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HANDWRITTEN KEYBOARDLESS-ENTRY COMPUTER SYSTEM

HIIIIH M

The present invention relates generally to a keyboardless
input system to a computer, and when combined with a2 central
processing unit, to a keyboardless-entry computer sysfem. Mores
‘particularly, the prerent invention relates to an inforﬁation
'storage, manipulation and transfer device on which text, data,
computer commands and functions can be entered by writing
alphanumeric of any other characpers and symbols by hand with a
penlike stylus on an Input/Output (1/0) screen. 1n a preferrad
embodiment the 1/0 scréen includes a transparent touch screen
incorporated ‘over a substantially flat output display. The
present invention in its Preferred embodiment is a self-countained
computer system but can also function as a peripheral to a host
computer. '

Large amounts of information and sbphisticated
applications software are now available on conventional keyboard
computers. The utility,df 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

S

.normai fashion directly on a flat display} Thus, there'is a
need to ailcw the utility of computer technology to be extended
for use By non-keyboard oriented individuais. There is also a
need for a portable computer system that is lighﬁweight, reli-
‘able, accurate, inexpensive and permits use while standing or
walking. One way to reduce expense and size and increase
utility 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 high resolution in a manner which is famiiiar
and natural to the user. .
Many positioning te?hnologies can be used to meet the
recuirements of the positioﬁ sensing input téchnology.
Essentizally these recuirements include accuracy, resolution and
speed. The technologies include: mechanical, electrcstatic,
électromagnetic, acoustic, opticai, and inertizi. The desire
in this system is to have its use as.siﬁilar aé possible to
writing with pen or'pencil on.paper; One problem is proximity
~; a2 pen on paper only leaves a trail when actually in contact.
Many of these technolbgies reqguire an additional "“pen down"
sensor whicy 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 techﬁol§gies have
the position detector displaced from the pen tip, so pen andgle
causes erroneous displacements. Beyond these éeneral probiems,
each technology has numerous advantages and disadvantages in
(1) the pen: size, weight, shape and whether it needs to be
powered and/or Qired, and (2) the writing surface:
transpafency, 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, m;gnetic 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 eiectronic
book confiéured to provide selective page by pagé call-up of
large amounts of digital data and displays it on a flat,
solid-state screen. 'The preferred embodiment in the Rubincam
patent uses. an insertzble holographic card, which may contain
several hundred pages of text in digital form, as the main
storage me;ns. Rubincam's device, however, does not allow new
information or text to be entered or manipulated.
| In U.S. Pztent £,016,5%£2 to kzure an electronic data
'collection systen is disclosed which emplovs a solid state Ran-
dom Access Memcéy (R&E) for its primary memory. This pzatent,
-which discloses =2 conQentioqal keyboard for dzta entry, is di-
rected to a hand-held portable data storage and transmission
system, 2s well as an LED displzy and various Input/Output
{1/0) connectors.

.U.S. Patent 3,487,731 to Frank discloses a means of
converting handwriting. into character dzta through the use of a
computer system. The disclosed invéytion is based on matrix
péttern matchihg and does not employ any coincident display
technology. |

U.S. Patent No. 4,491,560 to Brown shows a handwritten
symbol recognition system in which an arfay of image Points, in
the form of a rasfer line sampling, is converted int§ Qegment-
oriented lists which are filtered and compressed to obtain

topologic features which are then analyzed with a logic 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. Patent No; 4,475f239 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 al. discloses

an electroscopic information display and entry system with

writing stylus. The disclosed embodiment does not clzim to

have the speed or accuracy to enable handwritten character
reccgnition. -

Additionzl prior art which discloses portable elec-
tronic devices that provide large amounts of various 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 zl. The
Lev& and Kriakides et zl. patents pertain to electroﬁic 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, 4,198,539,
4,293,734, 4,302,011, 4,353,552, 4,371,746 and 4,430,§17 to
William Pepper, Jr. various methods or machine-human interfaces
using finger touch are disclosed. The preferred embodiments in
each of these inventions lack sufficient.speed and resolution to
allow handwrifteﬁ 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 intemsity to vary
by applying pressure on the stylus with the results displayed on a
conventional CRT screen. U.S. Patent 3,699,439 to Turner and U.S.

Patent 4,055,726 to Turner et al 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 the invention which is
described in more detail below with reference to the drawings
comprises a unique keyboardless computer system which has the
ability to recognise and display Handwritten Symbols and.céuse'the
computer to display Font Symbols and, if desired, to execute editing
functions pursuant to Editing Symbols, quickly, easily and at
reasonable cost.

This preferred embodiment includes a computer housing with
a flat display panel on which a user may “write" with a stylus, and
has a éapability to recognise Handwritten Symbols writtenm on the
panél with the  Stylus and convert them to displayed Font Symbols,
and/or to execute Editiﬁg Functions 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 and responded to without reqﬁiring skills or knowledge
related to state-of-the-art computers or other data source. The
ease-of-use of the input technology of the épparatus enhances the
utility of the computer for keyboard oriente& individuals.

Its pdrtability also allows it to be used in épplications and
settings in which portable keyboard computers 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 computer memory. In a hospital, "sheets" of patient
data can be stored in the memory of the portable computer,
called up by a nufse as the nurse makes rounds and relevant
datz, such zs blood pressure, temperature, etc., can then be
entered manually with a stylus. These c&rrected or expanded
forms can then be down-loaded into a central computer memory.

The reguirements of the position sensing input tech-
nology are accuracy (Point to Point), resolution (zbsolute
position) and speed (Points per unit time) to adeguately define
the written Stroke for recognition analysis. For the
recognition apparzatus and methods preéently used, as described
below, the present minimum requirements are; accuracy of
0.125mm (0.005 inch), resolution of 0.375mm (0.015 inch) and
speed of 150 Points per second. . = This accuraCy allows a 6rm (1/441
high writing line with over 10 raw input Points alcrig a Stroké of a smell
letter. ‘The resolution provides positioning of the symbol toc within two
pixels on a present display of 640 pixels to 225mm (9 inches). The
speed permits about 50 raw input Points fér a2 rapidly written
single letter (1/3 second).

One embodiment of the present invention combrises a
transparent ‘input séreen. As the user wvwrites alphznumeric or
ofher characters or symbols on the input screen, the chéractér
is represented as a2 stream of Points emﬁlatiné written input
witﬁ 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-

piay screen at a location that is preferably beneath the area

* oRn the input screen vhere 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
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pfeferred gmbodiment, a keyboardless computer is con=

figured as a manipulation and display device comﬁfising 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
intelligenée/pattern recognition software and editing software;
and a battery power system; and other I/0 means.

As used heréin, "Handwritten Symbols" are any symbols
capablé_of béing handwritten and having communicétive effect.

By way of example, and not limitation, numbers, letters,
"Kanji" (Japanese idéoqr;ms) or other language symbols, editing
symbols and engineering, scientific, architectural and
mathematical symbols zare H;ndwritten Symbols. Other examples
of Eandwritten Symbols are gree—hand dravings or signatures or
any other such written information uniguely conficured by a
particular writer. Ezndwritten Symbols may glso incliude
Editing Syrbols (defined bélow).

| £s used herein, "Font Symbols" are computer-generated
symbols which are dksplayed in a predetérmined font format. By
way of example and not limitation, alphanumeric symbols may be
Font Symbols and displayed'in numerous font formats. Japanese
or Chinese."ideograms" may also be Font Symbols, as may be
engineering, scientific, mathemafical; architectural or other
such characters. Other examples of Font Symbols iﬂclude any
form which can be stored and displayed by a computer, e.g., a
drawing of a car or a ﬁouse.

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

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

vertical line), to list a few representative examples.

“Editing Function" means any computer—generated text
editing operatiom, such as by way of example and not limitationu,
insert 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 transparent input
séréen that generates positional information when contacted by a
stylt;, and a display screen mounted physically below the 1nput
screen such that a character that is dlsplayed can be seen below the
input screen. The system 1n;1udes a computer programmed to
compile the positional information into Strokes, 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 counvert sensed positions first into plotted Points and
then into recognised characters or symbols; and (D) means to
"learn" to associate sensed input positious with a character or
symbol. The apparatus can be housed in a portable unit having
dimensions up to about 400mm by 400mm by 100mm (16" x 16" x 4") and
a weight of up to about 7 kilograms (15 pohnds), with a self-

contained power supply.
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. ‘ The preferred embodiment of the invention will
be described in more detail by way of example with reference

to the drawings, in.which:

Fig. 1 is a schematic system klock diagram of
an embodiment of the present invention;

Fig. 2 i# 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 positionzl relationship between the tou;h
input screen.and the display screen.

Fig. 3 is a2 schematic diacrammatic view of the input
screen, stylus and asscciated electrcnics;

is &n overall schematic system block diagram of

]
s
2]
o

the apparatus of a keybcardliess entry comphter system zccording
to the present inventien;. .

Fig. 5 is a schematic block diagram depicting the move-
ment of datz within the system when modified by handwritten char-
acters and conmmands;

Fig. 6 is an overall system block diagram depicting
the hierarcﬁy of software used to operate the system;

FigiA? is a generalized block diagram of the chafacter
and pattern recognition algorithm.

Figs. BA and 8B together are a detailed block diagram
of the pa£tern recognition algorithm.

Fig. 9 is a schematic block diagram of the Stroke
characterization subroutine.

Fig. 10 is a top plan view of a screen illustrating
the “initializing" of the database for Handwr1tten Symbols.

Figs. 11A through 111 are a series of top plan views
of screens depicting the operation of a text editing systeﬁ.

-
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Figs. 12A through 12G are a series of top plan views
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of screens depicting the operation of a data entry system.
" Fig. 13 is a generalized block diagram of the Linus

Editor. ,

Detziled Desctiption of the Preferred Embodiments:

With reference now to the fiqures, wherein like numer-
als indicate like elements throughout the_several views, and in
particular with reference to Fig. 1, an overall block diagram of

a portable handwritten, 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-
ventional, general purpose digital microcomputer 14, de;cribed
in g:eater'detaii.hereinbeiow. Inﬁut information is provided to
microcomputer 14 by stylus 16 "writing"™ on writing or input
screen 18. Stylus 1€ (Fig. 2) is connected to the computer of,
system lolwith wire 17 (Fig. 2). As stylus 16 "writes" on

input screen 18, a plurality of locating signals representatiQe
of 2 plurality of corresponding positional coordinates are
transmitted to microcomputer l4. MNicrocomputer 14 has been
programmed in ac;ordance with a computer program descfibed
hereinbelowt to recognize the stream of locating signals and to
store these signa;s in a coﬁpﬁter memory. The programmed
microcomputer 14 aiso-provides a corresponding plurality of
display signals to a dispiéy screen 20. Both input screen 18
and display screen 20 are described in greater detail
hereinbelow.

Referring now to Fig. 2, there is shown a perspective
view of keyboardless computer system 10 embodying the features
of the present'invention. Keyboérdless'computer system 10 is con-
tained in housing 12, which is a rectangular 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 exaqple,'display
screen 20 displays a plurality of horizontal lines 25 with the

following indicia:

Handwritten entries are made above each line 25. The distance
or sﬁace between two lines 25, denoted 26, is used b& 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 key
input section 26 comprised of 2 plurzlity of "Softkeys" 28.
Scftkeys 2B can be preogrammed by the operztor for any purpose,

such zs to enter coxputer commands. Exemplzry commands for

!

Softkeys 28 are "store," "recali," and "delete." In additior,

/d

oftkeys 28 can be used tc switch between different procrams or
between modes (e.g. data entry mode and edit mode). However,
Softkeys 28 zre optionzl and are used to supplement the input
obtzined by handwriting the entries. Stylus 16, used for

writing input dsta and commands in display arez 24, also is
- P }

.used to activate the selected Softkey 28. An ON-OFF switch 30

is positioned on tﬁe side of housing 12 adjacent to Softkeys
2B. A datz output or peripheral connector 31 is locazted on the
upper right side of ﬁousing 12.

Input screen 18 can be a conventional resistive type
touch screen in which a voltage is applzed to the screen edges
and a stylus detects the voltage at the touched locatlon. The
writing surface is a transparent material, typically glass,
coated with a thin, uniform, conductive layer (presently,
vacuum deposited indium tin oxidé). 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 "X" coordinates of
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the stylus position and horizontal bus bars or conducting
strips (not shown) are used along the bottom and top to apply
the reference voltage to determine the “Y" coordinates of the
stylus position. .In this embodiment, stylus 16 is merely an
electric probe that, when physically in contact with the
conductive layer, detects the local voltage at the Point of
contact, which will vary with. the distance from the conducting
strips or bus bars. With the origin at the Point of vqltage
application, the X, Y coordinates are inversely proportional to
the impressed voltage. tylus 16 must make good contact to
minimize adding résisténce that would lower the voltace
detected, and thus. add an erroneous distance increment. 1In a
presently preferved embodiment, = soft graphite tip is used.
The voltace is conducted frcm the pen through a wire, such as
wire 17 in Fig. 2, to an anzlog to digital converter for use in
the computaticns described below. The stylus may be a charged
“pen" as described herein, & light pen as is well known in the.
art, or any other hand-held device which can outline Hand-
written Symbols on a screen.

hn example of a conventionai electrostatic screen is
disclosed in the aforementioned 4,316,096 Pepper patent. This
resistive type screen has the advantage that the interference
caused by the.user's hand touching the screen is minimized.

