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HANDWRITTEN KEYBo"ARDLESS-ENTR~ COMPUTER SYSTEM 

The present invention relates generally to a keyboardless 

input system to a computer, and when combined with a central 

processing unit, to a keyboardless-entry computer system. 

particularly, the prerent invention relates to an information 

storage, manipulation and transfer device on which text, data, 

computer commands and functions can be entered by writing 

alphanumeric or any other character~ and symbols by hand with a 

penlike stylus on an Input/Output (I/O) screen. ln a preferred 

embodiment the I/0 screen includ~s a transparent touch screen 

incorporated· over a substantially flat output display. ':::he 

p·resent invention in its preferred embodiment is a self-contained 

computer system bu·t can also function as a peripheral to a host 

computer. 

Large amounts of information and sophisticated 

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 
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· entered and applications software manipulated by writing in a 

.normal fashion directly on a flat display. Thus, there· is a 

need to allow the utility of computer technology to be extended 

for use by non-keyboard oriented individuals. There i·s also a 

need for a portable computer system that is lightweight, reli-

able. accura·te, inexpensive and permits use while standing or 

walking. One way to reduce expense and size and increase 

utili.ty is to employ a keyboardless entry system, such as a 

touch screen. However, this type of input device does not 

easily allow accurate detailed input.within a real time 

framework with h~gh resolution in a manner which is familiar 

and natural to the user. • 
Many positioning tecr.nologies can be used to meet the 

req-..iire!':lents of the position sensing input technology. 

~sse~~ially these re;uirements include accuracy, resolution and 

speed. ~he technologies inc~ude: mechanical, electrcs~atic, 

elec~romagnetic, acoustic, optical, and inertial. The desire 

in this system is to have its use as similar as possible to 

writing with pen or' pencil on paper. One problem is proximity 

-- a pen on paper only lea.ves a trail when actually in contact. 

Many of these technologies require an additional "pen down" 

sensor which is awkward to use in many commercial pens. 

Another problem is writing angle -- a pen leaves the same trail 

independent of writing angle. Many of these technologies have. 

the position detector displaced from the pen tip, so p.en anqle 

causes erroneous displacements. Beyond these general problems, 

each technology has numerous advantages and ·disadvantages in 

(1) the pen: size, weigh~. 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 needed (as opposed to pressure transmitted through 

overlaying sheets of paper). 
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A number of self-contained devices for viewing and 

processing large amounts of information are known. Most employ 

optical, magnetic or solid-state electronic storage means to 

store data. Illustrative of this body of art is U.S. Patent 

4,159,417 to Rubincam which discloses a portable electronic 

boqk con!i.qured to provide selective page by page call-up of 

large amounts of digital data and dis~lays it on a flat, 

solid-state screen. The preferred embodiment in the Rubincam 

patent uses. an insertable holographic card,· which may contain 

several hundred pages of text in digital form, as the main 

storage means. R.ubincam's device, howe\•er, does not allow new 

information or text to be entered or manipulated. 
• 

In U.S. Patent ~.016,5~2 to hzure an £lectronic data 

collection sys~e~ is c:sclosed which employs a solid state Ran-

dor:: Access t•:err.ory (Ri:-.?·:~ for i't:s priir.ary rr.e::iory. This pate:1t, 

which discloses a conventional keyboard for data entry, is d:-

rected to a r.anc-held portable cata storage and trans~ission 

system, as well as an LED display and various Input/Outpu~ 

(I/O) connectors. 

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

converting ha~d~riting.into character data through the use of a 

computer sy~tem. The disclosed invention is based on matrix 

pattern matching and does not employ any coincident displ~y 

technology. 

U.S. Patent No. 4.491,960 to Brown shows a handwritten 

symbol recognition system in which an array of image Points, 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·loqic tree 

decision mechanism. 
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U.S. Patent No. 4,262,281 to Buckle et al. discloses 

a handwriting recognition device·. The disclosed embodiment is 

for use with a host computer and does not employ coincident 

display technology. 

U.S. Paten~ No. 4,475,239 to Van Raamsdonk discloses 

a text editing apparatus. The •239 patent calls for the use of 

paper as a medium for the entering of editing functions and 

requires a conventional keyboard for the inputting of text. 

U.S. Patent 4,521,909 to Wang shows a dual level 

pattern recognition system. The system is designed for use 

with an optical instrument. 

• U.S. Patent 4,520,357 to Castleberry et .!!· discloses 

an electroscopic information display and entry system with 

writing stylus. The disclosed embodiment does not claim to 

have the speed or acc~racy to enable handwritten character 

1·eccqni ti on. 

Additional prior art which discloses portable elec-

tronic devices that provide large amounts of. va.·rious types of 

stored information include U.S. Patents 4,218,760 to Levy; 

4,4115,486 to Laine; and 3,932,859 to Kriakides et al. The 

Levy and Kriakides ~ al. patents pertain to electronic dic­

tionaries, while the .Laine patent discloses a programmable 

television reminder system .. None of these devices disclose the 

use of a handwritten input. 

In U.S. Patents 4,071,691, 4,129,747, 4,)98,539, 

4,293,734, 4,302,011, 4,353,552, 4,371,746 and 4,430,917 to 

William Pepper, Jr. various methods or machine-human interfaces 

using finger touch are disclosed. The preferred embodiments in 

each of these inventions lack suf!icient speed and resolution to 

allow handwritten character recognition with a stylus and are 

designed for other purposes. U .. S. Patent 4,318,096 to Pepper 
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teaches the use of a conductive stylus. The '096 patent pertains 

to graphic design and.allows line 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~!.! discloses two methods for 

electronic position sensing through the use of a probe. 

The invention in its various aspects is defined in the 

appended claims to which reference should now be made. 

A preferred embodiment of th.e invention which is 

described in more detail below with ref erenc~ to the drawings 
• 

comprises a unique key~oardless computer system which has ~he 

ability to recognise and display Handwrit~en Symbols and cause the 

computer to display Font Symbols and, if desired, to execute editing 

functions pu~.suant to Editing Symbols, quickly, easily and at 

reasonable cost. 

This pref erred 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 H~nd~ritten Symbols written on the 

panel with the· stylus and convert them to displayed Font Symbols, 

and/or to ~xecute Editing F~nctions with Editing Symbols, 

all with a minimum of technical complexity for the user. Once the 

keyboardless, portable computer is loaded with the desired 

information and applications software, information and software can 

be used ~nd responded to without requiring skills or knowledge 

related to state-of-the-ar~ computers or other data source. The 

ease-of-use of the input technology of the apparatus enhances the 

utility of the computer for keyboard oriented individuals. 

Its portability also allows it to be used in applications and 

settings in which portable keyboard compute.rs are awkward, difficult 

or impossible to use. For example, a multiplicity of 
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blank, fully or partly completed forms may be stored in the 

portable c_omputer memory. In a hospital. "sheets" of patient 

data can be stored in the memory of the portable computer, 

called up by a nurse as the nurse makes rounds and relevant 

data, such as blood pressure, ternpera~ure, etc .• can then be 

entered manually with a stylus. These corrected or expanded 

forms can then be down-loaded into a central computer memory. 

The requirements of the position sensing input tech-

noloqy are accuracy (Point to Point), resolution (absolute 

position) and speed (Points per unit time) to adequately define 

the writ~en Stroke for recoqnitio~ analysis~ For the 

recogni~ion apparatus and methods presen~ly used, as described 

below, the present minimum requirements are: accuracy of 

0.12Snun (0.005 inch), resolution of 0.375mm (0.015 inch) and 

speed of 150 Points per second. . '!his acc\ll"aCy allo,1s a 6mn (1/4") 

high writing line with over 10 raw inp'.lt Poirits ala\g a Stroke of a s:ell 

letter. 'lhe resolutioo provides positicning of the symbol to wit.'1:in two 

pixels oo a prese."'lt display of 640 pixels to 225r.m (9 inches~. 'lhe 

speed permits about 50 raw input Points for a rapidly w~itten 

single letter (1/3 second). 

One embodiment of the present invention comprises a 

transparent·input screen. As the user writes alphanumeric or 

other characters or symbols on the input screen, the character 

is represented as a stream of Points emulating written input 

with pen on paper. Once the discrete alphanumeric and other 

characters or symbols are complete, they are translated into com-

puter text or computer commands that can be displayed on a dis­

play screen at a location that is preferably beneath the area 

on th~ input screen where they were entered. The embodiment 

also comprises a pattern recognition algorithm which allows the 

translation of any written character or .symbol, such as· 

ideographs ahd scientific symbols, into computer text. 
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In a particular, presently 

preferred embodiment, a keyboardless computer is con~ 

fi9Ured as a manipulation and display device comprisinq a trans-. 

parent touch screen and associated electronics placed over an 

80 column by 25 line or larger display screen; a stylus for 

entry of .data; a microprocessor and storage means; artificial 

intelliqence/pattern recognition software and editing soft~are; 

and a battery power system; and other I/O means. 

As used herein. "Handwritten Symbols" are any symbols 

capable of being handwri~ten and having communicative effect. 

By way of example, and not limitation, numbers, letters, 

"J.::anji" (Japanese ide.ograr..s) or other language symbols, editing 

S)T.".!:>ols and enginee:-inq, scientific, architectural a:lCi 

rnathe~atical sy.r.bols a:-e Handwritten Symbols. Other examples 

o! F.and~ritten S~~.bols are free-hand dra~ings or signatures or 

any other such ~~itten information uniquely configured by a 

particular ~ri~er. F.and~ritten Syr..bols may ~lso incl~cie 

Editing Syr..bols (defined below). 

/..s used herein; "Font Symbols" are computer-generated 

symbols ~hich are displayed in a predetermined font format. By 

way 0£ example and not limitation, alphanumeric symbols ma·y be 

Font Symbols and displayed· in numerous font formats. Japanese 

or Chinese "ideograr:ls 11 may also be Font Symbols. as may be 

engineering, scientific. mathematical,· architectural or other 

such characters. Other examples of Font Symbols include any 

form which can be stored and displ~yed by a computer, e.g .• a 

drawing of a car or a house. 

As used herein, an 1'Edi ting 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 Editin~ Function (defined 

below), such as insert test (caret), delete text (horizontal 
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line) delete a letter (short vertical line) or move a margin (long 

verti"cal line), to list a few representative examples. 

"Editing Function" means any computer-generated text 

editing operation, such as by way of example and not limitation, 

in.sert text, delete text, ·move text and substitute text~ Some 

primary Editing Functions are listed towards the end of the 

description below. 

The preferred embodiment of a keyboardless entry computer 

system will now be described that includes a transpa.rent input 

screen that generates positional information when contacted by a 

stylts, and a display screen mounted physically below the input 

screen such that a character that is displayed can be seen below the 

input screen. The ·system includes a computer programmed to 

compile the positional information into S·trokes, to calculate Stroke 

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" to associate sensed input positions with a character or 

symbol. The apparatus can be housed in a portable unit having 

dimensions up to about 400mm by 400mm by 1 OOmm (16" x 1611 x 4 ") and 

a weight of up to about 7 kilograms (15 pounds), with a self­

contained power supply. 

• 
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·Brief Description of.the Drawinas 

The preferred embodiment of the invention will 

be described in more detail by way of example with reference 

to the drawings, in which: 

Fig. l is a schematic system block diagram of 

an embodiment of the present invention; 

Fig. 2 is a perspective view of the housing containing 

the operating elements of the system; 

Fig. 2A is an enlarged portion of Fig. 2, with parts 

removed to show the positional relationship between the touch 

input screen and the display screen. 

Fig. 3 is· a schewatic diaqramrnatic view of the input 

screen, stylus and associated elect~cnics; 

Fig. ~ is an overall schei::atic sysi::em block diagram of 

the ap;:>arat:us of a keybca~dless en~ry computer system according 

to the present invention; 

Fig. 5 is a schematic block diagram depicting the move-

ment of data ~ithin the system ~hen· modified by handwritten char-

acters and cor:i.Tiands; 

Fig. 6 is an overall system block diagram depicting 

the hierarchy of soft~are used to operate the system; 

Fig~ ,7 is a generalized block diagram of the character 

and pattern recognition algorithm. 

Figs. SA and SB-together are a detailed block diagram . 

of the pattern recognition algorithm. 

Fig. 9 is a schematic block diagram of the Stroke 

characterization subroutine. 

Fig. 10 is a to~ plan view of a screen illustrating 

the "initializing" of the database for Handwritten Symbols. 

Figs. llA through 111 are a series of top plan views 

of screens depicting the operation of a text editing system. 
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Figs. 12A through 12G are a series of top pl.an views 

of screens depicting the.operation of a data entry system. 

Fig. 13 -is a generalized block diagram· of the Linus 

Editor~ 

Detailed Description of the Preferred Embodiments: 

With reference now to the "fiqures, wherein like nwner-

als indicate like elements.throughout the several views. and in 

particular with. reference to Fig. 1. an overall block diagram of 

a portable hand,,..ritten. keyboardless entry computer system 10 is 

depicted. The complete computer system is encased in a housing 

12, indicated graphically by the dashed line. and includes a con-

vent.ional, general p~rpose digital microcomputer 14, described 

in greater detail he:-einbelo\o\. Input in!ormation is provided to 

microcomputer 14 b)• stylus 16 "writing'' on \.\ri ting or input 

screen 16. Stylus 16 {Fiq .. 2) !s connected to the computer of, 

sys~ern 10 \.."! 't.h wire l i (Fig. 2). As st.)•lus 16 11wri tes" on 

inp~t screen 18, a plurality of locating signals representative 

of a plurality o! corresponding positional coordinates are 

transmit"t.ed to ir.icrocomputer 14. ~icroco~puter 14 has been 

proqrar..med in accordance with a coir.puter program described 

hereinbelow, to recognize the stream of locating signals and to 

store these signals in a computer memory. The prograramed 

microcomputer 14 also provides a corresponding plurality of 

display signals to a display screen 20. Both input screen 18 

and display screen 20 are described in greater detail 

hereinbelo"". 

Referring nov to Fig. 2, there is shown a perspective 

view of keyboardless computer system 10 embodying the features 

of the present invention. Keyboardless computer system 10 is con­

tained in housing 12, which is a rectanqular enclosed casing 

having a sloped top surface 22 with a multi-line. solid state 
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,display area 24. Input screen 18 is depicted in Fig. 2A as be-

ing positioned over display screen 20. In this example, display 

screen 20 displays a plurality of horizontal lines 25 with the 

following indici"a: 

Na?:\e 
J..cicress 

Hand~ritten entries are made.above each line 25. The distance 

or space between tw~ lines 25, denoted 26, is used by the system 

to normalize all distances, and lines 25 themselves serve as a 

reference axis or base line. 

Below display area 24 on top surface 22 is a ~ey 

input sect.ion 26 cor::p:-is;ed of a plurality of "Softkeys" 28. 

Soft.keys 28 can be p:-og:-a:::;:ned by the operator for any purpose, 

such as to er.t.er co:~~~er cor..rna~ds. Exemplary commands !or 

Soft.keys 2S are "st.ore." "recall," and "delete." In addition. 

Soft.keys 28 can be use:: to S\."itch between different programs er 

between modes (e.g .. oat.a entry n:.ode and edit mode). Ho\.'e".Ter, 

Softkeys 28 !ire optional and are used to supplement the input 

obtained by hand~:-iting the entries. Stylus 16, used for 

"'"riting input data and com.-nands in display_ area 24, also is 

. used to activat.e the selected Softkey 28. An ON-OF~ switch 30 

is positioned on the side of housing 12 adjacent to Softkeys 

28. A data output or peripherai connector 31 is located on the 

upper ~iqht side of housing 12. 

Input screen 18 can be a conventional resistive type 

touch screen in which a voltage is applied to the screen edges 

and a stylus detects the voltage at the touched location. The 

""'ritinq surface is a transparent material, typically glass, 

coated with a thin, uniform, conductive layer (presently, 

vacuum deposited indiuD tin oxide). Vertical bus bars or 

conducting strips (not shown) are used along the two sides to 
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apply the reference voltage to determine the "Xtt coordinates of 

the stylus position and horizontal bus bars or conducting 

strips (not shown) are used atong the bottom and top to apply 

the re.ference voltage to determine the "Y" coor.dinates of the 

stylus position. Jn this er..bociime:r.t, stylus 16 is merely an 

electric probe that,_ t.'hen physically in contact with the 

conductive layer, dete~ts the local voltage at the Point of 

contact, \o:hich \dll vary with. the distance from the conducting 

strips or bus bars. With the origin at the Point of voltage 

application, the X, Y coordinates are inversely proportional to 

the impressed voltage. Stylus 16 must make good :::ontact to 

minimize adding resistance that would lower the ""oltac;:e 

detected, and thus. add ar. erroneous distance increment. ln a 

prese::'tly preferi·ec e:::!:-odime::it:, a soft graphite tip is used. 

