séa&@% theTQ%boﬁrtoaQQrfe‘i&a%edi%biﬂy SUreBRI2Y S FiS. c‘f)qued
or - -

’ indicated in processino box 86 If a match is not found
microprocessor 50 (Fia 4) causes a message to be displayed as
'ainoicated *n proceseinc box 88 which reguests further input

~from stylus on inout screen ‘18- (Fig 4) by ei.her 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
_prevzously stored in a database In a preferred embodiment
the database is arranoed into sections of characters or symbols'
E by the number of Strokes needed to make the character or 3 L;J -
:5;isymbol" Within each sectien, the entries are randomly arranged
. at first, but after use._as explained herein, the most
- frequently used entries “rise to the top of the database. It
should be. noted that each user will have his or her own
lparticular-style of writing 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 en -

~ the writing tablet at a Point where they wish to place the top



eachr sequence of Points obtained froma pen down to.a pen up o-31-
signal.. This sequence of Points is called a Stroke. From processing box
168, the program | oops -back'to the top of processi ng box 152 vvhere
anot her Poi-n i s obtained until. a pen up signal ends the Stroke. In :
deci si on di'anmond 156, a determ nation was. nade2@s to }Ahe}]her therehwere

| ess than three Poin roke By definition, if there are ree or -
nmore Points in a St rtggehp? hé g??olgéaréx%ﬁ VRESISAd hine dovmrardlyfte hmeebaasee
three or nore Points lifef hmeSt wOkRutt Bénd¥i 99T 810 gg@rﬁjgﬁs eo EPQ ougrlogg
170. Jn subroutine box 170, discussed in greater- detall

respect to Fig: 9, t Rackimoke Fhre @h&?amtelofz'dcb psetimusly cs&a@zﬁeveflﬁduseme

line height. As can N f Lo Oi the segmentation. of the
stream of coordi hat ebgozlsﬁttez’s %‘%t%Q S?’r“glé% {I‘gégﬁob’pﬁel gﬁ?‘? Waepnthepen is = -
det ermi ni-ng when ‘st ypuiskek upS£Fdip'ther pdpdlr. i Nord @R A5ineW fz{hé hepsut fa glg giople

I nput screen 18. -Alternatively, a stream of -Points can be segnente

form Strokes on the Ba%i%rayf tha HePerfrfiedetrsrofia” udSqu tmaﬁprekédqeymﬁn dge -
segnent ed based uponggh@anges.d ulated-curvature or upon a i
Ia?ge | ocal curvature. %g al %t?%vg{?%?%f?ésﬁ%na SFehc8h HiPs REACRRRIGERFRL line
di st ance. al ong the i npults done ch‘qxatnsvﬁdwerdﬁdsel ngm tﬂaa;cgk@&ggtbéh %ﬁgﬁ%"‘e;he
Thi s produces radlus urvat ure en the radius of curvature ¢

r api dIOy with respect %1 ¢ sERNCRER SrpHGet Fhe rhghit hepdreintaces lige.if the
radius is too small, apgdnaixar %ﬁQB‘Egi'@téhQ”d%ar Bl CepleS s@?&f‘”%%ttaop g g

new Stroke begun. Furt her segnmentation technigues can

tive maxi mum and m nHiRA® Eve olr?ettersmﬁt fthe odartahi matmra@chlmhehﬁegafalfﬁus haging
crossings in the cogg se latter two -nethods have been
deterd %ed to be Iessége ?%’E 1fa\};(aelc_"?b 35'{’% PR P L TRE RIS SPE diRMERt pre-
sequence of coordinates defi msngnbire S ESkenk iSe&EEEnIeEtha"ﬁ'GtasOBEQJ.}? at

acteristics that are unique, gleneral i zed and M ni mal Uni que- L
, one particular time by one user has one Stroke (ns = 1) with 20

9

Points (np 20) and x and Yy coordinate character*stics for the
.'.m1rﬂmuu mean and maximum normarized values (1/80th of a line
Widtn) as follows: =17 and =6; 0 and 18; and 19 and 60, respec-
tively . The values in the fi*st vertical ‘column are the Point-
to-Point slopes, normalized to 360°/256 The values in the |
: second vertical column 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 1mm (0.04 inches).
_ \gk j . A _.M . . Referring now to Fig 6, ‘a software hierarchy of pro-
grams is depicted At -the top, overseeing the entire operation
-}-of computer system 10. (Fig. l), is an. operating system as
'__ indicated by box 90.. Applications programs shown in boxes 82 _
. ' o and 94, residing in RAM 56 (Fig. 4) and ROM 54 (Fig 4) can be
o -executed by microprocessor_SO.(Fig. 4):under control of the
operating systems? When a Handwritten Character 'is required or
is indicated by an interrupt handwriting recogniition software
96 is called. A first subroutine indicated in box 98, encodes

"+ the X,Y coordinates'into Strokes. The characteristics of the



- 32 - ness refers to both factors that the sanme characteristics are
generated by the sane coordinates and that the characteristics are
suffifcient to regenerate an appr oxi rratio_n to the original coordinate _
sequence. ,The term "general i zed" ‘is used to nmean that the characterization
I s invariaht -under such transformations so . hat-the synbol s are i-nvari-ant
(e.g., translatlon and scaling or.stretching or small tilt). The scaling of-
al I di st ances | S -aStoriHs slnedtltgn Haking ayraatsiubrouitzmhelm SfcAnoeed dya -
witi ng entry line width g nimal set segmant’:> characteristics_have

2" 3358

the fol l'owi ng feat ﬁ?’é%ansf’ﬁf 8k§t‘p?6‘§Ft‘l”cfﬁ‘ PenDtaF Gps been loads”.

cent ri d/ aver age,  e¥é®HoMeXh ! 6 iRy.0k) bﬁ&lonwssavﬂlgenqbng TR RbApLalehm &)
relative to the witing entry line, to previous Strokes, or to character

extent or ‘center;.mgdg bYSar am%ﬁape joz. ch‘&rmttbﬂmdabynmmsoemmﬁr onothe
aver age ‘sl ope,. chan _in slo i, asure o Vv e curvature).
and/ or a ‘change in '2ﬁ?verf‘3r 'Pmi)ey s?éﬁu%‘ﬁ'@ga%? § BB%%“eSVEISE%g’& PPY S%ERGEh
segients or over fguaesipEakyhiesighhss Qiaibytéd AROBSx AVACT | Nii1QEr0F, la near
direction or circular conptetion and opening direction; (3) *And Stroke |

| engt h as char act ePFeePUS)YdsEaresc documeny ¢ae beusditesnby APRlAGatiQRENt
t I th t h
extrenum al ong U eﬁ%’%aqﬂ 43 § ‘fr %Eggcht ? {ﬁoﬁ”@?disméghe(ﬁ b& @?Qroesegggo

i nvention, positio ng by extrenmum an

-endi ng coordi nat eSwhaV:ﬁ'chﬁaés stieC @as€tidtyons ad. ingite uSingkhes Bapeoutines
encoded as a sequence of slopes and vertical positions (rel atlve to Stroke
centroid). The St Pﬁkelqoeﬁ@?hl%ﬁfbﬁa%ﬁﬁﬁﬂ%iféﬂgwifﬁep?ﬂﬁﬁi@r °%f filtered

Points. ~ Alternatively, p.efé%mtghﬁma\segé\% SUEYaf UbBe LA IR sGDERIGE I N
total sl ope change (along with. l'ength), change in starting to endl ng sl ope :

or. fitting the sl opémngﬁ)eeveerm khaidiamderittent ohaxra@:tterotéqolgamgeomf sl W

I Addi ti I t hat ld b d I | o T
Coordi riat 6 1 ol ot vESERTREEE Do chB ef Rt tobcpt Sy Ge Bt BroRRER.

A partICUIar ”EthQ@olnts, dep:cted ;n box: 110, of the position of stylus 16 (F;g
' ~2) on 1nput screen 18 ( 1g. 2) and encodes these.201nts into
trohes as dep’cted in box‘ilz ‘The program then characterizes
" the St rokes by some cescript1on set, such as cons;der;ng the
length, curvature, slope and oosztron of the Stroke, as
dep*cted in box 11—.' In box 116 the best- comparison is then -
found of the character;zed Stroke or sequence o£ Strokes m;th
'those_ln the database. If a suff;ciently close match is found,
"thefcharacter is identified in box'ils and'the-database'entry ,
"1s swapped with the entry above it as shown in box 120. In . ;‘j-
- th1s way, the - most frequently 1dentified characters will "r;se '
';to the top of the database and the overall system performance,
'as measured in tzme to £1nd a match w111 ‘be increased if a
match is not found the user can add to the bottom of the
' database, ‘as. 1nd1cated in box 122 N _
©  With reference now to Fzgs B”and 9, a flowchart'of -
"the computer program to recognxze a part1cular Stroke sequence
_ is set forth.r The cornuter program beglns in terminal 150 and

proceeds_to process the X,Y voltages from processing box 152,



used to determ ne the unique characteristics is set forth bel ow. 1. The
nunmerical values of the Criteria for each Stroke of the Handwitten Synbol
are determned. 2. The dat abase-val ues for each stroke of the previously

| earned. Handwritten Synmbol is determned ‘and sub- ‘tracted fromthe newy
deterim ned val ues respectively. 3.- The absgf ute values of each difference:
are-scal'ed, to make _each of the five neasurenents reasonably equivalent to
the others such as [FBRgIHE28es haying BrengRenvsetadcte lai Absital dignalTheTHd ve

t hus- det ermi ned val wesgahe radded ) rined, threshol d is used as
"goodness"' test of iE!r e%ogni.ti oerz\ﬂ?fé?%sotﬁi g%%%%gll?ﬁ‘ ggﬁ £ §Rsrerape

i nfrequently recognfgtermingstwiethewehes peticorC 3UFRSs Een(n%/,n‘gcyl $s tRAaLbse
m sidentified. - Threshol ds of approximately 1,000 are used initially and
then switched to appPBsAraltity 1P8Ht(2frerRptey eBhiedegarnination | fs made by

threshold is exceedagen g £OTRRESOMd Snél S GRIORAL 8001 QLT OFy Jregsage is

created and displayed.' 6.. The database is s _ rnd a rical
m ni mum di f f er ence. Prégdramhdevaaminas thaftf ehepee is upel ened RBe asEMeabt e

t hreshol d for recogQL gon'h <ihe‘ }:’grres%ondi ng Font Synbol is displayed on.
the screen or the command s FerfPBtHeFeedcTRietes andptheyProgran brangheshse

al so. been found thagedimaonrsdensed clrpasi{dica pdi AB60f 1k §§.—é8i‘§n id%tgfmixiés
continuous one, rather than one that i-s grossly discrete. or exanple,"
det ermi ni ng-a sl opevBgthasgtkene, apgolatisr than dhsee Roliots tiranhe NSroke and if

is.desirable. Ohe - Ln s.cl.assificajions can include _
bar s/-ar ches/ hooks, %1?1 _grpgﬁ ai’:“l ggﬁ?cé"e(%f %L?fs?ﬁés{ﬁn EBT‘j]zscﬁ‘lt'aFnd’rec\'}éF?’hP&’P‘ __
Strokes. From subrol$g,nehd fEkogrhf dereghingPiACEEIS thord Be £655ipAYnDOX 171
where bot h an individual Stroke and one or nore preceding Strokes are .
copaced with a dat RfadErektry If nthetes 2ase eag FoimAMBENerptroky),. thén the

GO by e o 2P ERt Be 80 Al BB 00 S Lo e
' o _ o ﬁpqther set of Pecints is read.  If the Point couﬁtef (incre=- .
.ﬁented'in processing ﬁcx 154) indieates that théfe are moré
-than zero ?oints, the program.branchés to.prbCESSing.box 172. .'
.In p;ocessing box-172 fhe Stroke is idéntified as a dot and'its
'height'above the base line (HABL) is calculated in prodessiﬁg-
- box 173. 'Erom.P?96e55ing'bo# 173 the program proceeds to -
' processing box 171. . |
| que?ef,jig the pen down signéi;is-recéive&, the pro-
‘gram branches to processin§ bok,lso-where'the-voltages-are.
U - _ f'g! :scaled,to détermine'the cpor&inate'Point usiné the following -
“ foimﬁlas: . - |
X=awy e ny
. Y f_azvz + b,.
'The'cbnstants él ahd 51 areﬁscgling ﬁaramgte?s tﬁat are deter-

mined from calibrating the input surface'éf the particular dis- .

 play. -



- one Stroke per Ieﬁﬂeﬁe togempers Points are- presently thinne¢
- If a data entry j.$,pQt aggundtq;nﬁd(dulgeﬂ&egm di amond ..178, then the

nponds 174,.176, and 178. rii each case, if the database entry f is.

e |n1nated t he prograntproceeds to a processing -box 180 where the address
of the next dat a entry is received and fromwhich the program I oops back to
the top .processi.ng box 171. |n decision di anond 174, the first ,
elimnator is asked by seeking-if the ougder of Strokes are different. |If

t he nunber of Strokes are the sane, the program Eroceeds to deci sion

di anond 176 where the aver Qgee Héxegmlm\?eamﬁa ede thRIABNOITRE. PEREERE T
and conpared with the HAB t at.a.en £ ,J,f
the difference i ndFﬁe lacif’e%% ‘T—tﬁgfgswrfesreg&%%tpgf' EF %’é(r?yg%iém*% khE ﬁel gh{_jo

- the entry line." Ehoﬂiﬁﬂ&ilat?d/i&tdetﬂﬁ Aat ddtie by clepiasing theadbshntés, the a

program proceeds to deci sion diamond 178 where the nunber - of Points per

_ Stroke are conpar ddtueen Pedntinandasbininatjng & EPLRT idt éﬂel‘?“ttﬁécﬁl’fsf Pence

i n nunmber of Points |s %ﬁ% te%t}aﬂmtogno la't}ha‘esqg é%%%t il )varttaﬁsch%]r om

t hat made i ndeci siBR dI{ because 1t Ts- co

nunber of Points fithepacdhdSt aokeint lHoveEnser gnmﬂeeds:mmhehmmd 417e] too
certain letters, such as the capital letters "E' and "A"a oua{__v fnghe t han .

program proceeds to processing box 182 where the program-cal cul ates a gauge
to be used to determ ne th&hel comarssosh. nﬂoblﬂmtféﬂetb@tmnf?hé@eﬁmfed

. entry in the database and ..t

raw.n_Str.oke. Nt LY,pr & uge-
is the sum of the EQ385| 1 éﬁ?&?“ﬁ%‘g 3t dﬁ‘leemdf‘f?%rlefﬁégfs S't \%veeﬁpet ?g %ﬁe@ g- o
val ues and the: dataaseas iy Y s VédwE anef thed) thatlizstiatcas ueedlcﬁ-ngrt BS dhedhit s

~of 1/80th of the line height (e.g.,. space 26, Fig. 2); . _the: slopes'

in units of 1/256ttheohe@6(Piotevhinl ishrcoatets a&ee%tj“-’c ﬁ@aa.ega&nawbt 1M
comparison matrix. Alterpatively. Qyne 29" 3 pg 1 deghiiegyes can be
3 B O

used to optimn ze t Bnparl son usi ng l.agonal - el enents as.well. From
processing box. 182, the prqgran"epd.m:eads rtectwelempoistsrnajldanemn%Gas\MMa
ITB.tChIS determned In actuality, a

oatszde the two criteria, the program drops the Point and

branches back to the top of processina box 152 to read another

pair of- coordinate Point voltages h _ _ .
on the other hand, if the Points £a11 within the cri—_

. teria, the Drogram continues to proces51ng box 164 hhere a .
Point couvter is- incremented to keep. track of the number of
Paints. ' This number is used in dec;szon diamond 156, as
mentioned hereinabove “The proqram then continues to . .
processing box 166 where the Points are smoothed according to t.;ui_

-.xany one of a number of formulae. Smoothing is used to minimize
‘noise £rom digitization, from erratic hand motion and from
electronic noise. The simplest smoothing technique is a

| multiple Po;nt average which results in calculating new Poznts

"'_.(¥j yji) as roilows

ey are_ 55 -



mat ¢h i.s det er i ned by the-application of. an arbitrary gauge (maxinmum
“al l'owapl e variance),'which is the sumof absolute values of the differences-

between the entered Stroke characterization and that of the stored database .