Both horizontal and vertical position sensing is pro-

vided by alternately switching the voltage impressed on a con-

ductive layer between the pairs of horizontal and vertical bus

bars by an interface gnd multiplexer controlled by a micro-
computer or microcontroller. In one commercially available
input or touch screen, the bus baré are broken into a series of
short strips with diodes to prevent-the'horizonfal strips from

shorting out vertical strips and vice versa. 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. o

Referr;ng now to Fig. 3, an alternate embodiment of a
low power position sernsing novel input screen 33 is described
in'greater_&etail. _Input screen 33 is also for determining an
X,Y position on an eiectrically resistive plate 34. A stylus
35 containing a voltage source, such as baftery-36 or a voltage
transmifted to stylus 35 from anlexternal source such as the éys—
tem power supply, is used to touch screen 34 and apply a voltage
at the t;;ched positién. When the touched poéition is charged
by stylus 35 with 2 positive voltage with respect to a
plurality of plate meazsurement Points 37, the voltages at these
Points will var y with the distance to the pen position, guch as
pesition xl"Yl' indicated at 38. These voltages zre
seguentially measured in the X and Y directions by using
conventional means, such as disclosed in the aforementicned
prior art patgnts. In Fig. 3 these means are a2 conventional
interfzce/multiplexer 42. A conventional Anzlog-to-Digital
converter 43 converts the detected voltages 11.0 a digitel

signal. A microcontroller 44 receives the digital signal,

, : . & .
performs standard checks to &psure the signal's numerical value

is "v_:=1]_.id"l (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 bé replaced by a system computer. Microcontroller 44
provides é 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, micro-
céntroller 44 could translate Point Xl, Y1 to any other refer-

ence Point, such as a Point on base line 25 (Fig. 2).
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Asllong as there is no contact by stylus 35 at posi-
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tion 38-ofﬁany other position on plate 34, no current flows and

power'consumptiop is minimal. An incident measurement of the
voltage at the measurement Points may occur by using ramped
voltage zt the positicning Foint and timing when the measuring

Poirt voltizoge exceeds a preset back voltage.

There are various

options for the input or touch screens 18 and 33: resistive
plate 34 or its eguivalent for screen 18 can be transparent or
translucent and the position Point can be made by 2 stylus or a
finger of the user, or a connecting Point of.an overlarping

cenductive screen {such as the commercially avzilzkle touch

screens from Touch Technology, Annapelis, FS.). Input screens

1€ and 33 can be a physicsl solid surface which is transparent

or translucent and can be class or plastic such as Mylar. The

surface can e ccated with 2 conductivesresistive substance
like indium tin oxics. Other physical surfzces can use sound

or electromagnetic radiation transmission from the tcuched
pcsition to a2 referenze Point or Points and the distance is
determined by the time delzy or phase shift. flternetively,
input screens 18 and 33 can use an ethereal or geometric -
surface.defined by an electromagnetic, optical or sonic field.

Position detection can be accomplished with electricél
contact closure by resistive, capacitive or inductive coupling,
remote sensing 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 requirements 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 €liminates the need for an A/D chip which is a major
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éost factor in state-of-the-art touch screen technology.

ihe coefficient of friction of the scréen 18 is desir-
ably selected to be "rough" enouéh to offer some resistance {o
the m veﬁent of stylus 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 preseﬁt invention.
Microcomputer 14 includes a2 ricroprocessor 50, interconnected
to 2 plurality of other electronic elements by means of data
path or bus 52. & Read-Only-Hemcrf (ROI) 54 wvhich is
progfammed with the o erating and application préérams &and 2
battery powered "Random Access Femory (RAM) 56 is connected for
bidirecticnal datas fiow ontc bus 52. Microprocessor 50 may be
& conventional single-cﬁip eight-bit or sixteen-bit device
vhich functions to execuﬁe the fixed control programs residing
ir RO 54, and further receives coﬂtral programs from znd
provides control signals %o tﬁe other electronic elements via
bus 52. Hicroﬁrocessor 50 may be of the type commercizlly
designated 280 (manufgctured by Zilog Microcomputers of
Cupertipo, California), of a type 8058 device {(manufactured by
Intel Corp. of Santa Clara, California) or any similar or more
powerful microprocessor. ROM 54 may be of the type 2564 or
4764, both manufactured by Texag Instruments of Dallas, Texas.
The storage capacity of ﬁAM 56 is determined in part By the
sizes of the application proérams, the operatiﬁg program and
the database. As discussed below, RAM 56 may be of the static
SRAM or dynamic DRAM t&ﬁe. 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 battery 58 such as a lithium battery, provides
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power for mak;ng the memory of RAM 56 non-veolatile for extended
periods of time. A battery pack 60 containing the well-known
rechargeable types of batteries is used to provide the various
voltage levels tequired by the other electronic elements of
microcomputér 14.

Alternately, the storage function of RAM 56 may be
served by a non-volatile device wvhich requires no power for main-
taining storage, such as an electrénically erasable and repro-
grammable mem6ry (EEPROI), or devices using magnetic bubbles or
capacitance. . State-of-the-art disk or tape may also be used
for mass storage. Suitable bubble memory devices include types
71iC a2nd 7114 vhich have storage capacities of 1 megabit and 4
megabits respectively. (Both are manuvfactured by intel Corp.).
Furthermore, it is pcesible to use z single integrated circuit

ckip which includes miércproéessor 50, &t least part of ROM 54

.ané at least part of RAK 56.

Also connected. to bus 52 is an EIR RS-232 serial 1nte*-
face €2 vhich prov;ces a means for 1npa*t1na and outputting data
Dazz is provided to bus 52, (usua2lly to RAM 56) by interconnect-
ing an external data source to RS~232 port 62 directly to the
microprocessor 50 and other elements of tﬂe_microcdmputer 14.
Offloading daté from RAM 56 can also be done by microprocessor
50 to .an external computer, other data gathering device, a mass
data storage device (e.g. floppy and hard disk drives) or an
electronié telecommunications system. In like manner data can
be communicated through port 62 to a-printer {not shown) 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 intérface electronics circu;try. 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’
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multi-line display -~ illustratively 80 columns by 25 lines --
is interconnected to bus 52 through a display interface 66.
The fundamental reéuirements for the display are that it be sub-
sten:ialiﬁ flat ancé sufficiently thin for use in the present
inveﬁtion.. The display may be of the following types: ecanning
types such as a cathode ray tube, projected tyﬁes such as a
rezr-view projector, light emitting arrsy of Points types
(e.g., electroluminescent or plasma discharge) and light
blocking array of Points types (e.g., liguid crystal displays,
solid state PLTZ or magnete-optical). In addition, .it is
preferzgble that the display be compatible with input sereen 18
irn size, configera:ion and transparency, and thzat bcth be low
power consiuming types.

The X,Y coordinates are input to
kevtoardless computer 1% 'ia'ihput screen interfzce electronics
62 and communicated viz bus 52.to microprocessor 50 which
executes programs storecd in ROM 54 and RAM S6.

The number of Points (i.e., sets of X,Y coordinates)
used in defining each Handwritten Symbol and the speed at which
Points are identified are important for practical utility. It
is desirable to use et least about 4 Points per millimetre (100
Pointe per inch) and at least about 100 Points per second to
define Handwritten Symbols. It is to be noted that the more
Points per uni£ length that are identified, the greater the accuracy
of the system in 1dent1fyrng Handwritten Symbols -~ however,
more Points being 1uen~1f1ed will slow down the speed of - .
loentnfication 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 reguirement for speed of response and accuracy. For moest
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.purposes, standards in the range from about 4 Points per mm

(100 Points per inch) and 100 Points per second to about 8 Points
per mm (200 Points per inch) and 200 Points per second will be suitable.

It is.also to be noted that_thé greater the precision
of the system'in identifying the X,Y coordinates of each Point
the fewer 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 neéded.

Point resolution is needed to place Points where
intendéd( e.g., to write‘an editing symbol precisely between
the fwo characters. Ideazlly, resolution to a single display
pixel is desirakle. FKowever, operationally, resolution within .
two cisplayec pixels is sufficient for a2 display with 640
pixels in-a 225mm (nine inch) horizontal scanline.

When switch 30 (Fig. 2) is positioned to "power dn“,
the bésic cisplzy mode is aqiivated.and microcomputer 1%

(Fig. 4)'prdgrammed by the operzting system, causes a menu to
be displayed on displa& screen 20 {Fig. 1). The menu presents
various software cp:ioné. A primary software functicn,
editing, functions in a manner similar to conventionzl word
processing sofﬁware with the difference being that handwritten
characters,. symbols and commands are 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
comm;nd functions. Optionally, Softkeys 28 (Fig. 2), activated
by touching those areas on the input screen with stylus 16,
functipn like convéntional 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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displayed name of an existing file with the stylus or by
writing the name of the file on the screen, all usual editing
functions c;n be pe:formed with stylus enfry. When the user
wishes to ch=nae a céispla character or symbol, he may simply
write over the displayed character or symbol and as described
hereinbelow the patterﬁ recognition algorithm will translate
the written entry into computer text. For example; the editing
software 2llows 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 ﬁhe insert
mode, display screen 20 provides_additional space for entry of
" handwritten characters or symbols vhich are inserted in the
tex~ after the Point where z caret was written in. Text can be
moved s=imply by placing brackets or othet user-defined
del-m-ters around a dis ayec phrase or word and writing a
caret or other user-defined symbol in the area of the text in
which the user wishes this material to appear. New margins can
be set by &rawing ver:icél lires down the side of the displayed
'text.where the new mzrgins should appear.

The basic editor software also allows new documents to
be crezted by siﬁply writiﬁg Handﬁfitten Symbols on the screen.
211 documents can be stored, changed and communicated in the
manner in which these functions are accomplished on ?
conventional word processing system with tﬁe difference that
these functions ‘are accomplished with handwritten Editing
Symbols on the (optional) screen or by touching the Softkeys
wifh 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'extefnal data
gathering device or recording device, into a printer or through

a telecommunications system.
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of ancillary elements and features add to the utility of the
system. S A conventional alphanumeric keyboard (not
shown) containing a full set of keys can be connected to a con-
ventional keyboard interface (not shown) to support the entry
of alphanumeric characters. Ah AC/DC power connector may also-
be used in those applications'when portability is not needed
'~ and vhen needed to meet the pover requirements of screen
technologieg such as gas plasma displays and electroluminescent
displays.

jn actual use ﬁhe keyboardless computer &an function
in any a2pplication or environment in khich handwritten input
-translated into computer text.is useful or necessary. Illustra-
tively, the Gevice can function as z rew generztion word proces-
éor,.cr for use in fields such as szies, ﬁursing, inventory
contrel, census taking, claims adjusting, to name just a few of
its many uses or as a general learning and
festing device in éducation. Since the pattern recognition
software can learn and translate into computer text from
languages which are not made up of a small or limited set of
alphanumeric characters (e.g.; Japanese, Korean, and Chinese),
;t has particular utility for word processing and
telécommunicatibns in these languages.

In practice, it is particularly
desirable to use a single computef screen to display any initial
forms, Font Symbols or other displays to be edited, and to
‘create a nearby “window“_of blank space where Handwritten
Symbols are to be written, &isplayed and identified, and where
the Font Syﬁbols corresponding to the Handwritten Symbols are
to be diSplayed. In this way, the user can view the text being
editéd and the propoéed insert or change without significant

movement (if any) of the head and eyes. This is illustrated in
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-Figs. 11A to 11D. This feature (proximity on

one screen of text to be edited and.the windovw into which new
text is to be handvwritten) i; very important to the simple,
rapid, comfortable use of the system.

In a preferred embodiment of this invention, the
system "léarns“ the handwriting of a2 particular user prior.to
actual use. For example, if using the Roman alphabe;, the
twenty-six letters of the alphabet and the numerals from 0 to o
would be inserted int6 the database. Punctuation symbols, such
as perieds, comﬁas,'question marks, colons, semi-colons,
hypﬁens and the like could also be inserted. There is
virtuzlly no limit to the Handwritten Symbols vhich can be
recognized znd stored in the database. Of course, the computer
will have to store a suitzble array of -Font Symbels for
conversicn of the Mandwritten Symbais. Different sets c¢f Font
Symbols coculd be created and.stored in the permanent memory of
the computer, as in ROX chip 52. For example, in English
lancuage uszge, a chip could contain one (pr more) fonts of
numpers and letters, suitable punctuation symbols and
apprepriate mathematical symbels. Other chips could have
stored Font Symbols for the Arabic, Cyrillic or Greek
alphabets, Japanese, Chinese or Korean "Konji", symbols for use
by architects or engineers, or chemical syrmbols (e.g., benzene
rings and the like).

In Fig..lo; one of a series of learning screens is
displayed and the user is prompted to write the numbers O
through 4. The computer will attempt to match the written
humbers with the existing database (if any). If it cannot be
matched because theré is no existing databage or because there
is a pbor match with an existing database, the character is
added to the'databaser This learning process continues until

all of the alphanumeric (or other) characters and symbﬁis to be
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bility of stpring_mulfiple Stroke characterization databases
for systeﬁs used by more than one user. The existence of a
uniqu; Stroke characterization databése for each user has the
further ;d'aqﬁge of riaking the writing angle irrelevant. As a
result, the system is.adaptable to all handwriting styles
and is usable by right-handed and 1eft-haﬁded persons. One
feature may desirably be incorporated into the
apparatusto:accommodate left-handed and right-handed persons.
This feature is a receptacle (not shown) for the stylus
connector on either side of housing 12, so that the stylus 16
may be coﬂnected'on the left side for left-handed persons an&
on the right side fer right-handed persons.
Fig. 10 2lso provides an example of the use of

"Scftkeys"”. In ad2iticn to the input line, =a vafiefy of
'Scftkeys appear. Ezch Softkey corresponds to a function that
can be periormed by the system. In order to execute the
fui%ion, the user merely touches the indicated Point with the
pern. The Seftkey will then appear in re&erse video and thel
selectecd functicn is performed. There are numerous advantages
to Softkeys over traditional function keys. Some of the more
Signifécant.of these are that the user is no loﬁger reguired to
memorize what function key performs vwhat function; the need for
keyboard'overlays is eliminated: and different Softkeys can be
made available (displayed and made opergfional) at different
Points within a program.