The voltage is conducted !re:-:. the pen through a wire, sue~ as 

t.'ire 17 ir. Fig. 2, to an analog to diqital converter for use in 

the cc~putaticns describe~ belo~. The stylus may be a charged 

ttpenit as described ~erein, a lic;ht pen as is well kno..,.n in the. 

art, or any other hand-held de'\·ice \i.'hich can outline Hand-

written Sj'Ii'.bols on a screen. 

An exampl"e of a conventional electrostatic screen is 

disclosed i·n the afore:nentioned 4, ~16, 096 Pepper patent. This 

resistive t}'Pe 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 impressed 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 microcontroller. ·1n 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 

shorting out vertical strips and vice ve·rsa. This technique is 
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used in a commercially available touch screen from Touch 

Technologies of Annapolis, MD. and Elographics of Oak Ridge, 

Tenn. 

Referr~ng now to Fig. 3, an alternate embodiment of a 

low power position ser.sing novel input screen 33 is described 

in greater detai 1. lnpu't screen 33 is also for determining an 

X,Y position on an electrically resistive plate 34. A stylus 

35 containing a voltage source, such as battery 36 or a voltage 

transmitted to stylus 35 from an external source such as the sys-

tern power supply, is used to touch screen 34 and apply a voltage 

at t_he touched position. When the touched position is charged 

by stylus 35 with a positive '\"Ol ~age 1 .. ri th respec;:t to a 

plurality of plate measu~ement Points 37, the voltages at these 

Points will vary wi~h the distance to the pen positio~. such as 

position x1 ,. Y1 , ir.dicated at JS. These voltage~ are 

sequentially measured in the X and Y directions by usir.g 

cor.~entional means, scch as disclosed in the aforementicned 

prior art patents. In Fig. 3 these means are a conventional 

interface/multiplexer 42. /.. conventional Analog-to-Di qi tal 

converter 43 converts the detected '\•oltages into a digital 

signal. A rni~rocontroller 44 receives the digital signal, 
(,. 

performs ~tandard checks to J:..nsure the signal's numerical value 

is "valid" (e .. g·. is within the possible _range of voltages). and 

then converts the voltages to X and Y distances in the manner 

described herein. Microcontroller 44 is conventional, but 

could be replaced by a system computer. Microcontroller 44 

provides a digital signal representative of the X and Y 

distances to measuring Point 38 to an output port 46. Port 46 

can be a conventional RS 232 port. Alternatively, ml.cro-

c6ntroller 44 could translate Point x1 , Y1 to any.other refer­

ence Point, such as a Point on base line 25 (Fig. 2). 
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As long as the:-e is no c~ntact by stylus 35 at p_osi-

tion 38 or any other position on plate 34, no current flows and 

power consumptio~ is minimal. An incident measurement of the 

voltage at the measurement Points may occur by using ramped 

voltage at the positicninq Foint and timing when the measuring 

Foir.t voltage exce~ds a preset back voltage. 

There are various 

options for the input or touch screens 18 and 33: resistive 

plate 34 or its equivalent for screen 18 can be transparent or 

translucent and the position Point can be made. by a .stylus or a 

finger of the user, or a connecting Point of an overlapping 

conductive screen (such as t~e commercially available touch 

s::!·eens f:-or:. Touc!l '.le::J-.nology; .Zmnapclis, I·::;.). inp\:t screens 

le and 33 can be a p!:j•sical solid surface '"'·:.ich is transparent 

o:- transl~cent and can be qlass or plastic such as ~ylar. The 

s~:-face can be ccateci ~ith a cond~ctive/res!sti~e substance 

l!ke inciiurr. tin oxide. Other·p~ysical surfaces can ~se sound 

or electromagnetic radiation transiliission from the tcuched 

pcsition to a refere~::e Poir.t or Points and the distance is 

dete:-lliined by the time delay or phase shift. hlternatively, 

input screens 18 and 33 can use an ethereal or geometric 

surface def!ned by an electromagnetic, optical or sonic field. 

Position detection can be accomplished ~ith electrical 

contact closure by resistive, capacitive or inductive coupling, 

remote sensinq by sonic, electric or magnetic fields or by light 

(UV, IR, or microwave) scanning. 

The advantages·of the low power position sensing input 

arrangement over-other such screens are: 1) it makes 

stand-by power requ~rements minimal; 2) it eliminates 

distortion due to opposing parallel "bus" bars in conventional 

touch screens; and 3) when a ramped voltage is employed, 
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it eliminates the need for an A/D chip which is a major 

cost factor in state-of-the-art touch screen technology. 

The coefficient of friction of the screen 18 is desir-

ably selected to be "rough" enough to offer some resistance to 

tae mo-.-e ... ent o~ stylt:s 16 on the screen. If the screen were too 

smooth, the stylus would slide too easily and would be difficult 

to control. 

·Reference is now made to Fig. 4 which discloses an 

overall system block diagram of the major electronic circuitry 

used in the preferred embodiment of the present invention. 

Microcon:puter 14 includes a microprocessor 50, interconnected 

to a pl~rality of other electronic elements by means of data 

pat!'l 01· b~s 52. J... Reac-Only-l·~e:r.c1·y (ROlq 54 \.:hich is 

proqra~.:;;e~ with the operatin9 and.application programs and a 

batiery po+..·erec ·~a::icio::-. 1:.ccess Me..:ory (RA!>i} 56 is connected for 

bid!recticnal ciata flo~ onto bus 52. Microprocessor 50 may be 

a ~o:iven~ional single-chip e!ght-bi~_or sixteen-bit device 

~hich functions to execute the fixed control programs residing 

ir. RON 54, and !~rther receives con~rol programs from and 

provides con~rol signals to the other electronic eleme~ts via 

bus 52. Microprocessor 50 may be of the type commercially 

designated ·Z80 (manufactured by Zilog Microcomputers of 

Cupertino. California). of a type 8088 device (manufactured by 

Intel Corp. of Santa Clara, California) or any similar or more 

powerful microprocessor. R0l·1 54 may be of the type 256.4 or 

4764, both manufactured·by Texas Instruments of Dallas, Texas. 

The storage capacity of RAM 56 is determined in part by the 

sizes of the application programs, the operating program and 

the database. As discussed below, RAM 56 may be of the static 

SRAM or dynamic DRAM 'Cype. The primary requirements- of RAM 56 

are that it have sufficient storage capacity and that it 

require a minimum of input power. 
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A ba~te~Y 58, such as a lithium battery, provides 

power for making the memory of RAM 56 non-volatile fo~ extended 

periods of time. A battery pack 60 containing the well-known 

rechargeable types of batteries is used to provide the various 

voltage levels required by the other electronic elements of 

rr.icrocomputer 14. 

Alternately, the storage function of RAM 56 may be 

served by a non-volatile device vhich requires no power for main-

taining storage, such as an electronically erasable and repro-

grammable memory (EEPROM), or devices using magnetic bubbles or 

capacitance. : State-of-the-art disk or tape may also be used 

for mass storage. Suitable bubble me~ory devices include types 

illC a!'ld ill4 \.:hich ha\·e storaqe capacities of l rnegabil: and 4 

n:eqabits respectively. (Both are rnan~factcred by In~el Corp.). 

Furthermore, it is pcssible to use a single integrated circuit 

chip which includes rr.!crcprocessor 50, at least part of ROM 5~ 

and at least part o! RJ.J~ 56. 

Also connected.to bus 52 is an E!h RS-232 serial inter-

face 62 ~hich provides a means for inp~tting and outputting data. 

Da-;:.a is pro\·ided to bus 52, (usually ta RAM 56) by interconnect-· 

ing an external data source to RS-232 port 62 directly to the 

microprocessor ~~ and other elements of the_ microcomputer 14. 

Off loading data from RA('; 56 can also be done by microprocessor 
. . . 

50 to ._an external computer. other data gathering device, a mass 

data storage device (e.q. floppy and hard disk drives) or an 

electronic telecommunications system. In like manner data can 

be communicated through port 62 to a· printer (not sho ... ·n) from 

interconnecting bus 52. 

Stylus 16 is used to write on input screen 18 and to 

cause the generation of X·, Y coordinate information by conven-

tional touch screen interface ele_ctronics circuitry. The coor­

dinate information. is communicated via· the bus 52 for control 
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use by system 10. The solid state display 20 consisting of a· 

multi-line display illustratively 80 columns by 25 lines 

is interco~nected to bus 52 through a display interface 66. 

The fundamentai requirements for the display are that it be sub­

s~ar.~ially !lat anc su!ficie:ltly thin !or use in the present 

invention. The display rnay be of the following types: scanning 

types such as a cathode ray tube, projected types such as a 

rear-vie~ projector, light emitting array of Points types 

(e.g .• electroluminescent or plasma discharge) and light 

blocking array of Points types (e.g .• liquid crystal displays, 

solid state PLTZ or ma·gneto-optical) . In addition, . it is 

pre!era~le that the· display be compa~ible with inp~t screen 18 

ir. size. con!igura-:ion and t!·ansparency, and that beth be low 

po~.-er conscrning types. 

The X,Y coordinates are input to 

key~oardless co~puter 14 via ·inp~t screen interface electronics 

64 a:lci com:m.micat.ed ""ia bus 52 to microprocessor 50 which 

executes prog:-arns stored in ROJ·: S' and RJl.M 56. 

The nurr.ber of ?oi~~s (i.e., sets of X,Y coordinates) 

used in ce:ining each Eand~~itten Sy1r.bol and the speed at which 

Points are identified are important for prac~ical utility. It 

is desirable· to use at least abouil 4 Points per millime.tr~ (100 

Points per inch) and at least about 10~ Points per second to 

define Handwritten Syr..bols. It is to be noted that the more 

Points per unit length that are identified, the greater the accw:acy 

of the system in ide~tifying Handwritten Symbols -- however, 

more Points being identified will slow down the speed of 

identification and require more computer memory. Accordingly, 

a balance will have to be achieved, based on the size ·<avail-

. able memory and processing ability) of the computer system and 

the requirement for speed o! response and accuracy. For most· 
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purposes, standards in the range from about 4 Points per nun 

(100 Points ·per inch) and 100 Points per secxnd to about 8 Points 

per nm (200 Points per inch) arii 200 Points per seocnd "!ill be suitable. 

It is also to be noted that.the greater the precision 

of the system in identifying the X,Y coordinates of each Point 

the fe.;er the number of Points needed to be identified per unit length 

and per second to accurately identify Handwritten Symbols. Con­

versely the less the accuracy, the more Points that are needed. 

Point resolution is needed to place Points where 

intended, ~. to write an editing symbol precisely between 

the two characters. Ideally, resolution to a single display 

pixel is desirable. However, operationally, resolution within 

two displayed pi~els is sufficient for a display with 640 

pixels in a 225mm (nine inch) horizontal scanline. 

Whe!'l sw.·:!.tch 30 (Fig. 2) is positioned to. 11 po1.·er on", 

the basic display mode is ac;:th•ated and microcomputer 14 

(Fig. 4) · prograrn::-:eci by the operating syste·m, ca.uses a menu to 

be displayed on display screen 20 -(fig. 1). The menu presents 

'\"arious so!t..-are cp-::ions. A prima:-y software function, 

editing, functions in a manner similar to conventional word 

processing software with the difference being that handwritten 

characters,. symbols and c.ommands ar~ interpreted by the system 

as if they were entered from a conventional keyboard. The 

system is capable of learning the editing symbols used by a 

particular writer for functions such as indent, insert, delete, 

move .and reformat and translates those symbols into digital 

command functions. Optionally, Softkeys 28 (Fig. 2), activated 

by touching those areas on the input screen with stylus 16, 

functi·on like conventional hard function keys on a computer 

keyboard. 

The system is particularly adapted for use 

as an interactive screen editor or word processor. After a 
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writer retrieves a document by (for example) touching the 

displayed name of an existing file with the stylus or by 

writing the name of the file on the screen, all usual editing 

functions can be performed with stylus entry. When the user 

wishes to change a displayed character or symbol, he may simply 

write over the displayed character or symbol and as described 

hereinbelow the pattern recognition algoritlun will translate 

the written entry into computer text. For example, the editing 

software allows text to be eliminated by simply drawing a line 

through it and a conventional caret symbol may be used to 

change the operating mode to the insert mode. In the insert 

mode, display screen 20 provides additional space for entry of 

hand~ritten characte::s or syrr.bols which are inserted in the 

te>:': after ~he ?oir.t whe::e· a ca::et was written in. Text can be 

moved simply, by placi:lq brackets or other user-defined 

deli:i.i ters around a displayed phrase or word and writing a 

caret or other user-de!ined symbol in the a::ea of the text in 

which the user wishes this material to appear. New marqins can 

be set by dra\..·ing ver~ical lines down the side of the displayed 

text wher~ the new margins should appear. 

The basic editor software also allows new documents to 

be created by simply writing Handwritten Symbo~s on the screen. 

All documents can be stored, changed and communicated in the 

manner in which these functions are accomplished on a 

conventional word processing system with the difference that 

these functions·are accomplished with handwritten Editing 

Symbols on the (optional) screen or by touching the Softkeys 

with the stylus. The composite text thus produced and stored 

can be subsequently offloaded through the RS 232 port 62 (Fig. 

4) to another computer, a similar device, an external data 

gathering device or recording device, into a printer or through 

a telecommunications system. 
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Jn addition to these major operating modes, a number 

of ancillary elements and features add to the utility o! the 

system. A conventional alphanumeri~ keyboard (not 

shown) containing a full set of keys can be connected to a con­

ventional keyboard in~er!ace (not shown) to support the entry . 

of alphanumeric characters. hn AC/DC pover connector may also· 

be used in tnose applications when portability is not needed 

and when needed to meet the power requirements of screen 

te~hnoloqies such as gas plasma displays and electroluminescent 

displays. 

·In actual use the keyboardless computer can function 

in any application or environment in which handwritten ir.put 

· tra~s!ated into co~puter text.is useful or necessary. Illustra­

tively, the de;.·ice ca~ !unction as a r.ew generation \.."ord proces-

sor, er !or use in !ields s~ch as sales, nursing, inventory 

co:it:rol, cens:.:s taking, claims adjusting, to name just a few of 

its many uses or as a general learning and 

testing de\·ice in education. Since the pattern recognition 

sof~ware c~n learn and translate into computer text from 

languages ""hich are not made i:p of a small o~ limited set of 

alphanumeric characters (e.g .• Japanese, Korean, and Chinese), 

it has particular utility.for word processing and 

telecommunications in these lanquages. 

In practice, it is particularly 

desirable to use a single computer screen to display any initial 

forms, Font Symbols or other displays to be edited, and to 

create a nearby "'"'•indow" of blank space -where Handwritten 

Symbols are to be written, displayed and identified, and where 

the Font S~ols corresponding to the Handwritten Symbols are 
.. 

to be displayed. In this ~ay, the user can view the text being 

edited and the proposed insert or change without significant 

movement (if any) of the head and eyes. This is .illustrated in 
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·Figs. llA to llD. This feature (proximity on 

one screen of text to be edited and the window into which new 

text is to be handwritten) is very important to the simple. 

rapid, comfortable use of the system. 

In a preferred er..bodiment of this invention, the 

syst.em "learns" the hand"'·ri ting of a particular user prior to 

actual use. For exacple, if using the Roman alphabet, the 

twenty-six letters of the alphabet and the numerals from 0 to 9 

would be inserted into the database. Punctuation symbols, such 

as periods, commas, ·question marks, colons, semi-colons, 

hyphens and the like could also be in~erted. There is 

virtually no limi~ to the Hand~ritten Symbols ""r.ich can be 

recognized and stored in the database. Of course, the computer 

\."ill have to sto:-e a S";Jit.able array of ·Font Symbcls for 

conversicn of tne Hand~ritten Symbols. Different sets cf Font 

Syt:lbols could be createc and.stored in the permanent rne~ory of 

the compl.!ter, as in RO!·: chip 5-4. For exatr.ple, in English 

lanquaqe usage, a chip could contain one (or more) fonts of 

nu~.bers and letters, suitable punctuation symbols and 

appropriate mathematical symbcls. Other chips could have 

stored Font Syr.-.bols for the hrabic, Cyrillic or Greek 

alphabets. Japanese, Chinese or Korean 11 Konji", syrr.bols for use 

by architects or engineers, or chemical syr..bols (~. benzene . 

rings and the like). 