~entry. . In processi.ng box 183, the |ower.of the present.gauge and-the
previsous Ioger gauge i s saved as the' best match. The programthen goes to
deci si on_di nd 184 where a deterni’ nat| on i s gpde whether the. present
~entry is the |ast database entry. " |f ‘I's not, the program branches to
processr ng box 180 -where the next rentry is.sel ect ed. |If. is the |ast
entry,ythe program procéeds 't.0 ‘deci%i on diarend 185 V\/nere a determination -
of a tch is made .on the basqé sf I he, gauge hﬁﬁng)bel ow a predeterm ned
threshol d. This threshold is set b the user based on experience with the
system 'If no match is obtained, tTfé program branches to deci sion di anond
188 ‘where a determnation is rrade whet her all - - 36 - Strokes have been
checked. If the | asindSkiakegscbeen chasdenda Niﬁ-nroi’tﬁ:spﬁgs-ené Stroke IS
corrpared in sequence with a previous-Stroke to all two Stroke éntries.
in the com parison-wth all P@ﬁéhSE rsdk'élﬁll"t?t‘-i’eﬁa‘rsycéhlterq &ge Wlbés‘tﬂﬁm’-ed

conparison for all ra.Sequence of
synbol s. However, |f£{e%8€ast §'l'<A %h-" ?%ee(régg?a JTES%%&SU Il is not a -

mat ch, then the-program proceeds to processing box 190 where a question is:
di spl ayed on display screen 2 'aSke % jny the ekeyy’'if @ new Font Synbol -
shoul d ‘be added to the dat abase. The user responds and that response is

used in.deci- sion d};ﬁiﬂéngs ]egzrezgﬂitrlbeﬁoﬁs\?engt 'Eﬂ@.e1§e\9é{ﬁ'i§? ﬂ:ogs:t%gd@d(atng the .

dat abase in processing box 194 and the program branches back to , the top
-of processi ng box 1523550hh4m@npﬂogrdamabrla¢ﬂ3hese¢ rate0. 2R -at Thy Weheona)paw
prcessi ng box 152. t he ot he hand i f A mat h is dete ngnler% |mn

bee agen min al .to o etdQFI_
.sion dianond 186, the program 6ran021es 1o B OgLéSSI xE)ox Wher e }t‘ch

program shuf fl es theifl@tabasaatyis ndAneban@pagné rﬁtsemdzadml e tfioQDowfng her-

mat ched - entry with,he entry. above it. The programthen proceeds to o
processi ng box 196 vﬂ‘teraelfhﬁieﬁr‘ogram zeros the 'Point counter and the
i-ncrement counter. The

x,' = (xj’_l + & xj + xj+1)

2ny of the fcrego*ng methods can be applzed elther
"before or after fllter1ng The fllterzng is done so as to
reduce the number of input Polnts ‘and to. space data so that
difference.and/or angle_calculatxons can be made within
'acceptable random error bounds A, sihple process of thinning a
”ufsequence of Points by excludlng the acceptance of subsequent .
"'Points wlthin a set distance of the prev;ously accepted Points
- thas been found to be an effective fllter
- . 'J From process;ng box 166 the program proceeds to
processing box 168 where “the Po:nt is stored in an array that
is incremented for each new Po;nt since the last pen down
signal, Thus, an addressable array of Points is created for

each sequence of Points obtained from'a pen down'to a pen up -



© priogram next proceeds to processing box 198 where the matched and

_ch‘a’r act.eri zed Stroke-or Strokes are displayed by the.com puter as the
~identified Font- Synbol. This display is |located at the position in which
the eptry @as rmade on input screen IS (Fig. 2). From processing box 198,
t he> program proceeds to processi ng box 200 3khere the program can act -on

-any commands which it has_interpreted. ~An alternative characterization of.

the Stroke uses t h& ®fnt sTRHemSareRe® P4t PRI Ehif tHdefehtifokEcofdom

curvature and posi bi&kkssing ek 196! NeHLLOESNGE 106ME ki € the LB St T Oke
characteriza- tion.is depicted in greater detail.  Stroke characterizatiof
subroutine 170 essprn¢¢edsingperd dSAsvienenahetiwri Baint dansbhrimed tntil of palich
‘Point on a Point- bié- Poj nt _bas| sd_%o %ransf ormthe Points froman XY
Cartesian coor di nat'® %’gﬂé‘taénf? g PHWRrch. the coordinates are the _
normal i zed sl ope of each PoiptaeaddibdQiiRQ6n®R15800a NAILABH Rft 18ACHa S HaBE as
above the base line (HABL).. Subroutine 170 first cal culates the Point to-

Poi nt. sl ope in protesyiatpeposher2Ovarel lteisenthsnl thies Foinhe dreipghtraife.cakh

Poi nt. -above the bage.li.ne in processin x 222.. The sl ope _and HABL of. . -
Cach Point are. thoReruriiehy A RBERE R, BR8e<'SE port B n Y 3 i ‘abies, e
1/80th of the w dt Btedkd he &Mlin¢ khdendthaPdOE.S £ NEhed@Xare khrek GMmore
_processing box 224, the system pro- ceeds to processing box 226 where the

cal cul at ed normal i Zetpimineths rtrelien Yhsi RYCHAB RIHDEs| I Avbagdtineshpre
array. The subroutihpe thep Lafuins f& t <QE oyalL J.gr glogal, 228.
When the conpari so%??s- r%gdgu et vvé'g% e%cﬁggt B%%gﬁg%cﬁ F‘-ﬁe st otﬁeg.dg%/g%}es;,. “t'he

. conpari son i.S nadehbyeirveloorwieth respden nd Silpe, atik Boroite Hei ghiraiteviezed .
base line. "As nentioned above, a.match is deternined by .an arbitrary gauge
which is the sum of®abdi"dt B*SRA- 388 W°% hePRiFF8PEnces between the writteay
Stroke and the stored or di gfiQRAb¥ sddr0kGon thRCsSYclRY! C@NS oAl BY
new Strokes to the dictionary database., Once the database fills up, those. -
- Font Synbol s that ,afethefsteepremd] goertithage cPoiassatntp ByStyrw éathies. In a
' WO-I‘_.kl ng e_”bOd.' ment pgim'atrq(?.ypgz?si%%tfile élzemq Iirqg"\;'luterx]xestyius 16 is "up" or not in

:cbntact with the éurface of input_sqreen-ls. ,Alte;natively;_a-
. stream of.?oints éan.be'SeQmentéd_to_form Strékes'on“the_basig-:
of oth;f cpgéiderétions} Fat'ekamplé they can be segmentea.
"based.ﬁﬁbﬁ changgg'in é-lbéally éaicuiéte&.curvatufe or u§on a -
large lééa}'curvaturé. Léqal.cusature is caiéulated-by the
'.chanég iﬁ distance.alohg the inéut coordihéies dividéd-into the o
. change iﬁ SiOpég This pfoduces-:adiﬁs of curvatu;g. Whéh'the'
fédius.of cu;vatufe changes rap;diy'witﬁ ;eéﬁéct to:disiagce'. k‘;: 
' ;ioné.the:iﬁput coqrdinﬁtes; or_iffthe_radius is too small;.z '
then,g'éeéﬁentﬁtion Sérokelisfasgﬁmed'fé end, éhd a new Stroke
begun. .Further éégmentatién techgiqués-éan l§pk_at the rela- .
_tive'@axiﬁum.and_ﬁinimﬁm in'one_ér Sdth co§:dinates and/of_thé;
cur?e_cros%ings in the coordinates. ﬁervéf,'these latter two
methods ﬁan been detefminéd.toibe'iésé effective. - _
. :.ChafaCtérizing a:Sfrokéffedﬁcés-the"éequé#ce_of  N
éoordipates_definipg the Stroke or segﬁént t§ a-set of char-

_ acteristics that are unigue, generalized and minimal. Unique-



al gorithm successful
when written di scret

ly identified upper and | ower case letters and nunbers
ely fromone another. For Handwitten Synbols that are

wwitten such that they are continuous, direct extrapolation would requi re

search| ng a {at abase sequentially for one, two, three, etc. Stroke symbols
- 38-"and looking for the best fit. Upon ideB2i<fication of a Stroke fit, a
"new' letter is tenatively recognl zed, except that the next few Strokes are

anal yzed to check if

Pefg AR gRR tbl?éhpftqﬁ%astm¢ fage chdysicteridtiics aFor

exanmpl e, two Strokes jhataav n identified as " ul d. be conbi ned
and ghanged to the’ cg%| taI&I%etgfgf% gon‘:c"ém:;i 6Es® cge‘?\ﬁémqfed§ﬁffT?t§dls?%Fé
syst el desi gn denonstarat s iyiéigso Fedéhedatdrd afpsdithabort @€ €ndYorQ88na1

‘with ordinary skil |
conput er | anguage.

i.n the art of conputer . pr ogr anm ng i nto al nost any
FRETLttE st B1aCR stThegsermbl gemaraégpia@'batsl vReh g mamn

el zing the discl 0sgds MCBRLAR S LIGINTIR B3 00RRN ikl Ly fNE SOl tuare

in Appendix I is wittenin Mcroso

UC
asic, a conmbn conpute &F | anguage-

available for virt ualtlrynssﬂclrmm_:mcnptmas:r shangmbpes airengnvarGlaflis(e. glhe

programis a conpl et

_ _ | editing deppnstration, which shows the :
i nprovenent's that ca% ﬁ?&d&ntﬁfﬁ‘%sf"?h’dﬁ PENSH ShERERD PBc BBl In§idykt eRbe

Program | ines 2600 t

whi.ch includes the software code necessary to get X an

Thi s section of the

@cépﬁ{} eenini a;%@&WEQQ&Bmﬁfﬁ@xgg' f&%k?.gpré)li‘ta'tgg of

coor df nat es
She gHisranes ries poveliting Fityy 8indPmigtlum | i nes 2600 to

2699 nmake up a subroutine des.hgen d . to obtain the X angliY coordi nates of .a

gi ven. Poi nt. Thi's code corresponda t B bates® S5TmeRy

BRSterdstiasavectre

and 168 of Fig. 8. Prepradnki fiesuz@®d to 3339 constitute a Point and Stroke

anal ysi s and char.act

_ ankj_/les of Fig. 8.

erization routijne enbodying boxes 156, 158, 170, 172

extent extreme or beginning and ending Points determined

relative to the writing entry line, to previous Strokes, or to

-character extent or center; -

~(2) stroke shape is characterized bylone or more of

average slope,_change in slope (whiéh is a measure of average

- a gress descr1ptzon of l‘near dlrectlon or circular completzon '

curvature) and/or a change in curvature, by sequence of slopes

over soeclfzc 1eng th seg~e1ts or over fract1onal 1engths, or by

and ooenlng d1rectzon,

'(3) "And Stroke length as- character;zed by distance -

P'along the curve and/or the extent extremum along the coordlnate

'lr,systen

In one embod;ment of the present 1nventlon, pos;tlon-'ﬁ

ing bv centroid extent extremum, ‘and starting and ending

' ‘coordinates have been successfully used. The Stroke_shape-is

encoded as a sequence of slopes and vertical positions

'(relat;ve to Stroke centroid). ' The Stroke length can be-.

. approximated by the number of filtered Points’ Alternatively,

-39- (1) .Stroke pos;tlon ‘one or more_of centroid/average,



Rrogram i nes 3700 to 3790 nmake up a subroutine designed to conpare the ,
‘anal yzed Strokes to a Stroke database These program|ines enbody boxes 171
to I84 of Fig. 8. Program’lines 3810 to 3980 make up a subroutine.which is
designed t0 learn a new character. This cqode enbodies boxes 186, 188, 190,
192 and 194 of Fig. 8. Programlines 30607 3 3273. make up a subroutine
designed for. Stroke characterization purposes. This section of the code
‘corresponds to Fi.gthed avPragy SHFYRTHTS Sem(Per SnSTRPS AR tqteddstPc Shetfat e

LT L ST R e B il g 0 22

are used to calcul i el ght ine. correspond .to )
222 of Fig. 9. Progiwihgl {mes13863angld2véksaa7Berayth tswek for moayebf zehange
Poi nt hei ght and sl.ope and correspond to box 224 of Fig. 9. Progr Iing
3253 i's Used Lo Stef GIoRe MSght ANEoRSS SPAREELHTASEITROIRAL TBNA0D B
- Fig. 9. The foregping .P|oQram.con f8-siaedréibiile GRIERNY, Ourde

m croconput er of- nt 5 oprocessor.-wth a requirenent of approxi mately 25K of
machi ne menory, socidiling} aapsheaskatrohkatdirbetisne o rardipwlap astkRses not

use up a lot- of expensive nenory and is relatively fast in_executi t he
i

. _ f
prograni s  oper at i onsed [tP EPeIHIDG h MEIFS | éﬁé'f%rés AR, Qgggt han

Basic, requiring |ggs, renory, such as assenbly-language, the size of the

program can be nade snal ler. Boxes 195 to 200 of Fig. 8 appear in logical
pl aces throughout the code.1A diTbei mmerjcat vahvey #f sbe Srigprindorertfant
code section is included as_Appendix. I1l. . Wth refe . now to Fig. 13, a.
flowchart for the §Hf‘t}i‘?n§fsa?%§f’8“’(""té(?f‘t'_%w‘ﬂ_d%ﬁ%%??gﬁe )y Figs. 11A to
111, . - 40 - and descri bedzabowgei SatitRbétlues Quecentie Hdickerod shkpaded
into the system (box 229), control of the screen is returned tqg the system

' The ‘system t hen prpceebssiy i¢rrnedr RandviraRkrst SyeRRY i‘ﬁeﬂeﬁmgegoa’ﬁieaﬁ%(},&/\f -
- Points and di spl ay .t hem (Box 23Q) ne&PP‘é%rtErxﬁi'}:%dP%me% otecsbekgs (boxs -
231), . characterize Baeh o = R ' ' S

; 3. :The absolute values of each difference are

'sealedf to maﬁejééch-ef the five meésu:ements reasonably _

.;equivalént'to-:he.otheré_such as lehgths-scaled_éo-height -
betweeh-lines;'z . ' |

| e, _The fi?e-thus;deferminéd values are added. = _

' S.".A‘pfédetérﬁinéﬂlthreshbld.iS u$ed asl“goédness"_i a

. test of re;ognition -;'tdo high 2 Qélue and Font sﬁmbols are
infreéﬁéntly'récoqnizéd and too low a value causes antlsympois
to be misidentified. .Th;eshplds df_ﬁpproximatély_l,opq-are '
.used iniﬁially.and then éwitched to épprbximately 100 for | S.J
'improvedjfé¢ognition.'.1£-the th;eéhold is exceeded, the

' cbmpﬁrisoﬁ is discarded and an error message is created énd’
_diéplayed." . | | . | _

e The dﬁtébése.is:ggarched.to find a numerical
minimum_aifferencé.t.lf théfmin#mum differeﬁce is below the
acceptﬁblg.ﬁhreshold'fof'recognitidh; the correspon&ing Font
. Symbol is diépléyed on the screen.o;fthe comménd is perfé:med, 

as the'case-méy be.



'Strpke (box 232), and attenpt to match the Stroke or Strokes with the

dat abase. (box 233). In processing box 234, the system sends each

Handwri tten Synbol to the Editor to interpret and execute a command if
necessary. t decision dianond 235, the Editor determ nes whether the _
Handwritten Synbol is an Editing Synbol or. a Fer34 Symbol. |f the character
is deternmined to be an Editing Synbol, the Editor proceeds to processing

box 236 where it determ nes ¥ bas Relispi hger!s;fﬂ‘bm that theeprefergeddciapbifica- '

executes ‘the Editin ngio f th S det r ed nat b
Edi tleg Synbol , the%tﬁeggl %grzfﬁ!r‘r%rllscgc ar acf%gs SOt es tg"nguélh fhé at ?s

handwri.tten entry i Sgnbsspyaqaedratepr(rorcesﬁpmg, tuvte.?ﬁ:?mngl B mpal beraile in
conflguratlon of the Editor, Font Synmbols will.only be accepted when the

Editor is in the "I n%sérfilmﬂéms n3fhersthap daor i|§1§aF’e%abt1Hat QUREH TRRT
Synmbol fied
ymbol is verified befQtg, %Qaégfjﬁiak%z?s dag Laeme:nfg%r éﬂﬁgg Bt

variety of symbol s designed to nma I t1ng ont e syste _
much nore efficient smurder inddilbswrelofedasdsngr iid:lzpatel Ioramk-tpaeersuo’l&bese_
--pr| mary editing functions include, but are not linmted to: DELETE synbol

A horizontal | i F&°8r RFERIRRa BIRaPERIRAR BFOTARdSa e RTO-

The Edi tor will rem)é’é%s&ﬁ& HH?ed%i ywmecaaw%emmdusffs%gﬂ ddde oh&Xdr more
ADJUST MARA NS synbol - A vertical line longer .then the height of o

one line on:the di smraefedlﬂ'métzdkea)ram 1=¢mm1eéstitthhe detaprae tentixiyethat is
indicated position a d r forlr@i‘d %g (Et ext , Yo -41- I NSERT 'synbol - "A" A -
caret drawn at. the Poi t axt'5°§- t%) be added.” The Editor displays an

input writing i (Fig. 118) amd sWibairiBek . inS t1 £Q90BeFRE WDERIdnTebl el 1MiBat-
- the text. MARK TEXT synbols - "<" and ">" A less than and greater than

syobal drawn at the H&g%ﬁ#ﬁ@“&nﬁhﬁlérefaﬁ‘eﬁl By Kehef Pregaam Wfféecr*ﬁF‘R’éLﬁltaext.
i's displayed in re‘&&%&‘éﬁvir&ﬁ@ Rs8Peqal. &l Qale f UNCH,ONS, ¢ entry

perforned DELETE et e synbol drawn’” wi't hi n. mar
will erase the markeiks te@xhireatedr eémsr IﬁbarMEo&MﬁEB:TdE)ﬁEoeed%’hngnbextlao
SyﬂbOl drawn anyWher eimere .-.he address of the next data en\.ry is rece:.ved and from
which the program loops back" to the top of processing box 171.
In decision diamond 174, the first eiiminator is-asked by .
'seeking-if_the number of Strokes'are:different. If the number -
'of-Stroﬁes are'the'same, the program proceeds to decision _
diamond 176 where,the average He;ght Above Bese-Llne (HABL) is
calculated andﬂcompared with the HABL of the'data entry The
entry is eliminated if the d1fference in the average HABL‘s is
&;; L 'Ht greater than one-half the height of the entry line. From a
. negative determination in decision d;amond 176, the §rogram
proceeds to decision diamond 178 where the number of Points per'
Stroke are compared and the database entry is elimlnated if the
difierence in number of Points is greater than_tenf lTh;s |
determination'varies from that made in_decision diamond 174
- because it is. concerned only gitn'the number of Points for each -
hStroke However, in declszon diamond 174, certain letters,

such as the capital letters "E" and "A", have more”than one

Stroke per letter.



inthi n the text noves the marked text to the indicated position, deletes it
fromits origional position and reformats the text. REPLACE MARKED TEXT -
An insert symbol drawn within the narked text displays an input line and
repl aces t(ﬁe marked text with the i-nputted-t¥xt- The Edi-ting Synbol S

descri bed above can be changed to-the particular ‘Editing Synbols preferred

by each usér, t hereby cust | B0k NEtEdi { PhotNeh sHi0K EEH |Hygdaeygll¢aea5aﬂdham '
havi ng to. | earn unfami| i arogdlzat Png Synbg | s. nIgurther nodi fications and

enhancement's to t herer anent tiy pregran lprobesdspparprncessinhdes 383 Mhege e he
art. - For exanple, the caommon char.acteristics, of t

coul d- be ext r act edPEPRFa8r GRMAAFFnt FAIEY T h@t\’% dsgl-'nb ?tceqm?ﬁg %%?Eg%elr%{s o
3 Sy”b‘)' s char acter5§t{1&smggajl dihedn W e san0eat ek riyo iABLtidTdACabd R Bnd
. variance fromall| other synthetic synbol's. Thi's would create a very ~

conpact, optimal dahabhkssn sGrvkehe btmseham}’raée%ﬁ?dei&ﬁ‘ﬁﬂ és theyampate

created by the descri bed preferre i i g@@g |y
‘results intw to Fﬁ?e@s&ﬂf"?‘ér"eﬂ‘}?’eéhg%’ et 158 |r6£n%epe?¥§éa]%:ﬁ%gy -