- Figures 11A to 111 demonstrates some of the simpli-
fications in word processing made possible through the use of
this invention. 1In Fig. 11A a standard screen of text is
displayed. The user of the keyboardless entry systeh decides

that additional information needs to be added and draws an
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position. A data entry "window" then-appears. {Fig. 11B).
The text_i% written in as Héndwritten Symbols (Fig. 11C), -
matched (conQertéd.to Foﬁt Symbols) (Fig. 11D), and then
inserted (Fié,.llE). The operator reconsiders the addition and
araws a ﬁoriiontal line through the new material. (Fig. 11F).
It is.immediately erased. (Fig. 11G). 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. 11H) and the margin is automatically adjusted
(Fig. 111). ' |

A generalized block diagram of the editing process is
provided in Fig. 13 and & description of that figure zppears
hereinbelow. ' |

Figures 122-12G illustréte how a blank forr may be
~ used for z hospital patient. _The user of the svstem first
calls uvp the proper klank form {Fig. 12AR). This may be done,
for example, by touching an azpropriate Softkey. The areaz '
whére the information, in this case a2 pulse observation, is to
be inserted is touched with the pen (Fig. 12B). After the
desired.location is highlichted, 2 "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 thch
appears highlighted (Fig. 12D). The software then matches the
“handwritten input to the corresponding Font Symbols and
displayfs the result (Fig. 12E). - If there is an accurate
match, the “inserg“ block is touched (Fig. 12F), and the new
observation is added to the patient's records (Fig. 12G). fhis
mechanism is clearly applicabie 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 spreédsheet proygram. .Other information
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The'réason for using a bl#ck background and white let-
ters for the neﬁiy entered Font Symbols is to facilitate
checking the accuracy of the inputted character. Although this
is preferable,-it is not essential and a white background and
black léttefs 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
or space for data to.be input is an important feature of the
apparatus, for it bermits'ease and speed in the use of the .
apparatus. The user's eyé may focus on fhe space where the
data will be inserted and the ability to contemporaneously dis-

play Bandwritten Sym

U

c¢ls and the cerresponding Font Sy=bols
mzkes it easy to see errcrs, when the system "misreads" a Hand-
written Syrdol, and then correct errcrs auiékly aﬁd ezsily.

| Referring first to Fig. 5, the overall opera ien and
functioning of the pattern recocnition software will now be
described. When the operatiﬁg system czlls the pattern recogni-
tidn program, the procram begins in terminal 75 where a numbef
of variables and ccunters are initiazlized. The software then
pro¢eeds to decision diamond 76 where the program determines if
stylus 16 (Fig. 2) is in contact with input screen 18 (Fig.
237). ?he system provides a "pen down" signal, as shown in
proqessing box 78, as well as the X,Y coordinate §oltages as
locatiqg signﬁls, as described above. Microcomputer 14 (Fig.4)
converts the.x)Y coordiﬂate locating signals into Stroke
Chéracteristiqs using programs stored in ROM 54 (Fig. 4), or a
separaFe microcomputer can do the copversion, such as
@icrocbntroller 44, £ a pen down signal is received, the

software proceeds to processing box 80 where the individual
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defined as the Point locating signals produced between a "pen
down" sigéal and a "pen up" signal.

The system then calculates a transform, as deécribed
below, for each Point, transforming the Point coordinates from
the X,Y éantesian coordinzte system to a rela tionzl coor dlna.e-
system. The software next proceeds to processing box 82, where
it compares the Stroke with previously entered Strokes |
accumu}ated into a database, and determines if the Stroke is
represented by a symbol in the dﬁtabasé. If a match is found
(if the Font Symbol represented by the Strokes is recognized),
as ihdicatéd in decision dizmond 84, microprocessor 50 (Fig. 4)
causes the symbol to be.sent to display screen 20 (fig. 4) as
indicated in processisg box E5. f 2 match is not found,
micreprocessor 5C (Fig. £) causes =z message to be displayed, as
indicated in processing box €8, which. reguests further input
from stylus on 1n ut screen 18 (Fig: &) by either flashing an
entry which is close to 2 match or a non-recogn1t1on symbol .

As ment:one above, the software compares the Stroke
chara rlstlcs of each Ezndwritten Symbol to datz entries
prev1ously stored in a database. In a preferred embodiment,
the database is arranged iﬁtﬁ 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 after use, as explained herein, the most
fregquently used entries "rise" to the top of the database. It
should be noted that each user will have his or her own
Particular style of writing a Hahdwritten Symbol and that each
Handwritten Symbol may have a number of different variations.

For example,‘many people write the lower cése letter
"R uéing a2 single Stroke. They do this by starting the pen on

the writing tablet at a Foint where they wish to place the top
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‘of the letter, drawing a vertical line downwardly to the base
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line, then witﬁ&ut femoving the pen from the paper, proceedihg
back up to'thp midPoint'of the previously drawn vertical line,
over to'thé;right and down to the base line when the pen is
picked up fgom the paper. On the other hand; these same people
may cdraw the upper case letter "E" using two Strokes. They do
this by drawing the left hand vertical line and horizontal line
as is done for the lower case "h", picking the pen up from the
tablet, and theﬁ.drawing the rightuhand vertical line. -
Appendix 1 displays the data of the Stroke data Points for
thése two letters aé the data is stored in memory after having
been generated by an.embodiment of the present invention.

ks shewn in Appendix I, the letter "h" as drawn at
cne particular time by cne user has one Stroke {(as = 1) with 20
Points (np = 20) and x and y coordinzte characteristics for the

rinimus, mean and maximum nermzlized values (1/80th of a line

0.

wicdth) as fello%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
seccnd vertical column are the Pqint-to-Point average vertiéal
positions above the base line, normzlized to 1/80 bf the line
width. A typical line width is about lmm (0.04 inches).
Reférring now to Fig. 6, a software hierarchy of pro-
grams is depicted. At the top, overseeing the entire operation
of computer system.lo'(rig. 1), is an operéting system as
indicated by box 90. Applications programs shown in boxes 92
and 94, resjding in RaM 56 (Fig. &) and ROM 54 (Fig. 4) can be
executed by micropfocessor 50 (Fig. 4) under control of the
_OPeratiné systems. When a Handwritten Character is required or
is indicated by an interrupt£ handwriting recognition software
26 is called. A first subroutine, indicated in box 98, encodes

th? X.Y coordinates into Strokes. The characteriétics of the
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il

- 27 -

comparisbns of the Strokes with a database that has been loaded
from ROM 54 (Fig. 4) into RAM 56.(Eig. 4). ' The comparison is
made by é-subroutine 102. When the operating system is in the
"learning" mode, the daﬁabase is updated with the new Stroke
data and symbcls,.as indicated in yox 164. Similarly, a
previously stored document can be.edited by applications
program 22 by using edit function 94 as called by the operator,
vho provides the instruétions as input using the  subroutines
28, 100 and 102 of handwriting recogﬁition program 92.
hefefring now also to Fig. 7, operating system 90
(Fig. ©) executes the Eandwritten;Charaéter recognition
eccepting &s input the X,Y coorcdinate
Foints, depicted in bex 110, of the position of stylus 1€ (Fio.
g {Ti¢. Z) z2nd encodes these Fcints into
Strokes as cdepicted in box 1i2. The program then characterizes
fhe Eirokes by some cescription set, such as considiering the
length, curvature, siope, and position of the St;oke, as
depicted in box 114. . In box 116 tﬁe best cermparison is then
fecund of the characterized Stroke or seguence of Strokes with ..
‘those in the database. If a sufficiently close match is found,
-the character is ident ified in box 1}8 and the database entry
is swapped with the entry above it_a; shown in box 120. 1In
this way;'the most frequently identified characters will "rise"
to the top of the datab;se and the overall system performance,
as measured in time to find a match, will be inc¢reased. If a
match is not'found,'the'user can add to the bottom of the
database, as indicatgd in box 122.
.With reference now to Figs. 8 and 9, a flowchart of
. the computer program to fecognize a particular Stroke seguence
is set forth. The computer program bea1ns in terminal 150 and

Proceeds to process the X.Y voltages from processing box 152,
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‘the voltages having been converted to a digital signal. The
program then proceeds to decision box 154 whefe the program
determines‘whether the pen or stylus 16 (Fig. 2) is out of
contact wits input screen 18. This determination is made by
both the X voliage and the Y vcltage being zero. If the
érogiam deterrmines that the pen is up, then the Stroke is
determined as having been completed and the program branches to
decision box 156. 1In decision box 156, the program determines
whether there are less than three Points in the Stroke and if
so the program branches.to decision béx 158. 1In decision box
158, the program determines vhether there are zero Points in
the Stroke. 1If there are zero Foints in the Stroke, then the
program locps tack t¢ the beginning of processing bex 152 where

>

another set of Fciy

1.
]
rt
"n
(L
n
H
(]
o
f).

if the Point counter (incre-
mented in processing box 16£) indicaztes that there zre more
than zero Fcints, the ;rogram-béanches to processing box 172.
in ?ro:éssing box 172 tbe Stroke is identified as & ot and its
height zbove the base line (HASL) is calculated in processing
box 173. Frox precessing bex 173 the program proceeds to
precessing bex 171.

Eo;ever, if thé pen down signal is received, the pro-
gram branches to processing box 160 where the voltages are

scaled to determine the coordinate Point using the following

formulas: -

X

alv1 + b1

Y

azvz + b2‘

The constants 2,4 and b1 are scaling parameters that are deter-

mined from calibrating the input surface of the particular dis-

Play.
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- 29 -

décision diamond 162 -vhere ﬁhé program determineés whether it is
an erroneéus'Point; This is done by comparing the distance
between Points and eliminating a Point if the distance is t&a
great (greater than 2.5mm or 0.10 inches is presently used). On the
other hand, a Point is alsc eliminated if the Points are too
close together. Points are presently thinned out if they are
within about O.4nm (0.015 inches).

The comparison problem that exists for the first
Point is resolved by determining if a Point is the first Point
éfter a pen is down and then that Point is used only to check
the next Peoint which is accepted, assuming that that Point is
within the maximurm distance of 2.5mm (0.10 inches).

If the cdistance between Fcintes is derermined as being
ouﬁside the two criteriz, the program drops the Point and
tranches back to the.top of processing box 152.to rezd another
pair of coordinzte ?ci:t'vbltagés.

On the other hand, if the.Points fall within the cri-
teriz, the program ccatinues to processing box 164 where a
Point counter is incremented to keep track of the number of
Points. This number is used in decision diamond 156, zas
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 noiseé. The simplest smoothing technique is a
multiple Point average which results in calculating new Points

(xj'yj’) as follows:
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xJ = I xi/(n - nl + 1)
i=n

And sirilarly for yj.'smootheé over Points n; - n,.
Enother simple method is called the running weighted

averzge method and utilizes the following formula:

xj':uxj#(l-u)xj';ll

Alphz is a weighting constant that is usually positive (and
less than one) and has been used at 0.25. The summations have

been tzken with n, minus 7, ecuzl to one. A third method

N
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spline fit wherein the following for-
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fny of the fcrecoing methods can be applied either
befcre or zfter filtering. The filtering is done =o as to -
reduce the nurber of input Points and to- space data so that
difference and/of ancle czalculations can be made-within
acceptable randem errcr bounds. A simple process.of thinning a
sequence of foints by gxcluding the acceptance of subsequent
. Foints within a set distance of the.previously.accepted Point$
has been found to be én effective filter. '

From processing box 166, the program proceeds to
Processzng box 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 pren down to a pen up
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' processing box 168; thg'program loops back to the top of
processiné box 152 where another Point is obtained until a pen
up signal ends the Stroke.

In decision diamond 156, a determination was made as
to whéther there were less than three Foints in a Stroke. By
&efinition. if there are three or more Points in a Stroke, the
Stroke is a line ané not a dot. If there afe three or more
Points in the Stroke, the program branches to subroutine box
170. In subroutine box 170, discussed in greater detail
hereinbelow with respect to Fig. 2, the Stroke is characterized
2s to its slope and base line height -

= : As'can be seen from the foregeing, the segmentztion
| of the strear of ccordinate Points into a2 Stroke is based
prirarily on the de:ermining vwhen stylus 16 is "up" or net in
contact with the surf gce of i nput screen 18. Alternatively, a
strear of Pcints can be sagmeﬁuea to form Strokes on the basis
- of other considersa rs. For example they can be segmented
based upon changes in a locally c&lculated curvature or upon a
large local curvature. Loczal curvature is cal;ulated by the
change in distance élong the input coordinztes divided into the
. change in slope. 'Tris produces radius of curvature. VWhen the
radius of curvature changes rap;dly with respect to distance
along the input cocrdinates, or if the radius is too small,
then_a segmentation Stroke is assumed to end, and a new Stroke
begun_ ;urtﬁer segmentation techniques canllook_at the rela-
tive maximum and minimum in one or both coordinates and/or the
curve crgssings in the coordinates. However, these latter two
methods have beén-determined to be less effective.
Characterizing a Stroke reduces the sequence of
coordinztes definihg.the Stroke or segment to a set of char--

acteristics that are unique, generalized and minimal. Unigue-
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‘ness refers to'béth factors that the same characteristics are
geﬂ;rated by the same coorcdinates and that the characteristics
are sufficient to regenerate an approximation to the original
coordinate sequence. The term "generalized" is used to mean
that the characteriz;:icn is invarizant under such
transformaticns 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 writiﬁg entry line width.