In Fiq. 10~ one of a series of learning screens is 

display~d and the user is prompted to write the numbers 0 

through 4. The computer will attempt to match the written 

numbers with the existing database (if any). If it cannot be 

matched be~ause there is no existing database or because there 

is a poor match with an exis.ting database, the character is 

added to the· database. This learning process continues until 

all of the alphanumeric (or other) chaFacters and symbols to be 
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·used are entered into the database. The system has the capa-

bility of storing multiple Stroke characterization databases 

for systems used by more than one user. The existence of a 

unique Stroke characterization database for each user has the 
-1/ further ad'1:a~ge of t.iaking the \.o"ri ting angle irrelevant. As a 

result, the system is.adaptable to all handwriting styles 

and is usable by right-handed and left-handed persons. One 

fe-ature may desirably be incorporated into the 

apparatus to acconunodate left-handed and right-handed persons. 

This feature is a re~eptacle (not shown) for the stylus 

connector on either side of housing 12, so that the stylus 16 

may be con~ected on the left side for left-handed persons and 

on t:he right side fer right-handed persons. 

Fig. 10 also pro~ices an example of the use of 

"Scftkeys''. In ac~iticn to the input line, a variety of 

Scftkeys appear. Each Softkey corresponds to a function that 

can be per:orr.oed b:,· t!:e syste:n. In order to execute the " . 

fution, the user merely touches the indicated Point with the 

pen. The Sc!tkey will ~hen appear in reverse video and the 

sele:::'t.ed !uncticn is performed. There are numerous advantages 

to Softkeys over traditional function keys. Some of the more 

significant.of these are that the user is no longer required to 

memorize what function key performs what function;_ the need for 

keyboard overlays is eliminated: and different Softkeys can be 

made available (displayed and made operational) at different 

Points withi~ a program. 

Figures llA to lll demonstrates some of the simpli­

fications in word processing made possible through the use of 

this invention. In Fig. llA a standard screen of text is 

displayed. The user of the keyboardless entry system decides . 

that additional inforh.ation needs to be added and draws an 
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. inser"t symbcl (~. care"t) on the screen al: the desired 

position. A data entry "window" then appears. (Fig. llB) • 
. 

The text is written in as Handwritten Symbols (Fig. llC), · 

matched (converted to Font Symbols) (Fig. llD), and then 

inser-.:ed (Fig. llE). The operator reconsiders the addition and 

dra\.·s a horizontal line throuc;h the new material. (Fig. llF). 

It is immediately erased. (Fig. llG). Next, the operator 

decides that a larger right-hand margin would be more 

appropriate for the text. A vertical line is drawn on the 

screen (Fig. llH) and the margin is automatically adjusted 

(Fig. 111). 

h generalized block diagram of the editing process is 

pro\· iced in Fig. 13 a~ti a description of that fiqure appears 

here!nbelc\..·.· 

Fiqcres 12A-12C illustra~e how a blank forrr. may be 

used !or a hospital pa"t:ien"t:. The user of the sys"te~ first 

calls cp the proper cla~k !or: (Fig. 12h). Tnis may be done, 

for exa~ple. by touc~ing an a?propriate Softkey. The area 

~here the inforoa"tion, in this case a pulse observation, is to 

be inser-.:ed is touched with the pen (Fig. 12B). hf"t:er the 

desired location is highliqh-.:ed, a ''window" appears directly 

below the space where the observation is to be recorded (Fig. 

12C). The nurse then touches the pen on the match box which 

appears highli9hted (Fig. 12D). The software then matches the 

·hand~ritten input to the corresponding Font Symbols and 

displayfs the result (Fig. l2E). If there is an accurate 

match. the "insert" block is touched (Fig. l2F), and the new 

observation is added to the patient's records (Fig. 12G). This 

mechanism is clearly applicable to a wide variety of "blank 

forms" in which data is inserted into a.form or corrected. For 

example, it could be used to correct or update financial 

information in a spreadsheet pro~ram. _Othe~ information 
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can be recorded in the same manner. 

The reason for using a black background and white let-

ters for the newly entered Font Symbols is to facilitate 

checkinq the accuracy of the inputted character. Although this 

is.preferable.·i~ is not essential a~d a white backqround and 

black letters is also acceptable. 

The ability to create a window and input data on the 

same screen .and in physical proximity to the text being edited 

o~ space for data to.be input is an important feature o! the 
. . 

apparatus_, for it permits ease arid spe.ed in the use of the . 

apparatus. The user's eye may focus on the space where the 

data will be inser-Ced and the ability to contemporaneously dis-

play Eanch.-:-i tte~ S:,~.bcls a~c the co:-:-esponc:!ing Font Sy;:.!:>ols 

makes it eas;• t.o see e:rcrs. when i:.he syste:n 11 mi sreads" a P.and-

\.."ri"ti:.en Syn-.!;)ol. and the:l correct e?'rors quickly and easily. 

Re!e:-rinq fi:-st to Fiq. 5, the overall opera~icn and 

functioning of the pat~ern recog~ition software will now be 

desc:-ibed. Whe:l the operating syste:r, calls the pattern recogni-

tion program. the program begins in terminal 75 where a number 

of variables and counters are initialized. The software then 
. 

proc~eds to ~ecis~on diamond 76 where the program determines if 

stylus 16 (Fiq. 2} is in contact with input screen 18 (Fig. 

2A). The system provides a 11 pen down" signal, as sho\.:n in 

processing box 78, as well as the X,Y coordinate voltages as 

locating signals, as described above. Microcomputer 14 (Fig.4) 

converts the X,Y coordinate locating signals into Stroke 

characteristi.C?s usil)g programs stored in ROM 54 (Fiq. 4), or a 

separate microcomputer can do the conversion, such as 

microcontroller 44. If a pen down signal is received, the 

software proceeds to processing box 80 where the individual 
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locating signai·s are combined into "Strokes," a Stroke being 

defined as the Point locating signals produced between a "pen 

down" signal and a "pen up" signal . 

. The system then calculates a transform, as described 

below, for each Point, transforming the Point coordinates from 
the Y.,Y cartef?ian coordina~e system to a relatiopal coordina~e 

system. The software next proceeds. to processing box 62. where 
it compares the Stroke with_previously entered Strokes 

accumulated into· a database, and determines if the Stroke is 

represented by a syrrbol in th~ database. If a match is found 
(if the Font Symbol represented by the Strokes is recognized), 

as i~dicat~d in decision diamond 84, microprocessor SO (Fig. 4) 
ca~ses the symbol to be sent ~o display screen 20 (Fig. 4) as 
incicateci in processinq box E6. If a match is not found, 

microprocessor 50 (Fiq. ') causes a message to be displayed, as 
indica~ed in processi:'lg bo:>: es. which. reque.sts further input 

fro~ s~ylus on input screen 18 (Fi9, ~) by either flas~ing a~ 

entry ""r.ich is close to a match or a non-recognition symbol. 

As mentionec abov.e, the soft\.tare compares the Stroke 
characteristics of each Eandwri~ten Symbol to data entries 
pre\•iously sto~ed in a database. In a preferred embodiment. 
the database is arranged into sections of characters or symbols 
by the number of Strokes needed to make the character or 

symbol. Within each section, the entries are randomly arranged 
at first, but af·ter use, as explained herein, the most 

frequently used entries "rise 11 to the top of the database. It 
should be noted that each user will have his or her own 

particular style of wri.ting 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 t)'lis by starting the pen on 
the ~riting tablet at a Point where they wish to place the top 
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·of· the letter, drawing a vertical line downw,ardly to the base 
. ~-. 

1 ine I the.n \."i tpou·t removing the pen from the paper I proceeding 

back up to · the rnidPoint 
I 

of the previously drawn vertical line, 

over to the .. right and down to the base line when the pen is 

picked up !rorn the paper. On the other hand, these same people 

may draw the upper case letter "E" using t\.·o Strokes. They do 

this by d-ra\.:ing ~h~ left hand vertical line and horizontal line 

as is done for the lower case "h", picking the pen up from the 

tablet, and then. drawing the right hand vertical line. · 

Appendix I displays the data of the Stroke data Points for 

thes·e two letters as the data is stored in memory after having 

been generated by an er..bodiment of the present invention. 

/..s shown in Append!~ I, the letter "h" as dra11m at 

cne par~icular t~me by one user has one Stroke (ns = 1) \."ith 20 

Points (np = 20) ar.d x and. }' coordinate characteristics for the 

r.:ir.i:r.~:::, mea:"I ·a:;d rna>:imu:r. nc:-ma!ized Yalues ( 1/80~h of a line 

wic~h) as f~l!o~s: -17 and -6; ·o and 18; and 19 and 60, respec-

tively. The values in the first vertical column are the Point­

to-Point slopes, normalized to 360°/256. The values in the 

second vertical column are the P~int-to-Point average vertical 

positions above the base line, normalized to 1/80 of the line 

width. A t~-pical line width is about lmm (0.04 inches). 

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. 1). is an operating system as 

indicated by box 90. Applications programs shown in boxes 92 

and 94, residing in ·RAJ-1 56 (Fig. 4) and ROM 54 (Fig. 4) can be 

executed by microprocessor 50 (Fig. 4) under control of the 

operating sys.terns. When a Handwritten Character is required or 

is indicated by an interrupt,· handwriting recognition software 

96 is called. A first subroutine, indicated in box 98, encodes 

the X,Y coordinates into Strokes. The characteristics of the 
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~strokes are then du!ined by a subroutine 100 followed by 

co~parisons of the Strokes with a database that has been loaded 

from ROM 54 (Fig. 4) into RAM 56 (~ig. 4). The comparison is 

made by a subroutine 102. When the operating system is in the 

"iea:-ning" ffiOde. the database is updated ~ith the new Stroke 

data and syr..bcls. as i~cicated in box 104. Similarly, a 

previously stored document can be edited by applications 

program 92 by using edit function 94 as called by the operator, 

vho provides the instructions as input using the- subroutines 

9~. 100 and 102 of bandwriting recognition program 92. 
0

Referrin9 now also to Fig. 7. operating system 90 

(Fig. 6) executes the Eandwritten~Character recognition 

scf~..-a:-e S-6 (Fig. 6) :C~· accep'ting as input the X,Y coordinate 

Foin~s. depicted :n be~ 110, of the posi~ion of stylus 16 (Fiq. 

2) on input scr~en lS (!ig. 2) and encodes these Pcints ir.to 

S'trokes as depicted in box 112. The proqra~ then characterizes 

~he S-:::-oJ.:es by so:::e ciescription set. such as consiciering t:he 

length, cur•ature, slope, and position o! the Stroke, as 

de~icted in bo>: 114 .. !r. bo>: 116 the best cor.:.parison is then 

fc~nd of the characterized Stroke or seg-~e~ce of Strokes with . 

"those in the database. If a sufficiently close match is found, 

-the character is identified in box 118 and the database entry 

is swapped with the en~ry above it as shown in box 120. In 

this way, the most frequently identified characters will "rise" 

to the top of the database and the overall system performance, 

as measured in time to find a match, will be increased. If a 

match is not found. the user can add to the bottom of the 

~atabase, as indicated in box 122 • 

. With reference now to Figs. 8 and 9, a flowchart of 

the computer program to recognize a particular-Stroke sequence 

is set forth. The cor.:puter program begins in-terminal 150 and 

proceeds to process the X,Y voltages from processing box 152, 
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'the voltages ha"·ing been converted to a digital signal. The 

program then proceeds to decision box 154 where the program 

deterrt:ines whether the pen or stylus 16 ( Fi·g. 2) is out of 

conta~t with input screen 18. This determination is made by 

both t.he X voltage and the Y \"cl tage being zero. If the 

program de~e=~ines that the pen is up, then the·s~roke is 

determined as having been completed and·the program branches to 

decision box 156. In decision box 156, the program determines 

\o."hether there are less t~an three P~ints in the Stroke and if 

so the program branches to decision box 158. In decision box 

158, the program de~er~ines ~hether there are zero Points in 

the St:-o};e. I! the::e are zero Points in the Stroke, then the 

prc~=a~ loops &ack tc ~~e be;inuing of processing box 152 where 

a~o~~er set of rcin~s is reac. If the Point counter (incre-

mer.tee in p=ocess!nq bcx 16~) indicates that there are more 

than ze=o ?c!~~s. ~~e ~roqra~ b=anches to processi~q box 172. 

In p=c=~~sing box 172 t~e St=oke is identified as a d~t and its 

height abo\·e the base line (F.;..BL) is calculated in processing 

box 173. F::o~ prccessir.g bcx li3 the program proceeds to 

precessing bcx 171. 

Eowever, if the pen down siqnal Ls received, the pro-

gram branches to processing box 160 where the voltaqes are 

scaled to determine the. coordinate Point using the following 

formulas: 

X = a1v1 + b 1 

y = a2\"2 + b2. 

The constants a 1 and b 1 
are scal~ng parameters that are deter­

mined from calibrating the input surface of the particular dis­

play. 
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Once the voltages are scaled, the program proceeds to 

decision diamond 162-~here the program determines whether it is 

an erroneous Point. This is done by coffiparing the distance 

between Poi~ts and eliminating a Point if the distance is too 

great (greater than 2.5nrn ar 0.10 inches is presently used). On the 

other hand, a Point is also eliminated if the Points are too 

close together. Points are presently thinned out if they are 

within about 0.4mm (0.015 inches). 

The comparison problem that exists for the first 

Point is resolved by determining if a Point is the first Point 

after a pen is down and then that Point is used only to check 

the ne>:t Point "''hi°ch is accepted, assuming that that Point is 

wi ti:.in the n:axir:;ur.:. c.:. stance of 2. Srnm (_O. l 0 inches) • 

If the cist:a:!ce between Fcin~s is ce~errnineo as being 

ou~side the t~o c:ite:ia, ~he program drops the Point and 

branches back to the top of ~rocessin~box 152 to read another 

pair of coordinate Fci:!t vol ta·9es. 

On the other hand, if the Points fall wit~in the cri-

ter-ia, the program cc::~inues to processing box 164 ,.·here a 

Point co-unter is increr.e:'lted to keep track of the nul:lber of 

Points. This number is used in decision diamond 156, as 

mentioned hereinabcve. The program then continues to 

processing box 166 where the Points are smoothed according to 

any one of a number of formulae. Smoothing is used to minimize 

noise from digitization, from erratic hand motion and from 

electronic noise. The simplest smoothing technique is a 

multiple Point average which results in calculating new Points 

(x.'y.') as follows: 
J J 
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= 

ni 
I xi/(n2 - n1 + l) 

i=n1 

And si~ilarly for yj'. s~oot.hed over Points n 1 - n2 . 

Another sireple met.hod is called the running weighted 

average rnethod and utilizes the following formula: 

= a xj + (l - a) x.' 
J - l 

Alpha is a weighting constant that is usually positive (and 

less than one) and has been used at 0.25. The summations have 

bee~ take~ with r.2 ~inus r.
1 

e~Jal to one. A third method 

im·olves \.."hat. is called a spline fit wherein t.he follo\..·ing for-

ntu: a :is U!!ed: 

hny of the fcregoing met.hoes can be applied either 

be!cre or aft.er filtering. The filterin9 is done so as to · 

red~ce the nur.ber of i~put. Points and to· space data so that 

difference and/or anqle calculations can be rnade ~ithin 

acceptable random error bounds. h simple process of thinning a 

seq-Jenee of Points by excluding the acceptance of subsequent 

Points within a set distance of the previously accepted Points 

has been found to be a~ effective filter. · 

Fr9m processing box 166, the pro~ram proceeds to 

processing ~ox 168 where the Point is stored in an array that 

is incremented for each new Point 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 
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. signal. This sequence of Points is called a Stroke. From 

processing box 166, the program loops back to the top of 

processinq box 152 ~here another Point is obtained until a pen 

up signal ends the Stroke. 