42- ‘The system has g QM H5eTdalcaBRRd ety GAdpeslsmst wit hout | | m tation.
The nost obvious applications are text editing and fil I i.n out

modi fying forms.  Sone of ahe rfimfeanesforrapfigatear? st Bh ‘ff e to

nmind as readily are witing in lﬁ@ﬁ”ﬁ%ﬁg‘i\bu%'d zi ggag@rzge fli,grbgr)s &d synbol s
| i ke Japanese or Chinese, witing in i¢ and-simlar Ianguages made UP

of a limteéd nunber of conpbex sgué)@llspesmintmmg:schérﬁ/@élﬁtbqﬁat-?'ﬁenswer al
i ncl udi ng t'hose inval ving organi ¢. conpounds;

L] th
fi've parallel lines:can be prowHE?dPPb?tﬁTﬁ&P’é%lth& B?‘%"r’tal&o%é%he%%?&w“% B

synmbol s and codes for ‘graphic rre,gggyilxatl on of data, including the transfer
of graphic-data to a spreadsheet; in education, as V\/nere predeterni-ned ™
questions are. presenltedrmvtehe smreems mmh@%%@%’-%"ﬁf%’h Hepused to

| ong-hand; as ‘i n teachi ng ivat hemati.cs d hEmimak! Ye11.
inserted in equati AREIBHES (108 8&?1%?’5138*‘5%1551“372@9 & g{azlr %1n2 the result

using those nunbefs; in CAD/;QQM ﬁp&ldseaﬁgqﬁs; &SWOItWilengngtrmoiasocegelem rqeél'
~shapes. and- the I'i ke.
' . 51on clanond 186 ‘where a macch_is determlned In actuallty,_
.tﬁ match 1s oe.ernzned by the appl;cat1on of an arbltrary gauge
“ (maxzmum allowable var1ance), wh1ch is the sum of absolute
_.values of the d;‘ferences between the entered Stroke
- characterlzatlon and ‘that of the stored database entry. In
process;ng box 183 the lower of the present gauge and. the’
._prevzous lower gauge is saved as the best match The program
'r-then goes to dec151on d;amond i84. where a determznatzon is made
.:?'Whether the present entry is the 1ast database entry CIf it 1s
51flnot, the program branches to process1ng box 180 where the next
T entry is selected If it 1s the last entry, the program )
proceeds to deczslon d1amond 185 where a determ;nat1on of a :
' match is made on the basis of the gauge be;ng below a
-predetermxned threshold This" threshold is set by the user_
' based on experzence wzth the system _: .
1f no match is obtalned the program branches to .

" decision d;amcnd 188 where a determxnat;on is made whether all



W have described a particular preferred enbodlnent of a keyboardless
conmput er-on whi ch usual conputer functions are perfornmed by witing in a
normal manner with a pen-like stylus on an input screen: placed directly
over -a _flat display.  The keyboardl ess. conputer illustrated i.s ideally
configured flor use by non-keyboard oriented individuals, by keyboard

i ndi vidual's for whomthe utility of the conﬁﬁ%ér S enhanced and in

‘various settings andswamxescCidveobsen rchakiced. keybﬂ&' daEﬂtsrt)t-oks ek waesl or .
i npossi bl e. .Conput er-based i nfornmation and application software can be :
| oaded, i nto a port abfREKED chePorhe Rresent StirAke iPaRPTRATECI Yh RueRSe vARH 2

dat a>~and addi ng eV filoud Skl 2ed My 808 BRANGNELLL AP epTheg 0l e

the. user ‘may trans this conmputer text to anot conputer,  a.sim

devi ce,  an external pamebnowth elbrcagaesdewecd;.cadmrgl a@nriep/ itHecbest G,Tit

_through a tel ecommuni cati ons -system nmputer is capabl e of . a
recogni si ng Handwr i t {EP&E5RbI r\/\ﬂ‘h e&tﬁf?fn S&E@’F%se 15fth£c€ﬁ?%1%'§ﬁ'z§ﬁ‘dsmb°l or

"1 earni ng" ‘i ndi vi duageé,temgsopf vhgedwriting. - . The data and commands can be -

input with the aid of ‘a stylus.. - -43- Although the invention has been

descri-bed in terns of a sel edi:oerdet-eflér Fhel leﬁboﬁwmmhmbeﬁpamdngnd Hnere

t d met hod ts of a keybpardl t t
Rvent on anoul d. not SHOIGEE R R AV FRET SP8 PERTRE ToRBHIR L BRI Ene

nodi fications will resdiky mrat@ee&eoﬁkié o1 dyelinen AikplReTREEES0 ask- .
shoul d al so be nade to British patent application nunber 8717453.8 from.
which this applicati#f tsedfsardéd, @ A% Fent Symbes Shonkd b&pmm%dattpohhhunber

?Oégzig 360) 1; 4I£’llp _ %’%'NQQ( ! (Th% us%) %Epondjs )éx(':d' t(ha 8res%85x;g)1¥ used ﬁdeng
_34\/£ﬁi ' 26 '71s10n dlamonE9192 Ezther the Stroke sequence is added to the
| - database in processing box 194 and the program branches back to
’ the top or.processlno bcx 152, or the program ‘branches imme-
d-ately to the top o‘ process;ng box 152. |
" On che o.her hand, if a natch is determined in deci=-
sion diamono lao, the p ogram branches to processlng box 195
where the progran shuffles the database by 4nterchang1ng the
_serial location o‘ the matched edtry with the entry above it._
The program then proceeds to orocess;ng box 196 where the
program zeros the Point counter and ‘the 1ncrement counter The
. program nexc proceeds to process;ng box 198 where the matched :
\Jj' ' o _'and character;zed Stroke or Strokes are dlsplayed by the com-
o ' | '{ puter as the identified Eont_Symbol. This display is located
.at the position in which the entrg was made on input screen 18
(Fig. 2). | - |
" From processing'oox 198, the prOgram proceeds to .
processlng box 200 where the program can act on ‘any commands
which it has interpreted . An alternatlve characterization of
" the Stroke uses the Polnts themselves rather than the length

- scope, curvature and pos;tzon



-6,  10-64, . 3-89, - -3-72, -9 -85, =17 =72,

-24.47; -17 586, -11 43, . -3 39, 3 11, 7 -9, :
5 57 o -3 -71, -11 - 71, -18 'H (1) ns =2 x = (-27..0..37)
Sy = (- 20. (18 .61) ‘1) np = 14 x = (;27. .-12. -2) y (-20. .22. .61) 3714,
38 -39, 32 -48, - 25 58 - iB 71 S 8 -72 - 2
- 64, -4 -89, -11 - o .-30 - 80,
-36 2)inp'- 20 x = (- feth3§3£efence nfg to:ﬁig 5%9 t?as Stroke g%arqgjeriza-'
37 -71, 29 éi%n is degiggedfyn greater d@taia8 Stroke ché&aé%irization : 1

-89, - -6 -80,

subroutine 170 essentially performs a mathematical transformaj‘i'-.'
tion of each Point on a Point-by-Point basis to transform the
. Points from an X,Y arteSian coordinate system to one in which
the coordinates are the ‘normalized slope of each Point
and the normalized height of each POint above the base line
(HABL) .
Subroutine 170 first calculates the Point to POint
slope in process1ng box 220 and then calculates the height o£
each Point above the base line in process1ng box 222 The slope
and HABL of each Point are then normalized respectively to ;”\_A;)
1/256th of- 2 Pi and to l/80th of the Width of _the entry line in .
processing box 224 Frcn processing box 224 the system pro-
ceeds to processing box 226 where the calculated normalized
. “values for each Point are stored in an addressable array The‘
subrou ine then returns to the orogram through terminal 228. o
When the conparison is made between each Stroke and
the stored values, the comparison ‘is made by.the normalized
.. Point slope and_Point height aboye'basezline. ,As mentioned.'
.above; a match is determined-by an arbitrary gauge which is the
sum of absolute values of the differences between the written
Stroke and the stored or dictionary Stroke The system learns -&-;
by adding nevw Strokes ‘to the dictionary database. Once the
database fills up, those Font Symbols that are infrecuently
used are replaced by new entries
In a working embodiment of the present invention, ‘the :
algorithm successfully identified upper and lower case letters'
and numbers. when written discretely from one another 'For'_"
Handwritten Symbols that are_written such.that'they are
_continuous, direct extrapolation uould require'searching a

database sequentially for one,ftWo;-three, etc. Stroke'symbols



. 264, -25 - 64, -31 48, - 25 56, -18 48, -12 64,
-689, . 1-124, - 0 -124, . -2 - 45 - APPENDI X Il 1
REM Z BERI ES COPYRI GHT: LI NUS TECHNOLOG ES | NCORPORATED, RESTON, VA,
7/30/85 10 DEFINT-A-Y : REMall integers except 'z 20 DI M o '
X(2000), Y(2000), D(9, 800, DN(300) , DC(300 , SX( 80), SY(- 80) SL( 80) SC( 80)
SA( 80), SXX({ 80), SXN(-80), SYX( 80),SYN( -~ - 38 -

- 80), SN 80) , MII TL$( 20) , A$(1500), LL( 24)

AS$(200) . SLET(80) , DBGhS, 1kiAS TH( &0k 19&1‘1%@9) oﬁ’Fid&ItEfﬁaQ);oﬁooPBl b@r&:é-
SERI ES: COPYRI GHT: ' LI NUS TECHNOLOG ES | NCORPORATED, RESTON, VA., /85" 40

| MARSNES | MARGX=6Zit., J& (mey" - lhBTM:lSs tkwsmmeo:reccoﬁsaé@" e&@ep«\@@tmhe
LHT=16 -: SXTT=4: JTX=Q Tzégo 60 _LHT4=IHI\ 4 - | HT3= LHg 5 LHT\5
- LHT2=LHT\ 2. 70 PRI NT™¥ E Ngij‘i‘- BER| ftyeed to ¢© 1

TO RUN & STORE": | N Bufv NP0l lebx SiVERN ear - e THER 11;07900 ﬁEM{;FQJCH
TECH SCREEN IN ASCI| [err] 9600 80 PRI NT "PLEASE | NPUT DEBUG ...-5 TO 5 ":

| NPUT DBUG 85 PRI NT 'theEASTe| NPT iACTERIRNCES C‘Paln?Ehlwuld he) cPEbiOBD and
| NPUT ACPT 90 PRINT " EDL T/ 1 IQEDLT: I NPUT
EDLN 92 PRI NT PLEASEQFRE%?‘:RI\BM E@#E‘éﬁ ero ‘Fcﬂ“ifE? SRR AU
| NPUT KYBD 95 PRI NT 'iBef@iEeNPUT RESTART SWTCH... 1 TO RESTART W TH

STORED DATA ‘BASE": ‘I NP UT RESTRT 97 . 1-FFAVE=O : | F SWIPN=-1 THEN | FAVE=0O : REM
PRI NT “PLEASE | NPUT AVERAG NGFswsFetem defivm qEmaps K aveRRAGE 193 - Tb'iGNERNEEId :

I NPUT" : | NPUT | FAVE 100, KFY, oS 23 EyRESTRT (51 GOSUB_ 3
15760 130 1 F DN < PR PR TR on s A BBt R T P ERN < b
THEN . GOSUB 600 : -REkbkpUteE EE&G&%@::#E:&WI’ Phhost hAnyl I'dENpﬁfﬁUBaK&lﬁ)ﬂge 'rhe '
- ST ' source code llstlngs for ‘one appl;catzon program utzl:zzng the
U~ '

T . disclosed 1nvenczon is- 1nc1udeo as Appendix II. The software
“in Appendix Il is vritten in “-crosoft Basic, a common computer:
~language avezlabre for vlrtuelly ell mlcrocomputers and

operat*no systeﬁs The progran 1s a complete text edlt;ﬂg

de*ons at:on, ‘which. shows the lmprovements that can be

-made upon tradltlonal word processzng systems

Program lines 2600 to 4000 contain the character
. recognitlon subroutzne which 1nc1udes the software code
o _ dnecessery to get x end Y coordznetes. This section of the
' - program corresponds to Fig. 8. -
E Program lines 2600 to 2699 make up a subrout;ne
designed to obtain the X and Y coordznates of a given Point.
This code corresponds to boxes 152 154 160 162, 164 166 and_
168 of Fig.’ 8. ' ' '
Proqram lines 3000 to 3339 constitute a Point and
:Stroke analys;s and characterzzation_rogtine.embodyang boxes

156, 158, 170, 172 and 173 of Fig. B,



©200 230 GOSUB 3000 :GOSUB 3400 : REM -, <>, |, U3

151 |F SWIPN = -1 THEN GOSUB 7000 170 |F EDLN < 1 THEN GOSUB 6100 180 I|F

"EDLN <> 1 THEN GOSUB 12500 200 REM EDIT 205 LINY =0 210 | F SWIPN = -1 THEN

‘GOSUB" 7100 ELSE GOSUB 2600 : REM TOUCH TECH SCREEN IN ASC Il [err] 9600 : .

211, | F SWEPN =1 THEN GOSUB 7300 220, REM RECOGNI ZE SYMBOLS 221. [F NP > 2000

. THEN 'LOCATE 23, 1: PRI NT "TOO MANY POl NTS' $TOP 222 | F NP < 4 THEN GOTO -
$-E 240 ON NCHAR GOTO

1200, 1300, 1700, 6200, 6700. 656%h44A01 262087690%, 3960 Rake Db Bl Bubroutine
- MOVE, FORMAT, | NSERT, WRI TE' OVER , REMOVE, PARAGRAPH, | NSERT . CHARACTER, END 250

- GOTO 200 500 ‘END 6995WDF?SF‘LWaYE)@’q:R@BAH%@E‘WMR‘A%W%B“@

FERIERGS 70 o 650 FA REphfn el snSVilstithy BT BT & RN
"I=l+1 0 TF I < 81 GOTQr#skiaRS0inks) 3810 ‘Ho—bmke (a]kuKroutﬁ@IQlﬂﬂﬂ §

660 | F 1< | MARGX THEN GTO 670 ELSE tF A$(K)="." GOTO 690 670 | F J> JBTM -
THEN. LOCATE 21, 20: iPrie¥t onet A9yl earrE RN @EPG’*E%TETHH’ codepempodigsThpies

| GOTO 710 ELSE PRI N[gAS( QL7 0 LOCATE J.1 : PRINT " "
I-1+1: I|F I< 81 Gg% s)lg)B?obécy ¥z ,g% ip 4@8 LT(J)=k+1 : GOTO 740 710 IF
AS(K) <> " " THEN GOTO 730 Fafyriah Lifel) 3&6@@5032713) ARG plat Bubr&iNE AS( K)

740 | F 1> | MARGX+10 THEN GOTO 690 ELSE NEXT K 750 | F_J> JTX THEN GOTO 790
1760 .JS=) 765 LOCATEeSiqnedpfpRfrroke charapiqrizagien PYTPRESO 76'817ﬁf°313‘#1_°f |

I=EVMARGN TF 0> 31X cUdENcg;@pZ§QSEL°SEi§OTQO 765 - 46 - 780 J=JS

' Program lines 3060 to 30°5 are used to calculate
Point;tofPoant slopes and embody box 220i_f . o
| _ ‘Program lines 3058, 3241 and 3262 are used to: '-'\unﬂ) -
-calculate:a”helght above BaSeliﬁe (HABﬁ)'amd correspohd to box -
7222 of Fig. 9.. | | '
L Prograﬂs lines . 325;, 3270 3273 are.used to normalize:
'the Po;nt he*cht ané s‘ope and correspond to box 224 of Flg é.
- °rogram ‘line 3253 is useo to store the helght above 1
'basellne and embodzes box 226 of Flg 9. _ |
_-The.foregolnggprogram can_be stored in the memory of
a mlcrocomputer of microproceseor'with'a'requiremeat of..
'approxlmately 25L of machzne memory, so that 1t ‘can be seen'

'that the use of the program does not ,use up a lot of expens1ve

:"memory and is re’atively fast 1n execut;ng the program s \gﬂ_.”