The minimzl set of segment characteristics have the

ollowing features:

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

extent extreme oY beginninc and ending Fointe determined

re-zTive to the writing entry line, tc previous Strokes, or to

aversge slope, change in sicpe (which is a measure of average
curvature) ancé‘or a change in Eurvature, by secuence of slopes
over srecific lengtik segments or over fractionzl lengths, or by
& gress description of linear direction or circular completion
ané opening direction;

{3) &ncd Stroke length as characterized by distance
along the curve and/or the extent extremum along the coordinate
systen. '

In one embodiment of the present invention, position-
ing by_centroid, extent extremum, and starting and ending
coordinates have been successfully used. The Stroke shape is
encoded as a seguence of slopes and vertical positions
(relaﬁive to Stroke centroid). The Stroke length can be

approximated by the number of filtered Points. Alternatively, *
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(along with length),lchange in starting to ending slope or
fitting th; slope angle versus length curve for rate of change
of slope angle. .Additional characteristics that could be used
jpnclude loczticn of coordinate relative extrema, curve
é;éssing, cusps, and Stroke direction. A& particulzar methcd
used to deterrine the unique characteristics is set forth
bei;w.

1. The numerical values of the Criteria for each
Stroke of the Handwritten Symbol are determined.’

2. The databazse values for each stroke of the
previoﬁsly leafned Handwritten Symbol is determined and sub-
trzcted from the newly determined vilues respectively.

3. The absciutte values of each difference zre

scaled, to rmzke ezch cf the five mezsurements reasonzbly’

ecuivalent tc the cthers such zf lencths scaled to height
between lines.
4, The five- thus-determined values are zdded.

S. E predetermined threshold is used as “gecodness

"
test of recognition -- toc high a vazlue ancd Font Symbols are
infreguent-y recognized and toc low a value causes Font Symbols
to be misidgntified. Threshalés of approximately 1,000 zre
used initially and then switéhed to épproximately 100 for
improved recognition. I1f the threshold is exceeded, the
comparison is discarded and an error message is created and
displayed.

6. The éatabase is searched to find a numerical

“minimum difference. If the minimum difference is below the

acceptable threshold for recognition, the corresponding Font

Symbo} is displayed on the screen or the command is performed,

as the case may be.
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It has also been found that the preferred classifica-
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tion of a Stroke is a continuous one, rather than one that is
grossl& di;crete. For example, determining a slope by angle in
256 directions rather than in 8 is desirable.  Other non-
continuous classifications can include bars/arches/hooks,
nurber and closure of cusps or horizontal or verfiéal Strokes.

From subroutine 170, the program proceeds to pro-
cessing box 171 where both an individual Stroke and one or more
preceding Strokes are compared with a database entry that is
stored in RAM 56 (Fig. 4). .

This compariscn initially begins with three eliminat-
ing questions that are asked bf thé pfogram in decision dia-
monds 174, 176, and 176. In‘éach cése, if the database entry
ié elirinated, the rrocram proceeds to a proce#sing box 180
where the a2ddress of the next data entry is received and from

. which the program locp

n

back to the top of processing box 171.

Pt
e

In decisien diamoncd , the first eliminator is asked by
seeking if the number cf Strokes azre different. If the number
of Strokes are the szme, the program proceeés ta decision
diamond 176 where the average Height Above Base L*ne {H~ABL) is
‘calculated and comparec with the ERBEL of the data entry. The
entry is el%minated if the diffe;ence in the average HABL's is
.greater than one-half the height of the entty line. From a
negative determination in decision diamond 176, the program
proceéds to decision diamond 178 wheré the number of Poéints per
Stroke are compared and the database entry is eliminated if the
difference_in number of Points is gfeater'than ten. This
determination varies from that made in decision diamond 174
because it is concerned only with the number of Points for each
Stroke. However, in decision diamond 174, certain léftefs,
such as the capital letters "E" and "A", have more thah one

Stroke per letter.
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1f a data entry is not eliminated by decision dzamond
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178, then the program proceeds to processzng box 182 where the
program calculates a gauge to be used to determine the closeness
of the match between the selected entry in the database and
the drawn Stroke. A presently preferred gauge is the sum of
thé absolute values of the differences between the Stroke
values and the database erntry values of:
a) distances or lengthsin units.of 1/80th of the
line height (e.g., sp;ce 26, Fig. 2); and
b) the slopes in units of 1/256th of 360° over all
the Points along the diagonal of the comparison
‘ matrix.
Alternatively, Dynamic Frogramming Technigues can ke used to
optimize the compariscn using ciZf-dizgonal elements as well.
‘Erom prcceésing box 1&2, the progrzam proceeds té deci-
sion diamcrnd 165 vhere a match is determined. 1In actuslity, a
match is determineﬁ ky <the a;plicatibn of an arbitrar y cauge
(maxinum gllowahle variance), vhich is the sum of zbsolute
values of the differences between the entered Stroke
characterizztion and that of the stored database entry. 1In
processing box 163, the lower of the present gauge and the
previous lowver gauge is sazved as the'best.match. The program
then goes té'decigion diamond 184 where a determination is made
whether the present enfry is the last database entry. If it is
not, the program branches to procéssing 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 below a
.ﬁredetermined threshold. This threshold is set by the user
'Saseﬁ on experience with the system.
1f ns match is obtained, the program branches to

. .deCision diamond 188 where a determination is made whether all
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'Strokes have been checked. If the last Stroke has been
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checked, then the present Stroke is compared in segquence with -a
prebious Stroke to all two Stroke entries. As in the com-

parison with all one Stroke dictionary entries, the best fit

ison for zll entered

3

cor Strokes is the recognized syrmbol or

ey
eguence of 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 cuestion is displayed on display screen 20 ask-
ing the user if a new Font Symbol should be added ta the
database. The user responds znd that response is used in deci-
sion éiamoné 12, Either the Stroke sequence is added to the

datehase in proc am branches back to

(1]
n
tn
§ob
H
«Q
O
Q
~
'™
0
133
1)
o
(22
rt
-y
n
o]
~
[o]
Q1

the tcp of processing box 152, or the prograzx branches imme-

f 2 match is determined in deci-
sion cdismeond 1€58, the program branches to processing box 165

vhere the program shuffles the dztabzse by interchanging the

[
[]
4]
34
[
[
[
o]
O
1]
[4]
[
0

n of the matched entry with the éntry above it.
The program then proceeds to processiné box 196 where the
pProgram zexros the Point counter-and the increment counter. The
Program next proceeds to processing box 198 vhere the matched
and characterized Stroke or Strokes are displayed by the com-
puter as the identified Font Symbol. This display is located
a2t the position in which the entry was made on input'screen 18
(Fig. 2).

From proceésing box 198, the program proceeds to
Propeésing box 200 where the program can act on any commands
Hhich it has interpreted. An alternative characterization of

thg Stroke'uses the Points themselves rather than the length,

8Cope, curvature ‘and position.
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tion is depicted in greater detail. Stroke characterization
subroutine-170 essentially performs a mathematical transforma-
tion of each Point on a Point-by-Point basis to transform the
Points from an X, Y Cartesian coordinate system to one in vhich
the ccordinztes are the ncrmzlized slope of eacﬁ Foint

and the normalized heicht of each Point above the base line
(KASL).

Suﬁroutine 170 first calculates the Point to Point
slope in érocessing box 220 and then calculates fhe height of
each Point above the bacse line in processing box 222. The slope
and E:BL of each Feint are then normalized respectively to

1/2586th of Z Pi and tc 1/E0%th of the width of the entry line in

precessing bex 224, Irem processing box 224, the system pro-
ceeds To p—ocess:nc box 2Z6 where the calculzted normalized

valLes for each Foint zre stored in an addressable_array. The
subroutine then returns :Ic éhe rrogram through terminzl 228,

When the compzrison.is made berween each Stroke and
the stored values, the compariSon is made by the normalized
Point slope a2nd Point height zbove base line. As mentioned
above, a match is determined by an arbitfary gauge which is the
sum of abso{ute vzlues of the céifferences between the written
Stroke and tge steored or dictionary Stroke. The system learns
by adding new Strokes to the dictionary database. Once the
datzbase fills up, those Font Symbols that are infrecuently
used are replaced by new entries.

Ip 2 working embodiment of the present invention, the
a1gorithm'successfu11y identified upper and lower case letters
and numbérs vhen written discretely from one another. For
HaHGWfitten Symbols that are written such that they are
continuous, direct extrapclation would require searching a

- database seguentially for one, two, three, etc. Stroke symbols
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and looklng for the best fit. Upon identification of a Stroke
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£it, a "new" letter is tenat1vely recognlzed except that the
next few Strokes are~=n=1yzed to check if they change the
previous symbol-for a better fit. For example, two Strokes
thzt have been identifiec zs "ones" would be combined and
changed to the capital letter "E" once a cross bar was
identified.

; éhe system design demonstrated by Figs. 7 to 9 could
-easily be coded by one with ordinary skill in the art of
computér programming into almgst any cémputer.languaée. The
source céde iistihgs for one apglicaztion program utilizjng the
disclosed invention is included as EAppendix 11. The sofﬁware

in kppencdix II is written in Kicroscft Basic, a common computer

14

41

lancuzge aveailabie

or virtuzlly 211 microcomputers and
operazting systems. The program is a compleie text editing
dexonsiration, vhich shows the improvements that can be

made upon traditional word processing systems.

Progrém lines 2600 to 4000 contain the character
recognition $ubroutine vhich includes the software code
necessary to get X and Y coordinates. This section of the
program cgffesponds to Fig. 8.

f;ogfém lines 2600 to 2699-make up a subroutine
designed to obtain the X and Y coordinates of a given Point.
Tkis code corresponds to boxes 152, 154, 160, 162, 164, 166 and
168 of Fig. 8.

| .Program lines 3000 to 3332 constitute a Poﬁnt and

Stroke &nalysis and characterization routine embodying boxes

156, 158, 170, 172 and 173 of Fig. 8.
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make up a subroutine

designed to compare the analyzed Strokes to a Stroke database.

These program lines embody boxes 171

Program lines 3810 to 3980

is designed tc learn & new character.

185, 186,
| Program lines 3060 to 3273
des;gned for Stroke character1zatzon
the code corresponds to F1a e.
Program lines 3060 to 3095
Point~tc-Point slopes and embody box
rogram lines 30585, 3221
calculzte 2 height
222 of Fig. ¢©.
the Peint

Program lire 3253 is us

~ baseline and exbodies box 226 of Fig.

' The foregoing progran

120, 192 and 194 of Fig. 8.

zbove baseline (EiEL) and correspond to box

ed to store

to 184 of Fig. 8.
make up a subroutine which

. This code embodies boxes

make up a subroutine
purposes. This section of
are used to calculate

220.

and 3262 are used to

rnermalize

I correspond te box 2z% of Fig. 9.

zgbove

Q

- o

czn be stored in the memory of

2 microcomputer of microprocessor with a requirement of

approximately 25K of machine mesory,

so that it can be seen

that the use of the program dces not use up a lot of expensive

memory and is relatively fast in executing the program's

operation.

If the program is written in a language other than

Basic; requiring less memory. such as assembly lancuage, the

size of the Program can be made smaller.

Boxes 195 to 200 of Fig. 8
throughout the code.

appear in logzcal places

A dictionary of the variables of the relevant code

sectign is included as Appendix I1II.

With reference now to Fig.

editing sofrwa

.13,

a flowchart for the

re (' Editor“) demonstrated by Figs. 11A to 111
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. and descriﬁed ﬁbove is depicted. Once the Editor is loaded
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into the system (box 222), 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),

convett the Points into Strokes (box 231), characterize each

Stroke (bbx 232), and attempt to match the Stroke or Strokes
with the destabase (box 233). 1In processing'box 234, the system
sends each Handwritten Symbol to the Editer to interpret and
execute a command if necessary. At decision diamond 235, the
Editor deterﬁines vhether the Bandwritten Symbeol is an Editing
Symbol or a Font Symbol. If the character is determined to be
an Editing éymb&l, the Editor proceeds to processing box 236
where it defermines which Eo:t1nc Symbol has been entereé and

s determined

v

executes the Editing Tunction. 1f the character

et

not to be an Sditing Symzcol, then the zlphanumeric character
ccrresponding to thé handwritten entry is displayec at pro-
cessing box 237.¢ In an alternzté configuration of the Editcer,
Fort Symbols will only be accepted when the Editor is in the
“Insert Mode." Ihis ssructure insures that each Font Symbol is
verified before beinz zdded to a docurent. |

The Editor uses a vériety of symbcls designed to make
editing on the-system siﬁilar to, but much more efficient than,
tradifidnal-editing vith pencil and paper. These primary
editing functions include, but are not limited to:

DELETE symbol - " v A horiiontal line drawn
through a character or characters. The Editor will remove the
l“nﬁerlying characters and reformat the text.

ADJUST MARGINS symbol '.“i" A vertical line longer

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

adjust the margin to the indicated position and reformat the

T text.
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INSERT symbol - "A" A caret drawn at the Point where
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text is to be added. The Editor displays an input writing line
(Fig. 118) and when input is recognized inserts it in;o.the

text.

-

FEARR TEXT symbois - “<" and “>" A less than and
grezter than symbol drawn at the beginning a2nd end of a block
of text. The marked text is displayed in reverse video and
then special block functions can be performed.

DELETE MARKED TEXT - A delete symbol drawn within
marked text will erase the marked text and reformat.

HMOVE MARKED TEXT - An insert symbol drawn anywhere
witkin the text moves the marked text to the indicated '
position, deletes it frez its orig%fnal.posi:ion_and reformats
the zex:z.