In decision dia~ond ~56, a determination was made as 

to ~hether there ~ere less than three Foints in a St~oke. By 

definition, if there are three or more Points in a Stroke, the 

Stroke is a line and not a dot. If there are three or more 

Points in the Stroke, the program bra~ches to subroutine box 

170. In subroutine box 170, discussed in qreater detail 

hereinbelow ~ith respect to Fig. 9, the Stroke is characterized 

as to its slope and base line heig~t. 

As can be seen from the foreqcinq, the segmentation 

o! ~he strearr. o! cc~~cina~e Points into a Stroke is based 

pri:r.arily O:l 't.he ceterr.dr.ing \\he:i st}•lus 16 is "up" or net in 

con-:.act wit?'l the sc:-!ace of input: screen 18. Alte·rnatively, a 

stream o! Pc!nt:s ca~ be segme~te~ to form Strokes on the basis 

of other considerations. For example they can be segmented 

based upon changes in a locally calcclated curvature or upon a 

large local cur"·atu:-e. Local curvature is cal cu lated by the· 

cha:lqe in distance along the input coordinates divided into the 

change in slope. ·Tr.is produces r.adius of cun.•ature. When the 

radius of curvature changes rapidly with respect to distance 

along the input coordinates, or if the radius is too small, 

then a segmentation Stroke is assumed to end, and a new Stroke 

bequn. Further segment~tion techniques can look at the rela­

tive maximum and minimum in one or both coordinates and/or the 

curve crossings in the coordinates. However, these latter two 

method.s have been determined to be less effective. 

Characterizing a Stroke reduces the sequence of 

coordinates defining the Stroke or segment to a set of char-· 

acteristics that are unique. generalized arid minimal. Unique-
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ness refers to ~oth factors that the same characteristics are 

generated ~y the same coordinates and that the characteristics 

are sufficient to regenerate an approximation to the original 

coordinate sequence. The term "generalized" is used to mean 

that t!ie characteriza-::ion is im·ariant under such 

transformations so that the symbols are invariant: (e.g., 

translation and scaling or stretching or small ·tilt). The 

scaling of all distances is accomplished by taking a_ ratio of 

the distance to a ~riting er.try line width. 

The minimal set of segment characteristics have the 

follo~inq features: 

(1) Stroke position: one or more o~ centroid/average, 

re:a~ive to the ~riting e~t~y line, tc pre~ious S~ro~es, o:- to 

( 2) S~roke shape· is cnaracterizeo by one or more o! 

a~erage s!cpe, cha~ge in slcpe (~hich is a ~eas~re o! average 

cu:-•·a~~re) a~c.'or a change in ccn·ature, by sequence of slopes 

o·.-e~· s;eci!ic le:igtl:' segme~ts c:.- over fractional lengths, or by 

a grcss description of linear direction or circular completion 

and ope~ing direction; 

(~) And Stroke length as characterized by distance 

along the"curve and/or the extent extremum along the coordinate 

syst:e::. 

I.n one e1r.bodiment of the present invention, position­

ing by centroid, extent extremurn, and starting and ending 

coordinat:es have been successfully used. The Stroke shape is 

encoded as. a sequence of slopes and vertical positions 

(relative to Stroke centroid). The Stroke length can be 

approximated by the number·of filtered Points. Alternatively, 
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'the average curvature can b~ encoded in total slope change 

(along with length). change in starting to ending slope or 

fitting the slope angle versus length curve ·for rate of change 

of slope angle. Additional characteristics that could be used 

include loca~ion of c~ordinate relative extrema, curve 

crossing, cu!:ps, and Stroke direction. /.r particular method 

used to deter~ine the unique characteristics is set forth 

be!O\.".. 

l. The numerical values of ~he Criteria for each 

Stroke of the Hand~ritten Sy;:-.bol.are determined.' 

2. The database values for each stroke of the 

pre~iously learned Hand~ritte~ Symbol is determined and sub-

tra:::.ted from the ne· • ..iy deterrr.ine~ ,·alues respectively. 

3. The a~scl~te values of each difference are 

scalec, ~o ~ake.eac~ c! the five measure~en~s reasonably 

eq~ivalent to -:he c~hers s~ch a~ len~t~s scaled.to heig~t 

bet'-·een lines. 

4. The five·thus-de~er~ined values are added. 

5. J.. p:.·ecetern.ined threshold is used as "goo.C.ness" 

tes-:. ·of· recognition -- too high a value and Font Symbols are 

infrequently recognized and too lo~ a value causes Fon~ Sy.;.bcls 

to be misidentified. 7hresholcs of approximately l,000 are 

used initially and then s~itched to appro~imately 100 for 

impro\'.ed recogni-cion. If the threshold is exceeded, the 

comparison is discarded and an error message is created and 

displayed. 

6. The database is searche·d to find a numerical 

minimum difference. If the minimum difference is below ~~e 

accep~able threshold for recognition, the corresponding Font 

Symbol is displayed on the screen or· the command is performed, 

as the case may be. 

··;:; 

' 
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lt has also been found that the preferred classifica-

tion of a Stroke is a continuous one, rather than one that is 
.. 

qrossly discrete. For example. determining a slope by angle in 

256 di·rections rather than in 8 is desirable.· Other non-

continuous classifications can include bars/arches/hooks. 

nu~.:,er and closure of cusps or horizontal or vertical Strokes. 

From subroutine 170, the program proceeds to pro-

cessing box 171 where both an individual Stroke and one or ~ore 

preceding Strokes are co~pared ~ith a database entry that is 

stored in RhM 56 (Fig. 4). 

This comparison initially begins with three eliminat­

ing questions_tha~ are asked by the progra~ in decision dia-

-rnonds 17~, 176, and 176. In·each case, if· the database entry 

is elih-inated, the prog~a= p~o~eeds to a processing box 180 

where of ~he next da~a entry is received and from 

which the proqra=. locps bac~ to the top of processing box 171. 

In decision diaDond l?~, the !irst eliminator is asked by 

seeking if the number o! Strokes are different. If the number 

of S~rokes are the same, the program proceeds to decision 

diacond 176 ~here the average Height Above Base Line (HABL) is 

calculated and corr.pared ~ith the P.>.BL of the data entry. The 

entry is ~lioinated if the difference in the average HABL's is 

greater than one-half the height of the entry line. From a 

negative determination in decision diamond 176, the program 

proceeds to decision diamond 178 where the number of P6ints per 

Stroke are compared and the database entry is eliminated if the 

difference in number of Points is greater than ten. This 

determination varies from that made in decision diamond 174 

because it is concer·ned only ~i th the number of Points for each 

Stroke·. However. in decision diamond 174, certain letters. 

such as the capital letters "E" and 11 A11
, have more than one 

Stroke per letter. 
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Jf a eata entry is not eliminated by decision diamond 

178, then the program proceeds to processing box 182 where the 

program ca1culates a gauge to be used to determine the closeness 

of the match between the selected entry in the d~tabase and 

the c!:-awn Stroke. A presently preferred gauge is the sum of 

the al:>soh:te val_ues of the dif!erences between the Stroke 

values and the database e~try values of: 

a) distances or lengths in units of ~/80th of the 

line heiqht (e.g., space 26, Fig. 2); and 

b) the slopes in units of l/256th of 360° over all 

the Points along the diagonal of the comparison 

matrix. 

Al terna~i"l.·ely, D:::•narnic Froc;!"a:r.ir.!nq Techniques can be used to 

optir.'.iZe the co::::.:>a:-·ison usinc; c!f-diaqo:.al ele::ients as ~ell. 

·Fro:n proces=:.ing box 1S2, the program proceeds to deci-

sion diaD~r.d 165 ~here a match is determined. In actuality. a 

rnatc~ is deteru.ine~ by tne a??lication of an arbitra:-y gauge 

(rnaxirnum allowable variance), which is the sumo! absolute 

values of the di!!erences between the entered Stroke 

characteri:a~ion and that of the stored database e~~ry. In 

processing box iS3, the lo~er of the prese~t gauge and the 

pre\•ious lo"'"er gauge is sa\·ed as the· best mat.ch. '!he pro9ran: 

then goes to decision diamond 184 where a determination is made 

whether the present entry is the last database entry. If it is 

not. the proqram branches to processing box 180 where the next 

entry is selected. If it is the last entry. the program 

proceeds to decision·diamond 185 where a determination of a 

match is made on the basis of the gauge being belo"'" a 

predetermined threshold. This threshold "is set by the user 

based on experience with the system. 

If no match is obtained, the program branches to 

decision diamond 188 where a determination is made whether all 
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strokes have been c~ecked. If the last Stroke has been 

checked, then the present S~roke is compared in sequence with ·a 

pre~ious Stroke to all t~o Stroke entries. As in the com­

parison ~ith all one Stroke dictionary entries, the best fit 

co~?arison for all e~tered Strokes is the recognized symbol or 

sequence o! symbols. 

However, if· the last Stroke has been read and there 

still is not a match, then the program proceeds to processing 

box 190 where a question is displayed on display screen 20 ask-

ing the user if a ne~ Font ·symbol should be added tQ the 

database •. The user responds and that response is used in deci-

sion diamonc 192." Eithe::.- the Stroke sequence is added to the 

dao:a:ase in processi:-.g be>:' le:.; and the prograr:. bra:lches back to 

the -:cp of p::.-ocess.:.~;: l::c>: 152, or the prog::.-a:r. b::.-anches ir.-.r.;e-

d!ately to the top o! processing box 152. 

0~ the O':he::.- hand~ if a match is determined in deci-

sio~ cia~ond lEc, the p::.-o;ra=. b::.-anches to processing box 195 

~here the prog::.-am sh~!fles the database by interchanging the 

ser!al locatio~ o! t~e matched e~try ~ith the entry above it. 

The pro;ram the:i proceeds to processing bo>~ 195 where the 

pro9ran: zeros the Point counter and the increment counter. The 

pro9ra~ next proceeds to processing box 198 ~here the matched 

and characterized Stroke or Strokes a~e displayed by the com­

puter as the identified Font Symbol. This display is located 

at the position in which the entry was made on input screen 18 

(Fiq. _2). 

from processing box ·198,. the program proceeds to 

pro.cessin_q b~x 200 \.'here the program can act on any commands 

Whic~ it has interpreted. An alter.native characterization of 

the Stroke uses the Points themselves rather than the length, 

scope, curvature ·and position. 
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With reference now to Fi~. 9, this Stroke characteriza-

tion is depicted in greater detail. Stroke characterization 

subroutine 17'0 essentially performs a mathematical transforma­

tion of each foint on a Point-by-Point basis to transform the 

Points from an X,Y Cartesian coordinate system to one in which 

the ccordinat.es 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 proces.sing box 220 and then calculates the height of 

each Point above the base line in processing box 222. The slope 

and Er.BL of each Feint. are then normalized respective·iy to 

li256th of 2 Pi a~d tc 1/S3~n of the ~!dth of the e:ltry line in 

precessing be~ 224. Frc~ processing box 224, the system pro~ 

ceecs to processi~g bo;; 226 '-"he:-e the calculated r.ormalized 

values for eac!l Foi~-: are stored in an addressable array. T:!.ie 

sul:'!·c~-::ine t.!len ret.crr.s 'tc t.he ~1·09ra::; through tertt.inal 228. 

When the co=pa:-ison.is ~ade be~weer. each Stroke and 

the sto:-ed \•a!ues, the co:::pariso:l is rr.acle by the normalized 

P~int.·slope a:ld Point height above base line. As mentioned 
' 

above, a match is dei:err.:ined by an arbitrary gauge which is· the 

sum of absolute values o! the differences between the written 

Stroke and the stored or dictionary Stroke. The system .learns 

by adding new S~rokes ~o the dictionary databa~e. Once the 

database fills up, those Font Syr.-.bols that are infrequently 

used are replaced by ne~ entries. 

In a working el:lbodiment of the present invention, the 

algorithm successfully identified upper and lower case letters 

and numbers when vritten discretely from one another. For 

Hand~ritten Symbols that are written such that they a~e 

continuous. direct extrapolation would require searching a 

database sequentially for one, two, three, etc. Stroke symbols 
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and looking for the best fit. Upon identification of a Stroke 

fit, a ''new" letter is tenatively recogniz.ed, except that the 

next few Strokes are.analyzed to check if they change the 

pre~ious symbol for a better fit. For example, two Strokes 

tha't have been identified as "ones" \.°ould be combined and 

changed to the capital letter "H11 once a cross bar was 

identified. 

The sys~em design de~onstrated by Figs. 7 to 9 could 

easily be coded by one "ith ordinary skill in the art of 

computer programming into almost any computer langUage. The 

source code listings for one application program utilizing the 

disclosed inve~~ion is included as hppendix II. The soft~are 

!n Appenc!x II is "r!~~en in ~!crosoft Basic, a cor..r.oon computer 

la::quaqe a\•ailabie !or ,;irt;.:ally all microcompcters and 

O;:-era.t.!ng Sl'S'te!':is. The pro<;:.-ar:t is a corr.ple'te text eCi 'ting 

de=.o~s~ra~ion, ~hich shows the improvements that can be 

made upon traditional word processing systems. 

Program lines 2&00 to 4000 contain the character 

recognition subroutine \.•hi ch includes the soft\i."are code 

necess~ry to get X and Y coordinates. This section of the 

program c~~responds to Fig. 8. 

P~ogram lines 2&00 to 2699 make up a subroutine 

designed to obtain the X and Y coordinates of a given Point. 

This code corresponds to boxes 152, 15~, 160, 162, 164, 16& and 

166 of Fig. 8 . 

. Program lines 3000 to 3339 constitute a Point and 

Stroke analysis and ch•racterization routine embodying boxes 

156, lSB, 170, 172 and 173 of Fig. a. 
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Progra~ lines 3700 to 3790 make up a subroutine 

designed to compare the analyzed Strokes to a Stroke database. 

These proqram lines embody boxes 171 to 184 of Fig. 8'. 

Program lines 3810 to 3980 make.up a subroutine which 

is designed to learn a ne~ character .. This code e~odies boxes 

185, 186, 190, 192 and 194 o! Fig. 8. 

Program lines 3060 to 3273 make up a subroutine 

designed for Stroke characterization purposes. This section of 

the code ·corresponds to Fig-: 9. 

Program lines 3060 to 3095 are used to calculate 

Point-to-Point slopes and e~~ody box 220. 

Froqrarn lines 3056, 3241 and 3262 are used to 

calculate a height above baseline (E~BL) and co~respo~d to box 

222 of Fiq. 9. . 
Frog=a~s !ines 3253, 3~70-3273 are used to r.c=malize 

the Point heig~t ar.c s!ope a~c c~rrespond tc box 22~ of Fiq. 9. 

Fro;=a~ lir.e 3253 is used to store the height above 

baseline and e~.bodies box 226 c! Fiq. 9. 

~~e !orego!nq progra~ can be stored in the memory of 

a rnicroco~p~ter of microprocessor w!th a requireme~~ of 

approximately 25~ of machine ~e~ory, so that it can be seen 

that the us~ of the prograrr. does not use up a lot of expensive 

memory and is relatively fast in executing the program's 

operation. If the program is ,,.rftten in a language o"ther than 

Basic; requiring less memory, such as assembly language, the 

size of the program can be made smaller. 

Boxes· 195 to 200 of Fig. 8 appear in logical places 

throughout the code. 

A dictionary of the variables of the relevant code 

section is included as Appendix III. 

With reference now to Fig .. 13, a flo~chart for the 

editing software ("Editor") demonstrated by Figs. llA to 111 
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. and described above is depicted. Once the Editor is loaded 

into the system (boK 229), control of the screen is returned to 

the system'. The system then proceeds in the normal manner 

described above to acquire Points and display them (box 230). 

con"'ert the Points into Strokes (box 231), characterize each 

Stroke (box 232). a:ic atte~pt to match the Stroke or Strokes 

with the database (box 233). In processing box 234, the system 

sends each Handw:-i tte:i Symbol to the Edi·tor to interpret and 

execute a command if necessary. At decision diamond 235. the 

Editor determines whether the Handwritten Symbol is an Editing 

Syr.-.bol or a Font Sy~~ol. If the character is determined to be 

an Editin9 Syir.bol, the Editor proceeds to processing box 236 

~he~e it det:er~ines ~~ic~ Editin~ S}0.1~01 has been entered and 

executes the Editi~g :~;.ction. If the character is dete:-~ined 

n~t ~o be an EC!t!n; S~T.".bcl, then the alphanumeric character 

ccri"esponding "to the ha~ch:i·itten er.try is displayeci at pro­

cessi~g bo~ 237. · !~.a~ alte:-na~e co~:i9urat!on of the £ditc~. 