' ”?:;operat;on. .If the program is hrztten in a language other than:'
.Basic, requ1r1ng less memory,.such as assembly language, the,
size of the program can be made smaller. - | -
o Boxes 195 to 200 of F;g 8 appear in logical places .2
throughout the code _ ' '
A dzctlonary of the variables of the relevant code )
section as 1ncluded as Appendzx III ' |
| ‘With reference now to- Fig. 13, a flowchart for the |

editing software ("Edztor") demonstrated by F:gs. 11A to 111



790.JTX=J  LOCATE 23,20: PRI NT "READY", :RETURN 1200 REM DELETE 1205
XX=SXX(1): XN=SXN(1): YX=SYX(1): YNESYN(1) 1206 |'F NSTRK=1 GOTO 1220 1210
FOR'E=2 TO NSTRK 1212 | F XX < SXX(L) THEN XX=SXX(L) 1214 IF XN > SXN(L) .
CTHEN XN=SXN[L) 1216 |F YX'< SYX(L) THEN YX=SYX(L) 1218 I'F YN > SYN(L) THEN .
YN=SYN(L) 1219 NEXT L 1220. | N=I MARGN 1225 |~ M¥(=XX/8)+1 : I F | "< 'I N: THEN

Noes 1991 | r neilasacirh (oo BN, AR G o i e
1'=I N 1234 J=I NT(YN 8pté theMsyhténl)(bokllzdd)t| coderoll bf AfieMadrden THENtMEnb +b

1240 | F A$(M.)=CR$ THEN ML=Mr1 1250 MD=M2-ML+1: |F MD'< O THEN MD=ML- MP+1 -
ML- M~ -1260. FOR M=MIERPGREES™ - ASTH) SKSESR MOPT: PHaseRARSINER Y RNTRETRINLEF)

ELSE NEXT M 1270 FOReNMENG M 4D \TQ&JC @ Points a8k e 3R eh $d5
NCI=ML : GOSUB 600 1290 NC=NC.ND ?fo#% 500" 1550 Re I\/%\L/;E’ZI NI o&#?z’b BY’J

OPENI NG BRACKET -1305:0hie i fVARENPABEG XS SttpkesXNbSKN3L)), bErB¥Xedize each
YN=SYN(1) 1320 XP=(NEXX)/2: YP=( YN¥YX) /2 : REM AVE BRACKET POSI TI QN 1330
| =i NT(XP/ 8) +1: J= |N¥ v@% ‘i’ R&#’CO%F?I‘*’R‘W‘T@ paych $hg Juoke| 95 Strokes

ML=M_+| - I N : REM CALQ;AhABBA\éatm Q)EO:EE-E-EER Ah ngce@ﬁl | oA 86 M) the "sy;[éﬂ\l
ML=ML+1 1360 | F A$(M ) =CR$ THEN ML=Mi+1 1390 XX=SXX(2):  XNESXN( 29 -

YX=SYX(2): YNESYN( 2)seBd@(RakR=BadsRXELen SYRROYNAYXRE EALREN] WEanTand
POSI TI ON 1410 | =I NT(%XPL YP/ 8) +1 : REM RT. X Y,.TO | 42
M=LL(J): M2=M_+l-| (ﬁ%g ﬁ‘g\ﬁ é«fé"ﬁ\%ﬁg\f‘%ﬁ%ﬁ?h % SRR (AT iﬁ%ozﬁjs the
AB(M) =" " THEN M2=IeRitod 4@ e ki il %é?%tﬁH@inWri\&bﬁ (> 1VB 5 OaRiENli ting

| NIl TI ATE COUNTER 1460 FOR M=ML TO'M2 : REM LOOP OVER PORTI ON CUT 1470 MB=MB+
1: REM | NCREVENT COSMTER PASS Festf( FEFesis( M £: REsXFharaqier) ot terr X To 1Rr0 .

'XX—SXX§3) XN:SXN(Bkn ﬁ%&%iﬁé(§}mb$ﬁ“=§MN@%htor proceeds to processing box 236
(e

where 1t_oetermrnes kd-ch Edltlng Symbol has been entered and

executes the Editing runction,- If the character is determined

.inot to be-ah Editing Syﬁbol, thenlthe alphanumeric character

correspending to *he handwritten entry is displ ayec at pPro=-
iceesirg hox 237' In an alternate conflguratﬂon of the Ed;tor,

- Font Symbols will only be accepted when the Edltor is in the
“Inse*t Mode Tkis s -ructu“e 1nsures that each.Font Symbol is
vexzfreo nerore be;ng added to a document ' |

The Edltor uses a var1ety o£ symbols de51gned to nake '
_-ed1t1ng on the systen szmilar to but much more efficient than,"
t:tradztlonal ed;tlng with penc;l and paper hese-primary .
'editxng functions include, but are not limited tos:

' DELETE symbol -" f A hor;zontal line drawn '
through a character or characters The Edztor w1ll remove the
underlyzng characters and reformat the text.

| ADJUST MARGINS symbol - L Y § vertical line longer
then the hezght of one l;ne on the d;splay The Editor will
edjust the margin to the indicated position andhreformat the“

text.



1590 REM | NSERT W TH M3 LETTERS STORED IN AS$ & xxxnyx,yn 1520

XP=( XN£XX) / 2: YP=( YNYX)/ 2 : REM AVE BRACKET PCSI Tl ON 1530 | =I NT(XP/ 8) +1: - .
~J=t NT(YP/ 8) +1: REM CONVERT XY TO |'J 1540 M.=LL(J): MB=ML+ - | MARGN, : REM CALC
A ARRAY | NDEX OF LETTERAT I,J 1550 IF A$(M)=" " THEN MB- MB+1 1560 | F

 A$( M) =CR$ (THEN MB=MB+1 1570 MD=NR-ML+1 : LFMD > O THEN GOTO 1580 ELSE

- "GOTO 200 1580 FOR: M:Ml TO'NC : REM LOOP OVER A$ ARRAYPCSI TI ONS TO BE SHI FTED

1590 A$(M =A$( MFMD) - © REM SHESERTASyMRRAY I ETTERSa A0 @rkén MtVEBhe NGntHENre
GOTO 1610 ELSE NEXT “ REM STOP AT END OF ARRAY-NC 1610 I'F M3 > M2 THEN
MB=MB-.MD : REM OFF &E#t [iNSERTPONASEANT THe BNt s YSERRETARRNR !B%nﬁd%

- M'NG-MD TO MB STEP, g 0\
ML) - 1 R TR TR e P B SR R0
OVER CHARACTERS 16G@8x#$( M3+M 1) =AS$(M : REM | NSERT LETTERS 1670 NEXT M 1680

CCLS:I1-1 MARGN: JJ=JTOP: NCl=1 ; GOSUB 60Q 1690, 2001700 REM REFORVAT
‘MARGI NS -47- 1720 XP= (S)(’i‘ttc’f_’) FEXT BymAe3 S REM AVE‘ keSO @RE1730

| =XP\ 8+1 : REM CONVERI, % rTPhkn I oh Fa ARS( hth%R@%P&Aﬁg( bad ARG TEREx
| MARGN=I ELSE | MARGX=T 1750 CLS:- || =I MARGN. JJ=JT “GRUB 6001760

GOTO 200 2600 REM % mou REhP@lmgdmmswdzs@:éaye}d 9-@0@eVWSFI-IVTdi¢Ea@dT |

2603 M=20 2605 | F | PUTS=L.NPUTS$( 12 2605 2606 PRI NT"

o #2,"C iN=0 2610 |||§’Qc'éﬁ% 121 ﬁEﬂ"‘tﬁ%f&”?fffé‘ %%2%7%8: 9‘91 NPUT #2, XP, YP ~ .~

CTINPUT #2. XP, YP 1| NPUT #2. XDéreRAMARREDITEHS, XR%XP&Q@%%&FM&—LW within .
XPA=( XPA+XPO)\ 2:  YPA=( YPA+YPO)\ 2: XPO=XPA: YPO=YPA: X(N)=XPA: Y(N) =Y PA

2640 | NPUT #2, XPYPmagked )‘HBA*(‘)@-!J-S’EXPﬁG \the: m‘(‘pﬁd( YF‘#%WFA}’?@%G? I F:
ABS( XPA- XPO) +ABS( YPA- YPO) <M§VE'§E&NK@E@)&672 An insert symbol drahn anywhere B

w;thln the text moves the marked text to the 1nd1cated.. _'{ \.g_) o
pos1.1°n, deletes it fron 1ts o*;g*onal positlon and reformats __'.”

. 7 the text':

REPLACE MARKED TEXT - An 1nse*‘t symbol drawn w:.thin -
.the marked tex. o1solays an ln-dt 11ne and replaces the marked B
text k‘th the inputted text.. ' _ ' _
' The Edltzng Synbols descrlbed above can be changed toi“
the part-cu‘ar 'dxtlng Symbols pre‘erred by each user, thereby .
custorlzlng the Edltor and preventzng new users from havzng to
learn unramillar Edztang Symbols . _
Eurther mod;flcatlons and enhancements to the present
-system w111 be apparent to those skilled in the art - twror; \-J;;.
example, the common characterzstlcs of each Font Symbol could o
be extracted and organ;zed into a synthetzc symbol .The
- synthet;c symbol s character1stzcs could then be exaggerated to.
.maxzmzze thexr varlance from all other synthetzc symbols : Th:s_'
' would create a very compact, optamal database ' On the other:
hand as an example, a database created by the described
.preferred embod;ment of the 1nvent1on usually results in two to

" three dszerent characterzzat;ons,for each symbol



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 2640 2675 MVEQ
2680 MVEMMEL: | F LOC(2) > 9 THEN GOTO 2640 ELSE2IF MM < M THEN GOTO 2680
2685 X(N=-X(N): IF X(N. 0 THEN X(N)=-1 2690 |F LOC(2) > 39 THEN GOTO.
2620 “ELSE NU=NU+1 : | F NU < 4000 THEN. GOTO 2690. 2695 PRINT #2;"S": NP=N
2696 | F DEBUG <> 0 THEBBLOCAEE 0.2 “PRINT "NP-" NP 2697 | F [ FAVE=2 THEN
GOSUB 4200 2698 | F DEB pEgexeEs sgeful aPR}NPtNmsaesbmmwmmoo

REM CA'IZ\CULATE CHARADRERILZ 64T O\MG:mSB'RGSESons 3:?5951&0%&%@39% é%%%aﬂ%%& Zand
RAGE PO = =0: Z
'ZA—NLZ\[;i—o ZL= owﬁs%%oso 15%5%1#81 A%%CQ%P)"‘? Sf>E< WAPFPEHET NV X:
M=l M=1-: M=2: 2RRidettrnsosbatr-ary Mgt twnosggg bé rxéaﬁgage?ﬂ%ﬁﬁl\wmaza
X X(M 3030 | Eahguaghl o010 2235 mhets
GOgl'g 339(2/)3040 Dxcizi/_;g x%g D%{_é?( M‘Eéeﬁsf(m : ADX—%%A§(1I5X§ HIESELRA
DS=ADX+ADY 3043 | F e bigqand pipd az ?samasp@@weaﬁ»%f 3052 |F
X(M < XN THEN XN:xmceaoaanttE( %«H%m%%ﬁﬁgggwgw g@%ﬁf Ve Mae Fontl
3056 > = =
;Cﬁyvr\l\(l(: nY/,( s DS: ZL= %‘E ’égmﬂéﬁ°ﬁ%ﬁﬂ oly4ne gﬁw&ﬂﬁ% P%WdﬁﬂEW@@Fesm@c (aREM
ENCODE ANGLE 0- 25'5nadq-258:uaowv¢ Pabil e D Imﬂsuo%—ﬁﬁpﬁefda\o f&;(,?g""ﬁ{%, s
* DY) \ DX 08 = .
A1, 50+ D\ v SbacrHlnad a2y wmidls ot THHE £3° arsfd aniinTasion
3087 ZA=ZA+A1* DS 38BdagtTdnsiedingotiee |trapafesdot grapificTHEN Ad=Alp2BEdsheCl Qn

3090 3095 | F- Al- A2educaefon]HidN wﬁ&r&%&ﬁ@terﬂpqﬁggéoﬁsogezérgé a3 24d0

DAl -Al-AZ 3115 ZDAchreé;P Aand the answers written in long-hand; as in teaching

\~j\vj. . mathematics, as when numbers are manually Ainserted 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 1dea11y 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 electtonic storage dev1ce, a
hard copy printer,. or through a telecommunications system. The
- computer is capable of recognising Handwritten Symbols with a high
.y_degree_of accuracy and.of "learning" individual styles of

handwriting. The data and commands can be input:with the aid of a
stylus. L | S ' U



3120 IF NSP > M3 THEN ADA=( DA2+ADA)/2 ELSE ADA=DAL :
ASTRT( NSTRK+1) =( AL+A2)\ 2 3130 | F NSP = MB+1 THEN ASTRT(NSTRK+1)=(Al +A2)\2
3140 | F ABS(DAL- ADA) > 80 THEN SEND=1 3150 | F ABS(DAl) > 64 THEN SEND=1 = . .
3180 | F. SEND- 0 THEN GOTO 3300 3200 REM END OF STROKE =~ 48 - 3205 |F SEND =
1 THEN GOTO 3220 3206 X(M =-X(M: 3208 SEND=0: SzZL=ZL: 5ZL=32*SZL\AY: |F SZL
< 0 THEN SZL=-SZL 3209 |F NSP < 3 THEN GOTO 3210 ELSE IF SZL > 2 THEN '
. ML=Mr1: GOTO 3250-3210 |F NSTRK > 0 THENJ.F X(SNO(NSTRK)) > 0 THEN .

X( SNOQ(NSTRK) ) =- X( SNO(NSTRK)) 3212 ML=M+1 3215 GOTO 3280 3220 SEND=0: .
 SZL=7L-DS: SZL=32*SZL\AY: |F SZL < 0 THEN SZL=-SZL 3226 | F NSP < 4 THEN_,
. GOTO 3300 ELSE | F SZL < LHTS THEN GOTO 3300 3230 ‘ML=M 3240 ZX=ZX- X(M * D
| 3241 ZY=ZY-Y(M *DS 3242, ZL ZL . ZA=ZA: A1* DS: . ZDA=ZDA; SEe SP- 1
13250 NSTRK—NSTRK+1 3253AH —ipyeatien hgs %Eﬁtf?\%fh%% 6%2@{2!'?\%'3
SC( NSTRK) =ZDA : ﬁasdd lelbddikent moipmmemzapmetus @:ﬁo 3254

T %D' B o S 5%%@%?%&%@?‘2* b RS T

73262 SY(NSTRK): Eibﬁlﬂ nSV(MSﬁRH)edBZi@t(eﬂSNW‘FWY-EBW%Z’G 38043570

KK NETRI) =320 QoA by R W Bk  ¥hbAXtBXoneSHl NSERKG) the3@6t2 | F AY < O -
THEN: SYN( NSTRK ,X§+B SYX('NSTRK) =32* YN\ AY+BY - .GOTO 3280 3273

SYX( NSTRK) =32* YX\ AY+BY: SYN( NSTRK) =32* YN\ AY+BY :3280 | F DBUG > 3 THEN LPRI.NT

USI NG " #####" , M NSP X(-Mriffdvendé ,shénld aDAd, eDmadDAo, Britisk pasentl) \ 4 ELSE | F
DBUG < -3 THEN PRI SLNG " " ,

ZAAL, DAL, ADA, ZD/RPPAY 9?%292\3‘#‘55‘??? ﬁ&%ﬁﬁp f% %ﬁﬁl PBHGFion 15

. "SLSA, SC, AS, AE" , Bivi BiST,Rihd SA( biSTHR) s Bopicaradicasior munest RRG19AEAIN-NSTRK)

ELSE | F DBUG < -2 THEN PRINT "SLSA, SC. ASAE", SL( NSTRK) SA( NSTRK) s NSTRK)
ASTRT(NSTRK)  AEND( NSTRK) o ,



3285 A1=0: A2=0: DA1=0: DA2=0:DS2=0: DS1=0: SEND=0: ZX=O ZY=0: ZA=0: ZDA=0:
ZL=0 3290 XX=ABS(X(ML): XNEXX : YX=Y(ML): YN=YX: NLONGD : NSP=0 3295 GOTO
3391 3300 REM FI NI SH LOOP 3310 ML=M 3320 DA3=DA2: DA2=DAl: DS2-DSl: DSl= DS:
A4=A3: A3=A2: A2=Al 3390:|F DBUG > 3 THEN LPRI NT USI NG " ######" -

MNSP, XI M), (M, ZL, ZA, AL, DAL, ADA, ZDA -, (AL+A2+A3+A4)\ 4 ELSE | F-DBUG < -3 THEN
PRI NT USI NG " #####" : M NSPX(M YIM , ZL, ZA, AT, BAT, ADAZDA, (Al +A2+A3+A4)\ 4
3391 NEXT ‘M 3392 | F DBUG > 1 THEN LPRINT" spppiprd@ X Y ~ L A

C XX XN Y X YN ST ND" 3393 IF DBUG_<’_I'THEN LOCATE 9,1 :PRINT '

I NQ , X7 Y L., ' .'YN

-1 THEN LOCATE 10. 1. hF(()g) ‘ﬁt‘é R%rgélﬁ %&yr !%q 0%
L SX(1)- SY(1) . SL(1)SA(1), SC( XX xr\ﬁ ')6 gﬁ?ﬁ"l) AEND( 1)
. NE XT | 3395 |F DBUG > 1 THEN-§TR | =1 3’4) NSTRK LPRI NT USING .~
"R |, SNO(L), SX(1), SY( -85, |

1), SL(1). SACI), SC(1), SXX(1) SXN[13: SYX( | 9S'YN(|) ASTRT(I) AEND(I) : NEXT |

' ND" 3394 | F DBUG <

3396 | F NSTRK > 1-THEN GOSUB- 400Qp, ELSE O 3399 3397 IF DRUG < -1 THEN FOR -

1=1 TO NSTRK: PRI NT USI NG - "######g,, SN 1), SX(1), SY(1).
 SL(1) . SA(1), SC(1) , SXX(1), SXN( | ¥7BYX(1), SYN(1) , ASTRT(1), AEND(1). : NEXT 1,
3398 | F DBUG > -1 THEN FOR | =1. NSTRK"lz_PRI NT USING' " #tstt" ;
,SNO( 1), SX(17), SY( '
'-|) SL(1), SA(1), SC(1), SXX(1), SXN($g syx(Ii1 SYN(I) ASTRT(1), AEND(1) : NEXT |
3399 RETURN 3400 REM EDI TI NG SYMBOL RECCENI TI ON 3410 FOR L=1 TO NSTRK 3412
 AL=(SA(L) +32)\64: IF Al > 3 THEIg\Et?l =0 341§ |F Al =0 THEN IF SL(L) > 100 -
THEN .NCHAR3: . RETURN: REM VERT] 3418 I AL = 1 THEN | F SL(L) > 60 THEN
NCHAR- 1: “RETURN: REM HOR| ZONTAL-§#20 | F- &L = 2 THEN IF SL(L) > 100 THEN
NCHAR-3: RETURN: REM VERTI'CAL 3422, | F AF1x: 3 THEN | F SL(L) >. 60 THEN
NCHAR- 1: RETURN: REM HORI ZONTAL=71. - 49-18 3430 NEXT. L 3500 REM CONVERT

G0 8536 ES'ZET'N%%‘%‘%%&E%ﬁﬁ%&a&?ﬁ?m@li@‘“’*&;ﬁ@@ﬂf ’ _T“E_N_ .