RIFLACE MARNEID TEXT ~ &3 irsert symbel drawn within
the rarkes texzt &: epiays an input line andg replaces the m#rked

‘text with the inputted tex:.

The Editing Symbols described above can be changed to
the particuliar Zditing Symbols Preferred by ezch user, thereby
cusicnizing the Editor and Preventing new users frbm having to
lea;n unfamiliar Ec-;;ng Syrbels.

Further modifications and gnhancemeﬁts to the presént
System will be épparent to those skilled in the art. For
€xarple, the common characteristics of each Font Symbol could

be extracted aﬁd organized into a synthetic symbol. The
Synthetzc syrbol's characteristics could then be exaggerated to’
maximize their variance from all other synthetic symbols. This
would create a very compact, optimal database. On the other
hand, as an example, a database created by the descr;bed
Preferred erbodiment of the invention usually results in two to

three different characterizztions for each symbol.
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The system has numerous useful applications, almost without
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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 Arabic and similar languages made up of a
limited number of complex symbols; writing chemical equations,
including those involving organic compounds; writing music (a
;%dndmf'with five parallel lines can be provided for muéical
applications); -writing'symbols and codes for graphig manipdlation
of data, including the transfer of graphic data to a spreadsheet; in
educatibn, as. where predetermined questions are presented on the
gereens and the answers written in long-hand; as in teaching
mathématics, as when numbers are manually inserted in equations and
the equation analyzed to determine the result using those numbers;
{n CAD/CAM applications involving symbols, geometfic shapes and the
like.
We have described a particular preferred embodiment of a

K keyboatdless computer on which usual computer functions are

performed by writing in a normal manner with a pen-like stylus on an
input spreen.placed directly.over a £lat display. The keyboardless
éjéémpgter illustrated ;s ideally configured for use by non—-keyboard
fgtiented individuals, by keyboard individuals for whom the utility
y@f the computer is enhanced,'and in various settings and
;ﬁpplications in which keyboard entry is awkward or impossible.
Copputer—baséd information and application software can be loaded
;ﬁté a portable device for later viewing, manipulation of text and
dita, and adding new text and data in a normal handwriting mode.
bstéaffEr the user wmay transmit this computer text to another
éompqte;? a similar device, an external electronic storage device, a
hard copy printer, or thfough a telecomnmunications system. The
omputer is capable of recognising Handwritten Symbols with a high
Stee of accuracy and of "learning" individual styles of

hlndwriting. The data and commands can be input with -the aid of a
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d f d embodiment encompassing the appara
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' dless computer system, the invention shou not
f a keyboar y 1d

i ications
aepects since other embodiments and modif

be deemed jimited thereto,

killed in the art.
ccur to one 8§
will readily o
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APPENDIX I
‘h'* (1) ns =1 x = (~17..0..12) y = (-6..18..60)
1) np = 20 x = (~17..0..19) y = (-6..18..60)
5. 42
-57, 34
-85, 26
-71, 1e !
-76, 10
-64, 3
-89, -3
-22, *-9
-85, -17
-72, -24
47, -17
56, =11
43, -3
39, 3
11, 7
-a, 5
-587, -3
~-71, ~-11
=71, -18
=2 x = (~27..0..37) y = (-20..18..61)
1) np = 14 x'= (~27..-12. -~2) y = (-20..22..61)
-Eo 37
4, 3&
-3¢, 32
-3E, z5
—58- 16
-71, 8
-72, "2
-84, -4
-89, -11
-72, =17
-80, ~-24
-89: ~30
-80, ~-386
2) np - 20 x = (-21..10..37) y = (-15..16..59)
. 43 '
~ =80, 37
-71, 29
-og, 23
-80, lé
-78, 8.
-85, 1
-890 _-6
-BOo -12
-80, -18
-64, ~25
-64, -31
48, ~-25
56, -18
48' -12
64, -6
89, 1
~124, 0
~124 -2
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APPENDIX 11

: .éERIsS COPY RIGHT: LINUS TECHNOLOGIES INCORPORATED, RESTON, VA., 7/30 /85
NT A-Y : REM all integers except 2z
] 20001.Y(2000).D(3, 800),DN{(300).DC(300),5X({ 80).SY( 80).SL( 80),SC{ 801
f(sxxt 50).SXN( 80),SYX( 80),SYNI 80i.SN0l80),MTITL$l293.A$(1500).LL(24).
,‘1'SL£T(801.DBC(9.103.ASTRT(BO).AEND(BO)
B}, .
\( Eggégz,uss COPYRIGHT: LINUS TECHNOLOGIES INCORPORATED, RESTON, VA., 7/30 '

\
BoGN=S : IMARGX=62 : JTOP=1 : JBTM=15 : JMENU=160 .:CR$'=""
BD=0: LHT=16 :SXTT=4: JTX=0: ACPT=1000 |
aLHT\4 :LHT3=LHT\J :LHTS5=LHT\S :LHT2=LHT\2
*PLEASE INPUT PEN SWITCH...-1 TO RERUN, 0 TO RUN, 1 TO RUN & STORE": IN
5141»1  ~1 THEN GOSUB 10700 :REM TOUCH TECH SCREEN IN ASCII @ 9600
o *PLEASE INPUT DEBUG ...-5 TO § ": INPUT DBUG

ir *PLEASE INPUT ACCEPTANCE CRITERIA...10 TO 1000 ": INPUT ACPT
i *PLEASE INPUT EDIT/LEARN SWITCH...1 TO EDIT": INPUT EDLN
&% *PLEASE INPUT KEYBOARD SWITCH...0 FOR KEYS., 1| FOR MENU *: INPUT KYBD

ft *PLEASE INPUT RESTART SWITCH...1 TO RESTART WITH STORED DATA BASE®: INP
1
4

‘w0 sIF SWTPN=-~1 THEN IFAVE=0 :REM PRINT "PLEASE INPUT AVERAGING SWITCH..
D & AVERAGE., 2 TO AVERAGE INPUT": INPUT IFAVE

OFF iSCREEN 2 :CLS

RESTRT = 1 THEN GOSUB 12700

EDLN = 1 THEN GOSUB 12100 : REM READ IN TEXT

EDLN « 1 THEN GOSUB 600 : REM PRINT TEXT

BWTPK = 1 THEN GOSUB 7200

SWIPN = -1 THEN GOSUB 7000

EDLN ¢> 1 THEN GOSUB 6100

DLN. ¢> 1 THEN GOSUB 12500

EDIT .

.® =1 THEN GOSUB.7100 ELSE GOSUB 2600 :REM TOUCH TECH SCREEN IN ASC

1 THEN GOSUB 7300 .

GNIZE SYMBOLS ' _

: 000 THEN LOCATE 23,1: PRINT "TOO MANY POINTS® : STOP

BP_ €. 4 THEN GOTO 200

e ,_3&9.0 1GOSUB 3400 :REM —,()“.I,',\,I.P.E .

CHARGOTO 1200.1300.1700,6200.6700.6500,6600.12500.6900.200 :REM DELETE,
INSERT,WRITE OVER, REMOVE, PARAGRAPH, INSERT CHARACTER,END

\Y TEXT FROM SINGLE CHARACTER ARRAY
23,20 PRINT * =,
=33 : gan INITIAL DISPLAY POINT FOR NCI

: .4 PRINT * * : I=I+1 : IF I < 81 GOTO 640
AESIMARGN : LL(J)=K : GOTO 740
MARGX THEN GOTO 670 ELSE IF AS$(K)=" * GOTO 690
THEN LOCATE 21,20: PRINT "READY", :RETURN
ee .8 IF I=IN THEN GOTO 710 ELSE PRINT AS$IK] : I=I+1 : GOTO 740
Jel s PRINT * * : T=Ie1: IF I< 81 GOTO 680
MARGN : LL(JI=K+1 : GOTO 740

K+10 THEN GOTO 690 ELSE NEXT X
EN GOTO. 790

 PRINT * *: IxI+1: IF IC 81 GOTO 765 :
MABGN: IF J > JTX THEN GOTO 760 ELSE GOTO 765

This Sheet Has Been Rep
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'
. 1

:JEJ . LOCATE 23,20: PRINT "READY", :RETURN
. T
m:sﬁlffaz XN=SXN(1): YX=SYX(1}: YN=SYN(1)
kP NSTRK=1 GOTO 1220 This Sheet Has Been Replaced .
OR L=2 TO NSTRK
=SXXI(L)
XX ¢ SXX(L) THEN XX=SXX
; XN > SXN(L] THEN XN=SXN(L)
EF YX ¢ SYX(L] THEN YX=SYX(L)
F YN > SYN(L) THEN YN=SYN(L}
SEXT L
";,Iﬂ-;xx/a:-n : IF I ¢ IN THEN I=IN o )
fmINTIYX/8)+1 : ML=LL(J} :M2=ML+I-IN : IF AS(ML)= THEN M2=M2+1
Ie AS{ML)=CRS THEN M2=M2+1 _— _
: M(XN/8)+1 : IF I < IN THEN-I=IN.
A i:::m,“ﬂ : ML=LL{J)} :M1=ML+I-IN : IF A$(ML)=" * THEN M1=M1+1
AS(ML)=CR$ THEN Mi=M1+1 :
DuM2-M1+1: IF MD ¢ 0 THEN MD=M1-M2+1 : M1=M2
IOR- MeM1 TO NC : AS(M)=ASIM+MD] : IF M+MD=NC THEN GOTO 1270 ELSE NEXT M
OR MaNC-MD+1 TO NC :A${Ml= * = : NEXT M
Bal: JI=J: NCI1=M1 : GOSUB 600
CaNC-MD : GOTO 200 .
M MOVE INDICATED BY OPENING BRACKET
{a IMARGN
XuSXX(1): XN=SXN(1): YX=SYX{1): YN=SYN(1]
Pm (XN+XX1/2: YP={YN+YX}/2 :REM AVE BRACKET POSITION
INT(XP/8)+1: J=INT(YP/8)+1:REM CONVERT X.Y TO 1.J
LeLL{J): Mi=ML+I-IN :REM CALC A ARRAY INDEX OF LETTER AT I.J
AS(ML)=" * THEN Mi=Mi+1
B AS$I{ML)=CRS THEN Mi1=Mi+1
ReSKX(21.: XN=SXN{2): YX=SYX(2): YN=SYN(2)
e (XN+XX1/2: YP={YN+YX1/2 :REM AVE BRACKET POSITION
BINT(XP/81+1: J=INT(YP/8}+1:REM CONVERT X,Y TO 1,J
eLL(J) ¢ M2=ML+I-IN :REM CALC A ARRARY INDEX OF LETTER AT I.J
& AS(ML)=*" * THEN M2=M2+1
£ AS(ML)=CRS THEN M2=M2+1
w0 :REM INITIATE COUNTER
PR- MsM1 TO M2 :REM LOOP OVER PORTION CUT
wM3+1 3. REM INCREMENT COUNTER
$(MIImAS(M) :NEXT M :REM COPY CUT TEXT
QESXX{ 3] i~ XN=SXN(3): YX=SYX(3): YN=SYN({3)
g-INSERTWITH M3 LETTERS STORED IN ASS & XX.XD,yX,yn
R IXNeXX1/2¢ YP=(YN+YX)/2 :REM AVE BRACKET POSITION
ENT(XP/81+41: J=INT(YP/8)+1:REM CONVERT X.Y TO I.J
ErLL{J )1 M3=ML+I-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT I.J
EASIMLI =" THEN Ma=M3+1
$ THEN M3=M3+1
'3 IF MD > 0 THEN GOTO 1580 ELSE GOTO 200

.2" REM LOOP OVER AS$ ARRAY POSITIONS TO BE SHIFTED
REM SHIFT A$ ARRAY LETTERS

GOTO 1610 ELSE NEXT M : REM STOP AT END OF ARRAY=NC
=MD :REM -OFF SET INSERTION POINT TO ACCOUNT FOR DELETI

: REM SPRED ARRAY TO MAKE ROOM FOR INSERTION
M) :REM MOVE LETTERS '

:MD :REM LOOP OVER CHARACTERS
BASS (M) :_REM INSERT LETTERS

"JJ:JTom NC1=1 : GOSUB 600
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 pe (SXNIL1+SXX(L)1\2 :REM AVE BRACKET POSITION

b uxP\8+1 :REM CONVERT X TO I .
e ABS(I-IMARGN] (ABS(I-IMARGX) THEN IMARGN=I ELSE IMARGX=I
c: II=IMARGN: JJ=JTOP: NCi=1 : GOSUB 600

GOTO T:-o:co UIRE POINTS IN ASCII @ 9600 WITH TIME OUT

;_20 {2) > 0 THEN IPUT$=INPUTS$(1.2} : GOTO 2605

BRINT $2,°G" :N=0 -

' LOC{21 ¢ 40 THEN GOTO 2610 : :

102 INPUT £2,XP,YP :INPUT #2.XP.YP :INPUT #2,XPA,YPA :INPUT #2.XP0,YPO
BoNel: XPA=(XPA+XPO)\2: YPA=(YPA+YPO)\2: XPO=XPA: YPO=YPA: X{N)=XPA: Y(N)=Y

NI B .12.3@.‘19
BoAn(XP+3*XPAI\4: YPA={YP+3*YPAI\4
e ABS(XPA-XP0 | +ABS(YPA-YPO) < 3 THEN GOTO 2672
32 XPA\AX+BX :J=32*YPA\AY+BY : PSET(I,J)
ENeT 1 X(N)=XPA :Y(N)=YPA: XPO=XPA: YPO=YPA
® 10C(2) > 9 THEN GOTO 2640
Muy. .n . .
'-!al'k-l-s IF LOC{2) > 9 THEN GOTO 2640 ELSE IF MM ¢ M THEN GOTO 2680
Nie=X(N): IF X(N) = 0 THEN X{N}=-1
B LOC(2) > 39 THEN GOTO 2620 ELSE NU=NU+1 :IF NU < 4000 THEN GOTO 2690
RINT 42,°S": NP=N _ -
B DEBUG <> 0 THEN LOCATE 20,2 :PRINT "NP=",NP
:JFAVEm2 THEN GOSUB 4200
L. DEBUG <> 0 THEN LOCATE 20,12 :PRINT NP

EM7CALCULATE CHARACTERIZATION OF STROKES
M GOSUB: 4200 :REM 2 POINT AVERAGE POINTS .
0t A2e0: DA1=0: DA2=0: SEND=0: ZX=0: ZY=0: ZA=0: ZDA=0: ZL=0: NSP=0
- ";'O.-ABS(XHH: XN=XX: ¥X=Y(1)}: YN=YX: Mi=1: M2=1: M3=2: NLONG=0
TO NP . : -
: $€ 0 THEN SEND=2 :X({M)=~X{M)
BM 241 GOTO 3035 ELSE 3391

(M1). ¢ 0 THEN Mi=M: GOTO 3391 _ _
(M1ds: DY=Y(M}-Y(M1): ADX=ABS(DX]: ADY=ABS(DY): DS=ADX+ADY
THEN' DY=~-DY .
THEN: GOTO 31391

D_S.'S"-; 2ZY=ZY+Y(M)*DS: ZLwZL+DS: NSP=NSP+1

ADY‘.I‘HEN GOTO 3080 :REM ENCODE ANGLE 0-255 +-n256
‘S#W:A|IG4—(32'DY,\DX ELSE A1=192-(32*DY)\DX

1-USOL E I I

;’gz*ox:\nv ELSE A1=128+{32*DX)\DY

T . .