For.t. Sy:::bols "';.11 onlr be accep~ed "·hen the Editor is in the 

"Insert Kode." T!':.is s-:.i·uctu:-e ir.sures t.hat ea-ch Font Symbol is 

ve::.·i·~:.ed before bei:r.; added to a docurne:-lt. 

The Editor uses a variety of symbols designed to ·make 

editing on the syste~ sirr.ilar to, but ~uch more efficient than, 

traditional editing ~ith pencil and paper. These primary 

e~iting functions include, but are not limited .to: 

DELETE symbol - " " A horizontal line drawn 

through a character or characters. The Editor will remove ~~e 

underlying characters and reformat. the text. 

AD.JUST M.Z\RCINS symbol - 11 i" A vertical line longer 

then the height oi one line on the display. The Editor will 

adjust the margin to the indicated position and reformat the 

text. 
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INSERT symbol 11
/,

11 A caret dra1.m at the Point where 
text is to be added. The Editor displays an input writing line 
(Fiq. ll.8) and when input is recognized inserts it into the 

text. 

r.:.:..l\J.: TEXT syr-..;,cls - "<" anci II}" A less tha!l and 
qrea~er than symbol dra~"'n at the beginning and end of a block 
of text. The marked text is displayed in reverse video and 
then special block !unctions can be performed. 

DELETE 111.~RKED TEXT - A delete syir.bol drawn within 
marked text will erase the marked text and reformat. 

l•lOVE 1'-1ARKED TEXT An inse:.-t syir.bol dra~n anywhere 
witl:in the text moves the marked text to the indicated 
pos!~io!"l, deletes it !re~ its o:.-igifnal posi~ion and re!ormats 
the 'te.>:t • 

~- ... ·-..&. ~ ~ • - h~ ir.sert syr..bol dra~n within 
the JkE.'::-ke~ text d!splays an· i~p~'t line anti replaces the rna:.-keci 
tex't ~ith the inputted text. 

The Editing Sy~.bols desc:-ibed above can be changed to 
the pa:.-t!cular Editing Syr..bc::..s prefer:-ed by each user, the:.-eby 
C\!stc:=.i:t!ng t.he Edi -:or a!"ld J=':"e\•enting new users frono having to 
lea::n· un!arr.i liar Edi ting Syr..bols .· 

F~rther modificatio~s anc enhancements to the present 
system will be apparent to those skilled in the art. For 
exa~ple. the common characteris~ics of each Font Symbol could 
be extracted and organized into a synthetic symbol. The 
synthetic S}T.".bol's characteristics could then be exaggerated to· 
~axi~ize their variance !rom all other synthetic symbols. This 
~ould create a very compact, optimal database. On the other 
hand, as an example, a database created by the described 
Preferred err.bodiment of the im•ention usually results in two to 
th:-ee di!ferent characterizations for each symbol. 
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The system has numerous useful applications, almost without 

limitation. The most obvious applications are text editing and 

filling out and modifying forms. Some of the many other 

applications that may not come to mind as readily are writing in 

languages utilizing large numbers of symbols like Japanese or 

Chinese, writing in Aral>ic and similar languages made up of a 

· limited numbe~ of complex symbols; writing chemical equations, 

including those involving organic compounds; writing music. (a 

"window" with five parallel lines can be provided for musical 

applications); writing.symbols and codes for graphi~ manipulation 

of data, incl~ding the transfer of graphic data to a spreadsheet; in 

education, as. where predetermined questions are presented on the 

. scree"ns and the ans~ers written in long-hand; as in teaching 

mathematics, as when numbers are manually inserted in equations and 

the equation analyzed to determine the result using those numbers; 

in CAD/CAM applications involving symbols, geometric shapes and the· 

like. 

We have described a particular pref erred embodiment of a 

k.eyboardless computer on which usual computer functions are 

performed by writing in a normal manner with.a pen-like stylus on an 

input s_creen placed directly.over a flat display. The keyboardless 

·····computer illustrated is ideally configured for use by non-keyboard 

: ::~}.~dented in4ividuals, by keyboard individuals for vhom the utility 

;~~:~:··of the compute.r is enhanced, and in various settings and 

'..>'.'·,_applications in which keyboard entry is awkward or impossible. 

; ff;{ Computer-based information and application software can be loaded 
":·.·.l'!.,J..~.-:~ .;" . ·~. . . 

'"';~\~{into ·a port:able device for later viewing, manipulation of text and 

::~:'t?d_ata, and adding new text and data in a normal handwriting mode • 

. ·~{:(_Thereaft·er the user may transmit this computer text to another 
=·:.:.-:~ri~i:.:.:-·. · 
;;;; \~~---puter • a similar device, an external electronic storage device, a 

-,!d copy printer, or through a telecommunications system. The 

-;~::;:~~ter is .~apable .of recognising Handwritten Symbols with a high 

.··ej~t,ee Of accuracy and of "learning" individual styles of 

~•r · · 
·t~-i~ing. The data and commands can be input with ·the aid of a 

'ius. · 
~- .. ··~ . 
.. ~ .. i'"··· ... 
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Although the invention has been described in terms of a 
selected preferred embodiment encompassing the apparatus and methods 
aspects of a ic.eyboardless computer system, the invention should _not 
be deemed limited thereto, since other embodiments and modifications 
will readily occur to one skilled in the art. 

-· 
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APPENDIX I 
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26 
19 
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-3 

•-9 
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-3 

3 
7 
5 

-3 
-11 
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-64, -4 
-89, -11 
-72,· -1.7 -so, -24 
-69. -30 -so, -36 
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-80, 16 
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-64, -31 
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APPENlilX J! 

·SERIES COPY RIGHT: LINUS TECHNOLOGIES INCORPOR>.TED, RESTON, VA., 7 /30/85 
NT A-Y : REM all integers except z 
X(.2000J.YC2000J,Dl9, 8001,DNIJOOl.DCCJOOl.SXI 8{11.SYI 801.SLI 801,SCt 801 
J SXX( 80),SXNl 801.SYXl 801,SYNl 801,SNOl801.MTITL$1201,1'.$11SOOl.LLIHJ. 

.• :sLETC 80") ,DBCI 9, 10 I ,>.STRTI 80 I ,AE~Dl 80 I . 
FRECOJ . 
•z SERIES COPYRIGHT: LINUS TECHNOLOGIES INCORPOR>.TED, RESTON, VA., 7/JQ 

•S : IMARGX=62 : JTOP=l : JBTH=lS : JMENU=160 :CR$=•A• 
•0& LHT=16 :SXT1'=4: .JTX=O: ACPT=lOOO 

•LHT\4 :LHT3=LHT\l :LHTS=LHT\S :LHT2=LHT\2 
•PLEASE INPUT PEN SWITCH ... - I TO RERUN , 0 TO RUN, 1 TO RUN & STORE• : IN 

N· .. 
WTPN > -1 THEN GOSUB 10700 :REM TOUCH TECH SCREEN IN ASCII @ 9600 

•PLEASE INPUT DEBUG ••• -5 TO S •: INPUT DBUG 
·•PLEASE INPUT ACCEPTANCE CRITERIA ... 10 TO 1000 •: INPUT 1.CPT 
•PLEASE INPUT EDIT/LEARN SWITCH •.. 1 TO EDIT•: INPUT EDLN 
•PLEASE INPUT KEYBOARD SWITCH ..• O FOR XEYS. 1 FOR MENU•: INPUT KYBD 
•PLJ;ASE INPUT RESTART SWITCH .•• 1 TO RESTART WITH STORED ?1\TA BASE•:. INP 

··.a~ sIF SWTPN•-1 THEN IFAVE=O :REM PRINT ·PLEASE INPUT AVERAGING SWITCH .. 
:•,.:AVERAGE, 2 TO AVER>.GE INPUT•: IN·PUT IFAVE 

OFF iSCREEN 2 :CLS 
. • 1 THEN GOSUB 12700 

.. • 1 THEN GOSUB l 21 00 : REM READ IN TEXT 
-~ 1 THEN GOSUB 600 : REM PRINT TEXT 

. (( ~ 1 THEN GOSUB 7200 
W'J'PN • -1 THEN GOSUB 7000 

<> 1 ~EN GOSUB 6100 
_-: ~> 1 THEN GOSUB 12500 

EDIT: 
P~-~-.;· 
. If· ~ -1 THEH GOSUB . 7 1 O O ELSE GOSUB 

o.o:::~ '·· 
, .. ~-~:•1 THEN GOSUB 7300 

2600 :REM TOUCH TECH SCREEN IN 1.SC 

UCOC.JNIZE SYMBOLS 
P~)iJOOO THEN .LOCATE 23, 1: PRINT "TOO MANY POINTS• : STOP 
P;,.(1;~·t.THEN GOTO 200 
. ._JS"f>O ·:GOSUB 3400 :REM -,()A•l•A•\,/,P,E 
... ,.GOTO 1200,1300,1700,6200,6700,6500,6600,12500,6900,200 :REM DELET£, 
)J~b~~~ERT.WRITE OVER,REHOVE,P1'RAGRl.PH,INSERT CHARACTER.END 
'~t-:<\~} 

'~!'~)'·,TEXT F~OM SINGLE OWlll.CTER ARRAY 
~~20: PRINT • •· 

<·fi..'f;~J . : REM INITIAL DISPLAY POINT FOR NCl 
..•.. Cl .. :t.. TO MC 

Klf-1'()" 
.. ,"f~~ ..... CR$ THEN GOTO 660 

u~~.i_J,.,.a PRINT " • : Icl+l : IF I < 81 GOTO 640 
·,._~k'~.•l~N : LL(.l'J•I< : GOTO 740 
:-~~THEN GOTO 670 ELSE IF A$(KJ=• • GOTO 690 
.,;,;p~ ~LOCATE 21,20: PRINT •READY", :RETURN 

.. ~-•.J;::-·.s IF I•IN THEN GOTO 71 O ELSE P.RINT >.$ (KI 
··,.~~·I J~NT " • : I=I+l: IF I< 81 GOTO 690 
J1· .,-f.~?• • : LL(.Jl=K+l : GOTO 740 
(~ . ··~.'!"' ,. -.. THEN GOTO 7 30 

"'·." ·GOro HO ,_. -~ .·.; .. ,.~ .. A$ <Kt 
'.'\.. . .. >Ho THEN GOTO 6 90 ELSE NEXT K 

' .. EN qc>To. 790 
;,s·:·:.:_~ ;~. • 

I=I+l : GOTO 740 

·£*·'PRINT " •: I•I+l: IF I< 81 GOTO 765 
)t~~N: IF J > .J'TX THEN GOTO 780 ELSE GOTO 765 
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·----·· ·--------------

4 6 • 

•J : LOCATE 23.20: PRINT •READY•. :RETURN 
EM DELETE I •SXXlll: XN=SXN(ll: YX=SYXl\I: YN=SYNCl 

; a;rr~fif ~o ~=~:t: Thiiiiii1ii1irr1r 
F YX < SYXILI THEN YX=SYXILI 
F YN ) SYNILI THEN YN=SYNILI 
EXT L 
N•IHMGN . 

INTIXX/8)+1 : IF I < IN THEN I=IN 
·INTIYX/8)+1 : ML=~LIJJ :M2=ML+I-IN IF A$1MLI•• •THEN M2=M2+1 

ASIMLl•CRS THEN M2io:M2+1 
INTIXN/8l+1 : IF I < IN THEN,I=IN · 
lNTlYN/8)+1 : ML=LLIJI :Ml=ML+l-IN : IF A$1MLJ=• • THEN Ml=Ml+l 
A$(ML)•CR$ THEN Ml•M1+1 

•M2-H1+1: IF MD< 0 THEN MD=~1-M2+1 : Ml=M2 
H-M1 TO"NC : A$(M)=A$1M+MDJ : IF M+MD=NC THEN GOTO 1270 ELSE NEXT M 
N•NC-MD+1 TO NC :A$1MI= • • : NEXT M 

··Ia JJ•J: NC1•M1 : GOSUB 600 
NC-HD : GOTO 200 

MOVE INDICATED BY OPENING BRACKET 
•lMMlGN 
•$XX(1J: XN•SXNlll: YX=SYXl11: YN=SYNlll 
•CXN+>OU/2: YP•IYN+YXJ/2 :REM AVE BRACKET POSITION 
lNTIXP/8)+1: J•INTIYP/81+1:REM CONVERT X,Y TO l,J 
·•LL(Jh Hl•ML+I-IN :REM CALC A ARRAY INDEX OF LETTER AT I.J 

A$CML)•• • THEN M1=M1+1 
"A$1MLJ•CR$ THEN M1=M1+1 
_· SXXU.I.: XN=SXN 12 l: YX=SYXI 21: YN=SYN C 21 
~IXN+XXl/2: YP•IYN+YXJ/2 :REM AVE· BRACKET POSITION 
INTUCP/8J+1: J=INTIYP/at+l :REM CONVERT X.Y TO I.J 

CJh· H2•ML+I-:-IN :REM CALC A ARRAY INDEX OF LETTER AT I ,J 
.A$1MLt•• • THEN·M2=M2+1 
<A$CMLJ•CR$ THEN M2=M2+1 
•OaREH lNlTI.ATE COUNTER 
. · M-M1. TO H2 :REM LOOP OVER PORTION CUT 
. M3~11'; REM. INCREMENT COUNTER 

CH3lmil.$"CMJ :NEXT M :REM COPY CUT TEXT 
. SXXl3li" XN•SXNI 31: YX=SYXI 31: YN=SYN( 31 
.. :d;NSEaT,.'WITH M3 LETTERS STORED IN AS$ & xx. xn, yx, yn 
1~.+XXi/2 i YP• (Y~+YX > /2 : REM AVE BRACKET POSITION 
N'l'l~/8·J+1: J•INT(YP/8 J+l :REM CONVERT X, Y TO I ,J 
U.CJh. 'H3•ML+I-IMARGN :REH CALC A ARRAY INDEX OF LETTER AT I ,J 

.. A$C.Mlvl,•~:=~· THEN M3•M3+1 
"Mlf'.Ll•CR$ THEN Ml"•M3+1 
.·M2~1;:!'.1.~: IF HD> 0 THEN GOTO 1580 ELSE GOTO 200 

.... ~H1,J~TO NC :·REM LOOP OVER A$ ARRAY POSITIONS TO BE SHIFTED 
Ml-.A$,-CH+HQJ ·: REH SHIFT A$ ARRAY LETTERS 
. H+ME),·'.~ ... :ffC 'THEN GOTO 1 61 0 ELSE NEXT H : REM STOP AT END OF ARRAYz:NC 
~,t;.!i;~;-THEN M3=M3-MO : REM ·OFF SET INSERTION POINT TO ACCOUNT FOR DELETI 

· ....... ~TO M3 STEP -1 : REM SPRED ARRAY TO MAKE ROOM FOR INSERTION 
, ::1.\~~tU iltEM HOVE LE1TERS . 

. ., .. ~;{:·~ }-~ ' . . 

'~"~ ·. ·:;·)MD : REH. LOOP OVER CHARACTERS 
· · .ot.JI.. iilA$$CH> -REM INSERT LETTERS . µ:~ l).•.; . . 

NCl=l : GOSUB 600 
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P•ISXNIL)+SXXILJl\2 :REM AVE BRACKET POSITION 
•XP\8+1 :REM CONVERT X TO I 
F ABSII-I~GNI <ABSII-IM.).RGXI THEN IMARGN=I ELSE IMARGX=I 

i ll•l~GN: JJ=J'TOP: NC1=1 : GOSUB 600 
200 . . 

TT ACQUIRE POINTS IN ASCII @ 9600 WITH TIME OUT 

.;2~(2J > o THEN IPUT$=INPUT$l1.2l GOTO 2605 
INT •2, •G• :N=O . 

. LOCC21 < 40 THEN GOTO 2610 
•O: ·INPUT 12,XP.YP :INPUT 12,XP.YP :INPUT 12.XPA,YPA :INPUT. #2,XPO,YPO 

· '.1-1: XPA•IXPA+XP0)\2: YPA=IYPA+YP0)\2: XPO=XPA: YPO-=YPA: XtNl=XPA: YCNl=Y 

.:12,XP,YP 
•CXP+3•XPAl\4: YPA=IYP+3•YPAl\4 

. ·ABSCXPA-XPOJ+ABSIYPA-YPOJ" < 3 THEN GOTO 2672 
J2•XPA\1'X+BX:J•3.2•YPA\AY+BY:PSETI I ,JI 
N•l'" I xuo-~A :YrNl•YPA: XPO=XPA: YPO-=YPA 
.l.OCC2 I > 9 THEN GOTO 2 64 o. 