. -39, 32 L
- =48, - 25
. =58, = 16
-71, -8
=72, 2
-84, -4
-89, ~-11
-72, -17-
-80, - -24
-89, -30
2) np - 20'x = (- 21 :10..37) ¥ = (-15..16..59)
27,. - 43 . ; .
N -80, 37
IR o -71, 29 -
A > - -98, 23
N o -80, - 18
-85, 1
-89, 3 =6
-80, - =12
- -80, -18
-64, . =25
-64, -31
48, . =25
56,  -18
48, - =12
64, -6
89, . . 1.
-124, 0

=124, =2



245 -
3530 IF CS$ ="-" THEN NCHAR =1 : RETURN 3532 |F NLET 3 THEN | F CS$ =
THEN NCHAR=2 : RETURN 3536 | F CS$ - 2ERENPINERI NCHAR=4 : RETURN 3538 1 F CS$ =
"\ " THEN NCHAR=9 : RETURN 3540 |F CS$ = "P" THEN NCHAR=7 : RETURN 3542 | F. .
 CS$-."E' THEN NCHAR=8 ‘ RETURN 3544 |F CS$ = "/" THEN NCHAR=6 : RETURN 3546

IF NLETF gy 7 %NIW&IGHBEE% 3@@N6§E@E§%@OMTE§T%8@OQA REM/E’OABQEL B
STROKESt ¢ NEEIMRACIER’& 36@21dﬂ§g%.)@xéeﬂ: ETHEN LPRI NT USI NG " #####"

- SXX(1) . 3P HT A0 5(PA | &P 01, REEFS Y, SYES NSBRK=80 T BEN 80
Goro 5 E RSl xS BV RDL S0} bR LR AR AES M e
'SXX N@h)'rs 1(( SYN(L) 3607 . CONT=0. 3610 FOR L1=1 TO.2 IEF L > 2 THEN "

GOTO 36105 PRE!L'SEZI ﬂa_rgszcmm%ssnmsmmmom INCORBOISYXD!. ) REFHEN, GBTO BS40 -

ELSE | F/ ) +L XN( =Y 36

ABS( | SY L)d, R MT%&T L,@jﬁ{?‘} Léﬁ‘”ﬁ%ﬁ%@fﬁ)‘%% 3629

| CONT=L4o0 :LODI<BHE68 5 LABSLLHTR3 SXNCh=LHIN 5 > LROXIYTXL HT4 THEN GOTO 3635 ELSE -
GOTO 3629) PRANE m&;NP%av ﬁwm D TOHRRRUN. £7-SIQL BYM-1 1: BP FRANL § -SYORF™ : IN

GOTO 36 gg%:.ry},T L 70 L, 6 |F
DBUG > 2??&&«» L-B&%ﬁ'i%%@p’ LZS %%gfﬁﬁfrﬁa Egr’? }5364

3650 RERS IPRIRT CWERASECTVEURSACCRFTANGE CBITERTAEN: 1R FOIYH00 FORNPWRACPTO NS

BB R R AR T

0 THEN UORASERP 2, PRI NT "LI:NY=", LTNY 3655 MCHR=1:

LaT- Lé??é@ %f@%é&%&%@gm}’% §’T"r§ g_:g%rLSTRK) ns/::l:'rRCH

THEN NST=NSF+HesTRORO136@N 865188 hB7NST > 10 THEN: LOCATE 23,1 : PRINT "TOO
MANY S TR‘G(ES"EDLNS? QP THES (FOSUR I 90 TORE IREAD\VNIL [TEXT NST+M 1 3661

DBC( 1, M = “ﬁBﬁ’é‘Tl\/}‘E’?C( LM\). 3662 ., O ..
DBO( 6, Mfﬁ( éﬁﬁ(ﬁmﬁ m))\LHr DBO( 3, M =ASTRT(LM). Bt |

: DBC( 4, M)e-AENERRS6S> DBTHEN H.G000¢ SY( LIWN) - LINY))\LHT ~DBC( 9, M =(
50%( 32*% %i)’\ﬁ% OgUR |\‘|‘?)5$‘€ LHT: | F LMN =1 THEN. DBC( 8, M =(
-LINY))\LHT ELSE DBC(8, M=

50* (32* .
. 21o IF SWTPN = -1 THEN GOSUB 7100 ELSE GOSUB zsoo :REM TOUCH TECH SCREEN 1IN ASC .
@ 9600

311 IF SWTPN =1 THEN GOSUB 7300

220 REM RECOGNIZE SYMBOLS . R o

221 IF NP > 2000 THEN LOCATE 23,1:. PRINT 'TOO MANY POINTS" : STOP

222 IF NP < 4 THEN GOTO 200 : ' o

230 GOSUB 3000 :GOSUB 3400 :REM -,¢<>" .l. .\ //B,E

240 ON NCHAR GOTO 1200,1300,1700,6200,6700,6500,6600;12500,6800,200 :REM DELETE,
‘MOVE, FORMAT , INSERT, WRITE OVER, REMOVE, PARAGRAPH, INSERT CHARACTER,END

250 GOTO 200 o

500" END :

600 REM DISPLAY TEXT FROM SINGLB CHARACTER 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 AS(K) <> CR$ THEN GOTO 660 o |
640 LOCATE J,I : PRINT * ® : I=Is] : IF I ¢ §1 GOTO 640. - S R
650 J=J+1 : I=sIMARGN : LL(J)=K : GOTO 740 : N
660 IF I< IMARGX THEN GOTO 670 ELSE IF A$(K)=" * GOTO 690 '
'670 IF J> JBTM THEN LOCATE 21,20: PRINT *READY", :RETURN . = .
680 LOCATE J,I : IF I=IN THEN GOTO 710 ELSE PRINT A$(K) : I=I+1 : GOTO 740
690 LOCATE J,I : PRINT " " : I=I+1: IF IC 81 GOTO 630 -
700 J=J+1 : I=IMARGN : LL(J)=K+1 : GOTO 740 -
710 IF AS(K) <> * * THEN GOTO 730 S
720 IP LLIJ)=K GOTO 740 )
730 I=I+i : PRINT A$(K) ' -
740 IF I> IMARGK+10 THEN GOTO 690 ELSE. Nzxr K
750 IF J> JTX THEN GOTO 790 :

760 JS=J - ‘

765 LOCATE 3,1 : PRINT * *; I=I+t: IF I< 81 GOTO 765
" 770 JaJ+1 : I=IMARGN: IF J > JTX THEN GOTO.780 ELSE GoTO. 765



50%| 32* Y( SNO{ LM\- 1) +21\ AY+BY- LI NY) )\ LHT 3664 |F YX < SYX(LM\) THEN
YX=SYX(LMN) 3665 IF YN ) SYN(LM\) THEN YN=SYN(LMN) 3666 |F XX < SXXI LM\)
THEN XX=- SXX( LM\) 3667 | F XN > SXN¢Ld¢Nh THEN XN- SXN(LMN) 3668 | F DBUG > 0
THEN LPRI NT USI NG "#####": MCHR, DBC(1, M , DBC(2, M , DB&(3, M, DBC(4 - . .
.M , DBC( 5sb)3438C( 6, M, DBC( 7, M , DBC( 8, M. DBC(9, M) 3669 | F DBUG < 0 THEN

L OCATE 10¥§§IR=JPRIWQBI2NGU' H BRINT RIADHR, DBELURNY) , DBC( 2, M) -

S %%mw«wm«mm o w0

:*GOSUB 3
NCHRNPCBZCHARBEBQ THOHRRKIPOS, CS$ I'NPUT 1JK 3673 [F ED - 1 THEN .
NPCS-'97 A H?’FW‘B’O THEN I'F-NPOS < 40 THEN ASS( NPOS) CS$
367 5. REN] s E (LINY-LHT+1)\ 8, (XX+XN)\ 16+1 : PRI NT
Qﬂsaﬁﬁ?NREh&BﬁBOTH FXX  SXNI MCHR) =XN 3682 SYXlNCHR1=YX-
SYN(NCHRﬂ3YNf3388-NCHR—NCHR+1 NST=: XX1=XX:. XX=-1: XN=1000: YX1=YX: YX-1i:

YN=1000 3@%8 W 36%% M&Q g?M COMPARE TO DATABASE 3710
Rl 16000 128B-3L1in 15 15 GR (M /= TO DR TMALRQ: | F

C> ST THBAMEF RO TOEN MQEM@HECK NUMBER OF "STROKES 3725 ME=9 :1F
LI NY = "PPiEM‘IW'EUQVBP"S‘O B I=INTO NST 3735 FOR MP=1 TO MRE 3738
DR—ABS(D( %ﬁ 3@; q(&?ﬂ i3 TMG)'WINEM 5F A OTO BRIMEME | F v >
4 THEN GQf6d 43 e <>°15§.&NThE4\h,DR—AB$| muasel GOTO 3741 : REM USE
64 FOR DITREGHOBN#MIDEPERCNDEMGH) S5 i) A $HBN GOTQO 2THRISE NEXT M

* DR\ $ T 3 :
DR=20 Cb A?g?ﬁ'ﬁ"mcf&?’c”&éﬂ% pgg, > Gt‘)To 3790 3748 R R+DR 3749 IF R
> R GOT =NC-MD : GOTO 200 . oo
1300 REM MOVE INDICATED BY OPENING BRACKET ’ : - ’ - :
1305 IN=IMARGN _
e . 1310 XX=SXX{1): XN=SXN{1}: YX—SYX(1) .YN-SYN(I) ' L
K~;\~/ 1320 XP=(XN+XX)/2: YP= {YN+YX) /2 :REM AVE BRACKET POSITION. . . .
o - 1330 I=INT{XP/8)}+1: J=INT{YP/8)+1:REM CONVERT X,¥Y TO I.J
1340 ML=LL(J): MI=ML+I-IN :REM CALC.A ARRAY INDEX OF LETTER AT I, J
. 1350 IF A$(ML)=" * THEN M1=Mi+1"
1360 IF AS$(MIZ)=CR$ THEN MI-M1¢1, :
1390 XX=SXX(2):_XN=SXN(2): YX=SYX(2): YN=SYN(21- ;
- 1400 XP=(XN+XX)}/2; ¥YP=(YN+YX)/2 :REM AVE BRACKET POSITION
1410 I=INT(XP/B8)+1: J=INT(YP/8)+1:REM CONVERT X.Y TO I.J - e
1420 ML=LL(J): M2=ML+I-IN :REM CALC A ARRAY INDEX OF LETTER AT I1.J
1430 IF AS(ML)=" " THEN. M2=M2+1 ] }
1440 IF A$(ML)=CR$ THEN M2=M2+1
.1450 M3=0:REM INITIATE COUNTER '
1460 FOR M=M1 TO M2 :REM LOOP OVER PORTION CUT _
‘1470 M3=M3+1: REM INCREMENT COUNTER -
1480 ASS$(M3)=AS$(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 ASS & xx.xn.yx.yn
- 1520 XP=(XN+XX)/2: YP={¥YN+¥X)/2 :REM AVE BRACKET POSITION .
.. .15830 I= INT(XP/8)+I 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 AE I J
1550 IF AS$(ML)=" " THEN M3=M3+1
1560 IF A$(ML)=CR$ THEN M3=M3+1 _
, 1570 MDaM2-M1+1 : IF MD > 0 THEN GOTO 1580 ELSE GOTO 200
\,/ 1580 FOR M=M1! TO NC :°REM LOOP OVER A$ ARRAY POSITIONS TO BE SHIFTED .
i 1590 A$(M)-A$(M+MD) : REM SHIFT AS$ ARRAY LETTERS
1600 IF M+MD = NC THEN GOTO 1610 ELSE NEXT M : REM STOP AT END OF_ARRAY-NC

. ON . :
' 1620 FOR M=NC-MD TO M3 STEP -1 : REM SPRED ARRAY TO MAKE - ROQM FOR INSERTION
1630 A$(M+MD)=A$(M) :REM MOVE. LETTERS ’
1640 NEXT M
1650 FOR-M=1 TO MD :REM LOOP OVER CHARACTERS:
1660 A$(M3+M—I)-AS$(M) :REM INSERT LETTERS i
1670 NEXT M .
1680 CLS: II=IMARGN: JJ-JTOP NCi1= l : GOSUB 600
1630 GOTO 200 _
1700 REM REFORMAT MARGINS

1610 IF M3 > M2 THEN M3=M3-MD :REM OFF SET INSERTION POINT TO ACCOUNT FOR DELETI ~



3750 NEXT M2 :NEXT ML . 3780 MS1-M- RIR 3790 MB=MB+ DN(M :NEXT M 3800 REM
|'DENTI FY CHARACTER 3803 CS$DCHR$1 DC(NMB1) L. 3804 REM 3805 | F DBUG <> 0 THEN
LOCATE 19,1 : PRINT R1, MB1,, CS$ 3806 REM # 3810 | F RI\NST > ACPT GOTO 3900
- REM CHARACTER NOT FOUND 3830 RETURN 3900 REM LEARN ‘NEW CHARACTER 3902 | F
LERN = 0 THEN CS$- CHR$(2) - RETURN-#904 | F KYBD=0 THEN LOCATE 23,1 :|NPUT
" CHARACTER NOT. UNDERSTOOD, PLEASE TYPE I T IN--", CS$ 3906 I'F.KYBD - 0 THEN
LOCATEn%?»xﬁ_csRRiﬂ.\rr»sxxcm)sglmmmwmcxswzcsms 11400 3 912.1F KYBD S1

THEN GCBUB=XP\80D FBYACONVERFBDTOLI THEN %Ess( MSEL) 3915 |F
CS$= o";lgrw %qé'ﬁ"gff @ Qg %ﬁfo@ T = 300 THEN,
PRIhﬁ376§) Yo Sy Mool s OP 3926 N NDBT+1- : -DN( NDBTJ=NST : .
- ?[))gg g%%%ogsommrmmmb aovsdeBnmer OUBo Many Strokes* : STOP
: +MB3-DBC( M2, ML) : NEXT M2 .
NEXT 35%33 %‘% M*J‘“;%gé T%Z%%JO 'REM CONCATENATE: STROKES.
4010 7oL %mcm 68MNO L-1)) < 0 THEN GOTO. ‘4090 4016 I|F -
.SL( L- 1)20(M—¢HENPM@, B AINRYT #2, XP,YP :INPUT #2.XPA,YPA :INPUT #2,XP0,YPO

 ALNO=ABGHNARS) x@W‘EW’?"ABSi XPAREEA Y9N3 ABSTFASN P12y SRR )Y Ho21 -

REM L Expur #2RB NE ' L, ALNO!, L, ALNO 4022 | F ALNO > 100 THEN GOTO 4090 :
REM T%FHAM¥3¢@24\N_N@A=MMA)SNO L) SNOLL-11) - 4026

??2 AR 'ABS +XPP 1.“\ {13 ABZ Y( SNO( L- 1) 1- Y('SNO( L-.1 -
1) 2 AL 4%8 |F DD > ALNO THEN GOTO-4090 .
. REM3 ﬁﬁm laa:«paoz%se(L)\su L) :, I'Re=80*SG(L- 1)\ SL(L- 1) :

2675
2680 MM=MM+1 IF LOC(Z) > 9 THEN GOTO - 2640 ELSE IF MM < M THEN GOTO 2680
2685 X(N)=-X(N): IF X{N) = 0 THEN X(N)a-1 : _
2690 IF LOC(2) > 39 THEN GOTO 2620 ELSE NU:NU+1 IF NU < 4ooo THEN GOTO 2690 -
2695 PRINT #2,"S": NP=N. L o . T ]
2696 IF DEBUG <> 0 THEN LOCATE 30, 2 PRINT "NP=" .NP g C ' ~—\/
2697 IF IFAVE=2 THEN GOSUB 4200 . : -
2698 IF DEBUG <> 0 THEN LOCATE 20,12 PRINT NP
© 2699. RETURN °
3000 REM CALCULATE CHARACTERIZATION OF srnoxzs
3005 REM GOSUB 4200 :REM 2 POINT AVERAGE POINTS L _
3010 A1=0: A2=0: DA1=0: DA2=0: SEND=0: ZX=0: zv-o ZA—O ZDA=O ZL=0: NSP=0
©. 3015 NSTRK=0: xx=ABstxt1)) xn-xx YX=Y(1): YN=YX: Mi=1: M2=1: M3= 2 NLONG-
- 3020 FOR M=2 TO NP _ o . : - _
3025 IF X(M) ¢ O THEN SEND=2 :X(M)s-X(M)
3030 IF M > M1 GOTO 3035 ELSE 3391
-3035 IF X(Mi} < 0 THEN M1=M: GOTO 3391 . o - o
3040 DX=X(M)-X{Mi1): DY=Y{M)=-Y(M1): ADX=ABS{DXI ADY=ABS(DY) : DS=ADX+ADY
3043 IF AY > 0 THEN DY=-DY . _ o C
3044 IF DS < 3 THEN GOTO 3391
3052 IF X{M) < XN THEN XN=X{M)
3053 IF X(M) > XX THEN XX=XI[M)"
.3054 IF Y(M) ¢ YN THEN ¥N=Y(M)' _
3056 IF Y(M) > ¥X THEN YX=Y(M}. .~ ) B
3058 ZX=ZX+X(M)*DSi ZY=ZY+Y(M)*DS: ZL=ZL+DS NSP=N5P+1 o -
- 3060 IF ADX < ADY THEN GOTO 3080 :REM ENCODE ANGLE: 0-255§ +=n256
3070 IF DX > 0 THEN A1=54-(32-DY)\DX ELSE A1=192—¢32*DY)\DX _ T .
3075 GOTO 3085 .. . R o _g‘)'
- 3080 IF DY > 0 THEN A1- _ l32*DX)\DY ELSE A1=1zs+(3z-DX)\DY o S :
3085 IF NSP»M2 THEN GOTO 3090 _ _
3086 IF A1<0 THEN A1=A1+256
3087 ZA=ZA+A1*DS . - o
3089 GOTO 3190 .| '
3090 IF A1-A2 < =127 THEN A1=A1+256 + GOTO 23090
3095 IF A1-A2 > 128 THEN A1=A1-256 : GOTO 3095
3100 ZA=ZA+A1*DS - _ : _
- 3110 DA1=A1-A2 _ _ _
. 3115 ZDA=ZDA+DA1l e T o
3120 IF NSP > M3 THEN ADA-(DA2+ADAII2 ELSE ADAsDA1_: ASTRT(NSTRK+1 I=({A1+A2)\2
"~ 3130 IF NSP = M3+1 THEN ASTRT(NSTRK+1)=(A1+A2)\2 '~ =~ - ' -
3140 IF ABS(DA1-ADA) > 80 THEN SEND=1
3150 IF ABS(DAl) > 64 THEN SEND=1
3190 IF SEND=0 THEN GOTO 3300
3200 REM END OF STROKE



4033 REM PRINT "L, IRl IR2",LIRL, | R2 4032 | F ABS(I R11 > 350 THEN GOTO
.4040 : REM SMALL W GGLE 4034 | F ABS(IRl) < 80 THEN GOTO 4038 : REM STRAI GHT
LI'NE 4036 | F ABS(I R) -1 R2J > ABS(I| RL+,22)\3 THEN GOTO 4090 ELSE GOTO 4050
REM TOO FFERENT CURVATURE 4038 | F ABé | R2) > 80 THEN GOTO 4036 ELSE IF
|RI*FR2 < -2000 THEN GOTO 4090- : REM TOO DI FFERENT CURVATURE 4039 GOTO 4050
4040 | F ABS(I R2) "< 350 THEN GOTO 4036. ELSE | F | RL*| R2. <0 'THEN GOTO 4090
4050 ASTR@%B?@% L PHEENIOTE - 322P 4051 REM PRI NT " ASTND', ASTND 4052 |-F.