272THEN Al=A1+256 : GOTO 3090

#THEN Al=A1-256 : GOTO 3095
pel .

]

ADA={DA2+ADA) /2 ELSE ADA=DA1 : ASTRT(NSTRK+1)=(A1+A2)\2
THEN. ASTRT(NSTRK+11={A1+A2)\ 2 :
.80 THEN SEND=1
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. SEND = 1 THEN GOTO 3220

e i

i ’ =7L: SZL=32°SZL\AY: IF SZL ¢ 0 THEN SZL=-SZL
) °;3"<S§Lrﬁsn GOTO 3210 ELSE IF SZL > 2 THEN Mi=M+1: GOTO 3250
§STRK > 0 THEN IF X(SNO(NSTRK)] > O THEN X(SNO(NSTRK))=-X{SNO{NSTRK] )

< _-M#‘

A; 6-3?‘22L=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-x«m-gg

Ny - L ]

;:::_gé?lzg.zg,hl-os= ZDA=ZDA-DA1

BoeNSP-1

P RK=NSTRK+1 ‘ ~
PINSTRK1=S0*SZL\LHT: AEND{(NSTRK!=(A3+A4)\2: SCINSTRK}=ZDA : AZA=ZA/ZL

B AZA ) 255 THEN AZA=AZA-256 : GOTO 3254 :REM USE 128 HERE FOR DIRECTION I
P N . .

B-AZA ¢© . 0 THEN AZA=AZA+256 : GOTO 3256

FINSTRK )=2ZX/ZL: SX{NSTRK)=32*SX{NSTRK)\AX+BX

EINSTRK)=2ZY/ZL: SYINSTRK)=32*SY{NSTRK}\AY+BY

MNSTRK ) =AZA

MINSTRK ) =324 XX\AX+BX: SXN{NSTRK)=32*XN\AX+BX: SNO{NSTRK)=M

LAY, ¢ 0 THEN SYN(NSTRK]1=32*YX\AY+BY: SYX{NSTRK)=32"YN\AY+BY : GOTO 3280
MINSTRK ) =32*YX\AY+BY: SYNINSTRK)=32*YN\AY+BY

PBUG > 3 THEN LPRINT USING “###g##~;M,NSP,X(M).Y(M}.2ZL,ZA A1 ,DA1,ADA, ZDA
$A34AL1\4 ELSE IF DBUG ¢ -3 THEN PRINT USING "###%##";M,NSP,X{M),Y(M),ZL,
R1SADA, ZDA, (A1+A2+A3+A4 1\

D 2,2 THEN LPRINT "SL,SA,SC,AS,AE",SLINSTRK) SA(NSTRK! SCINSTRK] ASTR
(NSTRK! ELSE IF DBUG < -2 THEN PRINT "SL.SA,SC,AS.AE",SL(NSTRK] SAl{
K1 ASTRTINSTRK) AEND(NSTRX] :

0: DA1=0: DA2=0:DS2=0:DS1=0:SEND=0: ZX=0: ZY=0: ZA=0: ZDA=0: ZL=0
11): XN=XX :YX=Y(M1): YN=YX: NLONG=0 :NSP=0

@ .-~ -

W?DAlz DS2=DS1: DSI1=DS: A4=A3: A3=A2: A2=Al

ws . THEN LPRINT USING "aRsLEL" ;M NSP.X(M],Y(M),ZL,ZA,A1,DA1,ADA, ZDA
4 ELSE IF DBUG < -3 THEN PRINT USING THARKUE" ;M NSP,X(M),YI(M),ZL,

A1+A2+A3+A4 1\ 4

i1, THEN LPRINT - I NO X Y L A C XX XN Y
THEN LOCATE 9,1 :PRINT - 1 NO X .Y L. A c

THEN LOCATE 10,1 :FOR I=1 TO NSTRK:PRINT USING "s#####":I,SNDI(I
oSA(I).SClII.SXX(I).SXN(I).SYX(I).SYN(I).ASTRT(II.AEND(I) :NE

THEN FOR I=1 TO NSTRK: LPRINT USING “geax2";Y,SNO{X),SX(I),SY!
.o SXX{I),SXN(T),SYX(I),SYN(I),ASTRT(I),AEND(I] :NEXT I
THEN GOSUB 4000 ELSE GOTO 3399
THEN FOR I=1 TO NSTRK:PRINT USING "4a8N8" ;T ,SNOLT),SX(I),SY(T)
SKX(I).SXNtII.SYX(II,SYN(I).ASTRT(I).AEND(I) :NEXT I
EN FOR I=1 TO NSTRK: LPRINT USING ~g##e84";I,SNO(X).SX{I),.SY(
rSXXili.st(II,snyIJ.SYN(rJ,ASTRT(I:.AEND(I; :NEXT I

3 THEN Al1=0Q

100 THEN NCHAR=3: RETURN: REM VERTICAL -
60 THEN NCH%R=1: RETURN: REM HORIZONTAL -
100 THEN NCHAR=3: RETURN: REM VERTICAL
60 THEN NCHAR=1: RETURN: REM HORIZONTAL

VWY
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SRR 1N

iugﬁTEgnvsar LETTER TO EDITTING CODE

ED=1 :GOSUB 3600 :ED =0

FF NLET > O THEN GOTO 3530 -
NCHAR=10: LOCATE 20,1: PRINT "TRY AGAIN" :RETURN
hF CSs = "-" THEN NCHAR =1 :RETURN

RF NLET = 3 THEN IF CSS = THEN NCHAR=2 :RETURN
hF CS$ = "~" THEN NCHAR=4 :RETURN

§F CS$ = "\" THEN NCHAR=9 :RETUEN

f CS$ = "P" THEN NCHAR=7 :RETURN

f CS$ = *E- THEN NCHAR=8 :RETURN

F CS$ = */° THEN NCHAR=6 :RETURN

EF NLET= 1| THEN NCHAR=S :RETURN

BOTO 3520

{ PARCEL STROKES INTO CHARACTERS
F DBUG > 4 THEN LPRINT USING "##s&##"; SXX(1),SXN(1),SYX{1],SYN{1),LHT4
ELET(1)m1: NLET=1: IF NSTRK=1 THEN GOTO 3650
MOR Lu2 TO NSTRK T
F-DBUG > 4 THEN LPRINT USING “"#####¢°;: SXX(L),SXN(L).SYX(L),SYN(L)
21 TO 2 : IF L > 2 THEN GOTO 3615 ELSE IF L1=2 GOTO 3635
(L=L1) > SXX(L) THEN GOTO 330 ELSE IF (SXX(L-L1)+LHT4) < SXN(L) THER
:géilsvxtL3+SYN|L)l—tsvx(L-Lt)+5YNtL-L|)»a > LHT THEN GOTO 3635
Pal.i :GOTO 3635
(L=L1} > SXX(L)+LHT4 THEN GOTO 3635 ELSE GOTO 3620

e o
"“TCONT=0 THEN NLET=NLET+1 :SLET(L)}=NLET: GOTO 3649

LETeSLET(L~ICONT) : SLET{L)=NLET :SLET(L~1}=NLET _
; ©2 3 THEN LPRINT °L,NLET,SLET".L,NLET,SLET(L-1},SLET(L-2)

Q0P OVER LETTERS . _

TYTHEN ZLINY=0: FOR LMN=1 TO NSTRK : ZLINY=ZLINY+SYX{LMN}+SYN({LMN): N
sINY@ZLINY/NSTRK :LINY=(1+LINY\16)*8+4 :IF DBUG » 0 THEN LPRINT "LINY=
SEXIF DBUG < 0 THEN LOCATE 22,1 :PRINT *LINY=",LINY

NST=0: XX=-1: XN=1000: XX1=-100 :¥YX=—-1 :YN=1000 :YX1=-100

=l TO NSTRK+1

IF LSTRK = NSTRK+1 THEN GOTO 3659
LSTRK) = MCHR THEN NST=NST+1: GOTO 3690 _

10°THEN LOCATE 23,1 : PRINT "TOO MANY STROKES", : STOP

NST :LMN=LST~-NST+M-1 '
SLILMN): DBC(2,M)=SA{LMN]): DBC(5.M}1=SC(LMN) -
:goe'(SX(LMN)-SX(LST—NST!))\LHT sDBC{3,M)=ASTRT(LMN) :DBC{4.M)=AEN

M) E(100% (SY(LMNI-LINY) )\LHT : DBC(9,MI={ 50*(32*Y{SNO(LMN)~1)\AY+BY-L

=1 THEN DBC(8,M)=! S0*(32*Y(2)\AY+BY-LINY))\LHT ELSE DBC(8,M]=
fLMN-1 )42 INAY+BY-LINY) ) \LHT

X(LMN) THEN YX=SYX(LMN)
(LMN) THEN YN=SYN(LMN)
{LMN) THEN XX=SXX(LMN )
{LMN) THEN XN=SXN(LMN) .
T§£N.LPR;NT USING "#####~;MCHR,DBC(1,M),DBC(2,M].DBC(3.M).DBCI{4
6:M) ., DBC17,M) ,DBC(8,M),DBC(9,M)

ETHEN LOCATE 10+M,27: PRINT USING "$%¥4#8° ;MCHR,DBC(1,M),DBC(2,M)
gg;sf“’vDBC!G.M).Dscc1.M1.Dscca.Ml.DBC(s.M)

xﬁi\is-:MARGN|\z

NPOS'CHAR.ED' lMCHRcNPOS'CSS'ED :INP'JT IJK
L : ASS(MCHR)=CS$

IF NPOS < 40 THEN ASS$ (NPOS)=CS$

H

LOCATE {LINY-LHT+1)\8, (XX+XN)\16+1 :PRINT CS$



Lo T

E:Mmcmzuxx s, SXN{MCHR)=XN
BYX(MCHR1=YX : SYNIMCHR)=YN
R HR=MCHR+1: NST=1: XX1=XX: XX=-1: XN=1000: YX1=YX: YX=-1: YN=1000
BEXT LSTRK

BETURN . . .

SEM COMPARE TO DATABASE _

B =16000 :M3=0 :IF NDBT=0 THEN GOTO 3900

Bor M=1 TO NDBT

b= DN(M) <> NST THEN GOTO 3790 :REM CHECK NUMBER OF STROKES
2E«9 s IF LINY = 0 THEN M2E=6 .

B0 .3 . FOR M1 =1 TO NST

BAOR M2w1 TO M2E

e ABS (DIM2,M3+M1 ) -DBC(M2,M1})

B M2 ¢ 2 THEN GOTO 3744 ELSE IF M2 > 4 THEN GOTO 3744

& DR > 128 THEN DR=ABSIDR-256): GOTO 3741 :REM USE 64 FOR DIRECTION INDEPE

® ABS 5(:5.M3+MI }} > 20 THEN DR=20"DR\{ABS(D(5,M3+M1}))
E..DR 51300 GOTO 3790

x

-N.mbm'm SNEXT M
M IDENTIFEY CHAPACTER
IMS1}) .

DBUG;;<> .0: THEN LOCATE 19,1 :PRINT R1,MS1,CS$
Lo 20 UL IR
NST.?: ACPT GOTO 3900 :REM CHARACTER NOT FOUND

NEW. CHARACTER .

RN: 230, THEN CSS=CHRS(2): RETURN |

ng m LOCATE 23.1 :INPUT "CHARACTER NOT UNDERSTOOD, PLEASE TYPE IT
. .

503;,, 0 THEN LOCATE 23,1 :PRINT "

4. .
BRSLWTHEN: GOSUB- 11400

THEN GOSUB 9600 .