•0::.:·1; • . '· . 
·llf4M+h IF LOCC2J > 9 THEN GOTO 2640 ELSE IF MM < M THEN GOTO 2680 
10•-XCNI: ·IF XINJ = 0 THEN X<Nl=-1 

S.OCC21 > 39 THEN GOTO 2620 ELSE NU=NU+l :IF NU < 4000 THEN GOTO 2690 
INT •2,•s•: NP•N 
·DEBUG <> 0 THEN LOCATE 20·, 2 :PP.INT "NP=" ,NP 

:;SFAV£•2 THEN GOSUB 4200 
,.·OEIUG· <> 0 "THEN LOCATE 20, 1 2 : PRINT NP 

";;,,. • ·z. 
tCALCULATE CHARACTERIZATION OF STROKES 
aosua:~c200 :REM 2 POINT AVERAGE POINTS • 

·. 0.t:-'lt~•O: DA1 •0: DA2•0: SEHD•O: ZX=O: ZY=O: ZA=O: ZDA=O: ZL=O: NSP=O 
•04">de•ABS(X(1JJ: XN=XX: YX=Yll): YN=YX: M1=1: M2=1: M3=2: NLONG=O 

\.ltll2< To . NP 
••Mi"~( 0 THEN SEND=2 :XIMl=-X(MJ 
"M'.·;)~M1';GOTO 3035 ELSE 3391 

CM1T < 0 THEN Mh:M: GOTO 3391 
·~C.Mt""~~Ml·i.1; DY•YlMl-YIMl I: ADX .. ABS<DXI: 'ADY=ABSIDYI: OS=ADX+ADY 

~~~\':Ct.THEN· DY•-DY . 
~~'.}.'~: 'l'HEN' GOTO 3 3 91 
· :fJ!Jf~:Xff._THEN XN•XIMJ 

·_"!..q;§.? .. ?XX :THEN 'XX•XlMI 
""·~~~'.1(\YN."S'HEN YN•YtMJ 

YJMfZ.:~·t;YX'THEN YXcYIMJ 
'· -~O~JJl.DS:s•-i%.Y•ZY+YIMJ •os: ZLmZL+DS: NSP=NSP+l 
~}-~,'THEN GOTO 3080 :REM ENCODE MGLE 0-255 +-n256 
. ..~'-:9.;.·~:.\1•64-( 32•DYJ\DX ELSE Al=l 92-132•oy1 \DX 

.• ,~~.OIS~H: > .•. '.> o. 

: . }~~[9'.~.THEH ,Ala C32•DXl\DY ELSE A1=128+(J2•DXJ\DY 
' .. )t'2ii~·:.GOT() 3090 
, .CJ~~:A1•A1+256 . .a,,~L'.'.;,n:t., ... · 

. . ,.._;.~:·< ·, .... . 
~?~~EN Al•A1+256 GOTO 3090 
.l:i.THEN A1•A1-256 : GOTO 3095 

.. ~.:~;{ .. :.~ : .. 

... 

ASTRTCNSTRJ<+l l=IA1+A21\2 
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This Sheet Has Been Replaced! 

111111111111~ 1111111111 : 

SEND • 1 THEN GOTO 3220 
Hl•-XCMI 

D•O• SZL=ZL: SZL=J2•SZL\AY: IF SZL < 0 THEN SZL=-SZL 
NSP.< 3 THEN GOTO 3210 ELSE IF SZL ) 2 THEN Ml=M+l: GOTO 32SO 
NSTRK) o THEN IF XCSNOCNSTRKJI > 0 THEN XISNOINSTRKll•-XCSNOINSTRKll 

•M+1 
. 3280 .. 
0-0: SZL•ZL-DS: SZL=32 SZL\AY: IF SZL < 0 THEN SZL=-SZL 
NSP· < 4 THEN GOTO 3300 ELSE IF SZL < LHTS THEN GOTO 3300 

•M ··.· 
•ZX-XCMI *DS 
. ZY-YCHJ •os 
· ZL-DS: ZA•ZA-Al *OS: ZDA=ZDA-DA1 

•NSP-1 
K•NSTRK+1 • 

lNSTRKl•SO•SZL\LHT: AENDCNSTRKl=CA3+A4l\2: SCINSTRK)•ZDA AZA•ZA/ZL 
.1'Uo.) 255 THEN AZA=AZA-256 : GOTO 32S4 :REM USE 128 HERE FOR DIRECTION I 

-~' ("' .. O THEN AZA•AZA+256 : GOTO 3256 
'ttm1u•ZX/ZL: SXINSTRKl=32 •SX(NSTRK.I \AX+BX 
NsTRJcl•ZY/ZL: SYINSTRKJ=32*SYCNSTRKl\AY+BY 
NsTaKl•AZA 
.fNSTRK1•32"XX\AX+BX: SXNfNSTRK 1_=32,.XN\AX+BX: SNOfNSTRK I =M 1iov:·c· 0 THEN SYNCNSTRKl=32*YX\AY+BY:· SYXtNSTRKl=32*YN\AY+BY : GOTO 3280 
lffSTRIU•32*YX\AY+BY: SYNtNSTRKl=32*YH\AY+BY D8UG )" 3 THEN LPRIHT USING ·uuu· ;M,NSP,XIMI ;YIMI .ZL.ZA.Al .DAl .ADA,ZDJ.. 
~·~U\4 ELSE IF DBUG < -3 THEN PRINT USING ·au:u· ;M,NSP.XIMI ,Y(MI .ZL, 
1~"';zDA. C1\1+A2+AJ+A4 l\4 . 

·: B~:l.~· ... ·2 THEN LPRINT •SL,SA,SC.Afi,AE" ,SLINSTRKJ SAINSTRJl;.I SCINSTR.1<1_ ASTR 
:;AElfDCNSTRKt ELSE IF OBUG < -2 THEN PRINT "SL,SJl.,SC,AS.A£• ,SLINSTRIO SAi 

. ~f~J-1.STRTINSTRKJ AENDCNSTRKJ 
., .. ,A2•-0t DA1•0: DA2=0:0S2=0:0Sl=O:SEND=O: ZX=O: ZY=O: ZA=O: ZOA=O: ZL=O 
.. :tXCM1 JI: XN•XX :YX=YIMl I: YN=YX: NLONG=O :NSP=O ·: ,• ··-'!-;··.,. . 

.{. )'i:';.~!~t'" ~p 
·!t>l1'l!~;DA 1 : DS2•DS 1 : DS 1 =DS: A4 =A3: A3=A2: A2=A 1 
. llq_ ·. ~~ , THEN LPRINT USING • I I I fl fl fl • ; M, NSP. XI MI , YIM I , ZL, ZA, A 1 , DA l , ADA, ZOA 
. ._·;~,!~4 ELSE IF DBUG < -3 THEN.PRINT USING ·11u1u•;M,NSP.X(MJ,YIMl.ZL, ·. :t ··t~, (A1 +A2+A3+A4 l-\4 . 

. .~· ~~lF~~ LPRINT I NO X Y L A C XX XN Y ... 1trg~ .. · . 
.. :T~ THEN LOCATE 9, 1 :PRINT • I NO X Y L • .A C 

YN ST No• 
:·11,-.itEN LOCATE 10.1 :FOR I~1 TO NSTRK:PRINT USING •uut•;I,SNblI 
f!lll ,SAU> .SCll 1.SXXII I ,SXN( I J ,SYXU > ,SYNU J ,ASTRTII I ,.M:NDU J :NE 
-ii .... ··:.::.~- . 

. ,. ··· ···c ,
1
. vJ ·THEN FOR l• 1 TO NSTRK: LPRINT US'ING •I II II•: I. SNOU >. SX I I I , SY I 

· · .. J'-~~JJ.,SXXUJ,SXNCI J ,SYXU J ,SYNU J ,ASTRTI I I ,AENDlI I :NEXT I ·J. ;THEN GOSUB 4000 ELSE GOTO 3399 
;!ffEN

5
_ FOR 1=1 TO NSTRK:PRINT USING •uur ;I.SNOII >.SXCI l.SYII I 

.. ~ • ~CI) ,SXNU J ,SYXU J ,SYN I I J ,ASTRTU J ,.M:NDII J :NEXT I 1~1 !'l~-FOR I•l TO NSTRK: LPRI_NT USING •I I I I I• ; I, SNO ( I) , SX (I l , SY I 
~j··1:!~-~ IJ ,SXNC I J ,SYX( I I ,SYN( ll ,ASTRT( I I ,Jo.END( I I :NEXT I 
lil~<~t-.< . 

> 3 THEN Al=O 
> 100 THEN NC~=3: RETURN: REM VERTICAL 
) 60 THEN NCH.~=l: RETURN: REM HORIZONTAL 
> 100 THEN NCHAR.=3: RETURN: REM VERTICAL 
) . 60 THEN NCHAR=1: RETURN: REM HORIZONTAL 



- 49 -

EXT ~N·VERT LETTER TO EDITTING CODE =1 :GOSUB 3600 :ED =0 
NLET > o THEN GOTO 3530 ~•10: LOCATE 20,1: PRINT "TRY AGAIN" :RETURN 
CS$ • ,._. THEN NCHAR =1 :RETURN 

~ NLET • J THEN IF CS$ = .. -. THEN NCH1'.R=2 :RETURN 
F CS$ • ..... THEN NCHAR=4 :RETURN 
F CS$ • "\~ THEN NCAAR=9 :RETURN 
F CS$ • •p• THEN NCAAR=7 :RETURN 
F CSS • •£• THEN NCHAR=8 :RETURN 
F CS$ • • r THEN llCHAR=6 : RETURN 
·r Ml.ET- 1 THEN NCHl>.R=S :RETURN 

3520 
rrumc . PARCEL STROKES INTO CHARACTERS 
F DBUG > 4 THEN LPRINT USING •111#11"; SXXf1J,SXN(1J,SYX(1J,SYNl1 l.LHT4 
. ETUl•1 :· NLET•1: IF NSTRK=_l THEN GOTO 3650 
. ·. L•2 TO NSTRK 

'."·DBUG )"4 THEN LPRINT USING "#UUI•; SXXlLJ,SXNILl.SYXCLl.SYNlLI 
··o•· . 

. . t't.~'i.1 TO 2 : IF L > 2 THEN GOTO 361 5 ELSE IF L 1 =2 GOTO 36 35 
sXxU.-L11 ) SXX(LI THEN GOTO JcJO ELSE IF CSXX-IL-Ll l+LHT4 I < SXNILI THEN 
635~ t·~ . 
~AiSl°CSYXlLJ+SYNILl 1-ISYXIL-Ll J+SYNCL-Ll I I I > LHT THEN GOTO 3635 . . .. i.1 :GOTO 3635 

.'..rSXNCL-L1 > > SXXCLJ+LHT4 THEH GOTO 3635 ELSE GOTO 3620 
~i!1.:'° .. 

~izCorft.o THEN NLET=NLET+l :SLETCLl=NLET: GOTO 3649 
. ETCL-ICONTI : SLETCLl•NLET :SLETCL-1 l=NLET . 

'') 3 THEN LPRINT "L, NLET, SLET•, L, NLET, SLET I L-1 J , SLET r L-2 I 

~OVER LETTERS 
·. ".THEN ZLINY=O: FOR LMN=l TO NSTRK : ZLINY=ZLINY+SYXI LMN l+SYNILMN I: N t1!~i:NY•ZLINY/NSTRK :LINY=I l+LINY\ 16 I *8+4 : IF DBUG > 0 THEN LPRINT "LINY= 

. &~IF DBUG < 0 THEN LOCATE 22, 1 :PRINT "LINY=· .LINY 
- , ·•:NS'l'•O: XX=-1: XN=1000: XXl=-100 :YX=-1 :YN=l 000 :YX1=-100 
. >i--·· ~· i<~'( TO NSTP.K+ 1 
~: slF LSTRK = NSTRK+l THEN GOTO 3659 

. JLSTRK J • MCHR THEN. NST=NST+ 1 : GOTO 3 6 9 0 
fl.\~:(THEN LOCATE 2 3. 1 : PRINT •TOO W>.NY STROKES" , : STOP 
. 'JfST :LMN=LST-NST+M-1 · 
~CLMNJ; DBCI 2 ,MJ=Slt.ILMN I: DBCI S .M>=SCCLMN I 

•lJOO• lSXtLMNl-SXlLST-NSTJ J l \LHT :DBCt 3 ,MI =ASTRTILMN J :DBC( 4 ,MI =AEN ;iii ......... ~ ~ • 

... .. ;tJ!.~._·,SYCLMNl-LINYJ l\LHT : DBCC9,Ml=I so• ( 32*YISNOlLMNl-1 l\AY+BY-L 
._ ,.,~..,.... •1 THEN DBCC8,Ml=l SO*l32"'Yl21\J\Y+BY-LINY)J\LHT ELSE DBCCB,Mls: ·:" ; . ·l.MH-1 J +21 \AY+BY-LINY l I \LHT 

. CLMNJ THEN YX==SYXILMNI . 
. ~C~J THEN YN=SYNlLMNI 
J~J THEN XX=SXXILMN) 
~LMN I THEN XN=SXN (I.MN I o·i ~ LPRINT USING •I# I# r : MOiR, DBC I 1 , MI , DBC I 2. MI • DBC I 3. MI , DBC I 4 • ~~·"'' .oac·c 7 .MJ .DBCI 8 .MJ .DBCI 9 .MJ 

. :~,M~1'H1 ~EN LOCATE lO+M,27: PRINT .USING "IUU":MCHR.DBCC1,MJ,DBCl2,MI .: "" ~.P~I S.MJ .D~Cl 6 ,M) ,DBCl7 ,Ml ,DBCI 8 ,Ml ,DBCI 9 ,M) . ;:3700 . . 
~~f\.~6--IW\RGN I \2 

.. ")NPOS,Ot\R, ED" ,MCHR,NPOS,CS$. ED : INPUT IJK •... :·:lf POS•O : AS$ l MCHR l =CS$ 
~.IF NPOS < 40 THEN AS$1NPOSl=CS$ 
.·-~,' 

i.Oc:ATE I LINY-LHT+ 1 J \°8. l XX+XN I\ 1 6+ 1 : PRINT CS$ 
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This Sheet Has Been Replaced 

11111111 m1111 m1 1111111 , 

EM 
cMCHRl•XX :. SXNIMCHRl=XN 

YXlMCHRl•YX : SYNIMCHRl=YN 
~MCHR+l: NST=l: XXl=XX: XX=-1: XN=1000: YXl=YX: YX=-1: YN=lOOO 

EXT LSTRK 
ETURN· · 

COMPARE TO DATABASE 
1•16000 :M3=0 :IF NDBT=O THEN GOTO 3900 

·M•1 TO NDBT 
DNCMt () NST THEN GOTO 3790 :REM CHECK NUMBER OF STROKES 

. E~t. s lF LlNY • 0 THEN M2E=6 
O.<.i-'.:f'oR Ml •1 TO NST 

.·M2•1 TO M2E 
aAB$CDlM2.M3+M11-DBCIM2,M111 

.- M2 ( 2 THEN GOTO 3 74 4 ELSE IF M2 > 4 THEN GOTO 3 "'l'4 4 
:.DR ) 128 THEN DR=ABSIDR-2561: GOTO 3741 :REM USE 64 FOR DIRECTION INDEPE 

THEN DR=20•DR\IABSlDIS,M3+M1lll 

NOT UNDERSTOOD, PLEASE TYPE IT 

:PRINT • 

: CS$=CHRSIMSELI 

,·.·:·o·. THEN GOTO 4090 
GOTO 4100 

.~NOCLI 11-ABSIXISNQCL-1111 )~ABS I YI SNOILI 1-YC SNOI L-1 111 l 
·'.~INT •L,ALNO• ,L,ALNO 
.~N·GOTO. 4090 : REM TOO FAR AWAY 

,._.IPCLJ-SNOCL-111 
.,_.)PIL-1JIl-ABSIXCSNOCL-11+2I1 J+ABSIYISNO(.L-111-YlSNOIL-11+2 l l · . o• ,L,00,ALNO · . 

~P<>TO 4090 : REM TOO FAR AWAY 
.J;;·:. IR2•8o•sc1L-1 l\SLCL 1 I 
}~2~.L.IRl,IR2 -
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:REM SMALL WIGGLE 
:P.EM STRAIGHT LINE 

> 3SO THEN GOTO 
< 80 

THEN GOTO 4090 ELSE GOTO 4050 : REM TOO D! 

4036 ELSE IF.IR1~IR2 < -2000 THEN G0To 4090 :RE~ 

:GOTO 4280 

<~ 1 THEN GOTO 4380 
. .,~ . · ... 

.. ~··: ::.J•SXXCLI :SXXlL>•ST 
. ':J.~SXll CL) : SXN IL 1 =ST 
./ •SYH(Ll :SYNILl•ST 
;\_l•~CLI :SYXCLl•ST 

'CLI :SXCLl=ST 
Cl.I :SYlLl•ST 

. 1LI :SAlLl=ST 

THEN GOTO 4090 

DD•lABSlIR1 >.+ABSlIR2J J\-40 THEr; 

• ... · 

:STOP 

:SYN (LL> =SYIHLl : 
:SNOILLl=SNOILl l 
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-~SCCL 1 J :SClLl l=SClLI :SClLl=ST 
.i •, 

· SLlL1J :SLlL11=SLlLI :SLlLl=ST 
SNOCL1 J :SNOCL1 ·1.,.SNOILI :SNOlLl=ST 

L XCH • O THEN RETURN ELSE XCH=O :GOTO 4345 
LEMM •1 :J•l: JJ-.J: FOR I=l T0.40 :ASSIIJ=•.• :NEXT I 

'Nyii.1-. CJJ+~ 1-1 • _ 
ifE·~-cq,LINY-LHT-81.-1639. LIN°l +LHi \21. 0. BF 
ME.J~~IMNtGN-1.LINYJ-1639.LIHY-LHTI .1.B. 

£ ·uo1 ,LlNY J-C6'.39 .LINY-LHTJ. 1. BF ·;SWTPtf·i. -1 THEN GOSUB 7100 ELSE GOSUB 8600 :REM TOUCH TECH SCREEN IN /..S ••ocv:: · · . 
. s~r:(·~ 1 THEN GOSUB 7 3 00 · NP:<~•, -TJiEN GOTO 6 1 9 o 

·~~~-PO.'. 

.:i~ili~' FOR Ic1 TO 40• PRINT AS$1Iln NEXT I 

. ·~ '°!'f~ 4 
•@•. THEN RETUR~ 

'"~j~~--·_l ... ': -~· 
· · ·i. • l·oJ-~ · ·: · -~•·'··I· 
~f:fJ?' ~•SxN C 1 J : °J'X=SYX I 1 I : YN=S'i.N f 1 I 
C1·:t~\),2;: YP•CYN+YXl/2 :REM AVE CHAP.ACTER POSITION 
· ... - 'i)'.t-}: J•INTIYP/81+1 :ISAV=I: .JSAV=J': REM CONVERT X,Y T0 l,J · .. bf~ ~'aML+I-IMARGN :REM a.LC A 1\RP.AY INDEX OF LETTER AT I ,J' . =~: THEN M1=M1+1 

.~ THEN M1•M1+1 

• "'l\'\~~•I T0.40 •~<Il•" '. •NEXT! 

. ··.~.~-a'J-1639 .LINY+LHT\21,0.BF 
~1.LINYl-1639,LINY-LHTJ,1,B 

~r"' t-c ~39. LINY-LHT I • 1 • BF 
,:THEN GOSUB 7100 ELSE GOSUB 8600 :REM TOUCH TECH SCREEN IN AS 

22,IM,t.RGN: FOR 1=1 TO 40: PRINT AS$1II;: NEXT I 

40:. PRINT A5$(Il;: NEXT I 
: IF AS$lIJ·<> THEN IEcI+l GOTO 6274 

6280 

TO 40: PRINT AS$1ll;: NEXT I 

:;,~J1 '· -~· · THEN LOO.TE 1s,1 = PRINT ·No -LETTERS, TRY AG1>.I 

·i;-i~ISAV : J=JS/W 
,Olt·'I•1 TO 40: PRINT AS$CII;: NEXT I 
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EH REMOVE •S>CXl1J: XN=SXNl11: YX=SYXl1): YN=SYNl1l 
.ucN+XXl/2: ypsCYN+YXl/2 :REM AVE CHl\RACTER POSITION 
JNTCXP/8J+1: J=INTlYP./81+1 :REM CONVERT X. Y TO LJ 
•U.IJI ,· M1•ML+I:...I~GN :REM CALC A ARRAY INDEX OF LEITER AT I ,J 

·r 1'$1MLI••. • THEN MlcMl+l 
· M··cMLJiaCR$ THEN Ml=Ml+l 
·2wM(' - ·:. 

· · .. uso .. 
···p~H 

"'"20'0 . 
. .REP~E A CHARACTER WHEN WRITTEN OVER 

i.SXXC 11· i XN•SXN.111: YX=SYXI 1 J: YN=SYN I 1) 
•CXM+'°'l/2: YP•tYN+YXJ/2 :REM AVE QV>.RACTER POSITION 
lrn'CxP/11+1: J•INTCYP/81+1 :REM CONVERT X. Y TO I ,J · .. LJ,(.711 •Mt-ML+I-I~GN :REM a.LC A IUUAAY INDEX OF LETrEP. AT I .J 
·~CMJ.I~': ·-. THEN H1-M1+1 · 

· :'cMLf•CU~-THEN M1•M1+1 · . J;j ·(~$1fl "it.00.TE J!I :PRINT >.5$( 11 
o;a,r~ .... . . 'ffS~:•·-~ -~;:~LETTER 

~S>CCC_t I a XN•SXN ( 1 J : YX=SYX I 1 ) : YN=SYN C 1 J 
~~~~f/2s YP•tYN+YXJ/2 :REM AVE CHARACTER POSITION 
tNTIC:~·-~.1' J•INTCYP/.il I +1 :REM CONVERT x. y TO I ,J ~~. •;;·· \-~Ml..+I-IM.-.RGN :REM 0J..C A ARRAY INDEX OF LETTER AT l ,J ·· . . ~ ·4!.q~ _THEN Ml =Ml +1 