ASTND > DZABSLASTNG: 5&9 4052, LEASTND > 64 THEN
GOTO 409@z&§5 Nds A NRER @%} § ﬁ éﬁ% (49804056 GOTO
4100\4’09@2?“&')3«7 NSTREOD REFEIRN F4X CRNORESIREONBY Namm(ﬂ&m)m(SNO(NSTRKH

PRI NT. " Cgm%ﬁf ol-1 4110 L1=l-1 :SLL=SL(L1)+SL(L) 4115 IF SLL =0 THEN_'
LOCATE 2 I 25000, STROMES MLTH MO 4ENGTH o SERPsALRGzLF SXX(L) >
~ SXX(L1) BkisN :smqpu ) &£ IRE LGgoTd1 200l BLSXINE LSz1< < 6 LEYENTEERND Sxd L1) =SXN( L)

4124 | F s‘gﬁ %ﬂ& S THEN SYX(L1)=SYX(L) 4126 IF SYNIL) < SYN(L1) THEN
SYN(L1) = &%1) =(SL(L1)*SX(L)+SL(L)*SX(L))/SLL 4133 | _
SY(L1) ( ALATEY¥( lophLgbA-oA137 SA(LL) =(SL(L1)*SA(L1)

;SLI(_L) g )vgstnspéfmo SL(L1) 3':'- +DD 4150 SC(L1)=SC(L1)+ . o

+

URE i SR s i St

SXX LL P CE SX LL EMS_XN Ll Sg,)bi LL SYX Il:i) Sg(YEg-;_L) SE&N(LII:)l) Sﬁllq8zl)-.:_ _

R R IR
(NSTRK1=AZA ) ) )

3270 SXXINSTRK)=32*XX\AX+BX: SXN(NSTRK)=324XN\AX+BX: SNO(NSTRK)=M :
-7 . 3272 IF AY < 0 THEN SYN(NSTRK)=32*YX\AY+BY: SYX(NSTRK) =32*YN\AY+BY : GOTO 3zao
T AU/~ 3273 SYXINSTRK)=32*YX\AY+BY: SYN(NSTRK}=32*YN\AY+BY :
- 7" - 3280 IF DBUG > 3 THEN LPRINT USING "###%##";M,NSP,X(M),Y(M),2L,ZA,A1,DAl, ADA ZDA .
, (A1+A2+4A3+A4)\4 ELSE IF DBUG < -3 THEN PRINT USING "#####%";M, NSP, X(M),Y(M),2ZL,
ZA, A1, DAY ,ADA,ZDA, (A1 +A2+A3+A4)\4 .
3281 IF DBUG#> 2 THEN LPRINT *SL,SA,SC,AS,AE",SL(NSTRK) SA(NSTRK) SC(NSTRK) ASTR '
T(NSTRK) AEND(NSTRK) ELSE IF DBUG < -2 THEN PRINT "SL,SA,SC,AS, AE'.SL(NSTRK) SAl .
NSTRK) SC(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=ABS(X(M1)}: XN=XX :YX=Y(M1): YN=YX: NLONG=0 :NSP=0 - . .
. 3295 GOTO 3391 . Co B . :
" 3300 REM FINISH LOOP
3310 Mi=M - o
3320 DA3=DA2: DA2=DAl: DS2=DSi: D51=DS Ad=A3: A3=A2 A2=Ai '
. 3390 IF DBUG > 3 THEN LPRINT USING "######";M,NSP,X(M),Y(M},2L,2ZA, Al DAT.ADA ZDA
. lA1+A2+A3+A4)\4 ELSE IF DBUG ¢ -3 THEN PRINT USING. "sxa#a# .M NSP,X(M),YI(M),ZL,
2A,A1,DA1,ADA, znA,tA1+A2+A3+A4)\4 . . :
3391 NEXT M : o o . - . . _
3392 IF DBUG > 1 THEN LPRINT " I N X Y L A C XX.XN Y
X YN ST ND“ : : _ o - ,
3393 IF DBUG < -1 THEN LOCATE . 9,1 :PRINT * I - NO . X Y L. A c
XX XN ¥YX YN ST ND" _ , _ ' :
3394 IF DBUG ¢ -1 THEN LOCATE 10,1 :FOR I=1 TO NSTRK:PRINT USING "#####";I,SNO(I
-\«/f - 1,SR(I), SY(I),SL{I),SA(I),SCII), sxx(:) SXN(Il SYX(I}, svn«x).asrar(zr AEND(I) :NE
w1
o 3395 IF DBUG. > 1 THEN FOR I=1 TO NSTRK LPRINT USING “####8~;I,SNOII),SX(I).SY!
' I),SL(I},SALI},SC(I),SXX(I)}, SXN(I),SYX(I},SYN(I),ASTRT(I), AEND(I) tNEXT I
3396 IF NSTRK > | THEN GOSUB 4000 ELSE GOTO 3399

3397 IF DBUG < -1 THEN FOR I=1 TO NSTRK:PRINT. USING "#s###";I,SNO(I), SXII) SY(I) - o

- +SL(I),SA(I},SC(I),SXX(I),SXN(I),SYX(I),SYN(I),ASTRT(I),AEND(I) :NEXT I
3398 IF . DBUG > 1 THEN FOR I=! TO NSTRK: LPRINT USING *#####";I,SNO(I),SX(I},SY(:
. I),SL{I),SA(I),8ClI),SXXII}, SXNlI) SYX!I).SYN(I) ASTRT(I), AENDKI) :NEXT I -
33%9 RETURN _ _ .
. 3400 REM EDITING SYMBOL RECOGNITION
3410 FOR L=1 TO NSTRK _
3412 At=(SA({L1+32]\64: IF A1l
3416 IF A1 = O THEN IF SL(L)
' 3418 IF Al = 1 THEN IF SL(L)
©. 3420 IF Al = 2 THEN IF SL(L)
3422 IF Al = 3:THEN IF SL(L)

3. THEN Al=Q. : . -

100 THEN NCHAR=3: RETURN: REM VERTICAL .

- 60 THEN NCHAR=1: RETURN: REM HORIZONTAL.
100 THEN NCHAR=3: RETURN: REM VERTICAL
60 THEN NCHAR=1: RETURN: REM HORIZONTAL

vvsvvy

/



4200 REM 2 POINT AVERAGE POl NTS 4210 M2=0 4220 FOR M=2 TO NP STEP 2

:MI=M 1 4230 |F X(ML) > 0 GOTO 4240 4235 M2=MR+1 : X(M2)=X(M) :Y(M) =Y(ML)

- GOTO 4280 4240 IF X(M > 0 GOTO 4250 4245 MR=MR+1 :X(M2)=X(M : Y(M) =Y(M

: GOTQ 4280 4250 LF ABS(X(M-X(ML)) > 30 THEN GOTO 4280 4260 |F

ABS(Y(M Y(ML)) > 30 THEN GOTO 4280 4270 M2=M2+1 : X(M2) =(X(M X(ML ))\2
STY(MR) =(Y(M +Y(ML))\ 2 4280 NEXT M 4283 X(M2)=X(NP) 4285 NP-M2 4290 RETURN
4340 REM3GREER STROKES BY SXN 4342 XCHE0 : | F NSTRK < 2 THEN RETURN 4345 FOR -
L=2 TO 39SVRREM|SONVERT EBIYER ngmn_wslt,:oumm GOTO 4380 4355 XCHel :Li=L-1 -

4360 S - = - SXX(L) =ST 4361 ST=SXN(L1) : SXN(L1)=SXN
o SXN( L)Em ?% 0,1 *gX‘;\'{AIG)\IN'SYQEh)RNST E136%% ST= Sg/X()Ll) (“)"_

. SYX(L13538 $: SYX%E LTHES TNCHGA = BT:RS ) i SX(L1)=SX(L) :SX(L)=ST 4365 . .
- ST=SY( L JsY(, EN NSFCpRA2| IBETUBM( 1) =SA(L) : SA(L)=ST
-52- 4 L2 Yoy E) ¥)=ST 4368 ST=SL(L1) :SL(L1)=SL(L) .
U SL(L) -ﬁio4ﬁ69;ssusmi®(mn n@b@@ul)mw L) :SNO(L)=ST 4380 NEXT L.4390 I'F
XCH -  O3SRRERE IQ§$L§RNEEL‘8EN)<ESFW 8 GEEIURIBA5 6100 REM LEARN 6105 LERNE1 : J=3:
JJ=J. i = | 6110 LINY=8*(JJ+3)-1 6120 LI NE

(0, LI NV3asg c&b TR of 30 LINE
18* | MARGNO LRETURY| - 639 L| NY--LHT) 1,B 6140 Lt NE

S CHARACTERS o ' :

(607 Ligggg ¥¥Mgghggqﬁr ;ESEFLQR T USING "####t#'. SXX(II SXN(1) SYX{1) SYN(ll LHT4

.3603 SLET(1)=11 NLET=1: IF NSTRK=1 THEN GOTO 3550 _

3605 FOR L=2 TO NSTRK ' , ' '

3606 IF DBUG > 4 THEN LPRINT USING "###sss*; SXX(L) SXN(L) sthLr SYN(Lf-

3607 ICONT=0 _ o

3610 FOR Li=1 TO 2 : IF L > 2 THEN GOTO 3615 ELSE . IP Li=2 GOTO. 3535 R

3615 IF sxxtL—L1) > SXX(L) THEN GOTO 3630 ELSE IF (SXX(L-L1)+LHT4) < SXN(LJ TH™.

GOTO 3635 . o
3620 IF ABS(!SYX!L)+SYN(L)) (SYX(L—LI)+SYN!L-L1))) > LHT THEN GOTO 3535 _ '_\'in--
3629 ICONT=L1 :GOTO 3635 . S
3630 'IF SXN(L-L1) > SKX(L)+LHT4 THEN GoTo 3535 _ELSE GOTO 3620
3635 NEXT L1,
3640 IF ICONP=0 THEN NLET=NLET+1 :SLET(L)=NLET: GOTO 3649
3645 NLET=SLET(L~ICONT) : SLET(L)=NLET :SLET(L-1)=NLET ' o
/3646 IF DBUG > 3 THEN LPRINT “L,NLET, SLET',L NLET, SLET(L-1}, SLET(L—Z) -
3649 NEXT L _ _ _ .
3650 REM LOOP 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 :¥N=1000 :Y¥X1=-100
s - 3656 FOR LSTRKie1 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 -
3661 DBC(1,M)=SLILMN): DBC(2,M)=SA(LMN): DBC(S,M)=SC{LMN) o L
3662 DBC(6 M)a(100*(SX(LMNI—SXKLST-NST))I\LHT :DBCI3, Ml-ASTRT(LMN) :DBC(4,M)=AEN
" D(LMN}
3663 DBCI7,M)=(100"(SY{LMN)=LINY))\LHT : DBCI9,Mi={ 50%{32*Y¥(SNO(LMN]~1]\AY+BY-L
'_INY))\LHT: IF LMN =1 THEN DBC(8,M)=| 50*(32*?(2)\A¥+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 YN=SYN(LMNI
3666 IF XX < SXX(LMN) THEN XX=SXX(LMN) _
3667 IF XN > SXN(LMN) THEN XN=SXN{LMN) ' '
3668 IF DBUG > O THEN LPRINT USING "#####°;MCHR. DBC(1 M) nsctz M), DBC(3,M}, DBC(4 -
,M) ,DBC(S,M) ,DBC(6,M) ,DBC(7,M) ,DBC(8,M) ,DBC(9,M)-
3669 IF DBUG < O THEN LOCATE 10+M,27: PRINT USING "##8%#":MCHR,DBC(1, M) ,DBC(2, Ml
+DBC(3,M) ,DBC{4,M) ,DBCIS, M) ,DBC(6,M) ,DBC(7.M),DBC(8,M),DBC(9,M) |
3670 NEXT M. :GOSUB 3700 , o
3671 NPOS=(2+{XX+XN)\16~IMARGN]\2 :
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$(NPOS)=CS$ _
' 3675 REM S
3676 IF ED <> 1 THEN LOCATE (LINY-LHT+1)\8, (xx+xn:\1s+1 :PRINT CS$



6150 {IF SWIPN -1 THEN GOSUB 7100 ELSE GOSUB 8600 : REM TOUCH TECH SCREEN'
IN AS'CIl [err] 9600 6151 |F SWIPN = 1 THEN GOSUB 7300 6155 |F NP - 8 THEN
GOTO 6190 6160 GOSUB 3000 6170. GOSUB 3600 6180 LOCATE 18, | MARGN: FCR |=1 TO
40: PRINT AS$(1);: NEXT | 6186 GOTO §150_6190 FOR:=1 TO 4 6192 | F AS$(1) =

[err] THEN RETURN 6194 NEXT | 6195 6105 6200 REM | NSERT * 6201 - o
XX=SXX( 1) : (1) YX—SYX( 1) YNESYN(1) 6202 XP=(XN#XX)/2: YP=(YN+YX)/2

. REM AVE ROSkT| O W(xpw) +1: - J=I NT(YP/ 8) +1 : | SAV=I: :
JSAV—J: REVISCMEH’HRX,-YXTOSW&MC@S WL=LL(JA ML=M_+| - | MARGN : REM CALC A

NDI@Q“E]:MCI‘_'IEW*AT NST31 6 2BB=0F AR£l:) m‘t-1boa'HI§bdvAﬂFIWx=ﬂr162ﬁ6=1loEo Lo
A$(Nt jgg% LXHEX1 6207- MBAV=ML 6210 JJ =JSAV : FCR 1=1 TO 40 AS$(|)=“

" NEXT | £ s 8hralea8R20 LI NE
:(0, LI NY- LHT3 s)m(—asoaqu_l msud_Hﬁ AbpO=BrHER AdTH! o0

8* | MARGN-37 1B HT 1 B 6240 LINE
EGO? LI NY)%@%:)LE r;t‘-"'s,\/\#m CHECH WPMERR OPESTSOREDO ELSE
_GOSUB  86Qf3 30 R 1. "R°AS CI1 [err] 9600 6251 | F SWIPN - 1

THEN GCSUI73SOEm6855 WQENB < THEN GOTO 6270 6256 GOSUB 3000.6257 GOSUB

3600 6258 3|’F—'3% MARGN: ' FOR 1=1 TO 40: PRINT AS$(1):
. NEXT .| G349 $3s B E‘@E IP6 gﬁ'@% 1

40: - PRI NT NOSSKCE ) ; NEXT oD E'DzR EOR 40 %4 °F#9§§§H1‘3“ g‘i””’-
" THEN | E3741 IF APSIO(8MUMEDY I RE)@EN m}m TEORABS(D ( F(M3+H1 6075 | F AS$(I) <>

" THEN @am)gggga;az?% GpEQ ;528 6278 | F' JB < 3 THEN GOTO 6288

3749 IF R > R1 GOTO 3790
3750 NEXT M2 : NEXT M1
-3780 MS1=M : R1=R
.~ 3790 M3=M3+ DN(M) :NEXT M : :
LA 3800 REM IDENTIFY CHARACTER o : e ’ o C e
- - . 3803 CS$=CHRS$( DC(MS1)). - . . :
3804 REM ’ ’ . )
3805 IF DBUG <> 0 THEN LOCATE 19,1 :PRINT R1,M51,CS$
3806 REM 7 o .
3810 IF RI\NST > ACPT GOTO 3900 .REM CHARACTER NOT FQUND
3830 RETURN . o
3300 REM LEARN NEW CHARACTER '
3902 IF LERN = 0 THEN CS$=CHR$(2) RETURN : ) ' o
3904.IF RKYBD=0 THEN LOCATE 23, 1. s INPUT *CHARACTER NOT UNDERSTOOD. PLEASE TYPE IT
) 3906 IF KYBD = 0 THEN LOCATE 23,1 PRINT "

3910-IF'KYBD=1 THEN GOSUB 11400 -
3912 IF KYBD =1 THEN GOSUB 9600 T
3914 IF KYBD =1 THEN GOSUB 11600 : CS$=CHRS(MSEL)

- 3815 IF CS$=""" THEN GOTO 3960 . ,' _
3917 IF ED=1 THEN RETURN : _
3920 IF NDBT = 300 THEN PRINT "Too Many Symbols": STOP.