THEN PRINT "Too Many Symbols®: STOP
DN(NDBT)=NST : DC{NDBT}=ASC(CS$)
00- THEN PRINT "Too Many Strokes" :STOP
NST : FOR M2=1 TO 9
PBC(M2,M1) : NEXT M2 : NEXT M1

SNO(L) ) )=ABS{X(SNO(L~11)}) )J+ABS(Y(SNO(L) )=-Y{SNO{L-1}1})])
P_gINT "L,ALNO",L,ALNO

'GOTO. 4090 : REM TOO FAR AWAY
IO(L1-SNO(L-1))

ML=1))1-ABS(X(SNO(L-1}+2)} O(L~11)}-Y(SNO(L~11+2
D;ALNO* , L, DD, ALNO 4211 }+ABS (Y (SNO{L~1] ] =Y { SNO! +2))

: 4090 : REM TOO FAR AW
g _.-l -,Inzgsgasc( AWAY

L=1)\SL(L-1
BZ",L, IR1,IR2 )



S 1)

11 > 350 THEN GOTO 4040 :REM SMALL WIGGLE
: ::ss)g;\: ¢ 80 THEN GOTO 4038 :PEM STRAIGHT LINE
SF ABS{IR1-IR2} > ABS(IRI+IR21\3 THEN GOTO 4090 ELSE GOTO 4050 : REM TOO DI
'Q ABS‘('?:;’I: > 80 THEN GOTO 4036 ELSE IF IR1*IR2 < -2000 THEN GOTO 4090 :REM
xrrsam CURVATURE
?:gzl ¢ 350 THEN GOTO 4036 ELSE IF IR1*IR2 ¢ 0 THEN GOTO 4090
, JeABS (ASTRT(L)-AENDIL-11}

" *ASTND” ,ASTND
= Parg‘l‘) 128 “THEN ASTﬂpsABSIASTND-ZSGJ GOTO 4052

43 _mp % 64 THEN GOTO 4090 ELSE IF ASTND 7 DD"(ABSIIR!)-H\BS(IRZ’H\#O THER

(“O

STROKES

COMBINING" L. L—

L,=SL(L1)+SL{L}

0 THEN LOCATE 23.1 PRINT "TWO STROKES WITH NO LENGTRH®" :STOP

sxmm ‘¢ SXN(L1) THEN sxnu.n=sxmm
mlhl ¥ SYX(L1) THEN SYXI{L11=SYX(L)
¢ Y !,l‘" { SYN{L1) THEN SYNIL1 1=SYNI(L]
fSLILI *SX(L1 l-o-SL(L!"SX(Ll } /SLL
SL{L11*SY{L1)+SL{L1*SY(L})/SLL
xﬁs&gmrsmm 1+suu »SA{L}))/SLL

- $AEND(L1 )=AENDI(L)
1 IF NSTRK ¢ L THEN RETURN

{ LLI-SXX(LH .SXN(LL)-;SXNGLI } :SYX{LL)=SYX(L1}) :SYN[LL}=SYN{L1:
sSY(LLI=SY{L1}) :SA(LL)=SA(L1) :SCILL)=SC(L1) :SNOILL)=SNOIL1]
ALY AS'I‘PT(LL)=ASTPT(L'I }: AEND{LL)=AENDIL1)

tYIM2)=Y{M1}] :GOTO 4280

] 1Y(M2}=Y(M)} :GOTO 4280
(M1)) > 30 THEN GOTO 4280
{M11). > 30 THEN GOTO 4280
AX M) +X{M1 7 )\ 2 TY(M2 I=(Y{M)+Y(M11)\2

LI=SXX(L) :SXX(L)=ST
=SXI(L) :SXN(L)=ST
J=SYN(L) :SYN(L)=ST
=SYX(L) :SYX{L)=ST
;] :SX{L)=ST
:SY(L)=ST
:SA(L)=ST



IIII/III/ //I/I//il7°°d '

- =SC : )=ST
: (L1) :SC(L1)=SCI(L]) :SCIL
~3.§§(L1) :SL(L11=SL{L} :SL(L)=ST
g SNO(LII :SNO{L11=SNO(L) :SNO{L1=ST
f

XCH = 0 THEN RETURN ELSE XCH=0 :GOTO 4345

ff“ta-a 3J=J : FOR I=1 TO.40 :ASS[Il="." :NEXT I

: *(JJ+31~-1
7us?' :LINY-LHT- )-1639,LINY+LHT\21,0,BF
BNE (8°IMARGN-1,LINY!-(639,LINY-LHT,1,B
ENE (607,LINY)-(639,LINY-LHT),1.BF
£ SWTPN-= -1 THEN GOSUB 7100 ELSE GOSUB 8600 :REM TOUCH TECH SCREEN IN S

- XNSSXI\( 1): YX=SYXl1): YN=SYH{1])
5 733 YP={YN+YX1/2 :REM AVE CHARACTER POSITION .
g?q#‘l: J=INT(YP/8)+1 :ISAV=I: JSAV=J: REM CONVERT X.¥ TO I.J
: ML+I-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT 1.3
THEN M1=Mi+1
THEN Mi=M1+1

_qu-l TO .40 :AS$(I)=" ° :NEXT I

a1 -

l.LHThal -{639,LINY+LHT\2),0,BF

~1,LINY}~(639,LINY~-LHT},1,B

NY)-(639, LINY-LHT), 1,BF .

iN THEN GOSUB 7100 ELSE GOSUB 8600 :REM TOUCH TECH SCREEN IN AS

. LOCATE 22,IMARGN: FOR I=1 TO 40: PRINT AS$(I};: NEXT I

4 FOR I=1 TO 40: PRINT AS$({I):: NEXT I :
TO 2 STEP =1 IF ASS{I)-<> " " THEN IE=I+1 : GOTO 6274

- gzsav : J=JSAV
ﬁﬁroa_:-r TO 40: PRINT AS$(I);: NEXT I



- HRRG
REM REMOVE
exmSXX (1) XN=SXN{1): YX=SYX(1): YN=SYN(1)
P (XN+XX}/2: YP={YN+YX1/2 :REM AVE CHARACTER POSITION
e INT(XP/81+1: J=INT(YP/81+1 :REM CONVERT X.Y TO 1.J
M -L‘LlJl:' M1=ML+JI-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT I,J
B AS(MLI=" = THEN M1=M1+1 .
Er AS(ML)=CR$ THEN M1=M1+1
2-_"“:‘ = o
: 0

AEM REPLACE A CHARACTER WHEN WRITTEN OVER

EXaSXK(1 )2 XN=SXN{1]: YX=SYX{1): YN=SYN[1)

tPa(XN+XX1/2: YP={YN+¥YX)/2 :REM AVE CHARACTER POSITION

W INT(XP/81+1: J=INT(YP/81+1:REM CONVERT X,Y¥ TO 1.3

0 ".L_t.._‘;,h ..MI‘WI-IMARGN :REM CALC A ARRAY INDEX OF LETTER AT I.J
F A§(MLY=" " THEN Mi=Mi+] :

¥ AL (MLI=CRS .THEN M1=M1+1 - :

M (MLTeASS (T} {LOCATE J,I :PRINT ASS$(1)

OTQ3200iyys: -

M INSERT A LETTER -

IXwSXX(1)s XNeSXN(1): YX=SYX(1): YN=SYN(1)
g;()gﬁc:jns YP={YN+YX)/2 :REM AVE CHARACTER POSITION
RINT 13 J=INT(YP/81+1:REM CONVERT X.Y TO I.J

“:g_,m.u-zmasn :REM CALC A ARRAY INDEX OF LETTER AT I.J
-}

20,2 :PRINT "NP=",NP

| @ 9600 WITH INSERT
IP!_IT$=INPUT$“.ZI : GOTO 8605
GOTO 8610

This Sheet Has Been Replaced.
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Hll\l\\ i

U=0: INPUT #2.XP,YP :INPUT £2.XP,YP :INPUT #2,XPA,YPA :INPUT 22,XP0,YPO
talal: XPA=(XPA+XPOI\2: YPA=(YPA+YPO)\2: XPO=XPA: YPO=YPA: X(NI=XPA: Y(N|=y

- 54 -

' F JI‘XPA\NGBX y 607 THEN GOTO 8695

FNPUT £2.XP,YP .

4 A-QXP+3‘XPAI\4- YPA={YP+3*YPA)I\4

F ABS{XPA-XP0)+AB ABS(YPA-YPO) ¢ 3 THEN GOTO 8672

-32‘xPA\AX+BX J=32‘YPA\AY+BY PSET(1,J}

bF 1.): 607 THEN GOTO 8695

-Ntl : X(N)=XPA :Y(N)=YPA: XP0=XPA: YPO=YPA

!.OCI:! 9 THEN GOTO 8640

iy

MeMM+1: IF LOC(2) > S THEN GOTO 8640 ELSE IF MM < M THEN GOTO 8680

4 Nl--X(Nl: IF XIN) = 0 THEN X(N)=-1

lﬂCl?) -9 39 THEN GOTO 8620 ELSE NU=NU+} :IF NU < 25000 THEN GOTO 8690
RINT #2,°S°: NP=N

,‘ EBUG < 0 THEN LOCATE 20,2 :PRINT °*“NP=",NP
r:ws = 2 THEN GOSUB 4200

> 0 THEN LOCATE 20,12 :PRINT NP

'.TL ’
MUIRB POINTS IN ASCII @ 9€00 WITH MENU

{LOC(:I-:) 0 THEN IPUTS$=INPUTS(1,2) : GOTO 9605

2$JI\10: N=0 :II=0: JJ=0
I)FlI-I.J-1I-1.B'
9 GOTO 9640

'.-T}!EN GOTO 9610 ELSE NU=NU+1 :IF NU < 1500 THEN GODTO 9690

1’ '

tle ’

mjﬂ‘.,l:lz;;start & end points for boxes

-(‘MIE MJE),O0,BF :LINE(MI -
sz_mm\mw 0,.MJ0)~{MIE,MJE),1,B

“LINE (XX, MJI0) - (XX, MIE)
; ._‘,'_= LOCATE MJA, (XX+201\8 : PRINT MTITLS(K)

: IF I < XX THEN GOTO 11340
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\\ll\ll\ MW

~ 55 -~

: LINEII 1601-1639,199)1,0,.BF |
FOR I= 1 TO 26 :LOCATE 22,2°1 : PRINT CHRS{I+64), : NEXT I

FOR:I= 1 TO 26 :LOCATE 24.2°I : PRINT CHRS$(I+96), : NEXT I
FOR- I= 1 TO 10 :LOCATE 22,2°I1+52 : PRINT CHRS(I+47), : NEXT I
It OCATE 22,74 : PRINT *. ° 2 = _

TE 24,54 : PRINT "\ / * + = { ) , : : ":CHRS{34):" $ &";

R Ju163 TO 195 STEP 16 : LINE(3,J1-(629,J) :NEXT J

hOR I= 3 TO 635 STEP 16 : LINE(I,163)-(I,195) :NEXT I

B OCATE*Y .1 :RETURN

IREM keyboard select from menu

N 1I\8+112\2

BF'J Y 179 THEN GOTO 11700

ST MSEL ¢ 27 THEN MSEL=MSEL+64 : RETURN

F MSEL ¢ 37 THEN MSEL=MSEL+21 : RETURN

NF MSELs37 THEN MSEL=46 : RETURN

IF MSELw38 THEN MSEL=94 : RETURN

MSEL=63 : RETURN .
:MSEL' ¢ 27 THEN MSEL=MSEL+96 : RETURN ’

3

THEN MSEL=92 : RETURN
THEN MSEL=47 : RETURN
"THEN MSEL=42 : RETURN
‘THEN MSEL=43 : RETURN
THEN MSEL=45 : RETURN.
THEN MSEL=40 : RETURN

: RETURN

THEN MSEL=41
: MSEL=44 : RETURN
MSEL=S9 : RETURN
MSEL=58 : RETURN
MSEL=34 : RETURN
MSEL=36 : RETURN

: GOTO 12160

LEN(A1S$] : KK=KK+t -A$(NC+KK 1=MIDS$ { A1
+KK} im0 THEN' KK=K¥- . SIATS.K )

24DN(M)
MI1):D(2,M1) D(3.M1) D(g

M1 3 NEXT i M1} DIS,M1) DU6,M1) D(7.M1)



- 56 -

M1)

.M1),D{6,M1}1,D(7,

D(2,M11,DI(3,M11.DI4,M11,D(5

] : ‘I,M’,v * i M

‘;Igﬁgrut‘:32=M2+DN(Ml : NEXT |
: | 1 :NEXT

; {NEIU:"" STR NO{I),SX(I),SY(I),SL(TI},SA(I},SCI] T

b & N CPRINT TLX(i1.Y(1)INXT | (I),SY(I),SLII),SA(I),SC(I

 FOR 1=1 TO NSTRK:PRINT

roa I=1

N
. 2,M1) :NEXT M2 :

. 5 :PRINT M1,M2,D{M2,M1),DBC(M

fro Miml TO NST :FOR M2=1

FOR M1

¥

—_————

\_\
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APPENDIX 111

Al - angle of slope between Point M and Ml
A2 - previous angle

DAl - change in angle (R1-A2)

'SEND - flag for end of Stroke

ZX - double precision X position summation by arc length weighting
2y - couble precision Y position summztion by arc length weighting
ZA - Goudble precision angle summation by arc length weighting

2ZDA - double precision change in angle summation
ZL - double precision length

NSP - number of Pointe in Stroke, counter

NSTRK - number of Strokes )

XX -~ maximum X
XN - minimum X
¥X - maximum Y
YN - minimum Y
21 - Pointer to previous Point . :
M2 - (1) minimum number of Points for which to adjust for