.. · . $THEN Ml=M1+1 . . ' .. ·. • ·1· )'. ·-~· 

~;l;.; ~ ';' ' 
V~··'11! ·.~ ,. •. ' 

l~,~_';:'~ERUN 
... >~INTS.DAT" 

~BX .. AY.BY -.;t.·, .. -· ...... . 
.... ~~s 
-~~~:· .~ 

. ~TINl. 
:• J"I .. -~ • . 

4200 

ELSE I=-32•XINJ/AX+BX 

TO NP: LPRINT N,XlNl,YINl:NEXT N 
20,2 :PRINT "NP=",NP 

X(NJ,Y(NJ 

8610 

WITH INSERT 

: GOTO 8605 
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U•O: INPUT 12.XP.YP :INPUT c2.XP,YP :INPUT 12,XPA.YPA :INPUT 12,XPO,YPO 
•N•l: XPA•tXPA+XP0)\2: YPA=lYPA+YP0)\2: XPO=XPA: YPO•YPA: X{Nl•XPA: Y<Nl=Y 

·, 32•XPA\AX+BX > 607 THEN GOTO 8695 

NPUT 12 • XP • YP · 
~•(XP+3•XPAl\4: YPA=IYP+3"YPA)\4 

F IJISCXPA-XPOJ+l\BSCYPA-YPO> < 3 THEN GOTO 8672 
8JJ•XPA\AX+BX:J•32•YPA\AY+BY:PSET<I.J> 
: 1,.), 601 THEN .GOTO 8695 
•ff+.1.>tl .. XUO•XPA :YINl=YPA: XPO=XPA: YPO=YPA 
. J.OCUI > 9 THEN GOTO 8640 
i.o~ ... 
··MM+;a lF LOCl2J > 9 THEN GOTO 8640 ELSE IF MM < M THEN GOTO 8680 
ifl•;,;.XCrU 1 IF XCNJ • O THEN XINl=-1 
!t0ci21 ·) 39 THEN GOTO 8620 ELSE NU=NU+1 : IF NU < 25000 THEN GOTO 8690 

. N'l~si"2. •s·: NP•N 
DEBUG <> 0 THEN LOCATE 20,2 :PRINT •Np=• ,NP 

.iJf~V-= ~ 2 THEN GOSUB 4200 
1DqyQ·~-<> 0 THEN LOCATE 20, 12 :PRINT NP 

=ti·~\"·.· 

. '#,,i~IRE POINTS IN ASCII @ 9EOO WITH MENU 

. ~hi<.''.·" ;.'i 
'LOC;(;21.··;> 0 THEN IPUT$=INPUT$11,21 GOTO 9605 
N .. ·i,1~G· 

~li.O ::N•O 
· •. tXPoYP 
~+BX+II: J.J•32"YP\AY+BY+JJ: N=N+l 

..• :11'ffEN GOTO 9674 
:Z ... ' · -~9!3J\ 10: N•O : u .. o: JJ=O 
~llfilti:S. N· ·(.J.+U-U-1,J-l J, 1 ,B 

i:~'> ;'I GOTO 9 6 4 o . 

. F;(J.0CC21 > 9 THEN GOTO 9640 ELSE IF MM < M THEN GOTO 9680 
~-ii :THEN GOTO 9610 ELSE NU=NU+l : IF NU < 1500 THEN GOTO 9690 

FOR ASCII @ 9600 

AS #2 

& end points for boxes 

PRINT MTITL$CKJ 

XX•XX+MRATO IF I< XX THEN GOTO 11340 
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LlNEf\,1601-1639;1991,0,BF 
FOR I• 1 TO 26 :LOCATE 22,2"'I 
.FOR;·I•. 1 TO 26 :LOCATE 24 I 2.•I 
FOll°-I• 1 TO 10 :LOCATE 22,2"1+52 

i1iiiiUT 
PRINT CHR$(I+64), NEXT I 
PRINT CHRSCI+96), : NEXT I 
: PRINT CHRSII+47J, : NEXT I 

TE.22,74 : PRINT•. ~ ? •, 
:TE 2(,54 : PRINT•\ I"'+ - ( I , : _: •:CHR$(J4J:• 

R J•1U TO 195 STEP 16 : LINE(.3,Jl-1629,JI :NEXT J 
I• 3 .TO 635 STEP 16 : LIN£<I,163J-CI,19SI :NEXT I 

... ft"t ~ 1 :RETURN 
EM"Jceyboard select from menu 

CJ\l+tt\2 
F '.J "") 179 THEN GOTO 11700 
F·MSEL < 27 THEN MSEL•MSEL+64 : RETURN 
F MSEL ( 37 THEN MSEL•MSEL+21 : RETURN 
F.MS£Lli37 'ZHEN MSEL=46 : RETURN 
F MSEL-31 1'HEN MSEL=94 : RETURN 

. El.a63 i RETURN 
F~;MStL·~ <' 2'1 THEN MSEL•MSEL+96 : RETURN 
F?:HS~21 THEN HSEL=92 RETURN 
F.{"9~28 THEN MSEL=.47 RETURN 
~:~"5£L~21 THEN MSEL=4 2 RETURN 
.. •':.ltS,al•JO THEN MSEL= 4 3 RETURN 
F:..;HS£LtiiJ t THEN MSELa 4 S RETURt: • 
.. :: .· ·. '.-)2 THEN MSEL•40 : . RETURN 

. . ~- _33 THEN MSEL= 4 1 RETURN 

.~:J,4 ·THEN MSEL= 4 4 RETURN 
~:S.;THEN MSEL•S9 RETURN 
;~l."THEN MSEL•S8 RETURN 

· \k~EN MSEL=l 4 RETURN 
. ··~THEN MSEL•36 RETURN 

ltETURN 
.:::· 
~t.put 

.).text. 
·. 1, •TEXT• :NCaO 

.. EN -CLOSE 11 : GOTO 1 2160 
':1.$ al<X•O 
... CA1$1 : KK•KK+1 :~$lNC+KKl=MID$C>.1$ K 1 J •,15K J I •O THEN' KK .. KY.-1 , I 

REM DISPLAY ALL TEXT 

0(4,Ml) DC5,M1J 0(6,Ml) 0(7,~1) 
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, INPUT 11,DI1 ,Ml I, DI 2 ,Ml I. DI 3 ,M1 I , DI 4. Ml I , D l 5, Ml ) • 016, Ml l. 017 ,Ml J 
; NEXT H1 :H2•M2+DNIMI : NEXT M 
'CLOSE 11 

RETUIUf FOR J•1 TO NSTRK:PRINT I,SNOUJ.SXIIJ,SYIIl,SLIIl,S.\II>.SC<Il:NEXT I 
FOR I•1 TO NP:PRINT I,XIIJ,YIIJ:NEXT I 
FOR 1•1 TO NSTRK:PRINT USING •11111•:I,SNOlll.SXlll,SYIIl,SLllJ,SAIIl.SC!! 

l ,FOR M1•1 TO NST :FOR M2=1 TO S :PRINT Ml ,M2 ,DIM2 ,M1 J ,OBCIM2 ,Ml J :NEXT M2 :J.; 

--------- --
/ This Sheet Has Been R laced 

1 11111111111m m1m111 
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APPE:l\'DIX JI I 

·Al - angle of slope between Point Mand Ml 
A2 - previous angle 
DAl - change in angle (Al-A2) 
SEND - flag for end of Stroke 

·zx _double precision X position summation by arc length weightir.; 
zy - double precision y position summation by arc len9th ~eightin; 
ZA - double precision angle sum.Taation by arc length weighting 
ZDA - double precision change in angle summation 
ZL - double precision length 
NSP - number of Points in Stroke. counter 
NSTRh ~ number of Strokes 
XX maximum X 
XN - minimum X 
YX - maximum Y 
'\"N minimum Y 
El Pointer to previous Point 
M2 - (l) minimum number of Points for vhich to ad.just for 

211 angle 

• ; 

foi3 - (2) Jl',inimum nur..?:>er of Points for which to calculate cr.ange 
in change in angle 

NLONQ - ccunter (not used) 
M - Pointer to Poir.t being considered 

. . NP • nutr.her of Points 
:·;· .. X • arra ... of X ceorcinate 
~?t:;y· - arra= .. of )." coorcinate 
·> DX - chance in x 
' rn· • chan9e in 'y 

<.; .... ADX -. a!>selute ""alt:e of DX 
~r~'ADY - abeo!ute value of n~· 
}{DS • s:;seudo arc le~c;~h ADX + J:.:Yi 
}}~Y • cal!b:rat_ion rn~l tiplier· for vertical (Y) direct.ion, e.g. 
·~;;;:-). AY 1 0 mean coo:-cinate system true downward 

.#.···running avera9e chan9e in angle 
l>A2 - pre\"ious change in angle . 
;AS~T .- . .array !or start.ing angle of Stroke 

ZL • ~in9le precision Stroke length 
.. -:. array of number of the lst Point for each Stroke 

•. ~ ,• height bet\.•een lines di".·ided by S in display coordinates 
~--~~,y:. used as a measure 

··• .. ;array of St.rcke lenaths sealed to heiaht between lines 
.... - array ~f angles at end of Strokes -

:~t.-array .of angle changes for eachs troke 
... i~ ::.average anqle through Stroke 

. ~'~£.{:a=:-ray of avera9es centroid X coordinate for each Stroke 

.Y~!~~rray of averages cen~roid Y coordinate for each Stroke 
. --•~~h.,'-l;:"rray of a•1era9es an9le (slope) coordinate for each Stroke 
..... ~~~iar:ray 0£ n.ax~mum X coordinate for each Stroke 
- -··i,."!~:•rz:ay o! minimum X coordinate for each Stroke 
,, · · ;( •rray of minimum Y coordinate for each Stroke 

__ rt"ay or maximum Y coordinate for each Stroke 
.. ,,·:~ebu99!ng flag for printing 

· · ~tring of input bytes to be rejected 
·::input coordinates 
~rage 2 Points in X direction 

, .•:rage 2 Points in y direction 
tiit~al. X average on pan down 
·~-1 t,i·al Y average on pan do"'·n 
l~y Pixel corresponding to X coordinate input 
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J - display pixel corresponding to Y coordinate input 
N - counter of input Points 
~~l - counter for timing pan up 
~'U - counter for timing pan up 

., 

!· ~.. . 