3926 NDBT=NDBT+1 : DN(NDBT)=NST : DC(NDBT)=ASC(CS$)
- 3930 IF M3+NST > 800 THEN PRINT "Too Many Strokes" :STOP
_ 3936 FOR Mi=1 TO NST : FOR M2=1 TO §
e 3940 D(M2, M\+M3)-DBC(M2 M1} -: NEXT M2 : NEXT_Mi _
\_/ . - 3950 RETURN - ' S
: . 3960 CS$=" "

3980 RETURN
4000 REM CONCATENATE swnoxzs :

. 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)))-ABSIX{SNO(L-I))))tABS(YISNOILI)-Y(SNO(L—1)I))
4021 REM LOCATE 1,1: PRINT "L, ALNO’.L ALNO
4022 IF ALNO > 1oo THEN GOTO 4090 : REM TOO FAR AWAY _

. 4024 ALNO= 8*ALNO\ISNO(L)-SNO(L-1)) .
4026 DD -ABS(ABS(X(SNO(L-I)))-ABS(X(SNO(L—1l+2)))+ABS(Y(SNO(L-l)I—Y(SNO(L—11+2))
4027 REM PRINT "L,DD,ALNO",L,DD,ALNO .
4028 IF DD > ALNO THEN GOTO 4090 : REM TOO FAR AWAY _
.4030 IR1=B0*SCI(L)\SL(L) : IR2=80*SC(L—1)\SL(L—I) o
4031 REM PRINT "L, IRI1, IRZ".L IR1,IR2



6740 Mg

£ 6280 J-J+1: JB-0 6282 AS$(J)-AS$(I) 6288 NEXT | .6289 REM LOCATE 17,1: FOR
1=1 TO 40: PRINT AS§(1);: NEXT | 6290 AS$(J+1)= 6295 IF J < 2 THEN | F

AS${ 1) " THEN LOCATE 18,1 ;. PRINT "NO LETTERS, TRY AGAl N' : GOTO
6210 6300 MD=J+1 : MB=NBAV : |1 SAV: J=JSAV. 6310 REM LOCATE 20, 1: FOR | =1
TO 20: PRINT AS$(1):: NEXT I. 6315 REM INPUT | JK 6320 GOTO 1620 .  -53- 16500

REM REMOVE 6510 XX=SXX (1): XNESXN(1): YX=SYX(1): YNESYN(1) 6520

XP=( XNt20%%/ 2¢ aA¥BFE{RINFY9s/02rriRENbAY R o CHARBG TERLEQRIGELEN 6530 | =1 NT(XP/ 8) +1:
J=1 NT( Y&38) 31 AREMEGONVERD XRENTGOTQ }0854REM STRACGHT LEAEN.+I - | MARGN : REM CALC
A ARRAYSG3GDER ABE! IRITIRY ATABS (JRESIR? INE TRENNGOTO 4090 ELEE\GRFS MBS 6588 TP = )

A g@;%@%%@&%oﬁ%ﬁ%@%r%&%@qﬁmf&&m%ﬁﬁ?

' XN:SXN(AJD)39 GOEESYOYOL) - YN=SYN( 1) 6720 xg&xmxx 27 YP=(YN+YX) /2 : REM AVE
CHARA s’, 4 7303 0-THEN 4Pi5 ENAR ¥R} g5Re1 < FEPH RTI0Q0Y TO |, -
0 - e 'cALC A ARRAY' | NDEX OF LETTER AT 1] 6750

| F A$( Mgs2" 1# A’ﬁt‘B\l >M;Nhutn&&ﬁn¥ﬂs%$$ﬂb)—z€m ‘GOEONabE=ML+1 6770 -
A$( ML) = g g 'PEGQ , THEN PRQTQT 4 2835 ELSE GFOSSTHOTD IRYOABI3B1 Remsumm‘fmmm

LETTER XN=SXN(1):  YX=SYX(1): YN=SYN(1) 6920 XP=(XN+XXI/ 2:
YP=( YN+ AVE CHARACTER PCSI- TI ON 6930. | =I NT( XP/ 8) +1: |
J=I NT. (MBBS#BHJRREM COWERT - X. Y TO I, J 6940 M.=LL(J): -ML=M_+I - | MARGN : REM

CALC AﬁRRAﬁ gmg'eggméTLl_ J 6950 | F A3( le) =" " THEN M= |er+1.

4110 Li=L<1 :SLL=SL{(L1J+SL(L} .

4115 IF SLL = 0 THEN LOCATE 23,1 PRIN’I' TWO STROKES WITH N’O LENGTH : STOP

4120 IF SXX(L) > SXX(L1) THEN SXX(LH-SXX(LJ_‘ . .

4122 IF SXN(L) < SXN(L1) THEN SXN{L1)=SXNI(L} . : - S .
4124 IF SYX(L) > SYX(L1) THEN SYX!(L1)=SYX(L) ’ S T }r E

4126 IF SYN{L) < SYNIL1) THEN SYN(L1)=SYNI(L) . o L . -
4130 SX(L1)=(SL(L1)*SX(L1)+SLIL)*SX(L))/SLL o | L "t

4133 SY(L1}=(SL(L1)*SY{L1}+SL(L)*SY(L)}/SLL:
4137 SA(L1)=(SL(L1)*SA(L1}+SL{L)*SAIL})/SLL ~
4140 SL(L1}=3LL +DD - :
. 4150 SC(L1)=SC(L1)+SC(L)¢((SC(L1)+SC(L))'DD)\SLL :
4160 . SNO(L1)=SNO(L) :AEND(L1)=AEND(L) .
| 4170 NSTRK=NSTRR-1 : IF NSTRK < L THEN RETURN
4180 FOR LL=L TO NSTRK T : -
4185 Li=LL+1 :SXX(LL)=SXX(L1] :SXN(LL)=SXN(L1} :SYR(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(LL)=ASTRT(L1): AEND(LL}=AEND(L1} o D
4190 NEXT LL S ' ' .
4195 GOTO 4010 = - :
4200 REM 2 POINT AVERAGE poznrs
4210 M2=0
4220 FOR M=2 TO NP STEP 2 :Mi=M-1
| 4230 IF XIM1) > 0 GOTO 4240 :
4235 M2=M2+1 :X{M2)=X{M}) .YIM2)=YGM1) GOTO 4280
. .4240 IF X(M) > O GOTO 4250
4245 M2=M2+1 :X(M2)=X(M) :¥(M2)=¥(M) :GOTO 4280
4250 IF ABS(X(M)=X(M1)) > 30 THEN GOTO 4280
4260 IF ABS(Y(M)-~Y(M1)) > 30 THEN GOTO 4280 : L e
4270 M2=M2#1 :X(M2)=(X(M)4X(MI))\2 SY(M2) = (Y (M)+¥IMI ) N2 - W
4280 NEXT M , _ . - -
4283 X(M2)=X(NP) < -
4285 NP=M2
41290 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-1 o
| 4360 ST=SXX(L1) :SXX(L1)=SXX(L) :SXX(L)=ST -
4361 ST=SXN(L1). :SXN(L1)=SXN(L) :SXN(L}=ST
4362 ST=SYN(L1) :SYN(L1)=SYNIL) :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=SY(L1) :SY{L1)=SY(L) :SY(L)=ST
4366 ST=SA(L1) :SA(L1}=SA[L) :SA(L)=ST



6960 ‘I F A$(M.) =CR$ THEN ML=ML+1 6970 AS$(2)=AS$(1) 6980 MBML : MD=1 6990
GOTO 1570 7000 REM SET UP RERUN 7010 OPEN "|" #1, PO NTS. DAT" 7020 | NPUT

#1, AXBXAYBY 7030 RETURN 7100 REM READ PO NTS 7110 | NPUT #1, NP 7120 FOR N=1

CTO NP 7130 I NPUT #1, X(N), Y(N) 7132 NEXT N 7133 | F:IFAVE = 1 THEN GOSUB 4200
7134 FOR N=1 TO NP 7135 |F X(N) > O-TREN | =32* X(N)/ AX+BX ELSE - .

1'=232*X(N)/ AX+BX 7136 J=32*Y(N) / AY+BY 7137. PSET(1,J) 7140 NEXT. N 7148 IF

DBUG > 5 JTHENEQRNAL . EQ NR=stRR N Ny 26N . Y(N) NEXT N 7149 |F DBUG <> 0
"THEN LOCA ’\gr-ggxml NELNRqsg 3 EQL#%RN 7200 REM SET UP STORE PO NTS

7210 { OREN 365 CET-SHOTIR0| NS DATESND2RD BRONTI ST . AXBX, AYBY 7230 RETURN 7300 REM
STCRé*’P‘om

L
S 0 TR it bt 06 AR B0 TR L BN

ASCI | [eswos DE0E1 =B JNSERTFER6081 o200 888%( I F* L'OGYEYT X 0 THEN

| PUT$= |NPU11$(&I ?;*mgqgr 505_8696, PRLNI-E: o G :N=0 8610 IF LOC( 2') < 40

THEN wqg@]'?n‘m {8~ GN-1,LINY)-(639,LINY-LHT),1,B -

6140 LINE (607,LINY)-(639,LINY-LHT),1.BF ' _
6150 IF SWTPN = -1 THEN GOSUB 7100 ELSE GOSUB 8600 :REM.TOUCH TECH SCREEN IN AS
CII @ 9600 . - -
6151 IF SWTPN = 1 THEN GOSUB 7300
6155 IF NP ¢ 8 THEN GOTO 6190
6160 GOSUB 3000
6170.GOSUB 3600 N
6180 LOCATE 18,IMARGN: FOR I=1 TO 40: PRINT AS$(I);: NEXT I
6186 GOTO 6150 S
6190 FOR I=1 TO 4 _
. 6192 IF AS$(I) = "@" THEN RETURN
. 6194 NEXT I. .
- {77~ 6195 GOTO 6105
(U~ 6200 REM INSERT
= © 6201 XX=SXX(1): XN=SXN(1): YX=SYX(1): YN-SYN(I)
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(J4:- M1=ML+I-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT I,J
6205 IF A$(ML)=" " THEN M1=Mi+1
. 6206 IF A$(ML)=CR$ THEN M1=Mi+1
6207 MSAV=M?
6210 JJ=JSAV : FOR I=1 TO 40 AS$(I)-“ " :NEXT I
6215 LINY=8*(JJ+3)-1
" 6220 LINE (0,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 o : .
6250 IF SWIPN = -1 THEN GOSUB 7100 ELSE GOSUB 8600 :REM TOUCH TECH SCREEN IN AS
. CII @ 9600 . : o : - -
6251 IF SWTPN = 1 THEN GOSUB 7300
6255 IF NP < 8 THEN GOTO 6270
6256 GOSUB 3000 N
. 6257 GOSUB 3600 T
6258 IF DBUG <> 0 THEN LOCATE 22, IMARGN : FOR I=1 TO 40: PRINT Ass(I).: NEXT I
6259 GOTO 6250 _ :

6273 NEXT I
. 6274 FOR I=2 TO IE
6275 IF ASS$(I) <> * ° THEN GOTO 6280
6276 JB=JB+1 - -
6278 IF JB ¢ 3 THEN GOTO szaa
6280 J=J+1: JB=0
6282 ASS$(J)=ASS$(I)
6288 NEXT I : _
.6285 REM LOCATE 17,1: FOR I=1 TO 40: PRINT AS$(I);: NEXT I
6290 ASS$(J+1)=" * o :
6295 IF J < 2 THEN IF AS$(1) =" " THEN LOCATE 18,1 .: PRINT "NO LETTERS, TRY AGAI
N* :GOTO 6210 L 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 IJK : '
6320 GOTO 1620

6270 JB=0: J=1 ' _
B €271 REM LOCATE 16,1: FOR I=1 TO 40: PRINT AS$(I);:: NEXT I , -
AU | 6272 IE=2 :FOR I=40 TO 2 STEP -1 IF AS$(I) <> " " THEN IE=I+1 : GOTO 6274



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

#2, XPO, YPO 8630 NN+1: XPA=(XPA+XPO)\2: YPA=( YPA+YPO)\2: XPO=XPA: YPO=YPA:
XON2=XPA: Y(N) =Y PA 8635 | F 32*XPA\ AX+BX > 607 THEN GOTO 8695 8640 | NPUT
#2, XP, YP 8653 XPA=I XP+3* XPA\ 4: . YPA=( YP+3*YPA)\ 4 8657 1F .

ABS( XPA- XPO) +ABS( YPA- YPO) < 3 THENTGOTO 8672 8660 I S
| =32% XPA\ AX+BX: J=32* YPA\ AY4BY: PSET(1.J) 8665 IF | > 607 THEN GOTO 8695 8670
NEN#L %?%( Mﬁ(m =YPA: XPO=XPA: YPO=YPA 8672 I'F LOC(2) > 9 THEN GOTO

8640 8 AMEMGL: hEsSHRG(2) viesINTHEN GOTO 8640 ELSE | F- MM
. THEN GeF10 8880KNBBBE 2X( mdv v/2| FR E CHBRAUIER BASKFION. 8690 | F LOC( 2) ;

i g R T e

| FAVE s5éb THEN(@SUE%@&EN 8698 +hF DEBUG <> 0 THEN LOCATE 20.12 :PRINT NP
8699 REFURM29600 REM TT ACQUI RE PO NTS I'N ASCII [err] 9.00 W TH MENU 9603 -

“M20 9BpRP 0 THEN | PUT$=I NPUT$(1,2) : GOTO 9605 9606 PRINT

#2,"G' o - FE) - N=0 9640 1 NPUT #2, XPYP 9660 I | =32% XP\ AX+BX+1 | o

J1]532* FPhOA B REPIACHNANSHARAGTER msmmxmnﬂam GOTO 9674 9672 |=I1\10 -

J JJ\197W\|¥6=SW+0* Aygsxy ! Y>L=§KE‘ IN:E¥! Ly |-1, J- 1 B 9674 | F- Loqz) >

; GOTCES &% CTER PR é 5010 9640 ELSE I F MM
M THE 6ﬂﬂ+i-E )zm LT TNy b by, B MAENL | F NU <

1500 THEN @@TG‘ o€ QGWNDRHW"#Z "S" 9699 RETURN 10700. REM SET UP TOUCH .

SCREEN‘ ‘ﬂ’;ﬁ’éﬁﬁf@‘f}'@lgﬁﬁﬁg;(l;;,#2 "CAL. DAT" -10720 | NPUT *
#2, AXBS(»P; 540 #2 10740 COML: 9600, N, 8, 1, CSQ, DS AS #2
6900 REM INSERT A LETTER _
6910 XX=SRX(11: XN=SXN{1): YX=SYX(1}: YN=SYN(1) _ R
. 6920 XP=(XN+XX)/2: YP=(YN+YX)/2 :REM AVE CHARACTER POSITION : ,” STy
6930 I=INT(XP/8)+1: J=INT(YP/8)+1:REM CONVERT X,Y TO I.J : T -
6940 ML=LL(J): M1=ML+I-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT I.Jg - - Nt
6950 IF AS$(ML)=" ® THEN Mi=Ml+1 _ .
- 6960 IF A$(ML)=CRS THEN Mi=Mi+1 .
"6970 ASS(2)=A38(1) -
6980 M3=M1 :MD=}
6990 GOTO 1570
7000 REM SET UP RERUN '
7010 OPEN "I",#1,"POINTS.DAT"
. 7020 INPUT #)1,AX,BX,AY,BY
7030 RETURN
~ 7100 REM READ POINTS
© 7110 INPUT #1,NP
7120 FOR N=1 TO NP °
7130 INPUT #1,X(N},Y(N)
7132 NEXT N o . .
7133 IF IFAVE = 1 THEN GOSUB 4200
7134 FOR N=1 TO NP
7135 IF X(N) > O THEN I‘32*X(N)/AX+BX ELSE I=—32*X(N)/AX#BX
" 7136 J=32*Y(N)/AY+BY
7137 PSET(I,J) - _
7140 NEXT N .
7148 IF DBUG > 5 THEN FQR N=1 TO NP: LPRINT N, X(N) Y(N) NEXT N
7149 IF DBUG <> 0 THEN LOCATE 20,2 PRINT *Np=" B \uﬁ
7150 RETURN = _ S
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 'Q##ﬁ*#‘; XN, Y(N)
7340 NEXT N : .
7350 RETURN - '
8600 REM ‘TT ACQUIRE POINTS IN ASCII @ 9600 WITH INSERT
8603 M=20. : o
. 8605 IF LOC(2) ) 0 THEN IPUT$=INPUT$(1 2) GOTO 8605 .~
' 8606 PRINT #2,"G" :N=0 . - -
8610 IF LOC(2) < 40 THEN GOTO 8610



10750 PRI NT #2,"S" 10760 RETURN 11000 REM UTI LI TI ES 11100 REM i nput

sel ection nenus 11101 REM.rmuni'" no. of itenms 11102 REM ntitl $=titles. 11103
REM mi O m enj O, nmje=start & end points for boxes 11105 | F KYBD=1 GOTO 11 400
11110 L] NE(M 0, MJO) - (M E. MIEbO, BF : |-l BlE(-M O MIO) - (M E, I\/IJE) 111115 XX=M O :
NRATO:(M E—M O MNUM 11120 FOR K=1 TO MNUM : LI NE (XX, MJO) (XX MIE) 11130

MJ A=( M O+ \16%1 TE MJA xx+2o \8 1 _PRINT MM TL$(K) 11140 |
e R,
11310 | F YBD-1 GOTO 11600 11 1 Y

- < XX THESBSCIR G2 XBAAXF BB 30 GNEXIF!EK m@ﬁﬂ\‘IBEL K 11350 RETURN 11400 REM-

.DI SPLWY K ; 1410 LI'NE(1, 160) - (639, 199), 0, BF -
T Tt S e Eé%fé%zyz M Gkl N 1ided L

|- 1 TO s&éo 1LEGAPE\RAGBRTI=32PRPANAYBIRD ¥y NEXT | 11460 FOR I— 1 TO

10 : LOCATESS® TP $5007 THEN | | + : NEXT | 11470 LOCATE 22 74 : PRINT.
[err] 114§§3%§ﬂ@g “'jg aﬁ‘g =¥PA: &’Pﬁ)*””, . CHE$(34);" $ &* 11482
FOR J=1634 (629 J) :NEXT J 11484 FOR I= 3 TO 635

STEP 16 :.8&sd\Ni#MM:63) IX u.pae% NENENIGQT&MOL&S&TEFM ¢ uuﬁﬁmardommo REM -
keyboard $E3e&NI-#ilhedls A0 YEREEMEIING 040 B0 5 170 THEN
11700 -116500d Eniits <~ ] Nad ER2% BB NURIUFURNTL FB 60 ’F&°‘N§EE“<G°§? °|‘1%EN