2% ancle
N3 - (2) minimum number of Points for which to
in change in zangle
NLONG - ccunter (not used)
M - Pointer to Point being considerec ..
NP « number of Points -
. X = array of X ccorcinate
Y « array of ¥ coorcinate
. DR ~ change in X
DY - chance in Y -
&ADX «. gbsclute valive of DX
ADY - zbsgolute value of DY
DS - peeudo arc lencth ADX + ADY
&Y < calibration multiplier for vertical (Y) direction, e.g.
AY ' O mean coordinate system true downward
2ADA = running average change in zngle
2>2Dh2 = previous change in angle
ASTRT =~ array for starting angle of Stroke
2L -~ single precision Stroke lencth
SNO - array of number of the 1st Point
S = height between lines divided by
7 used as & measure
array of Strcke lengths sealed to height between line
.~ array of angies at end of Strokes
angle changes for eachs troke
angle through Stroke
averages centroid X coordinate for each Stroke
Tray of averages centroid Y coordinate for each_ Stroke
¥ray of averages angle (slope) coordinate for each Stroke
array of maximum X coordinate for each Stroke
min*mum X coordinate for each Stroke
; min;mum Y coordinate for each Stroke
Array of maximum Y coordinate for each Stroke -
debugging flag for printing .
5:3Lring of input bytes to be rejected
Bput cocrdinates
Verage 2 Points in X direction
'érage 2 Points in Y directisn
dnitial X average on pan down
initial Y average on pan down

a .Pixel corresponding to X coordinate input

calculate clange

for each Stroke
5 in display coordinates
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J - display pixel correspondlng to Y coord1nate input

Points

- counter of input

gﬁ - counter for timing pan up
NU - counter for timing pan up

This Sheet Has Been Rep
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In addition to the forégcing it will be zpparent that aspects

‘of the invention may also be:embodied in the following
embodiments, including  first an

input/output or I1/0 device for prévidinq input
signals to a utilization device that are representative of a-
graphical character produced by a user and for receiving output
sigdals from the utilization device and providing a visual rep-
resentation of the output signals, said 1/0 device comprising:

(a) a display means for providing a visual/
display of a graphical character in response to output signals
provicded by the ufilization device;

(b) an input screen means for producing a train
of input signals as a graphical character or symbol is sketched
by & user, said input screen ﬁeans comprising a translucent
input screen having top a2nd bottenm surfaces, said bettom

surface being disposed with respect to said display surface

(c) means for determining the identity of said
grarhical character and providing output signals :eprésentative
thereoi to said display mezns.

Preferably, in such an I/0 device said
display means comprises za display surface on which the graphical
characzer is procduced; and

said input screen means bottom surface is disposed in

close proximity above szid display surface such that the visual
display produced by,saié dispiay means is visible from the top
side of said input screen.

Also preferably, in suéh an 1/0 device said

fﬁput screen means includes a substantially flat plate, and

?@erein said input. screen top surface is the top surface of said

is Sheet Has Been Replaced

Hll\l\l A




et Has Been Replaced

\\II\!\‘ LY.

7 Advantageously, such an 1/0 device may further include

- 60 -

an indicating means operated by a user for cooperai-

ing witg said input screen top surface such that said input
screen means generates said train of input signals when .said

. indicating 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 with said input screen top surface.
In addition, in this I/0 device

{a) $aid plate may have electrical characteristics
such that the voltage at any Point thereon varies in a known
manner with the distance from the location at which 2 voltage
is applied thereto;

(b) said input screen peans may further include
means fotr selectively secuentizlly applying a veltage along one
Cartesian axis of said plate and then Flong the other Cartesizan

7 . a#is of said plate; and
é (c) said incicating.means may be elongate and have z
. tip at one end thereof and include a voltaée detecting means

that provides a signal representativé of the vcltace present

where said tip contacts said input screen plate.

The 1I/0 device of this embodiment may also comprise the

features that; .

{a) said plate has electrical characteristics

- such that the voltage 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 sampling at an origin.
‘thereon the voltage along one Cartesian axis of said plate ana

"then along the other Cartesian axis of said plate; and

”»
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(c) said indicating means is elongate with a

3 tip at one end thereof and includes a means for applying a
known voltage to said tip; said sampling means detecting the
voltages at said origin when said tip contacts said input
screen plate and provides a signal représentative of the
deteﬁted voltages.

In the I/0 device of this embodiment said display screen
preferably has a display area on-which graphic symbols can
be generatgd and a key input area by which command signals for
.the utilizatjon device can be generated when contact is made
with the corresponding area thereabove on said input screen.
In a further aspect; the invention may also be embodied
by a handwriting character recognition app;éatus comprising:

é {z) a display nmeans havihq a displayv surface

‘ for provicding a wvisuzl display of grazphical characters in
response to a.plu:ality of display signals;

{b) a writiné surface means for receiving
- graphical characters handwritten bv a user, said writing
surface means being disposed in close proximity with respect to
said display means and comprised of a substantially translucent
surface which has positional coordinates associated therewith;
(ci an indicating means operated by a user in
connection with said writing surface means for produciﬁq

writing signals in cooperation with said writing surface means:

{d} position detéctinq means fof converting
siid;uritinq signals into locating signais representative of
the positional coordinates of said indicating means with
respect to said writing surface; .

| (e) a procgssinq means for receiving and
" Storing said locating signals as they are produced and for
~9enerating said display signals such that said display means

Can 9raph1ca11y display the graphical character after it has
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been produced by said indicating means; said processing means
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Being compriséd of a character recognition means for comparing
said procduced locating signals represenfativa of A graphical
charactér with a plurality of stored database signa;s for
identifying said graphical character.

Preferably, in the handwriting character recognition
apparatus said writing surface means inciudes
a substantially flat plate which produces a signal when said
indiﬁating means is in contact thefewith.

The embodiment may include

means for converting

said positional coordinates into relational coordinates, and
may also include means for dividing up °

a stYeam cf 1oéatinq signzls into sections representative of a
Stroke; aﬁd means for calculating Stroke characteristics which
! can be compared'with Stroke characteristics of the database
signals.
The processing means of the handwriting character

;‘ recognition apparatus of this embodiment preferably

includes means. for -updating sazid stored database signals with
szid produced locating signals when no correct qraﬁhical charac-~
ter is identified.

A method according to the invention may be embodied by a

methqd of recognizing a Handwrittenm Symbol comprising the steps
of; .

(a) generating a stream of locating signals for

Points by moving a stylus about locations proximate to a

writing surface means that generates a signél representative of
Said location of said stylus;
(b) dividing up a stream of 1ocatihg signals

into sections representative of a Stroke;

(c) calculating Stroke characteristics; .
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{d) comparing said calculated Stroke:

characteristics with Stroke characteristics previously stored
'in a database; and

k. (e) determining the best compariéon and
indicating if said best comparison is good enough to be a

match. )
A further embodiment of the invention provides an

apparatus for recognizing Handwritten Symbols and
displaying Handwritten and Font Symbols on a screen comprising:

. (a) A wvisual disglay screen having the graphic
capability to display Font Symbols and execute predetermined com-
mands; . o |

. () Hand-held means to write or draw Handwritten
Syxbols on or over szid screen;
3 " (c) Heans to display a true representaticn of

the Handwritten Symbols on said screen as they are created;

(d) Digitizing means to sense the position of

0.

szid hand-held means and to convert the same into a series cf

" electrical signals defining the position. size and shape of each

]

iandwritten Symbol;

3 : (e} Ffieans—to compare predetermined character-
istics of each digitized Handwiittgn Symbol with a dat#base of
predetarmined characteristics of Font Symbols to assess the

identity of each Font Symbol; |

(£) Heans to convert the Handwritten Symbol to a
Predetermined Font Symbol or a command and to display the Font
% ' -.SYMbcl-cn the screen in close proximity to the screeﬁ area in

vhich the Handwritten Symbol was originally entered or to exe-

Cute the command, as the case may be'

This embodiment preferably includes a

means to display predeterminéd font; or symbols in the form of

text or forms on said screen, whereby the BHandwritten Syrbols

-
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can be used to input information to complete a form or to edit a
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predetermined text; and may advantageously be implemented in

a portable unit having .dimensions up to
about 400mm by 400mm by 100mm, 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 predetermined symbols in a font and command-
representing symbols on said screen, to éefmit handwritten sym-
bols representing each predetermined symbol to be manually
deiined on the screen and means to identify the manually defined
symbol with the corresponéing predetermined syﬁbol in said data-
base.

Preferably, the apparatus of the embodiment also includes a

nezans to modify szid database when 2 Handw -::en Symbol causes

an erroneous font Symdol to be displayed on the screen or com-
mand Tc be performed, 2s the case may be and/or may include a
means to create a window of empty space on szid screen upon a
predetermined commané for entering Handwritten Symbols in szid
window.

In the apparatus of the embodiment,
areas on said screen sensitive to touch to cause predetermined
functions to be per:ormed may advantageously be provided, and/or

the screen may

be substantially flat and acdapted to be used in a sub-

stantially horizontal position.
The apparatus of the embodiment may also advantageously include

Sofitkeys on said screen and means to execute operational

commands in response to touching any of said Softkeys.
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A further method aspect of the inventinn may lLe embodied in a
microprocessor-based process for recognitionm,

translation and display cf Handwritten Symbols and execution of
3 commands comprising the steps of:

(a) Creating a personalized database for each

individuzal user of ﬁhe process by having the user ipitially in-
put. a Handwritten Symbol for each character corresponding with
a font to be displayed or command to be executed;
; . {b) Determining a unique set of characteri;tics
to characterize each such symbol and storing it in the
database;

(c) Writing or drawing Handwritten Symbols on a
cemputer screen with a stylus;

" {d) Digitizing each‘Handwritten Smeol to iden-
tify the x,y coordinates of a multiplicity of Points delining
the Syrbol; «
{e) rrocessing the digitized characteristics of

each nenc;*xtsen Symbol to determine the p ece;e*mzned character-
istics of the Symbol;
: (£) Searcﬁlthe database to find a "hit," a pex-
" fect 'or the closest cerrespondence to the characteristics;

ig) Displaving the Ffont Symbol or performing the

1 cormand most closely associated with the "hit" characteristics.

Thié process may advantageously incélude the
- additional steps of: -
(a) Determining if the Font Symbol displayed or
cornmand performed is an error; and

{b) If there is an error, re~inputting a Kand-

Written Symbol for the desired Font Symbol or command to modify

the database , and/or may include the additional step of:

This Sheet Has Been R eplace
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{a) Substantially contemporaneously displaying
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the Handwritten Symbol on the screen as it is being written or

drawn..

In the process of this embodiment steps (b) and (c)
preferably may involve a determination of the (i) length, (ii)
avefage slope, (iii) centroid height above base line, (iv)
curvature (rate of change in slope) znd (v) comparison.of the

location of the centroid of each Stroke with the centroid of

the Handwritten Symbol.

Optfonally, in the process,step (f) comprises:

{a) Determining the value of each of the five
characteristics; L

(b) Subtracting the database value of the char-
acteristic from the newlv-measured value;

(c) Scaling the zbsolute values of each measure-

a
13
3
o
43
[+]
m

ke each of the five measurements reasonably ecuivalent

(d) Adding all five values;
{(e).  If a predetermined threshold is exceeded,
discarding the comparison.and crea£ing an error message; and
(£) Sgarching the database to find a numericél
“hit," or, if not feasible, the closest numerical match between

the database value and the newly inputted value.

In the process of the embodiment, the error rate is

advantageously 57 or less, and/or the

Program for step (f) requires ;gss than 6K of machine memory.

Optionally, in the process embodying the invention said
Handwritten Symbols include Editing Symbois and said process

includes recognition of the Editing Symbols drawn on the screen '

and executing the Editing Functions represented.
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Further, in this orocess, Zf t2xt in Foru Symbol

format is displayed on the screeﬁ; the process preferably
‘may include the steps of: . ' )

{a) Creating a window‘on thg screen proximate
to, but not overlying, an area of said text to be edited;

(b) Inputting and display;né said Handwritten
Symbols in said window;

{c) Displaying the Font Symbols corresponding
to d Ean itten Symbols in close proximity to said Hand-

written Symbols.

Also in the process embodying the invention, the
-following steps may advantageously be included:

{a) Crezting one or more Softkeys on said

/]
4]
"
0
1]
b
(43

© cause ~“e computer to perform operational functions;

—~

b) Touching one cr more of szid Softkeys to
execiite the corresponding functions.

In addition, thi#s process may include

- the steps of deteramining the x,Y coordinates of Ifrom about

4 to 8 Points pexr mm and from about 100 to 200 points per

second in cnaracterxzxng said Handwrztten Symbols.

I‘hzs Sheet H;
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CLAIMS
1. A handwritten symbol recognition apparatus
comprising:

a display screen (18, 20);

a hand-held means (16) for use by a user to
write OY draw a handwritten symbol on or over at least a
portion of the displéy screen;

a digitiser (18, 64) for digitising the
handwritten symbol to enable evaluation of a
characteristic of the handwritten symbol;

a database for storing a characteristic of a
handwritten symbol previously written or drawn by an
individual user to correspond to a given font symbol or
command symbol; and ' _

: a processor (14) coﬁpled to the digitiser

and the database for comparing a characteristic of

the handwritten symbol with the characteristic of the
previously written or drawn handwritten symbol stored in
the database and, if the comparison is successful,
identifyihg the handwritten symbol as corresponding to the
given font symbol or command symbol. |

2. An épparatus'acqording to claim 1, in which the
database can store a characteristic .of a user-defined or
customised handwritten symbol written or drawn by the

individual 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 handwritten symbol
Corresponding to the idéntified 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 symbollor 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 syﬁbols or command symbols is
displayed in sequence on the display screen and the
individual user writes or draws a handwritten sywmbol
corre§ponding 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 the 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 oxder 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'épparatus_according to any preceding claim,
comprising a plurality of databases, each for storing a
handwritten symbol characteristic 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 symbol recognition apparatus, the database for
that individual user is used for handwritten symbol
identification.

——
———
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