- 59 -

In addition to the for~bc:..n·g it ·.:ill be 2pparent that aspects 

of the invention may also be~embodied in the follow~ng 
embodiments, including· first an 

"input/output or I/O device for providing input. 

signals to a utilization device that are representativ& of a-

gra?hical character produced by a user and for receiv:.nq output 

siqnals from the utilization device and providinq a visual rep-

resentation of the output signals, said I/O device coraprisinq: 

{a) a display means £or providinq a visual.' 

display of a qraphical character in response to output si~als 

provided by the utilization device; 

(b) an input screen means for produci~q a train 

of input siqnals as a graphical charac~e: or symbol is sketched 

by a user, said input screen mear.s co~prisinq a t:anslucent 

in?Ut screen having top a.nd bottc~ surfaces, said bc~t~~ 

sur!ace beir.q disposed ~ith respec~ ~o eaid display sur!ace 

such ~hat the visual display_ produced by said display mean~ is 

visible fro~ said top sur!ace of said input screen; and 

(c) means !or de~errni:ing the ~centity o! said 

graphical character and providing ou~;>ut signals re;>resentati-.•e 

t.~ereof to said display means. 

Preferably, in such an I/O device said 

displ~y mear.s comprises a display sur!ace on which ~he qraphical 

charac~er is produced; and 

said input screen means bottom surface is disposed in 

close proximity above said display surface. such that ~he visual 

display produced by.said display means is visible from the top 

side of said input screen. 

Also preferably, in such an I/O device said 

input screen means includes a substantially flat "plate, and . , . 

. ~herein said 'nput. screen top surface is the top surface o! said 

... ..._ ___ _ 
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Advantageously, such an I/O device may further include 

an indicatinq means operated by a user for cooperat-

inq \.'i th said input sere.en top surface- such t.'1at said input: 

screen means qenerates said train of input siqnals when .said 

indicatinq means is in a predetermined position with respect to 

said plate top surface, and/or 

said 

input screen means may generate an_ input signal when said indicat­

ing means is in contact l:ith said input screen top surface. 

In addition, in this I/O device 

(a) said plate may have electrical chara'cteristics 

such that the voltaqe at any Point thereon varies in a kno~n 

manner witi\ cite distance from the location at ~hich a voltage 

is applied thereto; 

(b) said input sc~een means may further include 

means for selectivelyfsequentially applying a voltage alo~q one 

Cartesian axis of said plate and then alonq the ot.~er Cartesian 

axis of said plate; and 

(c) said ir.dicatinq means may be elongate and have a 

tip at one end thereof and include a voltage detectinq mea~s 

that provides a siqnal representative of the vcltaqe present 

\."here said ti.P con"Cac'Cs said input screen. plate. 

The I/O device of this embodiment may also comprise the 
features that; 

(a} said plate has electrical characteristics 

such that the voltaqe at any Point thereon varies in a known 

_manner with the distance from the. location at which a voltage 

is applied thereto; 

(b) said input screen means further includes 

means for selectively sequentially samplinq at an oriqin 

·thereon the voltaqe alonq one Cartesian axis of said plate and 

;;, ... ·then alon9 the other Cartesian axis of said plate; and 
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(c) said indicatinq means is elonqa~e ~ith a 

tip at one end t.~ereo! and includes a means for applyinq a 

kno\IJ\ voltage to said tip: said samplinq means detect;nq t..~~ 

voltages at said oriqin when said tip contacts said input 

screen plate and provides a siqna! representative 0£ the 

detected voltages. 

In the I/O device of this embodiment said display screen 

preferably has a display area on which graphic symbols can 

be qenerat:ed and a k_ey input area by which command siqnals for 

the utilization device can be generated wben"con~act is made 

with the corresponding area th~reabove on said input screen. 

In a further ~spect, the invention may also be embodied 

by a handwriting character recognition app~ratus comprising: 

(a) a display means havinq a display surface 

for provicinq a visual display of q=aphical characte~s in 

response to a plurality of di.splay siqnals; 

{b) a ~~itinq sur!ace means !or receivinq 

qraphical characters hand~ritten by a user. said writing 

surface means beinq disposed in close proximity vith respe~t to 

said display.means and comprised cf a subs~antially-translucent 

surface·\,;hich has positional coordinates associa'Ced therewith; 

(c) an indicating means operated by a user in 

connection with said ~ritinq surface means for producing 

vritinq siqnals in cooperation with said·.vritinq surface means; 

(d} position detectinq means for convertinq 

said;vritin9 siqnals in~o loea.tinq signals representative of 

the positional coordinates cf said indicating means vii:h 

respect to said writinq surface; 

(e·) a proc~s.sing means for receiving and 

stori119 said locating signals as they are produced and for 

c;i.eneratinq said display siqna.t"s such that said display means 

qraphically display the qraphical character after it has 
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been produced by said. indicating means; said processinq means 
. . 
being comprised of a character recoc;;nition means for comparing 

said produced locatinq signals representative of a qraphical 

character with a plurality of stored databas~ siqnals for 

identifying said graphical character. . . 
Preferably, in the handwriting character recognition 

appar.atus said writinc; su:-!ace means includes 

a substantially flat plate vhich produces a siqnal when said 

indicating means is in contact therewith. 

The embodiment may include 

means for converting 

said positional coordinates into relational coordinates• and 

may also include means for dividing up 

a st~eam c£ loca~inq siq~als into sections representative o! a 

St::oke: and means for calcula1:.inq St:-oke characte::-istics which 

J can be cor::pared ·with Stroke characteristics of -che da.ta.;,a.se 

signals. 

The processing means of the handwriting character 

recognition apparatus of this embodiment preferably 

includes means. £or·updatir.9 said stored database sic;nals ~ith 

said produced locating siq~als vhen no correct graphical charac-

ter is identified. 

A method according to the invention may be embodied by a 

method of recognizing a Handwritten Symbol comp:rising the steps 
of: 

(a) generating a stream of locating signals for 

Points by moving a stylus about locations proximate to a 

writing surfa~e means that generates a signal representative 0£ 

Said location of said stylus; 

(b) dividing up a stream of locating siqnals 

into sections representative of a Stroke; 

(c) calculating Strok,e char-acteristics~ 
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(d) comparing said calculated Stroke· 

characteristics ~ith Stroke characteristics previously storec 

in a data.base: and 

(e) detennininq the best comparison and 

indicating !f said best comparison is qocd encuqh to be a 

match. 
A further e~bodiment of the invention provides an 

apparatus for recognizing Hand"Written Symbols and 
displaying Handwritten and Font Symbols on a screen comprisinq: 

(a) A visual display screen havinq the qraphic 

capability to display Font Symbols and execute predetermined com-

mands; 

(b) Hand-held means to write or draw Hand~ritten 

Sy:;-.bols on or ever said screen; 

(c) Means to display a true representaticn of 

the Hand~ri~~en Symbols on said screen as they are createdi 

(d) Diqitizing means to sense -the position o! 

said hand-held means and to convert t..~e same into.a series cf 

electrical siqnals defining the position. size and shape of each 

Hand~ritten Symbol; 

(e) Means-·to compare predetermined character-

istics of each digitized Hand~ritten Symbol ~ith a database of 

prede~ermined characteristics·of Fent Symbols to assess the 

identity of each Fent Syr..bol; 

(!) Means tc convert the Handwritten Syr..bol to a 

predetermined Font Symbol or a command and to display the Font 

Symbol on the screen in close proximity to the screen area in 

which the Hana~ritten Symbol was ori9inally entered or to exe-

cute the command; as ~he case may be 
•. • • JI 

This embodiment preferably includes a 

Jneans to display predetermined fonts er syi:-.bcls in the £orm of 

text or forms en said screen. whereby the Handwritten Syr.-.!:>cls 
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can be used to input information to complete a !orm·or to edit a 

precfot:ermined text 5 and may advantageously be implemented in 

a portable unit having.dimensions up to 

about 400nun by 400mm _by lOOmm, a weight of up to about 7 kilo­

grams- and is adapted to include a self-contained power supply. 

The apparatus of "the embodiment preferably further includes a 

means to display predeterm~ned symbols in a font and command-

representi:ig symbols· on said screen, to pe"rmi t hanc!vri tten sym-

bols representing each predetermined symbol to be manually 

de~ined on the screen and means to identify the manually defined 

symbol with tile corresponding predetermined symbol in said data-

base. 

Preferably, the apparatus of the embodiment also includes a 

means to modify said database ~hen a Hand~ri~~en Symbol ca~ses 

an erroneous Font Syr.-.bol to be di s_played on 'the screen or corn­

mand l:o be per.formed, ·as the case may be• and/or may include a 

means to create a ~indow of empty space on said screen upon a 

predeter~ir.ed command for enterinq Eand~~itten Syrr.bols in said 

~indow: 

In the apparatus of the embodiment, 

areas on said screen sensitive to touch to cause predetermined 

functions to be performed may advantageously be provided, and/or 

the screen may 

be s~bstantially flat and· adapted to be used in a sub-

stantially horizontal position. 

The apparatus of the embodiment may also advantageously include 
Soitkeys on said screen and means to execute operational 

cocnmands in response to touchinq any of said Softkeys. 
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A further method aspect of th~ inventinn rue<.y l•t:: embodied in a 

microprocessor-based process for recognition, 
,. 

translation and display cf Hand,...ritten Symbols and execution of 

commands comprisinq the steps of: 

(a) Crea~ing a personalized da~abase for each 

indi~ic~al user of the process by havinq the user ini~ially in-

put. a H~ndwritten Symbol !or each character corresponding ,...ith 

a font to be di spla~•ed or command to be executed; 
, 

(b) Deter:nininq a unique set of characteristics 

t':o· characte.rize each such symbol and storinq it in the 

database; 

(c). ~ritinq or dra~inq Handwritten Syt:\bo!s on a 

ccmputer screen with a stylus; 

• (d) Diqit!zinq each Hand,..-ritten Symbol to iden-

ti!y the x.y coordinates of a multiplicity of Points cezi~inq 

-'-· '--·- Syr..l:iol; 

{e) ?rocessing·the digitized characterist:cs o! 
t . 

each Hand~=itten Sy:.-.!lol to ae~e~mine. the p:edetermined charac~e~-

istics of the S~'T.\bol; 

( £) Searc!l tbe c!a ta base to !ind. a "hit. " a pe;;--

·- feet ·or t:he closest cc:-:-es?ondence to tlle charac-::eristics; 

(g) Displaying the Font Syr.'.bol or performinq the 

c:oir.:nand most. ~!oseiy associated with the "hit" characteristics. 

This process may advantageously include the 

additional steps 0£: 

(a) Determining i! the ·Font Symbol displayed or 

command performed is an error; and 

(b) If there is an error. re-inputting a"Hand­

Writt:en Symbol !or the desired Font Symbol or command to modify 

the database , and/or may include the add~tional step of: 
-----·-----·--------
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(a) Substantially conte~poraneously displaying 

the Handwritten Symbol on the screen as it is being written or 

dra\o.-n •. 

In the process of this embodiment steps (b) and (c) 

preferably may involve a determination of the (i) length, (ii) 

average slope, (iii) centroid height above base line, (iv) 

curvature (rate of change in slope) and (v) comparison of the 
I 

I 

location o! the centroid of each Stroke vith the centroid of 

the Handwritten Symbol. 

Op;ionally, in the process,step (f) comprises: 

{a) Determining the value 0£ each of the five 

cha:.-acteristics; 

(b) Subtracti::lc; the database value of: the char-

acteristic'f:om the ne~ly-measured value; 

(c) Scalin~ -:he absolute ~alues·of each measu:.-e-

meni: to :::.ake each of the iive measu::-ements reasonably equivalent 

to the ct.hers; 

(~) Adcing all !ive values; 

(e) .. If a prede-:ermined threshold is exceeded, 

discardin9 i:he co~parison and creating an error message; and 

(!) S~arching the database to find a numerical 

"hit," or, if _not feasible. the closest numerical match between 

the cia~abase value and the ne~ly inputted value. 

In the process of the embodiment, the error rate is 

advantageously 5% or less, and/or the 

proqram !or step (!) requires less than 6K of machine memory. 

Optionally, in the process embodying the invention said 

Handwritten. Symbols include Editinq Symbols and·said process 

includes re=ognition of the Editinq Sympols drawn on the screen 

.and executing the Edi ting Functions represented. 
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Further, in this JrocE.s.3, ::..f t'?xt in For•L Symbol 

format is displayed on the screeil"·, the process preferably 

•may include the steps of: 

{a} Crea~ing a window on the screen proximate 

to, but not overl}•ing, an area of said text to be edited; 

(b) lnput~~ng and displaying said Handwritten 

Syn".bols in said .,..indo"'; 

(c) Displaying the Font Symbols corresponding 

to said Hand~ritten Symbols in close proximity to said Hand-

vri t~en Symbols. . 

Also in the process embodying the invention, the 

following steps may advantageously be included: 

(a) Creating one or more Softkeys on said 

screen to cause t~e co~?~ter to pe~fo:in operational f~r.ctions; 

and 

(b) Touchinc; one er more of said Softkeys to 
t 

execµte the corresponcinq functions. 

In addition, ph~s process may include 

the steps o.f de-t:ermining U1e x. y coordinat.es of from about 

4 .to 8 Points per tnm and f.rom about 100 to 200 points per 

second in characterizinq said Handwritten Symbols. 

-
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A handwritten symbol recognition apparatus 

comprising: 
a display screen (18, 20); 
a hand-held means (16) for use by a user to 

write or draw· a handwritten symbol on or over at least a 

portion of the display screen; 
a digitiser (18. 64) fo.r digitising the 

handwritten symbol.to enable evaluatio~ of a 
characteristic of ~he handwritten symbol; 

a database for storing a characteristic of a 
handwritten ~ymbol previously written or drawn by an 
individual user to correspon4 to a given font symbol or 
command symbol; and .. 

a processor (14) coupled to the digitis.er 
and the database for comparing .a characteristic of 

the.handwritten symbol with the characteristic of the 
previously written or drawn handwri·tten symbol stored in 
the database and, if the comparison is successful, 
identifying the handwritten symbol as corresponding to the 
given font symbol or command symbol. 

2. An apparatus according to claim i, in which the 
database can store a characteristic .of a user-defined or 
customised handwritten symbol written or drawn by the 
indivi~ual user to correspond to a given font symbol or 
command symbol. 

3. An apparatus according to claim 1 or 2, 
comprising means for performing an initialisation routine 
in which a font symbol or command symbol is identified and 
the individual user writes or draws a handwritte~ ~ymbol 
corresponding to the identified font symbol or command 
Symbol, a characteristic of the handwritten symbol being 
stored in the database in association with 
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the identified font symbol or command symbol. 

4. An apparatus according to claim 3, in which the 
database is created by an initialisation routine in which 

each of a plurality of font symbols or command symbols is 
displayed in sequence on the display screen and the 
individual user writes or draws a handwritten symbol 
corresponding to each font symbol or command symbol. 

5. An apparatus according to any preceding claim, 
in which the handwritten symbol is analysed by the 
processor to determine a set of stroke characteristics to 
characterise the handwritten symbol, and t~e set of stroke 
characteristics is stored in the database. 

6. An apparatus according to any preceding claim, 
in which characteristics of a plurality of handwritten 
symbols corresponding to a plurality of font symbols or 
command symbols are stored as entries in the database and, 
depending on the frequency of use of respective 
handwritten symbols by the individual user, the. order of 
the entries in the database is shuffled so that, when a 

comparison is made between a characteristic of a 
handwritten symbol and entries in the database, the 
comparison is made with the most frequently used database 
entries first . 

. . 
7. An apparatus according to any preceding claim, 
comprising a plurality of databases, each for storing a 
handwritten symbol characterist.ic of a handwritten symbol 
written or drawn by a different individual user. 

8. A method for recognising a handwritten symbol 
entered into a handwritten symbol recognition apparatus 
comprising comparing a characteristic of the handwritten 
symbol written or drawn by an individual user with a 
characteristic of a handwritten symbol previously written 
or drawn by the individual user and stored in a database 
in association with.a corresponding font.symbol or command 
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symbol, the subsequently written or drawn handwritten 
symbol being identified as corresponding to the font 
symbol or command symbol if the comparison is successful. 

9. A method according to claim 8, in which 
characteristics of handwritten symbols written or drawn by 
different individual users are stored in different 
databases and, when an individual user uses the 
handwritten syinbol recognition apparatus, the database for 
that individual user is used for handwritten symbol 
identification. 
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