MSEL= l\/lSELtRsis TREpEsl 10 7eHEN-LOBE- 37, zTI-FﬁsthEtp;%NP RETURN
8697 IF IFAVE = 2 THEN GOSUB 4200
8698 IF DEBUG <> 0 THEN LOCATE 20,12 PRINT NP -
8699: RETURN
9600 REM TT ACQUIRE POINTS IN ASCII e 9600 WITH MENU -
9603 M=20
" 9605 IF LOC(2) D> 0 THEN IPUT$=INPUT$(1 2) GOTO 9605
-7 9606 PRINT #2,"G" — - o : .
i oaes 9610 II=0 :JJ=0 :N=0 _ S — : R
\—~" 9640 INPUT #2,XP,YP _ ' :
9660 II=32*XP\AX+BX+II: JJ=32*YP\AY+BY+JJ N=N+1
9670 IF N < 10 THEN GOTO 95674
9672 I=II\10y% J=JJ\10: N=0 :II=0: JJ=0
18673 LINE (X+1,J+1)-(I-1,J3-1),1,B
9674 IF LOC(2) > 9 GOTO 9640 '
9675 MM=0 : ' S ' o : t
9680 MM=MM+1: IF LOC(Z) > 9 THEN GOTO 9640 ELSE IF MM < M THEN GOTO 9680
9690 IF LOC(2) > 9 THEN GOTO 9610 ELSE NU-NU+I :IF NU < 1500 THEN GOTO 9650 -
9695 PRINT #2,"S" '
9699 RETURN
10700 REM SET UP TOUCH SCREEN FOR ASCIX @ 9600
10710 OPEN "I",#2,"CAL.DAT" .
- 10720 INPUT #2,AX,BX,AY,BY
10730 CLOSE #2
10740 OPEN "COM1:9600,N, 8 1.CSO DSQ" AS 82
10750 PRINT #2,"S" _
10760 RETURN
. 11000 REM UTILITIES .
11100 REM input selection menus
11101 REM mnum= no. of items
- 11102 REM mtitl$=titles
t\/ 11103 REM mio.mie.mjo.mje=start & end points for boxes
11105 IF KYBD=1 GOTO 11400
11110 LINE(MIO,MJO}-(MIE,MJE),O,BF LINE(MIO MJO) (MIE.MJE), 1. B
C11115 XX=MIO : MRATO=(MIE-MIO0)\MNUM . o
~11120 FOR K=1 TO MNUM : LINE (XX,MJ0)-(XX,MJE} . '
11130 MJA={MIO+MIE+81\16+1 : LOCATE MJA, (XX+20)\8 : PRINT MTITLSIK)
11140 XX=XX+MRATO :NEXT K . _ E ' o
11160 RETURN E
11300 REM DETERMINE MENU ITEM SELECTED
11310 IF KYBD=1 GOTO 11600 . - -
11320 XX=0 : FOR K=t TO MNUM : :oc=:o;+mro : IF I { XX THEN GOTO 11340
11330 NEXT K - : o B
' 11340 MSEL=K
11350 RETURN o .
11400 REM DISPLAY KEYBOARD -
11405 JMENU=163



- 11680 | F MSEL=38 THEN MSEL=94 : RETURN 11690 MSEL=63 : RETURN 11700 | F MSEL
. < 27 THEN MSEL=MSEL+96 RETURN 11710 | F MSEL=27 THEN MSEL=92 : RETURN -
11720 I'F MSEL=28 THEN MSEL=47 : RETURN 11730 |F MSEL=29 THEN MSEL=42 : .

RETURN 11740 I'F MSEL=30 THEN MSEL=43. RETURN 11750 |F MSEL=31 THEN MBEL=45

- RETURN. 11760 |F MBEL=32 THEN MSELA® = RETURN 11770 | F MSEL=33 THEN MSEL=41
" RETURN 11780 | F. MBEL=34 THEN MBEL=44  RETURN 11790 |F MSEL=35 THEN MSEL:59

 RETURN 1418Q%nE 1 N8B 7636, THENoMREL=58 RETURN 11810 | F NMSEL-37 THEN.
MBEL=34 440 RIGRURN 11840 26F: Dasiaire 382 , FHEN WBETafrs (TRETIURN #5680 MVSEL- 38

RETURN ‘HBB@RRE’I'URI\FQZGGO WE t2*€)u=t ﬁazmz&wrm r ealEX It ext 12110 -

~ OPEN "J420 &%: i%f" P57 EGR( 1T TRENTEL &6 1 * NREBTD 12160 1%{30
| NPUT ka0 12.14Q11F1CR\KF1* TQ LEN(ALS), '+ il ;- -

: AS( NGAKEY mmmmm 195 STEPA36 | + LIFR NS NG2KKI) S8EFHEN KK—KK-l 12145 NEXT
K 12150 1R BETRG3S 2 “H—ENINFET@Si’Z’_LZ@‘?LSZIS'SE’PRFI\ﬂ' "TOO MUCH TEXT"

- sTor. 1248 ﬁhgq“f N ARLZATION 12170 -1 1-1 MARGN . JJ=JTOP

" NC1=1 116200MdEDE GRIBAY)YE L TEXT 12175 CLOSE #1 12180 RETURN 12500 REM SAVE

SYI\/BOJ OAT AFBASE 1T5THEN GOTFPRPS> 0 THEN CLOSE #1 12510 OPEN

"o, 5 41 O :FOR M1 TO NDBT 12540 PRI NT

o e S okt i o To o SENT)

D(2, M8 SUAVISEIR(34, Tﬁaﬁ&%) BESYRL) D(7. M) 12570 NEXT M M= |\/2+DN(M
NEXT B%#g%g ?3‘ THEN MSEL:MSEL-I-QG : RE'I‘URN ) o : .

11710 F MSEL=27 THEN MSEL=92 RETURN

11720 IF MSEL=28 “THEN MSEL=47. : .RETURN

"11730 IF MSEL=29 THEN MSEL=42 : RETURN ]

11740 IF MSEL=30 THEN MSEL=43 : RETURN = o S . L T o
11750 IF MSEL=31 THEN MSEL=45 : RETURN. C ' . S TN
11760 IF MSEL=32 THEN MSEL=40 : RETURN - - S ‘ ' .

11770 IF MSEL=33 THEN MSEL=41 : RETURN ) : . _ : S o

11780 IF MSEL=34 THEN MSEL=44 : RETURN"

11790 IF MSEL=35S THEN MSEL=59 : RETURN

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 output

12100 REM read in text - .-

12110 OPEN. "I*, #1,"TEXT" :NC=0 : '

12120 IF EOF(1) THEN CLOSE. #1 : GOTO 12160
12130 INPUT #1, Al$ :KK=0 ’ ' '
12140 FOR K=1 TO LEN(A1S$) : KK—KK+! A$(NC+KK)=MID$(A1$ K.1l
12143 IF LEN(A$(NC+KK)) 0 THEN KK=KK—

- 12145 NEXT K . ' .

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

12155 PRINT "TOO MUCH TEXT" : STOP :

12160 REM TEXT EDITOR INITIALIZATION : . ' .
12170 II=IMARGN : JJ=JTOP : NC1=1 : REM DISPLAY ALL TEXT
12175 CLOSE #1 - . _ -
12180 RETURN

IZSOOREMSAVESYMBOLDATABASE S oy

12505 IF SWTPN <> 0 THEN CLOSE #1
12510 OPEN "O",#1,"SYM.DAT*
12520 PRINT 21, NDBT .
12530 M2=0 :FOR M=1 TO NDBT :
. 12540 PRINT #1, DN(M) DC(M). .
12550 'FOR M1=M2+1 TO M2+DN(M) o
12560 PRINT #1, D(1,M1) D(2,M1).-D(3,M1) D(l,M!) D(s M13 D(&,M1) D(7 Ml)
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)



12590 END 12700 REM RESTART READ I|'N DATA BASE 12710 OPEN ' , #1, " SYM DAT"
12720. | NPUT #1, NDBT 12730 M2=0 : FOR M=1 TO NDBT 12740 INPUT #1 DN(M DC(M -
12750 'FOR ML=M2+1 TO M2+ DN(M - 56- 12760 ILNPUT"

#1,D( 1, M) D(2, ML) ,.D(3, ML), X4, M), D¢PeMt), D(6, ML), D(7, I\/Il) 12770 NEXT.M

. M2 =R+ DN(M - 'NEXT M 12780 CLOSE #1 ‘12790 RETURN 30000 FOR1=1 TO =
NSTRK: PRI NT |, SNO(I), SX(1), SY(1),SL{1),SA(l), SC(I:NEXT | 30010 FOR.I-1 TO
NP PRI NT I12X(¢ )IN ) HhENTW’SUOZG‘ ROR3 |M1D . 00 NSTRKS PRHND LUSITNGD (7, M1 )
"t | IREY | 1 YMSPRHPN @) (F)NBER(M)  SC(I ): NEXT | 30030. FOR M =1 TO
NST : FOR T30 |5R|NTM , M2, D( M2; ML) , DBC( M2, ML) : NEXT M2 : N EXT ML
_57- ‘\KBPENDodo IFok 1 70 avegke: mN'slnﬁsogt,mm ,Boi T, SMIangA NIl , 88( ) : FEXTiTOUS
angl e DAl 300!:%@@ FInTQ SE EXT dg _f or

dobr e by 0L SoRao 20 (TLIH RNA AN Dy AT L S v ghesTe) ATtz scrr
preci si on 3¥oB@Foki ik1STONRBTI CHORDM2-ar @ol £ngRINMRI Gt bNee &) ;DBd0MBIME ) :NEXT M2 :N
preci si on Exmgie sunmation by arc | ength weighti'ng ZDA - doubl & precision
change in angle summation ZL - .doubl e precision length NSP. - nunber of
Points in Stroke, counter NSTRK -. nunber of Strokes XX - maximum X XN -
~moni mum X YX - maximum Y. YN - mininumyY - R -



M; - Pointer to previous Point M2 - (1) mninmum nunber of Points for which
to adjust for 2[err] angle M3 - (2) m ni mum nunber_ of-Points for whi ch to
cal.cul ate chang- in change.in angle NLONG - counter (not used) M- Pointer
to Point .being considered NP - number of Points X - array of X coordi nate Y
- aarray of Y.coordinate DX - change in X DY - change in Y ADX - absol ute
“val ue of DX ADY - absolute value of DY DS - pseudo.arc |ength. ADX + ADY AY
- calibration nmultiplier for vertical -(Y) disestion, -e.g. AY 'O nean . -
coordi nate systemtrue downwar d ADA - BLAG 3V E A0 change in angle DA2 -
previ ous change in angle ASTRT - array fm@arﬁ-n-g angl e of Stroke SzZL>~-; -
" single precision Stroke | ength- SNO - array of nunber of .the 1st' Poi nt fﬁ/
each Stroke LHTS - ghanad t‘Weéh"rPei hetveshyPaiad Byang Bh di spl ay coordinates
used as a measure S'mi ,a‘?fg( ) Ei(gcilge(grgg hs seal'ed to height between
| i nes *AEND. - array cenangl fesgaﬁore es SC - .array of angl e changes
- for eédachs troke AZAZX awioubye ramrgisicnhX meghtiStr eweia8¥on byr aey leﬁgmlaémes;ng
centroi d X coordi nat 03& g%r?gSH%ﬂ?@ ’S\Ws"'&’r“}“ai gt %P:X 'rhg.wellghtlng
. ) R ecision angle ‘summation b i
- coordinate for each Predddid} Glang¥ GrAdhd 852"0 855t nat e
~'for each Stroke SXXzL ardcaylefpreaxsﬂmméﬁgthordl nat e for each Stroke SXN. -
“array of . minirnum X M‘&P f"érP ﬁfstlsﬁk‘é‘eswuntaﬂay of mnimmy
coordinate for each R “5rTAY*YY naxi mum Y coordinate for each
St roke DBUG - debugging sidnagiud or printing | NPUT - string of i nput bytes .to -
be-rejected XP, .YP -¥X npwim%r‘!dl nates. XPA - average 2. Points in. X

direction YPA - averﬁge g“ﬁ@g’lﬁtt% M-L»Yogé Ee¢Li ON XPO - initial X average.on

pan down - o M2 - (1) minimum number of Points for which to adJust for
. : - 27 angle

‘M3 - (2) minimum number of Points for which to calculate chanc

in change in angle - . : h“\ ) .

1NLONG - ‘counter (not used)
M - Pointer to Point being cons;aered
NP - number of Points
4 X - array of X coordinate
Y - array of Y coordinate
~ DX - change in X _
DY -~ change in'Y : '
"ADX - absolute value of DX .
ADY - absolute value of DY
‘DS - pseude arc length ADX + ADY - ' :
AY - calibration multiplier for vertical (Y) direction, e. g.
AY ’ O mean coordinate system true downward
. ADA = runuinq average change in angle
DAZ2 - previous change in angle
"ASTRT - array for starting angle of. Stroke
SZL - single precision Stroke length
SNO -~ array of number ¢f the lst Point for each Stroke
LHTS - height between lines divided by 5 in display coordinates
’ used as a measure _
SL - array of Stroke lengths" sealed to height between l*nes
AEND .- array of angles at end of Strokes :
SC - array of angle changes for eachs troke T : -
. AZA - average angle through Stroke - \¢J
" 8X - 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) cocordinate for each Stroke .-
" - 8XX - 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 Y 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 on pan down Lo :
I - display pixel corresponding to X coordinate input



YPO+ initial Y average on pan down | - dlsplay pi xel corresponding to X

coor di nate i nput - 58 J - display pixel corresponding to Y coordinate
i,nput N'- counter of |nput'P0|nts MM - counter for timng pan up NU -
counter_for timng pan up .~ CLAIMS 1. - A handwritten character

recogﬂltlon app ratus. conprising: a-di'splay screen; hand hel d means for use
by a user to wite or draw a handwitten s%gb ol on or over at |east a '

portion of the. dlsplay screen; digitising neans foridigitising.a

handwri tten symbol ~wribtembyidy poal voidishiruingne Betdbranaits; inmans
coupl,ed to the dlgltlangchans'banmdetémnn ‘the identity.of a handwitten
synbo\h.,' and nmeans coulified cPenteR fgi:_i %mﬁy %‘%n for creating a wi ndow area

in at least 'a portion th@“%fi§p ay area e display screen, in
response to a predeterm ned command, for the entry of at ‘|east two
handwr.itten synbols. 2. Appar atus according to claim1, further

conpri'sing means coupled to the digitising neans and to the display screen
for displaying on the display screen an i magé. of the handwritten synbol as
it iswitten. 3. . - Appar at-us accordlng to claiml1 or 2, wherein t he
wi-ndow area on the dlsplay screen is usable as both: (i) a w ndow area for
entering at least two handwitten synbols during a first tifme period % -
f.ol |l owi ng executi-on of the predet ermi ned ‘conmmand; and (ii) a dlsplay area
for displaying predetermined text during another: tinme period. 4.

Appar atus according to claim1, 2 or 3 mhereln the mnndOM/area IS free of

t ext and ot-her |nfornat|on
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-60 - 5. Appar atus according to any of-clains 1 to 4, wherein said

wi ndow can be.of various sizes and shapes. 6. . - Apparatus according to-
'any ‘of claims 1 to 5, wherein said window can be used to insert graphic.
"irmages as well as handwitten synbols.: 7. Appar at us—aeeetdingt o any:

ofclaims 1 to 6, wherein the display area-@y the dis rther'-~'
‘includes an area configured .as a soft key, V\/nerel n @“Lﬂ%ﬂu cates .

sel ection of any point within the soft key area by and held
means, a predeterm ned conmand i s executed_LgL__ A nmet hod of rece|V|ng
a handwitten character, conprising: using a‘hand held nmeans to wite -or

- draw a handwitten synbol on or over at least a portion-of a di splay - &t/ﬁ
" screen; digitising. the s AghRndyTi tiam charagtep|repognitdon anpIretumt ati ve of |
~the ‘handwritten ugbe]singt0CESSI NY the digitised signals to determ ne the
identity of the handMW|t en synbol ; and creating a window area in at |east
a portion of the displ ayaaﬁi 8¥ 3978eR; spl ay "screen i n"response to .a

“predet ernmi ned command, f @and hR1enidansoforasé sk sk Iaanduntetdzeursvyra)ol s.
Prege o <he handiPFELHTE, ! T o, bEenb e Wb bR bl
screen; - .
: digitising means for digitising a handwritten symbol
: 'written by a user with the hand held means;
' means coupled to the digitising means for determing the -
| identity of a. handwritten symbol; -and . :
' means coupled to the display screen for creating a
- window area 1n at least a portion of the display area on the -

;"i—i_)}i
display screen, in response to a predetermined command, for the
entry of at least two handwritten symbols. '

2. Apparatus according to claim 1, further compr1s1ng means
:coupled to the digitiSing means and to the display screen for
displaying on the display screen an 1mage of the handwritten
| symbol as 1t is written. ’ ’

3..' _ Apparatus according to claim 1 or 2, twherein the windQW'.
-area on the display screen 1s usable as both: . 'j
o (1) a window area for entering at least two- handwritten -
_':symbols during a first time period follow1ng execution of the - _g‘;
o predetermined command and -
' _ (ii) " a display area for displaying predetermined text B
: during.another time period. .

4, Apparatus according to claim 1 2 or 3, wherein the
w1ndow area. is free of text and otner 1nformation.
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"“5.~C : Apparatus according to any of claims 1 to 4, wherein

said. window can be of -various sizes and shapes._

6. Apparatus according to any'of claims 1 to'5 Wherein'

said window can be used to insert graphic 1mages as well as

.handwritten symbols.

7. Apparatus according to any of claims 1 to 6 wherein the

' display area on the display screen further 1nc1udes an area

configured as a soft key, wherein when a user indicates selection '
of ‘any point w1th1n the soft key area by means of the hand held
means, ‘a predetermined command is executed. -

8. A method of receiving a handwritten character,'
comprising '
using a hand held means to write or draw a handwritten
symbol on or over at least a portion of a display screen,
digitiSing the srgnals from the display screen

_representative of the handwritten symbol;

process:ng the digitised signals to determine the

* identity of the handwritten symbol; and

creating a window area in at least a portion of the :
display area on the display screen in response to a predetermined
command, for the entry of at least two handwritten symbols. |

:hLQJ“a:;f' A method according to claim 8, further including
;displaying the image of the handwritten symbol on the screen as
it is written.




